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PREFACE. 


THE  present  Sopplexent  brings  the  Kecord  of  Chemical  Discorerj 
down  to  the  end  of  the  year  18G9,  including  also  several  additions 
to,  and  corrections  o^  former  restdts  which  have  appeared  in  1870  and 
1871. 

The  author  lias  been  fortunate  in  obtaining  the  assistance  of  some  of 
the  former  Ck>ntributors  to  the  Dictionary,  to  whom  he  begs  to  tender  his 
best  t^t^Tilra,     The  following  is  a  list  of  their  names  and  contributions  :^ 

O.  C.  FosTHB,  B.  A.,  F.ILa    .        .        •    Electricity.— Heat 

Michael  Fcmtbs,  M.D.         •        •        .    Proteids. 

Bexjamtn  H.  Pattl,  Fb.D.     .        .        .    Beer. — Iron,  Metallurgy  of. 

H.  K  BoscoB,  PkJ).,  F.R.S.  •        •        .    Light,    Chemical     Action     of.— Spectral 

Analysis. 

J.  A.  WAmaTV,  Corresponding  Member  Acetic  Ether  (in  part). — Butyl  Alcohols.— 
of  the  Boyal  Bavarian  Academy  qf  Batyric  acid  (in  part).— Ethyl,  Aoetyli- 
Seiencet      •         •         t        •       •        •        nated. — Ketones. 
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SUPPLEMENT. 


The  needles  of  Ahiu  peeCinata  conUin  a  Bngnr  called  abietite,  very 

iniieh  like  maimite,  but  differinff  uierefrom  by  its  relations  to  solrente,  and  by  its 
eomposition,  which  is  representea  by  the  fbrmnia  OHH)* :  it  contains,  therefore,  SHK) 
lees  than  mannite,  2H'0  less  than  qnercite^  and  H'  more  than  phloroglncin. 

To  separate  the  |ffozimate  principles  contained  in  the  neeoles,  they  weze  first  ex- 
hansted  with  boiling  alcohol,  then  with  water ;  the  aqneons  decoction  was  precipitated 
by  neatzal  lead  acetate,  and  the  precipitate,  after  washing  with  water,  was  treated 
with  acetic  acid,  in  which  it  is  ofely  partially  soluble.  The  soluble  portion  was  neu- 
tralised  with  ammonia,  and  re-precipitated  by  basic  lead  acetate ;  and  this  last  preci- 
pitate, decomposed  by  hydrogen  sulphide^Aded  a  tannin  identical  with  the  soluble 
tannin  of  the  horse-chestmit,  C'H'K)*.  lliis  tannin  is  transfonned  into  an  insoluble 
modification  by  adding  hydrochloric  acid  to  its  solution,  then  agitating  the  liquid  with 
six  or  eig^t  Tolumes  of  ether,  and  leaving  the  whole  to  itself  for  ten  or  twelve  hours. 
The  precipitate  thus  obtained  forms,  after  washing  and  drying,  a  chamois-coloured 
powder,  insoluble  in  water,  ether,  and  acetic  acid,  slightly  soluble  in  boilinff  alcohol 
and  in  potash,  which  latter  colours  it  red-brown.  Tnis  insoluble  tannin  dissolTes, 
howem,  in  boiling  potash,  and  when  it  is  boiled  with  water  and  alcohol,  a  small 
quantity  dissolves,  formiug  a  red  liquid.  The  conversion  of  the  soluble  into  the  in- 
soluble tannin  is  att^^nded  with  loss  of  water ;  the  latter  has  the  composition  C^^H^". 
(Bochleder.  J.  pr.  Chem.  cv.  63,  123.) 

The  fruits  of  Aoies  Retina  AnuUia,  indigenous  in  Arcadia,  yield,  by  distillation  with 
water,  about  18  per  cent,  of  a  colourless  volatile  oil,  C**H'*,  having  a  fragrant  odour  of 
lemons,  a  specific  gravit]^  of  0*868,  boiling  at  156-169^,  slightly  Iffivo-gjrrate.  It 
resinises  quickly  in  the  air,  exerting  at  the  same  time  a  stronger  ozonising  action 
than  common  turpentine  oiL  It  dissolves  iodine  without  rise  of  temperature,  and 
absorbs  hydrochloric  acid  ^,  forming  a  liquid  compound,  C**H**.HCL  (Buchner 
a.  Thiel,  J.  pr.  Chem.  xcii.  109.) 

ACXB.    See  Stlvic  Acm. 

See  Abies. 

or  AB8TVTBIZV.  This  substance,  the  bitter  principle  of 
wonnwood  (Arlemigia  Ahmntkium),  has  been  re-investigated  by  A.  Eromayer  (Arch. 
Phaim.  [2]  cviii.  129 ;  ^ahresb.  1861,  p.  745).  The  mode  of  preparation  adopted 
consists  mmnly  in  exhausting  the  dry  herb  of  the  plant  with  hot  water ;  treating  the 
oonoentiated  extract  with  animal  charcoal,  which  absorbs  the  bitter  principle ;  then 
extracting  it  with  alcohol,  partially  purifying  it  by  treatment  with  lead-acetate,  &c., 
as  described  at  p.  2,  vol.  i. ;  then  dissolving  it  in  alcohol,  precipitating  it  with  tannic 
acid ;  washing  the  precipitate  with  water  and  weak  spirit ;  dissolving  it  in  strong 
alcohol ;  mixing  it  with  levigated  lead-oxide ;  evaporating  the  mixture  after  addition 
of  a  little  water ;  boiling  out  the  dry  residue  with  alcohol ;  and  leaving  the  colourless 
filtered  liquid  to  evaporate  slowly  in  a  moderately  warm  place.  Absinthin  then 
remains  as  a  yellowish  pulverulent  mass,  neutral,  having  an  intensely  bitter  taste,  and 
an  aromatic  odour  like  that  of  wormwood,  nearly  insoluble  in  cold,  somewhat  more 
Smp.  B 
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soluble  in  hot  water,  easily  in  alcohol  and  ether.  From  the  alcoholic  solution  it  is  ffradu- 
ally  precipitate  by  water  in  white  flocks.  It  melts  between  120°  and  125^,  and  dieoom- 
poses  at  a  stronger  heat,  giving  ofif  pungent  vapours.  Strong  sulphuric  acid  dissolves 
it  with  brownish,  afterwards  greenish-blue  colour,  changing,  on  addition  of  a  few 
drops  of  water,  to  a  splendid  blue,  which  disappears  on  further  addition  of  water. 
Wlien  an  alcoholic  solution  of  absinthin  is  mixed  with  an  equal  volume  of  strong  sul- 
phuric acid,  a  brown-red  mixture  is  formed  which,  on  addition  of  a  few  drops  of  water, 
assumes  a  beautiful  violet  colour.  Absinthin  boiled  with  dilute  sulphuric  add  is  con- 
verted into  a  brown  resin,  and  the  supernatemt  red-brown  solution  exhibits  a  beautiful 
yeUow-green  iridescence  by  reflected  light.  This  solution  does  sot  oontain  sugar ; 
neither  is  sugar  poduced  by  treating  absinthin  with  strong  hydzochloric  acid.  Strong 
nitric  acid  attacks  absinthin  only  when  heated ;  on  mixing  an  alcoholic  solution  of 
absinthin  with  water  till  it  begins  to  show  turbiditv,  and  then  with  solution  of  tannic 
acid,  a  pure  white  precipitate  oftannate  of  absinthin  is  obtained,  which  assumes 
the  consistence  of  a  plaster  when  stirred,  and  after  washing  and  drying  at  100^,  forms 
a  greyish,  easily  pulverised  mass.  Absinthin  does  not  reduce  an  alkaline  solution  of 
cupric  oxide,  but  when  warmed  with  ammoniacal  silver  nitrate  forms  a  speculum  of 
metallic  silver.    Solutions  of  absinthin  are  not  precipitated  by  metallic  salts. 

The  analysis  of  pure  absinthin  yielded  numbers  answering  to  the  formula  C^H**0', 
or  2C*'H**0*.H*0.    Kromayer  regards  it  as  an  aldehyde. 

ikCAirTBZTB.  A  rhombic  or  trimetric  variety  of  silver  sulphide  Ag*S  (▼.  304), 
occurring  at  Freiberg  and  Joachimsthal  (Kenngott,  Fogg.  Ann.  xcv.  462  ;  Dauber, 
Jahrcsb.  1860,  p.  747).  According  to  Breithaupt  (ibid.  1863,  p.  796),  it  mostly  occurs 
in  twins  very  much  like  those  of  diopside. 

ikCA&OZD  KBSnr.  This  resin  yields,  by  oxidation  with  melting  potash,  so 
large  a  quantity  of  paraoxybenzoio  acid  (36  grms.  from  9  ounces)  that  it  may  be 
conveniently  used  as  a  source  of  that  acid.  The  mother-liquor  of  the  ethereal  extract 
contains  also  resorcin  and  pyrocatechin,  as  well  as  the  double  compound  of  protoca- 
tcchuic  and  paraoxybensoic  acids,  C**H**0'.HK),  first  obtained  from,  bensoin  (Hlasi- 
wotza.  Barth.  Jahresb.  1866,  p.  630). 

Aoacomrzo  achi.    c«h*o«  »  (^^*^7  |o«  =  (C»H«)"'(COHO)".»   (A. 

Baeyer,  Berl.  Akad.  Ber.  1864,  p.  584  ;  more  fully,  Ann.  Ch.  Pharm.  cxzxv.  306 ; 
Jahresb.  1864,  p.  397  ;  1865,  p.  394.) 

A  tribasic  acid  produced,  together  with  citz-acetic  acid — an  acid  of  nearly  the  same 
composition,  and  likewise  tribasic — bv  heating  ethylic  bromacetate  with  sodium.  The 
proauct  of  the  reaction  is  a  smeaiv  brown  mass,  which  b^  evaporation  in  a  vacuum 
yields  a  non-separable  mixture  of  the  ethers  of  the  two  acids  just  mentioned,  boiling 
above  200°.  The  solution  of  this  crude  ether  in  baryta-water  yields,  by  evaporation, 
sparingly  soluble  barium  acecbnitate  and  easily  soluble  barium  citracetate.  The  aceco- 
nitate  was  deposited  in  crystals,  which,  however,  did  not  yield  definite  results  on  analysis, 
.but  the  silver-salt  prepared  by  decomposing  them  with  sulphuric  acid,  neutralising 
with  ammonia,  and  precipitating  with  silver  nitrate,  gave  numbers  agreeing  with  the 
formula  C*H'Ag*0*  +  2  aq. ;  showing  that  aceconitic  acid  is  represented  bv  the  formula 
C'H'O*,  and  is  isomeric  with  aconitic  acid.  The  formation  of  the  etner  probably 
takes  place  by  two  stages,  the  sodium  first  taking  the  place  of  an  atom  of  hydrogen 
in  the  acetyl  molecule  of  .the  bromacetic  acid,  and  sodium  bromide  being  aflerwieffds 
eliminated : 

(2)      3C«HN^gJ0  -  3NaBr  ^  <^^?;j0.. 

Fvae  aceconitic  acid  ciystallises  in  warty  groups  of  needles  like  aconitic  acid,  but 
more  easily  and  in  better  defined  forms  than  the  latter ;  it  is  likewise  easily  soluble 
in  water.  When  heated  it  melts  and  bums,  leaving  a  small  quantity  of  charcoal ; 
when  warmed  in  a  test-tube  it  does  not  yield  any  crystalline  sublimate.  The  barium 
salt  crystallises  in  small  sparingly  soluble  crystals ;  the  solution  of  the  calcium  aaU 
becomes  turbid  when  heated,  like  that  of  the  citrate ;  with  neutral  lead  acetate  and 
mercurous  nitrate  the  acid  forms  white  precipitates. 

OUraoetic  acid  and  its  salts  are  uncrystallisable,  and  therefore  very  difficult  to  purify ; 
they  give,  however,  by  analysis  numbers  agreeing  nearly  with  those  of  tbe  corre- 
sponding aconitates,  so  that  citracetic  acid  is  probably  another  isomer  of  aconitic  acid. 

*  In  Baejer'8  preliminary  notice,  aoeoonitic  add  was  represented  by  the  formula  CH'O*,  tke  same 
AS  that  of  carballyUc  acid. 


ACENAPHTHENE— ACETAL.  8 


or  JkcwTYiMWAjnrtMjLEMmm.  om^  -  C>H'.C>«H> 

(Bertlielot,  BulL  8oc  Chim.  [2]  viii.  226 ;  Jahresb.  1867,  p.  694).— A  hydrocarbon 
oocarring  in  the  portion  of  heavy  coal-tar  oil  which  distils  between  260^  and  340°. 
When  the  portion  distilling  between  270^  and  290^  is  separated  by  fractional  distil- 
lation and  left  at  net,  aoenaphthene  separatee  in  large  transparent  prisms,  and  a 
further  quantity  may  be  obtained  from  the  mother-liquor  by  repeated  distillation  and 
cooling.  It  is  purified  by  pressing  the  crystals  between  paper,  dissolving  them  in  ten 
to  fiftaen  times  their  weight  of  boiling  alcohol,  and  leaving  the  soluiaon  to  cool  very 
slowly.  Acenaphthene  is  also  contained  in  the  solid  hydrocarbons  which  crystallise 
gradoally  from  the  tar-oils  distilling  between  300®  and  400^,  and  passes  over  in  the 
distillation  of  these  oils,  together  with  fluorene.  If  the  solid  distillate  thus  obtained 
be  re-crystallised,  the  fluorene  separates  out  first,  while  the  acenaphthene  accumulates 
in  the  mother-liquors,  and  may  be  separated  therefrom  by  careful  evaporation.  It 
may  ^so  be  isolated  from  the  solid  mixture  above  mentioned  by  sublimation  in  a 
fladCf  the  bottom  of  which  is  heated  to  100°.  Lastly,  it  is  formed  when  a  mixture  of 
oaphthaleiie  vapour  and  ethylene  gas  is  passed  through  a  heated  porcelain  tube,  and 
may  be  separated  from  the  products  by  re-cxystallising  the  portion  which  distils 
between  270°  and  800°  from  alcohol. 

Acenaphthene  cxystallises  from  alcoholic  solution  in  colourless  shining  needle- 
shaped  prisms,  sometimes  a  decimetre  long,  and  from  solution  in  heavy  tar-oils,  in 
bulky  hard  brittle  crystals.    Its  odour  is  like  that  of  naphthalene,  but  fainter.    It  is 
heavier  than  water,  melts  at  a  little  above  100°,  solidifLeB  at  93°,  and  boils  at  284°- 
285°  (corr.).    It  diJssolves  easily  in  boiling  alcohol,  and  separates  almost  completely 
on  cooling.    From  a  mixture  of  the  alcoholic  solutions  of  acenaphthene  and  picric 
acid,  the  pi  crate,  C"H**.C*H*(NO*)*0,  crystallises  quickly  in  orange-yellow  needles ; 
from  a  solution  of  equivalent  proportions  of  the  two  substances  in  boiling  alcohol,  it 
crystallises  in  lammse.      Erniporated  with  Tritzsche's   re-agent    (nitranthracene), 
aoenaphthene  forms  red  needles,  partly  curved  and  branching  like  a  fan.    In  sul- 
pkurie  aeid,  either  fuming  or  ordinary,  it  dissolves  with  formation  of  acenaphthene 
sulphuric  acid,  which  is  coloured  green  by  small  quantities  of  nitric  acid,  and  forma 
easily  soluble  salts.    NUric  acid  acts  violently  on  acenaphthene.    If  the  hydrocarbon 
be  triturated  with  the  acid  in  a  cooled  vessel  till  the  acid  is  saturated,  tiie  solution 
solidifies,    after  a  while,  to    a    crystalline    mass    of   dinitro-acenaphthone, 
C''H*(NO^*,  which  is  nearly  insoluble  in  alcohol  even  at  the  boiling  heat,  sparingly 
soluble  in  ether,  but  dissolves  abundantly  in  boiling  light  tar-oils,  and  crystallises 
from  this  solution  in  brown-yellow  pointed  needles.    The  mother-liquor  of  thoso 
crystals  leaves,  on  spontaneous  evaporation,  brown  granules  of  a  compound  of  mono-  and 
di-nitroaoenaphthene,  C**H'(NO*).C**H^NO')*.    Sodium  does  not  act  upon  acenaph- 
thene.   Potasswm  eliminates  hydrogen,  and  forms  the  compound  C**H*£,  as  a  black 
insolttble  mass,  decomposed  by  water,  with  reproduction  of  acenaphthene.    Bromine 
likewise  aets  stzoiigly  upon  acenaphthene.     On  adding  it  to  an  ethereal  solution  of  the 
hydrocarbon  UU  the  liquid  acquires  a  yellow  colour,  and  leaving  the  solution  to  eva- 
porate, there  remuns  a  thickish  oil  in  which  a  few  laminar  crystals  form,  probably 
consisting  of  monobromacenaphthene,  C'H'Br.    A  solution  of  acenaphthene 
in  the  most  volatile  portion  of  American  petroleum,  mixed  in  a  cooled  vessel  with 
a  slight  excess  of  bromine  (4  pts.  bromine  to  1  pt.  of  the  hydrocarbon),  yields  the 
hexbromide,  C^*H*'Br',  which  crystallises  out  m  small  grains,  while  a  liquid  sub- 
stitution-product remains  in  solution ;  by  re-crystallisation  from  boiling  alcohol  the 
hexbromiae  is  obtained  in  slender  white  needles.    Acenaphthene  heated  to  its  boiling 
pomt  with  iodine,  is  decomposed,  with  evolution  of  hydrioiic  acid  and  formation  of  a 
caibonaceoos  substanee ;  at  100°  it  appears  to  be  converted  by  iodine  into  a  polymeric 
compound.    Hydrochloric  and  hydrobromic  acids  in  aqueous  solution  do  not  act  upon 
acenaphthene.      Heated  to  100°  with  saturated  J^/driodie  aeid,  it  forms  a  liquid 
hydride,  probably  C"H",  boiling  at  about  270°,  tt^ther  with  the  above-mentioned 
polymeric  modification  produced  by  the  separated  iodine.    With  20  pts.  hydriodic 
acid  at  280°,  it  forms,  as  chief  products,  naphthalene-hydride  and  ethyl-hydride : 

C"H"  +  SH*  -  C'*H"  +  C*H« ; 


traces  of  hexyl-hydlride,  and  a  substance  not  volatile  at  360°,  probably  a  polymer. 


C*H"0'. — This  compound  contains  the  elements  of  1  molecule  of 
aMehyde  and  1  molecule  ethyl-oxide,  C*H*0.(C*H*)«0 ;  moreover,  its  several  modes 
of  fonnation  from  aldehyde,  and  its  re-actions  with  hydrochloric  acid,  phosphorus- 
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pcrntachloride,  and  acede  add  (L  4),  shoir  that  it  is  an  echjl-oompoond,  and  maj  be 

reprttented  by  the  formula  (C*H«>"  1^2*  **'  Ic-Hv(^"      ^^   ^r^eat   radicle 

CH« 
CH'  occamng  in  it  ia,  boverer,  not  eChrlene  |       (as  in  tbe  isonenc  eomponnd  ethy- 

CH- 
CH» 
lene  di^jlate),  but  ethjlidene,    |      .   Theoonstitiiu<»alfonna]jeof  tfaetwo  isomflne 

CH 
conipoanda  are  in  fact : 

CH»  CH\OC«H») 

CH(OC*H»)*  CH=(OCnP) 

AoetaL  ExhTlene 

DkOkjiita. 

The  three  chlorinated  deriTatiTea  of  aeetal  are  lepresented  in  like  numwtmr  \,j  the 

formube :       

CH*CLCH(OC»H»)» ;  CHa*-CH(OC«H»)«;  Ca".CH(0(?H»)». 

Diehloracetal,  C«H»«C1*0*,  is  decomposed  by  zinc-ethyl  at  140°,  giTii^  off  a 
gaseous  mixture  of  ethyl  chloride,  ethylene,  and  propylene,  together  with  gaaes  not 
absorbed  by  bromine  (doubtless  arising  from  the  action  of  the  ethyl  chloride  on  the 
zinc-ethyl),  and  leaving  ethyl  oxide  mixed  with  oxide  and  chloride  of  ziiK.  Neglecting 
tlie  ethylene,  which  is  formed  as  a  secondary  product  in  almost  all  re-actions  of  ane- 
ethyl,  the  action  may  be  represented  by  the  equation : 

2[C«H«a'.(0C*H»)«]   +  3Zn(C»H»)« 
=  2(C«H*)H)   +   2C«fl*Cl  +  4C»H«  +   iZnO  +  ZnCP. 

(Pater no,  Compt.  rend.  Ixrii.  458.) 

Trichloracetal,  C*H"C1'0',  is  formed,  together  with  dichloncetal,  by  the 
action  of  chlorine  on  alcohol  at  80^.  On  treating  the  product  with  water,  distilling 
the  oil  which  collects  at  the  bottom,  redistilling  Uie  portion  which  boils  above  185® 
in  a  current  of  steam,  collecting  apart  the  last  fourth  of  the  distillate,  redistilling  this 
in  the  same  manner,  and  repeating  these  operations  several  times,  a  disrillat^e  of 
trichloracetal  is  at  length  obtained,  which  orstallises  immediately  in  the  receiver,  and 
may  be  completely  purified  by  pressure  and  recrystallisation  £ram  alcohol  or  ether. 
Trichloracetal  crystallises  in  light  shining  needles,  very  much  like  cafieine.  It  melts 
at  729 1  boils  with  slight  decomposition  at  230^,  diissolves  easily  in  ali»hol  and  ether, 
and  when  heated  with  snlphnric  add  to  150^ yields  diloraL  (Pater no,  Compt.  rend. 
Ixvii.  765.) 

Methyl-aeetal,  0»H»«0«  =  (C«H«y  Jqc^*.  "  produced,  together  with  dimo- 

thyl-acetal  (infra\  by  mixing  in  a  capacious  retort  800  pts.  of  sulphuric  add,  300 
pts.  of  water,  and  200  of  manganese  dioxide,  then  adding  a  mixture  of  100  pts. 
alcohol  and  90  pts.  wood-spirit,  and  as  soon  as  the  first  re-action  is  over,  distilling 
till  a  quantity  of  liquid  has  passed  over  equal  to  that  of  the  alcoholic  mixture  employed; 
The  distillate  is  then  rectified,  the  portions  which  distil  above  and  below  68^  being 
collected  apart,  and  the  distillation  stopped  at  85®.  Each  of  the  products  thus 
obtained  is  purified  by  treating  it  with  aqueous  potash  and  with  calcium  diloride,  as 
described  under  aeetal  (i.  3),  and  then  rectified,  the  portions  which  pass  over  towuds 
65®  in  the  one  case  and  85®  in  tbe  other  being  collected  apart. 

Methyl-acetal  is  a  very  mobile  colourless  liquid  having  an  odour  like  that  of  aeetal, 
A  Bpedfic  gravity  »  0*8535,  and  boiling  at  85®.  It  bums  with  a  brilliant  flame, 
dissolves  in  all  proportions  of  alcohol,  in  15  parts  of  water,  and  is  precipitated  by 
water  from  its  alcoholic  solution.    It  is  not  decomposed  by  caustic  potash. 

The  same  or  an  isomeric  compound  has  been  found  by  Dancer  in  crude  wood-spirit 
(iii.  1002). 

Dimethyl-aeetnly  C«H«»0*  -  (C^TJoCH**  "  *  colourless    ethereal  liquid, 

having  an  odour  like  that  of  methyl-compounds  in  general.  Specific  gravity  «  0*8555. 
It  boils  at  65°,  and  bums  with  a  luminous  white  blue-edged  flame.  (Wurtz,  Ann. 
Ch.  Phys.  [3]  xlviii.  373). 

AOBTAJttZBB.  C*H*NO. — This  compound,  heated  in  a  sealed  tube  with  an 
alkaline  solution  oi  potasnum  pefnumganate^  yields  no  free  nitrogen,  and  only  a  trace 
of  ammonia,  by  far  the  greater  portion  of  the  nitrogen  being  oxidised  to  nitric  or 
nitrous  acid.     (Wanklyn  a.  Gamgee,  Chem.  Soc.  J.  [2]  vi.  25.) 


ACETANILIDE— ACETIC  ACID.  5 

Aoetamide^  heated  in  sealed  tabes  with  saturated  aqueous  hydriodie  acid,  yields 
ammonia,  acetic  add,  and  ethane  or  ethyl-hydride : 

C«H»NO  +  H»0  +  8H»  «  C*H*0«  +  NH«  +  OW. 

(Berthelot,  BnlL  Soc  Chim.  [2]  iz.  183.) 

Acetamide,  heated  to  about  210^  with  carbon  biiulpkide,  gires  off  a  number  of  gaseous 
products,  among  which  are,  hydrogen  sulphide,  carbon  oxysulphide,  carbon  monoxide, 
and  a  combustible  gas  not  absorbed  by  bazyta  or  cuprous  chloride,  probably  ethane, 
and  leares  a  residue  of  ammonium  sulphocyanate  mixed  with  undecomposed  acetamide. 
The  principal  re-action  appears  to  be : 

2C«H»N0  +  CS«  «  NH'.CHNS  +  COS  +  CX)  +  C*B\ 

(Laden burg,  Zeitschr.  f.  Chem.  [2]  y.  478.) 

Acetamide  forms  a  crystalline  compound  with  bitter  almond  oU,  (Strecker, 
Zeitschr.  H  Chem.  [2]  iy.  661.)    (See  Aldkrdbs.) 

(See  iT.  418 ;  t.  1087.) 

C^«  «  (C*H»)  -  C=CH.  -  Pkenyl-aeefylene 
C^C^*)H.  (G 1  a s  e  r,  Zeitschr.  f.  Chem.  y.  97.) — ^This  hydrocarbon,  related  to  acety- 
lene in  the  same  manner  as  cinnamene  (sterol)  to  ethylene,  is  produced :  1.  By  heating 
l^nyl-piopiolie  add  with  water  to  120°  m  a  sealed  tube : 

C^».C=C.CO»H  =1  C0«  +  C«H».C=CH; 
P1ieDyl*propio21o  Acctenyl-Nwuene. 

add. 

more  easily  by  heating  barium  phenyl-propiolate  mixed  with  sand  to  about  200° : 

(C«H».CsC.CO«)'Ba  +  H'O  «  CO»Ba+CO«  +  2(C«H».C=CH). 

The  colons  yellow  distillate  thereby  obtained  is  easily  purified  by  a  few  distilla- 
tions. The  hydrocarbon  is  also  formed  in  small  quantity  when  phenyl-propiolic 
add  or  either  of  its  salts  is  simply  boiled  with  water. 

2.  By  the  action  of  alcoholic  potash  on  cinnamene  dibromide,  just  as  ethylene- 
dibzomide  similarly  treated,  yields  acetylene  as  the  final  product : 

C«H^r«  -  2HBr  -  C«H« ;    C«H"Br«  -  2HBr  «  C«H«. 

The  cinnamene  dibromide  is  first  converted  by  alcoholic  potash  into  bromocinnamene, 
OH^Br ;  and  the  latter  is  heated  with  the  same  re-agent  to  120°  in  sealed  tubes.  The 
product  distilled  with  water  yields  a  distillate  still  containing  aloohol,  from  which 
the  aoetenyl-benzene  may  be  separated  by  water,  and  purified  by  drying  with  calcium 
chloride  and  rectification. 

3.  By  heating  methyl-benzylal  chloride  (produced  by  the  action  of  phosphorus- 
pentachloride  on  methyl-benzoyl,  C^*.COCH*)  with  Yerv  concentrated  alcoholic  potash 
to  120°  in  a  sealed  tube  (Priedel,  Zeitschr.  f.  Chem.  [2]  t.  128) : 

C^».CC1*CH*    -     2Ha     =     C^».C=CH. 

Methyl-bensylal  Acetenyl-bensene. 

chloricle. 

Acetenyl-benzene  is  a  frequent  product  of  the  decomposition  of  other  hydrocarbons 
of  the  benzene  series ;  thus  it  occurs  in  cinnamene  which  has  been  heated  to  redness 
in  a  stream  of  hydrogen ;  in  that  produced  by  the  mutual  action  of  benzene  and 
ethylene  at  a  red  heat,  or  by  the  decomposition  of  ethyl-benzene ;  but  not  in  the 
hydrocarbons  of  coal-tar.    (Berthelot,  Compt.  rend.  Ixyii.  962.) 

Acetenyl-benzene  is  a  colourless  strongly  refracting  liquid,  having  a  peculiar 
aromatic  odour,  boiling  constantly  at  189°-140°,  and  having  a  vapour-density  of  3*70 
(ealc  8*68).  It  unites  directly  with  bromine,  forming  a  pungent  oily  liquid,  and  is 
quickly  decomposed  by  nitric  add  of  spedfic  gravity  1*36  and  by  sulphuric  add. 
With  metallic  solutions  it  forms  precipitates  analogous  in  composition  to  those  of  the 
other  h3rdroearbons  of  the  acetylene  series.  Its  alcoholic  solution,  mixed  with  an 
ammoniacal  solution  of  cuprous  chloride  largely  diluted  with  alcohol,  forms  a  yellow 
precipitate  of  the  compound  (C'H*.C)'Cu.CuO  ;  the  silver  compound  obtained  in  like 
manner  is  a  light  grey  powder  composed  of  2(C*H*.CAg).Ag'0.     (G 1  a  s  e  r.) 

CH* 

AOmVtO  ACIB.      Hydrogen  Acetate.     Hydric  Acetate,      C*H^O^   »    I 

COOH 

•  cla'     »  ^^*^^|o  -  H.C«H«0».  -  C«H»O.OH. 
Formation, — The  chloride  CH'OCl  corresponding  to  this  acid  is  produced  syntheti- 


6  ACETIC  ACID. 

eally  by   passing  a  mixture  of  earbonyl  cblorida  (phosgene  gas)  and  marsh-gas 
through  a  retort  heated  to  120^ : 

C0C1«  +  CH*  =  HQ  +  CH«C0C1 ; 

and  this  chloride  is  converted  by  water  into  hydrochloric  and  acetic  acids.  (Harnitz- 
Harnitzky,  Ann.  Ch.  Pharm.  czzxvi.  121.) 

Acetic  acid  may  be  formed  synthetically  from  acetylene  (i.e.  from  carbon  and 
hydrogen^  by  converting  the  latter  into  ethylene  by  direct  addition  of  hydrogen,  the 
ethylene  into  alcohol,  and  oxidising  the  alcohol.  The  transformation  may,  howcTcr, 
be  more  simply  effected  by  heating  acetylene  dichloride  with  aqueous  potash  to  230'' 
or  with  alcoholic  potash  to  100^  for  ton  hours  (Berthelot,  Zeitschr.  f.  Chem.  [2] 
V.  683) : 

C»H'a«  +  8KH0  =  C»H>0«K  +  2Ka  +  H«0. 

Acetic  add  is  also  produced,  together  with  other  products,  by  the  fermentation  of 
mucic  acid  in  contact  with  yeast,  whito  of  egg,  vegetable  albumin,  or  most  easily  with 
muscular  flesh : 

2Cra'»0«  =  4C«H«0«  +  4C0«  +  2H«. 

FormoHon  hy  oxHaiion  of  Alcohol. — Faatour  has  shown  by  oondusive  experiments 
that  the  formation  of  acetic  acid  firom  alcohol  by  atmospheric  oxidation,  in  the 
ordinary  process  of  vinegar  making,  depends  essentially  on  the  presence  of  a  peculiar 
fungus,  the  Mycoderma  aceti.  The  formation  of  vinegar  from  wine  or  beer  is  invariably 
preceded  by  the  development  of  this  fimgus  at  the  siurface  of  the  liquid.  It  appears  to 
tict  by  absorbing  the  oxygen  of  the  air  within  its  pores,  like  platinum-black,  and  thus 
bringing  it  into  close  contact  with  the  particles  of  the  alcohol.    The  plant  may  bo 
sown  on  the  surface  of  the  liquid  by  introducing  a  small  portion  of  it  £rom  another 
vinous  liquid  already  in  a  stato  of  acetous  fermentation  ;  or  it  may  be  introduced  by 
simply  exposing  the  liquid  to  the  air,  in  which  the  germs  of  this  fungus,  as  of  many 
others,  are  alw^s  floating.      But,  like  all  other  plants,  it  requires  food  for  its 
development,  and  this  it  finds  in  the  albuminous  matter  and  mineral  salts  contained 
in  ordinary  vinous  liquors.    If  these  are  absent  the  plant  cannot  grow,  and  acctifica- 
tion  cannot  take  place.    Thus,  pure  at^ueous  alcohol  may  be  exposed  to  the  air  for 
any  length  of  time  without  turning  acid,  because  the  germs  of  the  mycoderm  which 
fall  into  it  £rom  the  air  remain  barren  for  want  of  nutriment ;  but  as  soon  as  any 
albuminous  matter  is  introduced  into  the  liquid,  the  plant  begins  to  grow  and  the 
alcohol  is  oxidised.    The  albuminous  matter  is  not,  however,  itself  the  active  agent 
in  tlie  change,  and  is  quite  incapable  of  inducing  it  in  the  absence  of  the  fungus.     I; 
a  bottle,  partly  filled  with  wine  and  containing  air  in  ite  ordinary  state,  be  hermeticall; 
closed  and  then  heated  to  a  temperature  of  65°  or  upwards,  the  germs  of  the  myco 
derm  present  in  the  air  or  in  the  liquid  will  be  killed,  and  under  these  conditions  tb 
wine  may  be  kept  for  years  without  exhibiting  the  slightest  degree  of  acetificatioi 
although  it  contains  an  abundance  of  albuminous  matter ;  but  if  it  be  opened,  and  tV 
liquid  exposed  to  the  air,  so  that  the  germs  of  the  fungus  may  have  access  to  it,  tl 
formation  of  acetic  acid  will  take  place.    Moreover,  pure  aqueous  alcohol  may  1 
acetified  wiUiout  the  aid  of  anv  albuminous  matter,  jprovided  the  mycoderm  ha 
access  to  it,  and  be  supplied  with  the  nitrogen  and  saUne  matters  necessary  for  j 
growth.    Pasteur  has  in  fact  shown  that  this  nutriment  may  be  supplied  in  the  foi 
of  alkaline  and  earthy  phosphates  and  ammonium  phosphate,  the  latter  furnishi 
the  nitrogen.     Under  these  circumstances  the  mycoderm  grows,  though  less  quid 
than  in  ordinary  vinous  liquids,  and  the  alcohol  is  slowly  converted  into  acetic  acid 

The  acetification  goes  on  most  quickly  and  favourably  when  the  mycoderm  grt: 
only  at  tJie  surface  of  the  liquid  ;  if  it  sinks  to  the  bottom  or  diffuses  it43elf  ihroi 
the  mass  of  the  liouid,  the  oxygen  contained  in  ite  pores  acte  upon  the  acetic  r 
already  formed,  and  bums  it  completely  to  carbonic  acid  and  water  :  in  this  wai 
the  mycoderm  be  allowed  to  remain  in  the  liquid  after  the  acetification  is  complete, 
whole  of  the  acetic  acid  may  be  destroyed  and  the  liquid  rendered  perfectly  neul 
(Pasteur,  Etudes  9ur  le  Vinaigre,  Paris,  1868  ;  also  Annalea  8cient\fique3  de  Vt 
normale  supMeure,  tome  i.  1864;  Bull.  Soc  Chim.  1861,  p.  94;  Jahresb.  1 
p.  786.) 

On  tno  formation  of  acetic  acid  in  alcoholic  fermentation,  see  also  B^champ  (^ 
Chim.  pure,  v.  675;  Jahresb.  1863,  p.  773);   Blondeau   (Compt    rend.    Ivii. 
Jahresb.  1864,  p.  312). 

Physical  Properties.— According  to  Mendelejef  (Jahresb.  1863,  p.  7),  the  sp.  f 
glacial  acetic  acid  at  15°  (reforrwi  to  water  at  4°  as  unity)  is  106O7.  Acconlii 
Kt^gnault  (Rdation  des  expH/ttces,  &c.,  p.  751,  Jahresb.  1863,  p.  7*4),  glacial    i 
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add  may  remam  solid  at  +  16^,  but,  when  once  liquefied,  is  veiy  difficult  to  re-solidify, 
safltuniiig  without  change  a  temperatore  of  —  8^  or  even  —  10^,  in  spite  of  brisk 
agitation ;  but  contact  with  a  pointed  piece  of  glass,  or  better,  with  a  cirstal  of  the 
glacial  add,  causes  it  to  solidify  immediately.  Oudemans  (Zeitschr.  f.  Chem.  1866, 
p.  760 ;  Jaluresb.  1866,  p.  300)  prepared  pure  acetic  acid  by  rectifying  the  commercial 
glacial  add  over  manganese  peroxide  and  sodium  acetate,  then  subjecting  it  to 
fractional  distillation  and  crystallisation,  till  it  exhibited  a  constant  spedfic  grayity. 
This  sp.  gr.  was  105538  at  16°.  The  acid  melted  at  16'45^  and  boiled  at  117^  (bar. 
at  763  mm.) ;  after  a  fourth  of  the  liquid  had  passed  oyer,  the  boiling  point  rose  to 
117-60,  and  ftnaUy  (in  the  last  jth  of  the  distillate)  to  118*2<>. 

From  determinations  of  the  sp.  gr.  of  mixtures  of  acetic  add  vapour  and  hydrocen 
gas  at  Yazious  temperatores,  Rayfair  and  Wanklyn  (Chem.  Soc.  J.  xy.  153)  infer  that 
the  Tapour  of  acetic  add  probably  has,  at  oomparatiTely  high  tempeiatores,  a  density  of 
2*073  referred  to  air,  or  80  refened  to  hydrogen,  corresponding  to  a  condensation  of  2 
Tohimee  for  the  molecule  G'H^O',  and  at  lower  temperatures,  &e  density  60  (referred 
to  hydrogen),  owresponding  to  a  similar  condensation  for  the  molecule  C*H*0^; 
further,  t£at  the  constitution  of  the  molecule  is  probably  different  at  these  different 
temperatoret.  Cahours  had  formerly  shown  (i.  10)  that  the  yapour  of  acetic  add 
begms  to  exhibit  its  normal  density  at  about  240^.  From  recent  experiments  he 
oondudea  that  it  still  retains  this  densi^  at  350°,  and  begins  to  exhibit  a  lower 
deanty  anlj  at  440°,  being  then  partially  decomposed  into  marsh  gas  and  carbon 
dioxiiu :  henee  the  normal  density  remains  constant  for  an  interyal  of  about  200°. 

OxuUUiam  hu  P^asawm  Perwumganate. — Acetic  add  appears  at  first  to  haye  no 
action  on  a  solution  of  the  permanganate,  either  add  or  aUudine.  Neyertheless,  on 
hwtting  acetic  add  with  a  dilute  neutral  solution  of  the  permanganate  to  100°  in  a 
loi^nedLed  flask,  a  reaction  is  soon  set  up  and  becomes  considerable  after  15  or  20 
hooTB :  the  only  products  are  water  and  carbonic  add.  Sodium  acetate,  left  in  contact 
in  the  cold  with  a  neutral  solution  of  the  permanganate,  does  not  exhibit  any  reaction 
for  the  first  few  days,  but  at  the  end  of  three  months  a  visible  reduction  ta&es  place, 
attended  with  formation  of  carbonate.  At  the  boiling  heat  the  reduotion  becomes 
visible  after  a  few  hours,  espedally  in  presence  of  a  small  quantity  of  potash,  resulting 
in  the  formation  of  oxalic  acid:  CH<0*  +  O*  »  C*H*0«  -h  H*0.  (Berthelot,  Bull. 
Soc  Chim.  [2]  viii.  392.) 

According  to  F.  Loesen  (Ann.  Ch.  Fharm.  cxiv.  174),  acetic  add  may  be  converted 
into  oxalic  add  by  dissoliing  1  pt.  sodium  acetate,  1  pt^  sodium  hydrate,  and  2  pts. 
potaasiuB  permanganate  in  a  small  quantity  of  water,  boiling  the  solution  to  dryness, 
and  >M»»*ang  the  Sry  mass  to  a  temperature  not  suffident  to  decompose  potassium 
oxalate,  till  a  sample  no  longer  forms  a  green  solution  with  water. 

Aqtmus  Acetic  Acid, — ^It  was  formerly  supposed  that  a  mixture  of  glacial  acetic  acid 
and  water  exhibits  a  maximum  amount  of  condensation  when  the  proportions  are 
such  as  to  form  the  hydrate  CHK)'.H'0,  containing  77  per  cent,  of  the  glacial  acid  to 
23  of  water;  and  that  this  hydrate  boils  without  decomposition  at  a  constant  tempera- 
tare.  BfesuHs  tending  to  confirm  this  statement  have  been  published  by  Bussy  and 
Bonnet  (Jahreab.  1865,  p.  69).  On  the  other  hand,  Koscoe  has  shown  (Chem.  1^.  J. 
zv.  270)  that  aqueous  acetic  add  of  this,  as  well  of  any  other  strength,  suffers  decom- 
podtion  by  boilinp^,  and  that,  in  whatever  proportions  glacial  acetic  acid  and  water  may 
be  mixed,  the  mixture  may  be  decomposed  by  distillation,  under  either  ordinary  or 
increased  pressure,  in  such  a  manner  as  ultimately  to  leave  a  residue  of  glacial  acetic 
add ; — ^in  short,  that  there  is  no  such  thing  as  a  definite  hydrate  of  acetic  acid.  From 
Beseoe's  determinations,  which  agree  very  neariy  with  those  of  Van  Toom  (J.  fiir  Chem. 
vi.  171  )t  of  the  density  of  aqueous  acetic  acid  of  strengths  a  little  above  and  below 
that  of  the  supposed  hydrate  CH*OMI'0,  it  farther  appears  that  there  is  no  maxi- 
mum dsnnty  corresponding  to  a  definite  strength,  but  that  aqueous  acids  of  strengths 
varying  from  70*6  to  80  per  cent,  exhibit  the  same  density : 

Percentage  of  add    .    .    .      76-6°        776°        79°        80°        98'6°        100° 
^.gr.  at  15-6°    ....     10752       10754     10754    1-0754     10597      10954 

The  recent  experiments  of  Oudemans,  made  with  acetic  add  purified  in  the  manner 
above  described,  likewise  show  that  the  maximum  density  of  mixtures  of  acetic 
add  and  water  bears  no  relation  whatever  to  a  fixed  equivalent  proportion  of  the 
add  and  water,  but  corresponds  to  a  different  proportion  for  eacn  particular  tem- 
peratura  Oudemans*  results  for  the  temperatures  0°,  15°,  and  40°,  are  given  in 
the  following  table :  they  agree  nearly  with  the  older  determinations  by  Van  Toom, 
but  not  with  those  of  Mohr  (i.  11),  which,  according  to  Oudemans,  appear  to  have 
been  made,  not  with  pure  glacial  acetic  add,  but  with  an  acid  containing  5  per  cent. 
of 
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METALLIC   ACETATES.  9 

AcBTATBS  (Mbtallic). — ^These  Baits  are  repvaented  by  the  following  fommley 
aoeoxding  to  the  equivalent  Talue  of  the  metal  which  they  contaiii : 

For  monatomic  or  niuTaleiit  metals  (aodiom)  KaCH'O'  or       ^  [  O 

For  diatomic  or  biralent  metals  (barium)  Ba*(C^«0«)«  or  (^^''^^!  1 0« 

For  triTalent  metals  (thaUium  in  thallic  salts)   Th'"(C"H«0*)»  or  ^^^^^2 1 0« 

For  (apparently)  trivalont  metals  (iron)  (Fe»)'*(C?H»0«)«  or  ^^5*?21  { 0«. 

In  the  last  case  the  metal  is  really  tetiatomic  (iron,  chrominm,  aluminium),  but 
▼hen  two  of  its  atoms  are  associated  together,  one  unit  of  eqniyalenoe  in  each  of  them 
is  neutralised  hj  combination  with  the  other,  so  that  the  group  is  really  sexvalent 
like  the  group  C*  in  ethyl  hydride,  CH* ;  thus  the  formula  of  neutral  ferric  acetate 
may  be  written  thus : 

Fe''(C«H»0«)» 

Fe'XC'H'O')'. 
In  acetates  containing  bivalent  or  multivalent  metals,  one  or  more  equivalents  of 
tlie  radicle,  C*HH),  may  be  replaced  by  chlorine  or  bromine,  or  by  other  acid  radicles 
or  residues,  such  as  NO*,  (SO*)",  &c,  e.g.,  

Barium  aceto-nitrate  • ^"j^0«' 

Chromic  diaoeto-tetrachloride (Cr»)'«J(^^j?')* 

Ferric  tetraceto-dinitrate (^®')'T^^?-* 

partly  also,  in  some  cases,  by  hydrozyl,  HO,  forming  basic  salts,  e^.. 

Ferric  tetraoetate C^®*)'*!^?]^*^* 

f(C'H»0«)« 
Ferric  triaceto^nitrate (Fe«)*»4    (N0»)« 

I  HO. 
Cermu  Jkeetate*  Ce''(CH'0*)*  +  aq.,  obtained  by  dissolving  cerous  oxide  or  car- 
bonate in  acetic  acid,  or  by  decomposing  cerous  sulphate  with  barium  acetate,  crystal- 
lises in  radiate  groups  of  small  needles,  which  give  off  their  water  in  dry  air  without 
loang  their  czystallino  form ;  after  drying  at  115^,  they  become  carbonised  at  a  higher 
temperature,  without  fusing,  and  when  ignited  leave  a  residue  of  cerosoceric  oxide 
(Lange,  J.  pr,  Chem.  Ixxxii.  129).  According  to  Czudnowicz  (ihid.  Ixxxii.  217 ; 
Jakntb.  1861,  p.  190),  the  water  of  ciystallisation  cannot  be  expelled  without  decom- 
position of  the  salt,  which  in  fact  begins  at  a  temperature  a  little  above  100^,  the  salt 
caking  together,  and  ultimately  leaving  cerosoceric  oxide. 

Cnromio  Aeetatas.  The  normal  salt,  Cr*(C'H'0')'  +  2aq.,  is  obtained  as  a  green 
crystalline  mass,  by  evaporating  a  solution  of  chromic  hydrate  in  acetic  acid.  It  is 
insoluble  in  alcohol.  Its  aqueous  solution,  which  is  green  by  reflected,  red  by  trans- 
mitted light,  is  not  decomposed,  either  by  ebullition  or  by  addition  of  lime-water ;  but 
anmionia  throws  down  from  it  a  green  precipitate  of  chromic  hydrate,  soluble  in 
excess  of  the  reagent  (H.  Schiff,  Ann.  Ch.  Phya,  [3]  Ixxi.  140 ;  Schiitzenbeiger,  BuU, 
Soe.  Chim.  1865,  iv.  86.) 

The  solution  of  the  normal  acetate  heated  for  several  days  with  excess  of  chromic 
hydrate,  loses  its  acid  reaction  and  yields  by  evaporation  a  green  powder  soluble  in 

water,  consisting  of  a  basic  acetate,  Cr*| '   moy^    (Schiff.) 

CAromie  Diacetotetraehloride,  Cr*j^  01*  **"   ^^'*  ^*  obtained  by  dis- 

solving chromic  dioxytetrachloride  (chlorochromic  acid),  Cr^'0*01*,  in  strong  acetic  acid. 
It  is  an  unstable  salt,  which  gives  off  acetic  acid  when  heated  above  100°.  The  chlorine 
is  but  veiy  slowly  precipitated  from  it  bv  silver  nitrate  at  ordinary  temperatures,  but, 
on  tho  other  hand,  the  salt  easily  yields  acetic  ether  when  heated  with  sulphuric 
acid  and  alcohol.    (Schiff.) 

CAromie  Diaceto-sulphaie,  Cr'H  /gQ«\«f  obtained  by  dissolving  chromic 

disulphate  in  acetic  acid,  is  a  crystalline  salt  which  becomes  anhydrous  at  100^,  and 
gives  off  acetic  acid  at  a  higher  temperature.    (Schiff.) 

•  Described  rol.  Iv.  p.  90. 
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Chromic Pentaeeto-nitrate,  Cr*j'    ^q,  ^    +  2aq.,  is  obtained  by  mixing  a 

solution  of  chromic  hydrate  in  a  slight  excess  of  acetic  acid  with  a  solution  of  the 
same  quantity  of  chromic  hydrate  in  the  exact  quantity  of  nitric  acid  required  to  dis- 
solve it.  The  concentrated  solution,  when  left  to  itself,  deposits  an  abundant  ciystalli- 
sation  of  a  dark  green  salt,  which  may  be  purified  by  recrystallisation  from  water  or 
from  glacial  acetic  acid.  It  foims  dark  green  bulky  laminae,  which  give  off  nitrous 
fumes  at  100^,  Uie  chromium  being  at  the  same  time  converted  into  trioxido 
(Schiitzenberger). 

rerrle  AoetatM.     The  normal  aalt,  (Fe«)^C«H»0«)«  op  ^^i?2'|o«.  is 

described  at  p.  16,  vol.  i.    The  following  basic  acetates  are  known: — 

Ferric    Tetracetate,    ^®')     mo'J'  '  "  obtained  by  dissolving  at  60**  the  fexrie 

hydrate  produced  from  1  part  of  iron,  in  10  parts  of  acetic  acid  of  30  per  cent,  and 
evaporating  the  solution  at  70*^.  It  is  an  amorphous  mass,  soluble  in  alcohol  and  in 
water.    (Oudemans,  Jahresber.  1868,  p.  282.) 

Ferric    Triacetate,    Fe*]^  THO^'    '  ^^  probably  contained  in  the  red  solution 

obtained  by  treating  ferric  dichlorotriacetate  (infra)  with  silver  oxide.  This  solution, 
evaporated  in  a  vacuum,  becomes  syrupy,  but  does  not  crystallise.  It  quickly  decom- 
poses at  ordinary  temperatures,  forming  an  ochreous  jelly.    (Scheurer-Kestner.) 

Triferrie  Diacetate.  Fe'  j  ^  /^qx*     .2Fe*0'. — This  is  the  ochreous  deposit  formed 

when  a  solution  of  ferrous  acetate  is  exposed  to  the  air. 

Other  basic  salts  appear  to  be  formed  in  the  decomposiUon  of  the  normal  salt  by 
heat  or  otherwise,  but  they  have  not  been  analysed. 

Ferric  Aceto-nitrates.  (Scheurer-Kestner,  Ann.  Ch.  Phye,  [3]  Ixiii.  422; 
Ixviii.  472;  JahreAer,  1861,  p.  307.) — These  salts,  which  may  be  produced  by 
mixing  the  solutions  of  ferric  nitrate  and  acetate  in  various  proportions,  or  by 
dissolving  ferric  hydrate  in  various  mixtures  of  nitric  and  acetic  acids,  are  mostly 
very  unstable :  on  boiling  them  with  water,  ferric  oxide  is  precipitated,  and  the  acids 
are  set  free. 

CSO^Y  **"  ^'"^'^  ^^  prepared:  a.  By  heating  a 
solution  of  ferrous  acetate  (sp.  gr.  1*260)  mixed  with  excess  of  acetic  acid  to  80°, 
then  adding  nitric  acid  by  drops,  and  leaving  the  solution  to  cool : 

6Fe''(C«H«0«)«  +  8HN0"  -  8(Fe«)^  |  ^S^'S?*  +  2N0  +  4H»0. 
fi.  By  dissolving  ferric  dinitrate  in  acetic  acid : 

The  reaction  is  terminated  when  the  mixture  no  longer  yields  a  precipitate  with 
nitric  acid. 

y.  By  dissolving  1  molecule  of  ferric  hydrate  in  4  mol.  acetic  acid  and  2  mol.  nitric 
acid. — 8.  By  mixing  1  mol.  ferric  nitrate  with  2  mol.  ferric  acetate.— €.  By  treating 
ferric  dichloro-tetracetato  {infra)  with  silver  nitrate. 

This  salt  crystallises  in  well-defined  right  rhombic  prisms,  having  a  blood-red 
colour,  veiy  soluble  in  water,  soluble  in  all  proportions  of  alcohol,  insoluble  in 
ether,  which  may  therefore  be  used  for  washing  the  crystals.  It  is  decomposed  by 
the  slightest  elevation  of  temperature,  and  when  treated  with  nitric  acid,  yields  ferric 
tetraceto-nitrate  (i^fra). 

The  diacetO'teiranitrate,  ^^ycsnt)*  +  ^m  is  obtained:  a.  By  leaving  a  solu- 
tion of  ferric  tctranitrate,  Fe*(KO')*(HO)'  (sp.  gr.  1*260),  mixed  with  excess  of  strong 
acetic  acid  to  evaporate  in  a  vacuum,  and  washing  the  resulting  crystals  with  ether 
containing  alcohol. — fi.  By  dissolving  1  mol.  ferric  hydrate  in  2  mol.  acetic  and 
4  mol.  nitric  acid. — y.  By  mixing  1  mol.  normal  ferric  acetate  with  2  mol.  ferric 
nitrate.    It  crystallises  in  small  oblique  rhombic  prisms,  often  united  in  crosses. 

f(C«H»0«)« 

The  triaeeto^initraiet  (Fe')'»-     (NO*)*  +  8aq.,   is    prepared    by  treating  ferric 

I      HO 
hydrate  with  proportional  quantities  of  the  two  acids ;  or  by  treating  ferric  triaceto- 
dichloride  (ii^a)  with  silver  nitrate.   It  forms  dark-coloured,  almost  black,  rhomboidal 
crystals  or  crystalline  plates,  soluble  in  alcohol. 
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The  tetracetO'iUirate,   Fe' 
of  1  moL  ferric  hydrate,  4  mo! 


/(C«H»0-)« 

NO*  -f  4aq.,  ia  obtained  by  digeating  a  mixtore 
HO 
.  acetic  acid,  and  1  mol.  nitric  acid  at  40^  for  aeyeral 
days,  and  erapoiating  in  a  Taeunm ;  the  same  result  ie  obtained  with  a  mixture  of 
1  moL  ferric  acetate,  1  moL  ferric  dinitrate,  and  1  moL  acetic  acid.  It  forme  right 
riiombie  prisma,  of  red-brown  colour ;  hard,  shining,  less  deliquescent  than  the  other 
feiric  aeeto-nitzates,  rery  soluble  in  water  and  in  alcohol,  deoomposible  by  ali^t 
xiae  of  temperature. 

The   trtaeeto-niirate,   Fe*-!      NO'       +  aq.,  is  prepared  by  digesting  a  mixture  of 

I  (H0)« 
ferric  hydrate  and  the  two  acids  in  the  required  proportiona  at  about  30^ ;  or  by 
frequently  agitating  a  mixture  of  2  mol.  acetic  add  and  1  mol.  ferric  dinitrate ; 
the  product  in  the  latter  case  ia  a  mixture  of  triaceto-nitrate  and  tetra-nitrate.  The 
triaoeto-nitrate  forma  flattened  monodinic  priama  of  deep-red  colour,  yery  soluble 
in  water  and  in  alcohol,  insoluble  in  ether. 

/(CHO«)« 

Ferrie  Diformo'diaeeio-nitrate,  Fe».  ^^q.  '    +  fiaq.—Thia  salt  may  be 

I  HO 
prepand  by  the  direct  action  of  the  three  adds  in  proportional  ^piantities  on  ferric 
hymate;  l«t  more  adTantageously  by  the  slow  action  of  nitric  aad  (sp.  gr.  «>  1*38) 
on  a  mixture  of  ferrous  acetate  and  formate  at  the  heat  of  the  water-batn.  When  the 
oxidation  is  complete,  a  red  liquid  is  obtained,  which  is  very  tmstable,  but  ciystallises 
when  eyaporated  to  a  ayrup  oyer  oil  of  yitriol.  It  is  yery  soluble  in  water  and  in 
alcohol,  insoluble  in  ether;  yery  unstable,  depositing  ferric  oxide  on  boiling,  and 
decomposing  if  the  eyaporation  of  the  solution  be  carried  too  fSur,  eyen  in  a  yacnnm. 

The  quantity  of  nitric  acid  required  to  effect  the  oxidation  of  the  ferrous  salt  in 
the  process  of  preparation  just  described,  is  double  of  that  required  by  the  formula 

(rCHO«)« 
of  the  salt:  hence  it  is  probable  that  the  salt  Fe'   (C*HK>  )>  is  first  formed  and 

I    (N0«)« 
afterwards  conyerted  into  the  basic  aalt  juat  deacnbed  by  loss  of  nitric  peroxide ;  red 
Tipoora  are  in  faet  disengaged  during  the  eyaporation  of  the  mixture. 

((C«HK)*)« 
Ferric   Ae4iO'ehloride$,'-The    triaceto-ckloride,  (Fe*)**        CI'       +  3aq.,i8 

HO 
obtained  by  cautiously  treating  with  nitric  add  a  solution  of  ferrous  chloride  in 
aoedc  add  heated  to  80^ 

/  (C«H»0»)> 
12Fe-a«  +  9(?H«0«  +  4N0»H  -  3(Fe«)'«        Cl»       +  8Fe»Cl«  +  4N0  +  6H«0. 

I  HO 
The  same  salt  is  formed  when  a  mixture  of  1  mol.  feme  hydrate,  2  mol.  acetic 
add,  and  1  moL  hydrochloric  add  ia  digested  at  40°  for  two  or  three  days.  It  forms 
rtrj  hard  crystals,  black  by  reflected,  red  by  transmitted  light,  yery  soluble  in 
aleohol  and  in  water.  When  treated  with  silyer  oxide,  they  yield  ferric  triacetate. 
(Scheurer-Kestner,  Ann,  Ch.  Phy9,  [3]  Ixriii.  472 ;  JakrtBb,  1863,  p.  267.) 

The  teiraeeio-dichioride,  (Fe«)'»|(^^?*^*  +  8aq.,  is  obtained  by  dissolring  1  mol. 

feirrie  hydrate  in  a  mixture  of  2  mol.  hydrochloric  and  4  mol.  acetic  add ;  or  by 
oxidising  ferrous  chloride  diesolyed  in  yery  strong  acetic  add  with  nitric  acid.  It 
foims  yellowish-red  crystals,  soluble  in  alcohol  and  in  water,  easily  resolyed 
into  acetic  add  and  ferric  triaceto-dichloride.  When  treated  with  silyer  nitrate, 
it  decomposes  after  12  hours  at  60°,  forming  ferric  tetmoeto-dinitrate : 

F..|(C=r)'  .  2AgN0.  -  2Aga  *  (For  j(^>' 


or  Vtaxnbie  Aoetates«    According  to  J.  Lowe  (J.  pr.  Chem. 
zeriii.  386 ;  Jakteth,  1866,  p.  236),  there  are  only  three  definite  plumbic  acetates,  yiz., 
The  normal  or  monoplumbic  salt    .        .     Pb"(C*H'0*^* 

The  bibasic  or  biplumbic  salt  .     P'()«  J  (^^r  >*  or  Pb"(C«HK)«)«.Pb-0 

The  tribasie  or  triplumbic  salt       .        .      Pl«  |  C^^^')'  or  Pb''(C»H»0«)«.2Pb-0. 
When  bromine  is  added  to  a  solution  of  the  monoplumbic  salt,  a  brown  precipitate 
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of  lead  dioxide  is  produced,  and  if  the  ^liquid  be  warmedi  the  formation  of  this 
precipitate  goes  on  till  the  bromine  has  been  added  in  the  proportion  of  2  at.  Br  to 
2  mol.  (C'H'0*)*Fb.    The  solution  contains  lead  bromide  and  acetic  acid : 

2(C«H"0»)«Pb  +  2H»0  +  Br»  =  PbO«  +  PbBr«  +  4C«H«0». 

(Chapman  a.  Smith,  Chem.  8oe.  J.  [2]  vii.  185.) 

The  hiplwmbio  salt,  which  dissolves  easily  in  water  and  in  alcohol  of  90  p.  c.,  is 
produced  by  treating  I  mol.  lead-oxide  with  a  solution  of  at  least  1  mol.,  or  an  excess, 
of  the  normal  salt ;  also  when  the  triplumbic  salt  is  dissolved  in  the  solution  of  the 
monoplumbic  salt ;  and  by  the  incomplete  decomposition  of  the  monoplumbic  salt  with 
aqueous  ammonia,  potash,  or  soda.  Ammonia  aaded  in  excess  to  its  aqueous  solution, 
throws  down  a  mixture  of  triplumbic  acetate  and  plumbic  hydrate : 

4Pb«|(^^")*  +  4NH"  +  8H«0  -  2Pb«|(^',^*)*  +  Pb«H«0«  +  4(NH*)(C«H*0«). 

The  triplumbic  salt  is  also  produced :  a.  When  a  solution  of  the  normal  salt 
(1  mol.)  is  digested  with  at  least  2  mol.  of  pure  plumbic  oxide  (of  crude  lithaige, 
about  3  mol.  are  required).  By  prolonged  digestion  of  6  pts.  normal  acetate 
(1  mol.)  with  80  pts.  water  and  7  pts.  (2  mol.)  of  good  finely  pulverised  litharge, 
till  the  undissolved  residue  appeared  perfectly  white,  Lowe  obtained  a  solution 
containing  chiefly  the  biplumbic  salt,  while  the  spongy  residue  consisted  chiefly  of 
the  triplumbic  acetate  and  plumbic  carbonate.  When  6  pts.  of  the  normal  salt 
were  digested  with  14  pts.  (4  mol.)  of  lithaige,  the  solution  contained  the  triplumbic 
salt ;  and  the  crystalline  deposit,  which  dissolved  partially  in  boiling  water,  leaving  a 
considerable  quantity  of  plumbic  oxide  and  carbonate,  was  likewise  found  to  contain 
the  triplumbic,  but  no  sexplumbic  salt — fi.  The  triplumbic  salt  is  ftirther  produced 
by  cautious  addition  of  potash  to  the  solution  of  the  normal  salt,  and  by  nuxing  the 
solution  of  the  latter  with  excess  of  ammonia.  It  is  obtained  in  silky  needles  when 
100  cc  of  the  cold  saturated  solution  of  the  normal  salt  are  mixed  with  100  cc. 
water,  the  mixture  poured  into  40  to  60  cc  of  aqueous  ammonia  (of  what  strength  ?), 
and  the  whole  warmed  over  the  water-bath  in  a  vessel  which  protects  it  from  the 
air.  If  the  solution  of  the  normal  salt  be  mixed  with  only  Jth  of  its  volume  of 
aqueous  ammonia,  the  biplumbic  salt  is  formed  in  solution,  together  with  a  precipitate 
of  triplumbic  salt;  with  less  than  |th  volume  of  aqueous  ammonia,  only  the 
biplumbic  salt  is  formed.  The  triplumbic  salt  treated  with  ammonia,  either  at 
ordinary  or  at  higher  temperatures,  is  not  converted  into  a  sexbasic  salt,  but 
partially  decomposed,  with  separation  of  crystalline  plumbic  hydrate,  or  yellow 
plumbic  oxide ;  neither  is  it  converted  into  a  more  basic  compound  by  digesting  it 
with  plumbic  oxide  (which  in  fact  is  not  at  all  attacked  by  it).  In  its  aqueous 
solution,  caustic  potash  forms  a  precipitate  of  plumbic  hydrate  (Fb^H*0'  dried 
at  100®). 

From  all  these  results,  Lowe  concludes  that  the  sexbasic  salt  commonly  said  to  be 
formed  by  agitating  a  solution  of  the  diplumbic  or  triplumbic  salt  with  lead 
oxide,  has  no  existence.  Neither  did  he  succeed  in  preparing  the  sesquibasic  salt 
(i.  16).  When  the  dehydrated  normal  salt  is  heated  to  200^,  till  the  Aised  mass 
resolidifies,  the  residue  dissolves  easily  in  cold  water,  leaving  a  mixture  of  plumbic 
oxide  and  carbonate,  and  the  solution  contains  biplumbic  acetate,  together  with 
more  or  less  of  the  triplumbic  salt  (precipitable  by  strong  alcohol),  according  to  the 
duration  of  the  heating. 

The  composition  of  the  basic  lead  acetates  above  described  was  inferred  from  the 
mode  of  their  decomposition  with  potassium  nitrate,  whereby  the  corresponding  basic 
nitrates  are  supposed  to  be  formed,  which  by  their  sparing  solubility  and  perma- 
nence are  well  adapted  for  quantitative  estimation.  Thus  a  basic  lead  acetate  was 
inferred  to  be  biplumbic  or  triplumbic  when  its  solution  gave  with  potassium  nitrate 
a  precipitate  of  biplumbic  or  triplumbic  nitrate. 

For  Uie  preparation  of  officinal  sub-acetate  of  lead,  or  lead^vinegar  (if  it  is  to  contain 
the  biplumbic  salt),  Lowe  recommends  that  2  pts.  of  the  triplumbic  salt  precipitated 
by  ammonia,  and  well  pressed,  be  dissolved  at  a  gentle  heat  m  a  solution  of  I  pt.  of 
the  crystallised  normal  salt  in  4  or  6  pts.  of  water  thoroughly  de-aerated  by  boiling. 

Aoetates  of  Meremy.  The  formulae  of  these  salts,  according  to  the  atomic 
weight  of  mercury  now  adopted,  are : 

Mercurous  acetate  ^o3^0« j  |  (^^"^')* 
Mercuric  acetate    Hg^(C«H»O0*. 
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Merewit  aeetasulpkide,  Hg*<[C'HK)*)*.Higf  S,  is  prodaced  by  paMing  hydrogen  ral- 
phide  into  a  ooncentarated  solution  of  mercuric  acetate.  The  mercuric  sulphide  thereby 
produced  diaaolTea  at  flnt  in  the  mercuric  acetate,  but  on  passing  the  gas  in  excess 
the  aoetosulphide  is  precipitated  as  a  white  dystalline  powder,  and  tdtimately  the 
whole  is  converted  into  black  mercuric  sulphide.  The  crystalline  acetoeulphide  may 
be  obtained  in  extremely  thin,  flexible,  nacreous,  translucent,  rectangular  plates,  by 
adding  recently  precipitated  mercuric  sulphide  to  a  warm  concentrated  solution  of 
mercuric  acetate,  as  long  as  it  continues  to  turn  white  and  assume  a  crystalline 
aspect, — ^mixing  the  filtered  solution  with  an  equal  Tolume  of  alcohol  of  90^  and  a 
little  strong  acetic  acid,  and  leaving  it  for  two  or  three  days  in  &  cool  dark  place. 
The  compound  dissolves  in  12  narts  of  warm  water,  and  decomposes  on  boiling,  with 
deposition  of  mercuric  sulphide  and  basic  mercuric  acetate.  Alcohol  and  eUier,  at 
the  boiling  heat,  dissolve  out  almost  all  the  acetic  acid.  A  solution  of  recently  pre- 
cipitated mercuric  sulphide  in  mercuric  acetate  yields  with  soluble  chlorides  a  wmte 
precipitate  of  the  sulphochloride  Hfl;*S*Cl'  or  2HgSA[Cl*,  and  precipitates  of 
analogous  composition  with  soluble  bromides  and  iodides  ana  alkaline  nitrates ;  with 
alkaline  sulphates  a  precipitate  of  sulphato-sulphide,  containing  HgS.2^gS0^; 
with  chromic  add  and  alkaline  chromates,  an  ochre<colouied  precipitate  of  the 
chromato-sulphide,  HgS.2HgCrO^  (&  Fahn,  Chem,  CeninUb.  1863,  pp.  118, 
121, 175,  227  ;  Jakretb.  1862,  p.  220.) 


C'H'O'K. — When  this  salt  is  heated  for  some  hours  in  a 
sealed  tube  with  bromine  and  water  in  the  proportion  of  2  at.  bromine  to  1  moL 
C^SKyKt  potassium  bromide  is  formed,  and  on  opening  the  tube,  carbon  dioxide 
escapes,  together  with  a  gas  which  bums  with  a  green  flame :  probably  methyl-bromide : 

0«H*0«K  +  Br*  -  KBr  +  C0»  +  CH«Br. 

Traces  of  a  heavy  liquid  insoluble  in  water,  probably  brominated  methyl-bromide, 
are  also  formed.  The  same  reaction  takes  place  very  quicklv  under  the  influence  of 
direct  sunshine.  CJUorine  acts  in  a  similar  manner,  one  of  uie  products  formed  by  it 
being  methylene  dichloride  CH*C1*.    (Chapman  a.  Smith,  Ckem,  Soc.  J,  [2]  vii.  186.) 

Silver  Aeeftate*  This  salt  is  resolved  by  heat  into  crystalline  hydrogen  acetate, 
carbon  dioxide,  marsh  gas,  and  a  residue  of  metallic  silver  and  charcoal : 

4C«HK)*Ag  -  3C«H*0«  +  C0»  +  Ag«  +  C ;  and  C«H*0«  -  CH«  +  C0». 

Heated  with  iodine,  in  the  proportion  of  2  mol.  to  1  mol.  iodine  (1*),  it  is  resolved 
into  silver  iodide,  methyl  acetate,  hydrogen  acetate,  carbon  dioxide,  acetylene,  and 
hydrogen:  probably  thus : 

2(CH«.C0«Ag)  +  P  =  2AgI  +  C0»  +  CH«.CO«CH« 
surer  aoetste.  Methyl  i 


2(CH».C0»Ag)  +  P  »  2AgI  +  CO*  +  CH*  +  CH«.CO*H;  and2CH*  =  C«H«  +  H». 
aiTcrMetate.  If  ethyl-       Hydrogen  MethyU     Acetyl- 

ene* srfftiiilie»  ffpff. 


In  this  second  reaction,  the  methyl  in  one  molecule  of  silver-acetate  appears  to  split 
up  into  methvlene  and  hydrogen,  the  latter  taking  the  place  of  the  silver  in  another 
molecule  of  the  acetate,  while  the  methylene  is  resolved  into  acetylene  and  hydrogen. 

With  iodine  in  presence  of  toaier,  silver  acetate  yields  hydrogen  acetate,  together  with 
iodide  and  iodate  of  silver : 

60»H*O«Ag  +  !•  +  3H«0  -  6C*H*0*  +  6AgI  +  AglO*. 
(Bimbamn,  ZeUeehr.f.  Chem.  [2]  v.  462.) 

AcBTATBs  (AxcoHOLio);   AcsTic  Ethkbs. — a.  Monaiomio, — Amy!  Aoe- 
'^      C»H>|.C*H»0«.    The  sp.  gr.  of  this  ether,  according  to  Mendelejef  {Jahreab, 


627);  138''  (J5^eael  ana  uraits,  %tna,  1864,  p.  460).  When  heated  to  240'' 
with  ethyl-alcohol,  it  is  pertly  converted  into  eUiyl  acetate.  This  is  the  general 
mode  of  reaction  between  alcohols  and  compound  ethers  of  organic  acids,  which,  in 
fret,  ooDsista  in  the  simple  substitution  of  one  alcohol-radicle  for  another,  without 
formation  of  water  or  of  add.  rPriedel  and  Crafts.)  Heated  in  closed  vessels 
in  the  oil-bath,  wiih  phoephoroue  cMoride,  it  yields  phosphorous  oxide,  acetyl  chloride, 
and  amyl  chloride  (Schlagdenhauifen) : 

3(C'H".C*H*0«)  +  2PCP  -  P»0»  +  3C«H*0Ci  +  aCTIi'd. 
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By  oxidation  with  dilute  chromic  acid,  it  is  converted  into  valeric  and  acetic  acidfl : 

C*H»>.C«H»0«  +0»  =  C*H>*0*  +  C*H«0«. 

(Chapman  a.  Thorp,  Chem,  Soc.  J.  [2]  Iv.  77.)    See  Ethbbs. 

€S4itjl  Aeetate.  C><H".C«H'0'  (i.  840).  Sp.  gr.  0*858  at  20^.  Melting  point 
18-6«» ;  solidifying  point  14°;  boiling  point  222°— 225°  (E.  Dollfus,  Mm.  Ch.  Pharm. 
cxxxi.  283). 

Hiallj'l  Aeetates.    See  Dzalltl. 

Bttiyl  Aoetat^.  Cm*.CK*0\—To  obtain  this  ether  quite  pure,  it  has  been 
recommended  by  Engelhaidt  (J.  Pkarm.  [33]  zxxix.  159),  and  more  recently  by 
Bexthelot  (Ann.  Ch.  Phys.  [3]  bcv.  898),  to  wash  the  cnide  product  with  a  weak 
alkaline  solution  ;  then,  aiter  rectification,  to  agitato  it  several  times  with  a  wetJc  solu- 
tion of  common  salt ;  dry  it  with  piilverulent  potassium  carbonate  (not  with  calcium 
chloride,  which,  being  soluble  in  the  ether,  gives  rise  to  percussive  ebullition  in  the 
subsequent  rectification) ;  and  finally  distil  at  a  constant  temperature.  Frankland 
and  Duppa  {Chem.  Soc.  J.  [2]  iv.  396)  prepare  acetic  ether  by  gradually  pouring  a 
mixture  of  3*6  kilogr.  of  97  p.c  alcohol  and  9  kilogr.  strong  sulphuric  acid  on  6  kilogr. 
sodium  acetate  previously  fused  and  dried,  leaving  the  mixture  to  stand  for  12  hours, 
then  distilling,  and  rectifying  the  distiUate  (which  is  free  from  alcohol  and  amounts 
to  6  kilogr.)  over  fused  and  pulverised  calcium  chloride.  The  best  mode  of  mixing 
the  alcohol  and  sulphuric  acid  is  to  pour  the  alcohol  through  a  narrow  glass  tube,  and 
with  continual  stirring  (by  means  of  this  tube),  to  the  bottom  of  the  vessel  containing 
the  acid ;  it  is  advisable  also  to  leave  the  ethyl-sulphuric  acid  thus  formed  for  2<i 
hours,  before  pouring  it  upon  the  sodium  acetate. 

Sp.  gr.  0-8981  at  16^  (Mendelejef).  Latent  heat  of  liquid,  105796  heat^uniU 
(Favre  and  Silbermann);  of  vapour,  154 '49  heat-units  (Begnault,  Jakresb.  1863, 
p.  77).  Specific  heat  of  liquid,  0'4344 ;  of  vapour  referred  to  constant  weight, 
0*4008  ;  to  constant  volume,  1*2184  (Begnault,  Jahresb.  1863,  p.  86). 

EeaoHons. — 1.  By  oxidation  with  dilute  ehromie  aeid,  it  yields  nothing  but  acetic 
acid :  C«H».0*H»0«  +  0«  -  2Cm*G*  (Chapman  a.  Thorp).— 2.  The  action  of  chlorine 
on  this  ether  has  been  further  examined  by  Schillerup  (Ann.  Ch.  Phann.  cxi.  128). 
When  chlorine  gas  is  passed  into  ethyl  acetate  in  the  shade  (the  liquid  being  first 
at  the  temperature  of  the  air,  afterwards  heated  in  the  water-bath  till  it  boils)  and 
the  passage  of  the  gas  being  continued  till  it  is  no  longer  absorbed  at  the  latter  tem- 
perature, a  product  is  obtained  which  distils  without  decomposition,  but  does  not  yield 
any  compound  of  constant  boiling  point  by  fractional  distillatiao.  The  portions 
which  distil  between  100°  and  140°  are  regarded  by  Schillerup  as  mixtures  of 
three  chlorinated  substitution-products  of  acetic  ether,  viz.  CH*C1*0*,  C'H*C1*0*  and 
CH'Cl^O'.  On  treating  these  portions  with  a  pasty  mixture  of  barium  hydrate  and 
baiyta-water,  decomposition  takes  place,  and  on  distilling  the  product,  chloroform  and 
ethyl  acetate  pass  over,  leaving  a  residue  of  barium  chloride  and  barium  formate, 
mixed  with  a  large  quantity  of  black  tarry  matter. 

3.  With  bromine,  acetic  ether  does  not  form  any  substitution-products  analogous 
to  those  which  it  yields  with  chlorine.  When  1  molecule  of  acetic  ether  is  heated  to 
150°  in  a  dose  vessel  with  2  at.  bromine,  ethyl  bromide  and  bromacetic  add  are 
produced : 

C«H*.C«H«0«  +  Br«  «  C^H^Br  +  C«H«BrO«. 

Bromacetic  add  heated  to  180°  for  three  hours  with  ethyl  acetate  yields  acetic  add 
and  ethyl  bromacetate : 

C«H«BrO«  +  C«H».C«H»0»  =  C«H*0«  +  CH'.CH^BrO*. 

(Crafts,  Btdl.  See.  Chim.  1863,  p.  117.) 

4.  Acetic  ether  distilled  with  a  mixture  of  lime-water  and  chloride  of  lime  yields 
chloroform.    (SchlagdenhaufFen,  J.  Pharm.  [3]  xxxvi.  190.) 

6.  Acetic  ether  (l&e  compound  ethers  in  general)  is  decomposed  by  anhydroue  bases 
in  the  same  manner  as  by  the  corresponding  hydrates,  excepting  that  a  metallic  derira- 
ttve  of  the  alcohol  (an  alcoholate)  is  formed  instead  of  the  alcohol  itself;  thus : 

2(C»H».C»H«0«)  +  Ba*^«0«  =  Ba''(C«H«0')«  +  2(C«H»)H0 
Bthyl  aoefcate.  Barinm  Barium  acetate.  Alcohol. 

hydrate. 

2(C«H».C«H«0«)  +  2Ba"0  =  Ba''(C«H«0«)«  +  (C«H»)«Ba''0» 
Bthyl  acetate.         Barium       Barium  acetate.       Barimn  ethylate. 

oxide. 

(Berthelot  a.  Fleurieu,  Ann.  Ch.  Phya.  [3]  xvii.  80.) 

6.  With  eodium-ethylute,  acetic  ether  forms  a  eompound  decomposible  by  water. 
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vith  fbnnatioD  of  alcohol  and  sodium  aceUta  (Beilstoin,  Jnn,  Ch,  Pharm,  cxii. 
121): 

C»H*.C^«0«  +  Na(?H»0  +  HH)  =  20»H«0  +  NaC"H»0*. 

(See  Wanklyn'B  obfierrationfl,  i^fra,) 

7.  Ethyl  acetate  may  be  heated  to  200^  with  fotasskkm  nUph^fdraUinihoxtX.  fonna- 
tloQ  of  mercaptan  (Wanklyn,  Chem,  8oc.  J,  [2]  ii.  418). 

Jeiio»  of  the  Mkaii'metaU  on  Ethyl  AimUU* 

Aboafc  thirty  yeazs  ago  this  subject  was  investigated  by  Loirig  and  Weidmano, 
vfaose  paper  will  be  found  in  the  Jownud  fir  praktUohe  Chemie^  Bd.  xz.  1840, 
p.  414  0<  aeq.  In  the  same  journal  there  is  also  an  account  of  the  action  of  potassium 
OD  methyl  acetate  by  Weidmann  and  Schweitzer  {ibid,  p.  886).  An  analogous  result 
was  arriTed  at  in  both  instances,  viz.  that  the  alkali-metal  acts  on  the  ether  without 
99oMmg  mty  ffOB,  and  gires  a  solid  mass,  consisting  of  ethylate  or  methylate  of  the 
metal,  together  with  a  salt  of  a  reduced  acetic  add  (acetylons  or  hypo-acetylous 
sdd).  1^  equations  by  i^ich  these  chemists  expressed  this  reaction  are  not  yeiy 
intelligible  at  the  present  time,  but  the  experimental  facts  are  given  with  great  clear- 
ness. A  parallel  result  was  obtained  with  bensoio  ether.  These  researches  appear  to 
hsTs  been  almost  fozgotten,  but  they  are  nerertheless  in  accordance  with  the  niost 
recent  iuTestigations. 

A  few  years  ago,  Geuther  in  Germany  {Arch,  Pharm,  [2]  cxvi.  97  ;  cxxr.  29,  201 ; 
Jekreeb.  1865,  p.  304),  and  Prankland  and  Duppa  in  England,  experimented  on  the 
action  of  sodium  on  acetic  ether ;  according  to  the  latter,  the  action  is  very  compli- 
cated (see  put,  Trane,  1866,  toI.  cM.  Fart  I.  p.  37;  Chem,  8oe,  J,  [2]  iv.  396). 
Fn»n  the  account  of  this  reaction  given  by  Geuther,  and  the  account  given  by  Frank- 
land  and  Duppa,  it  would  appear  that  for  every  equivalent  of  sodium  used  up  by. the 
ether  an  equivalent  of  hyoiogen  is  given  off.  But  the  most  recent  investigations  by 
Wanklyn  {Asm.  Ch,  Pharm.  1869,  exlix.  48  ;  cl.  21)  have  shown  that  sodium  is  com- 
pletely taken  up  by  pure  ethyl  acetate  and  by  pure  amyl  acetate,  without  the  slightest 
erolution  of  hydrogen,  and  also  that  valerianic,  butyric,  and  benzoic  ethers  do  not 
evolve  any  gas  when  they  are  acted  upon  by  sodium :  that,  in  short,  hydrogen  is  never 
evolved  by  the  action  of  the  alkali-metalB  on  etherB.t 

The  action  of  sodium  on  acetic  ether  has  been  shown  to  be  simple,  and  somewhat 
analogous  to  that  on  the  other  ethers.  It  consists  in  displacement  of  acetyl  by  the 
metal  and  formation  of  sodium  ethylate  and  sodium-triacetyl;  thus: 

AT^^  a.  jC'H'O)         o   Na    >  Na      > 

4na  +  »(3fH.oJ    -  «ctH»0{  "**  (C«H»0)*J- 

No  other  direct  action  takes  place  between  the  metal  and  the  ether,  it  having  been 
shown  that  just  one-fourth  of  the  quantity  of  metal  employed  is  to  be  found  in  the 
■tate  of  sodium-triacetyl  subsequently  to  the  termination  of  the  reaction. 

A  little  secondary  action,  however,  takes  place  between  the  sodium  ethylate  and  the 
excess  of  acelie  ether ;  thus : 

NaC»H»0   +    l^gl^l  -  NaC*H*C"H«0«  +  ^^\o 

Sthylen^Mditun         Alcokol. 
acetate. 

Of  course,  the  exact  conditions  under  which  the  experiment  is  made  will  determine 
the  extent  to  which  this  secondaiy  action  proceeds. 
The  products  therefore  are : 

Ti:«,v^      ♦  Sodium  ethylate. 

^'"^      jSodium-triietyl. 

r^Ai^..^  (Ethylene-sodium  acetate. 
Indirect  j^h^i 

Sodium  triacetyl  OH*NaO'  «  I^a(Cr'H'0)>.~No  doubt  the  hypoacetylite  of 
soda  of  the  <dder  experimenters  was  sodium-triacetyl.  By  Geuther,  who  first  succeeded 
in  obtaining  it  tolerably  pure,  and  arrived  at  the  true  empirical  formula  0*H'NaO*,  it 
was  called  'aethylen-dimethylea-earbonsaures-natron,'  ana  was  supposed  to  be  derived 
io  a  complicated  way  from  acetic  ether,  its  formation  being  accompanied  by  the 
evolution  of  a  quantity  of  hydrogen  equivalent  to  the  sodium  reacting  on  the  ether. 
Frankland  and  Duppa,  whoise  account  of  its  origin  involves  the  same  supposition, 
termed  it '  Ethylic  sodaoetone-carbonate.* 

*  Oommtnifcatei  by  ProfcaMr  Waakijn. 

t  fliDoe  the  above  was  writtma,  tbe  non-erolatlonof  hydrogen  baa  been  oonflrmed  by  Ladenburg 
(DM.  Ckem,  Gemttsch.  Btr.  1870). 
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Pr^>aratioii. — ^Tho  slightly  yellow  wax-like  mass,  resulting  from  the  action  of 
sodium  on  acetic  ether  (1  part  of  sodium  to  8  parts  of  acetic  ether  should  be  taken, 
and  the  materialB  heated  in  the  water-bath,  or  even  a  little  higher,  until  the  metal  has 
disappeared),  is  dissolved  in  perfectly  dry  ether  mixed  with  a  little  absolute  alcohol, 
the  solution  filtered  or  decanted,  and  the  filtrate  set  aside  to  crystallise.  CrystalB  of 
sodium-triacetyl  separate.  This  compound  is  soluble  in  water,  and  apparently  cannot 
be  recovered  from  its  aqueous  solution.  By  treatment  with  an  equivalent  of  acetic 
acid  and  common  ether,  it  is  resolved  into  the  corresponding  hydrogen  compound,  viz. 
H(0*H*0)',  hydrogen-tri acetyl,  which  is  an  oil,  rather  heavier  than  water  (sp.gr. 
at  6^  a  1*03),  and  boils  at  181°.  It  was  called  '  ^thyldiacetsaure '  by  its  discoverer 
Geuther.  It  shows  an  acid  reaction  with  litmus  only  in  presence  of  water.  With 
neutral  ferric  chloride  it  gives  a  characteristic  dark  violet-red  colour.  It  may  be 
distilled  unchanged  in  contact  with  steam,  but  undergoes  decomposition  in  presence  of 
strong  acids  or  alkalis,  or  even  in  contact  with  water  alone  at  a  temperature  of  150°. 
A  number  of  its  metallic  derivatives  have  been  obtained.  The  decomposition  effected 
by  water  in  presence  of  acids  or  alkalis  is  very  interesting,  viz., 

C«H>»0«  +  H«0  =  C"H«0  +  C«H«0  +  C0«; 

Acetone.      AlcohoL 

wherein,  as  will  be  seen,  alcohol  is  produced  by  a  substance  derived  from  acetic  acid, 
inasmuch  as  the  triacetyl  is  derived  solely  from  the  acetyl  present  in  acetic  ether. 

Hydrogen  triacetyl  has  also  been  obtained  by  Lippmann  (Zeitachr.f.  Ckem.  [2]  v. 
28)---who,  however,  calls  it  ethylic  acetone  carbonate — ^by  the  action  of  acetyl  chloride 
on  the  product  of  the  action  of  sodium  on  acetic  ether  (doubtless  on  the  ethylene- 
•odium  acetate  contained  therein) : 

NaC«H*C»H»0«  +  C«H»Oa  =  NaQ  +  C^>«0«. 

He  finds  that  it  is  violently  attacked  by  sodium,  with  evolution  of  hydrogen  and 
formation  of  sodium-triacetyl ;  and  that  this  oompoimd  heated  with  a  solution  of 
mercuric  chloride  in  acetic  ether  yields  a  precipitate  of  mercuric  triacetyl,  C*H*Hg'0'. 
Both  hydrogon-triacetyl  and  mercuric  triacetyl  unite  directly  with  brommef  forming  the 
compounds  CfH**0*Br*  and  CH*HgO'Br*,  both  of  whidx  are  heavy,  pungent,  oily 
liquids. 

Noeldecke  (ibid.  iv.  681),  by  treating  tlie  product  of  the  action  of  sodium  on  ethyl- 
acetate  with  ethyl-chloracetate,  has  obtained  an  acid,  OH'O',  homologous  witli 
CH'^O',  together  with  succinic  acid.  The  ethylic  ethers  of  the  two  acids  resulting 
frtnn  the  reaction  were  converted  into  sodium  salts  by  treatment  with  caustic  soda, 
and  these  salts  were  separated  by  absolute  alcohol,  which  dissolved  the  salt 
OH'NaO*,  leaving  the  succinate  undissolved.  The  formation  of  ethyl-suednate  is 
represented  by  the  equation : 

NaC»H«C«H«0*  +  C»H».C«H«aO«  -  NaCl  +  (C«H»)«.C*H*0«. 

For  the  equations  representing  tlie  formation  of  the  ethylic  ether  of  the  acid  C'H'O*, 
regarded  by  Noeldecke  as  acetyl-propionic  acid,  CH*(CH'0)OS  we  must  refer  to  his 
memoir.  This  acid  is  monobasic,  and  forms  crystallisable  salts  with  calcium, 
copper,  and  sine. 

EthyUo  and  methylie  derivativee  have  been  obtained  by  the  action  of  iodide  of  ethyl 
or  methyl  on  sodium-triacetyl.  Both  of  them  were  first  described  by  (Geuther,  and 
the  ethylic  compound  has  also  been  specially  examined  by  fVankland  and  Duppa. 

EtM'triaeetyl,  C«H»(C?H»0)«,  boils  at  198° ;  sp.  gr.  at  12°  =  0998  (Geuther). 
Frankland  and  Duppa  give  the  boiling  point  196°,  and  the  sp.  gr.  at  166®  «  0*9834. 

MethyUriacetyl,  CH«(C«H»0)»,  boils  at  187°  ;  sp.  gr.  at  6°  «  1*009  (Geuther). 

Just  as  hydrogen-triacetyl  yields  acetone,  alcohol,  and  water,  by  the  action  of  alkalis 
upon  it,  so  also  do  these  derivatives,  ethyl-  and  methyl-triacetyl,  suffer  an  analogous 
decomposition.  Thus  ethyl-triacetyl,  under  the  influence  of  alkalis,  as  when  boiled 
with  potash,  or  when  treated  with  baryta-water,  yields  a  ketone  C*H**0,  together  with 
oloohol : 

C"H»(C»H*0)»  +  H«0  -  C*H"0  +  CH'O  +  C0\ 

In  addition  to  sodium-triacetyl,  produced  by  the  direct  action  of  sodium  on  acetic 
ether,  it  has  been  explained  that  another  new  oiganic  product,  viz., 

EthyUne-^odium  acetate^  is  produced  by  a  secondary  action  of  acetic  ether  on  some  of 
the  sodium-ethylate,  resulting  as  the  complement  to  the  sodium-tnaeetyl. 

When,  therefore,  the  crude  mass,  obtained  b^  the  prolonged  action  of  acetic  ether  on 
sodium,  is  treated  with  ethyl-iodide,  the  following  products  will  bo  formed : 

From  sodium-ethylate        ....    common  ethylic  ether. 
From  sodium-triacetyl        ....     ethyl-triacetyl. 
From  cthylene-sodium  acetate    .        .        .     C'"H'»0'  (new  body). 
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Tho  fomiation  of  the  new  body  C**H"0*,  which  was  obtained  by  Frankland  and 
Dappo,  and  named  *  ethylio-diethacetone-carbionate,'  is  explained  by  its  discoveiers 
OD  the  assumption  that  hydrogen  is  evolved  during  the  reaction.  Unpublished 
researches  by  Wanklyn  have  shown,  however,  that  eUiylene-sodium  acetate  prepared 
by  the  action  of  acetic  ether  on  sodium  ethylate  yields  the  oily  liquid  C**H'*0', 
thus: 

2Na  jo^c^t  +  2C*H»I  =  Na«I«  +  C«H«0  +  C"H»«0« 
Btlukna-Mdinm  Alcohol.       New  body. 


The  new  body  C"H>*0«  boils  at  210°  to  212«'  without  decomposition ;  »p.  gr.  at 
20°  s  0-9738.  It  possesses  the  property  of  being  resolved  by  baryta  or  lime-water 
into  carbon  dioxide,  alcohol,  and  a  ketone,  thus : 

C"H>«0»  +  H*0  -  C0«  +  (?HK)  +  CB}*0. 

It  has  thus  been  stated  that,  by  the  action  of  ethyl  iodide  on  the  crude  wax-like 
laodnct  of  the  action  of  sodium  on  acetic  ether,  there  is  produced  ethyl-triacetyl, 
C»H"0«,  and  a  new  body,  C"H"0«.  Now  both  of  these  oily  products  have  high 
boiling  points,  and  are  capable  of  reacting  on  the  undeoomposed  sodium  ethylato 
psodmon  by  the  direct  action  of  sodium  on  acetic  ether.  By  this  reaction  it  has 
recently  been  shown  by  Geuther  that  butyric  ether  is  produced.  Geuther  made 
ethyl-triacetyl,  and  then  exposed  sodium  ethylate  to  its  action,  and  obtained  a  very 
laigD  quantity  of  butyric  ether  thus : 

C«H>«0«  +  Na(?H»0  -  NaC«H«C«H»0«  +  C«H"0« 

Xthylene-sodlnm  Bthyl 

acetate.  batyxtite. 

By  a  similar  reaction  no  doubt  C'^H^'O*  will  be  found  to  give  rise  to  caproic 
ether,  thus: 

^•H»«0»  +  NaC*H»0  -  NaC*H*C«H«0«  +  C*H»H)« 

Bthylenft  ii»11nin  Bthyl 

acetate.  caproate. 

Saeh  is,  then,  the  true  chemical  history  of  the  butyric  ether  (and  probably  of  the 
caproic  ether)  obtained  by  Frankland  and  Duppa  by  the  successive  action  of  sodium 
and  ethyl>iodide  on  acetic  ether.  The  butyric  ether  is  a  product  of  ethyl-triacetyl  and 
wdium-ethylate.  Frankland  and  Duppa  explained  the  production  of  both  butyric 
and  caproic  ether,  by  assuming  the  evolution  of  hydrogen  gas,  and  the  production  of 
the  so^alled  sod-acetic  ether  and  disod-acetic  ether,  which,  by  action  of  ethyl-iodide, 
wera  supposed  to  give  butyric  and  caproic  ether  respectively.  J.  A.  W. 

ta.    C»H«0*  =  ^Slo  =    I  —This  ether  is  resolved 

^^  »  COOCH«. 

by  oxidation  with  dU^  ckromie  acid  into  acetic  acid,  carbon  dioxide  and  water : 
CBHI*  -r  0»  =  (?H<0«  +  CO*  +  H*0  (Chapman  and  Thorp).  The  action  of 
wdium  upon  it  is  analogous  to  that  which  the  same  metal  exerts  upon  ethyl 
acetate  (p.  16),  the  direct  products  being  sodium-methylate  and  sodium-triacetyl. 

Methyl  acetate  subjected  to  the  action  of  eklorine  under  various  circumstances 
yields  the  four  chlorinated  derivatives,  CHHnO',  C*H>a*0',  CHQ^O*  and  C>C1*0«. 
The  first,  third  and  fourth  are  described  in  vol.  i.  pp.  23,  24. 

PitntaeUormaUd  methyl  aeetate,  CHCIK)*,  is  formed  by  the  action  of  chlorine  on 
alkaline  citrates,  and  is  also  the  final  product  of  the  action  of  chlorine  on  methyl 
acetate  in  the  shade.  It  is  converted  by  caustic  alkalis  into  dichloracetate,  chloride 
and  carbonate : 

^^CC?{^  +  6KH0  -  ^^^^'£|0  +  ZKCi  +  CK«0«  +  8H«0. 

Aqueous  ammonia  yields  similar  products ;  with  alcoholic  ammonia,  dichloraceta- 
Biide,  CH^ClliO,  is  produced,  instead  of  ammonium  dichloracetate  (Cloes,  Ann,  Ch. 
Piya.  [31  xvii.  297,  311 ;  Jakrub.  1861,  p.  869). 

miatrommated  mMy^  acetate,  CHBr^O',  is  piodnced  by  the  action  of  bromine  on 
the  dtimtes  of  potassium,  sodium  and  barium.  Cahours,  who  obtained  it  in  this 
manner,  together  with  bromoform,  designated  itasbromoxaform  (see  Cmuc  Acn>, 
i.  906) ;  Cioea  (Rip,  Ckkn,  pure,  1862,  p.  127)  obtains  it  also  by  the  action  of 
bromine  on  methybc  alcohol  or  metiiyl  acetate.  It  is  a  solid  body,  insoluble  in 
water,  soluble  in  aloohol,  which  deposits  it  by  spontaneous  evaporation  in  beautiful 
platen,  melting  at  76^,  decomposed  by  distillation,  and  transformed  by  hot  concentrated 

Sup.  C 
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poUi.sh-soIution  into  potassium  bromide,  bromoform  and  potassium  oxalate  (Cahonn, 
i.  707).  According  to  Cloez,  aqueous  potash  and  ammonia  docompostt  it,  with 
formiition  of  carbonato  and  fonnate,  whoroos  witli  alcoholic  ammoniA  it  yields 
d  i  bromacctamide. 

Vlienyl  Aeetate.  C*H*.C^H'0'.— This  compound,  discovered  by  Scrugham  (i.  24), 
may  be  prepared  in  the  pure  state  by  heating  20  pts.  of  dehydrated  lead  acetate, 
3  \itH.  of  phenol,  and  an  excess  of  carbon  bisulphide  to  170°,  in  sealed  tubes, 
which  must  be  opened  from  time  to  time,  to  prevent  explosion.  The  portion  of 
the  product  which  boils  above  190°  yields  phenyl  acetate  by  fractional  distillation, 
as  a  colourless  liquid,  having  a  peculiarly  pungent  odour,  a  sp.  gr.  of  1*074,  rapour- 
density,  obs.  =  4727,  calc.  469,  and  boiling  at  200°.  It  becomes  yellowish  by  keep- 
ing, dissolves  in  water,  reacts  neutral,  and  is  scarcely  decomposed  by  water  even  at 
180^.  Boiled  with  potash-ley  it  yields  phenol  and  potassium  acetate.  It  has  the 
same  index  of  refraction  as  easily  fusible  Qerman  glass,  inasmuch  as  tubes  of  this 
glass  become  invisible  when  immersed  in  it  (J.  Broughton,  Chem.  Soc.  J,  [2]  iii.  21). 
Heated  with  an  equal  weight  of  aniline  in  a  flask  with  upright  condensing  tube,  or  in 
a  sealed  tube  to  250°,  it  yields  phenol  and  acetanilide  (Diuth,  Bull,  Sac.  Chim.  [2] 
ii.  164). 

Acetates  of  Diatomic  Alcohol-radiclce:  Amylene,  Buiylene,  Etky- 
lency  &c. — The  recent  additions  to  the  chemical  history  of  these  ethers  will  be  given 
in  connection  with  the  respective  diatomic  alcohols. 

SUBSnTUnON-DEBrVATXVBS  OF  AOBTIC  AciD. 

Bromaeetio  Aold«  C^H*BrO',  described  at  p.  664,  vol.  i.,  as  foimed  by  the  action 
of  bromine  on  acetic  acid,  is  likewise  produced  :  a.  Together  with  dibronmydrin  and: 
other  products,  by  the  action  of  bromine  on  anhydrous  glycerin  (L.  Earth,  Ann.  Ch. 
Pharm.  cxxiv.  341). — /3.  Together  with  ethylic  bromide,  by  the  action  of  bromine  on 
ethylic  acetate :  in  sealed  tubes  at  150°  : 

C«H».C2H«0»  +  Br»  -  C«H"BrO«  +  C»H*Bp. 

Part  of  the  bromacetic  acid  is  farther  converted  into  dibromaoetic  add  (CioftB,  ibid, 
cxxix.  50). — y.  By  the  action  of  hydrobromic  acid  on  glycoUic  acid :  C*H*0'  +  HBr 
=r  HK)  -f  C*H'BrO<  (Kekul^  ibid.  cxxx.  11).— 9.^  oxidation  of  an  alcoholic 
solution  of  monobromacetylene  exposed  to  the  air :  C'HBr  +  O  +  HH)  s  CH'BrO' 
(Ghlockner,  Ann.  Ch.  Pharm.  Suppl.  vii.  107). 

This  acid  acts  on  silver  hengoate  in  such  a  manner  as  to  form  glyoollide,  benzoic 
acid  and  silver  bromide : 

CH'BrO*  +  AgC'H»0«  =  C«H«0«  +  C*HK)«  +  AgBr. 

With  sodium  salicylate,  it  forms  glycollide  and  salicylic  acid. 

The  lead-salt,  Fb"(C'H*BrO')*,  crystallises,  according  to  A.  Nanmann  {Jahresb. 
1864,  p.  322),  not  in  needles,  as  stated  by  Perkin  and  Duppa,  but  in  white  shining 
laminae,  and  is  decomposed  by  prolonged  boiling  of  its  aqueous  solution  into  bromide 
and  glycoUate  of  lead.    The  sodium  salt  is  decomposed  in  a  similar  manner. 

The  ethylic  ether  heated  with  sodium  is  conveitod,  as  already  observed  (p.  2),  into 
the  ethylic  ethers  of  aceconitic  acid  and  citracetic  acid. 

Tiibromaoetto  Aold,  C'HBr'0^  is  produced  by  the  action  of  water  on  tri- 
bromacetic  bromide  (p.  21).  It  forms  cirstals  which  melt  at  136°,  boil  at  260°, 
and  yield  with  potash  decompoeition-proancts  analogous  to  those  obtained  from 
trichloracetic  acia ;  namely,  a  salt  of  formic  acid  and  bromoform. 

ClUoraoetio  Aoi4,  C^H'OIO*,  and  DidUoraoetlo  Add,  C*H*C1K)*,  may  be 
advantageously  prepared  by  treating  boiling  acetic  acid  (dilated  to  sp.  gr.  1*065) 
with  chlorine  in  presence  of  iodine.  Half  a  litre  of  the  acid  is  heated  to  boiling 
with  40  to  60  grams  of  iodine  in  a  flask-retort,  having  a  long  upright  neck, 
and  dry  chlorine  gas  is  passed  in  a  moderate  stream  through  a  tube  dipping  into 
the  liquid ;  a  side  tube  serves  for  the  escape  of  hydrochloric  acid  gas,  while  the 
vapours  condensed  in  the  long  neck  flow  back  again  into  the  flask.  The  chlorine 
begins  to  act  strongly  only  wnen  the  iodine  is  converted  into  perchloride ;  if  tlio 
current  of  chlorine  is  too  slow,  free  iodine  sublimes ;  but  on  accelerating  the  stream 
of  chlorine,  this  iodine  flows  baok  in  the  form  of  monochloride,  which  is  subsequently 
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eonTStted  uto  trichloride,  and  then  acts  npon  the  acetic  acid.  After  the  passage  of 
the  chlorine  has  been  continued  for  several  days,  the  liquid  is  boiled  till  mpours  of 
iodine  make  their  appearance,  then  left  to  cool,  and  the  decanted  liquid  is  distilled. 
The  portion  boiling  below  180^  (which  contains  the  unaltered  acetic  acid  and  the 
greater  part  of  the  iodine)  is  again  subjected  to  the  action  of  chlorine.  The  distillate 
which  passes  orer  crystallises  on  cooling,  and  yields  by  repeated  distillation  and 
ciystallisation,  pure  monochloracetic  acid.  The  iodine-vapours  given  off  during  the 
distillations  arise  from  a  small  quantity  of  iodacetic  acid,  which  is  always  produced 
in  a  certain  quantity,  but  may  be  removed  by  repeated  distillation  or  by  treatment 
with  a  small  quantity  of  concentrated  hydriodic  acid.  The  portion  of  the  product 
boiling  above  188^  (which  does  not  amount  to  so  much  as  the  monochlorinated  acid, 
except  in  £Ekvonrable  cases,  and  after  at  least  sixty  hours'  action  of  the  chlorine), 
consists  chiefly  of  dichloracetic  add,  which  must  be  freed  from  a  little  iodacetic  acid 
in  the  manner  above  described,  and  then  purified  by  fractional  distillation.  Lastly, 
the  portion  of  the  crude  distillate  boiling  between  195*^  and  210°,  appears  to  contain 
trichloracetic  acid  (Hugo  Miiller,  Chem.  Soc,  J,  [2]  ii.  398). 

Monochloraeetie  acid^  CH*G10*,  is  described  at  p.  875,  vol.  i.,  together  with 
several  of  its  salts.  The  9odmm  salt,  prepared  by  saturating  the  aqueous  add  in  the 
edd  with  sodium  carbonate,  does  not  yield  any  distinct  crystals  by  evaporation  in  a 
vaeunm.  A  specimen  dried  in  this  way  remained  unaltered  when  heated  to  a  little 
below  100°;  above  that  temperature  it  melted,  turned  brown  and  swelled  up 
(Heintz,  Jahrab,  1861,  p.  444). 

Etkjfl  ekhraeetaU^  C'H\C^KI10',  is  easily  prepared  b^  passing  hydrochloric  acid 
gas  into  an  alcoholic  solution  of  the  add,  and  predpitating  with  water.  Heated  to 
130^-150°,  with  rather  more  than  an  equivalent  quantity  of  sodium  glycollate,  it  is 
converted  into  ethyl  glycollate,  C<H*.C*H*0'  (Hdntz). 

Diekloraeeiie  acid,  C^Hn'O'  or  IL(?KCiH)*,  may  be  prepared  as  above,  or, 
according  to  Maumen^  (Bull.  8oe.  Chim,  [2]  i.  417)»  by  leaving  6  at.  dry  chlorine  to  act 
upon  3  molecules  of  pure  monochloracetic  acid,  in  large  flasks,  for  twenty-four  hours.  By 
heating  the  very  corrosive  product  in  the  water-bath  to  remove  hydrochloric  acid,  and 
Uien  distilling  it,  without  me  use  of  corks,  pure  dichloracetic  add  is  obtained  as  the 
last  poction  of  the  distillate. 

Dichloracetic  add  is,  at  ordinary  temperatures,  a  liquid  of  sp.  gr.  1'526  at  15^, 
boiling  at  195°,  very  corrosive,  and  emitting  suffocating  vapours  when  heated. 
Aeonding  to  H.  Muller,  it  does  not  solidify  in  the  cold ;  according  to  Maumeni,  it 
erystallisee  in  distorted  rfaombohedral  plates.  It  appears  to  be  easily  decompoeed  by 
water,  with  formation  of  hydrochloric  acid  (Miiller).  Its  salts  are  mostly  soluble  in 
water ;  those  of  the  alkali  metals  crystallise  with  cufficulty.  The  lead-BoU  is  amor- 
phous, soluble  in  water,  but  insoluble  in  alcohoL  The  tUver-mLit  AgC*HClH)', 
ajstaUises  indistinctly,  and  decomposes  in  aqueous  solution,  with  separation  of  silver 
chloride  and  metallic  silver  (Miiller).  According  to  Maumend,  it  is  obtained  by 
digesting  the  add  with  silver  oxide  suspended  in  water  at  40°,  as  a  sparingly  soluble 
oystallijie  predpitate,  which,  when  warmed,  is  veiy  easily  resolved,  like  the  trichlor- 
aoeCate,  into  monochloracetic  and  hydrochloric  acids,  together  with  carbon  dioxide, 
carbon  monoxide,  water  and  silver  chloride.  The  solution,  heated  to  75°-80°  with 
silver  oxide,  is  decomposed  in  the  manner  shown  by  the  equation : 

2Ag(?Ha«0«  +  3Ag«0  -  2C0«  +  2C0  +  4Aga  +  Ag«  +  H*0. 

EA^l  didOoraeeiaU,  C^^CSHC10*,  is  formed,  together  with  other  products,  by 
heating  carbon  dichloride  CCl^  with  sodium  ethylate  to  100°-160°  for  twelve  or 
eighteen  hours.  The  portion  of  the  product  whidi  is  soluble  in  water  consists  of 
•odinm  ethjrl-glyoxylate.  (See  GhLTOxn.aTBS.)  The  oily  portion  separable  by  water 
coDsiats  mainly  of  ethyl  dichloracetate  (with  a  small  quantity  of  dichloracetic  chloride, 

622).  This  ether  has  a  density  of  1-29,  and  boils  at  153°  ^t  166°,  Miiller). 
eatad  with  water  to  120°,  it  is  resolved  into  glyoxvlic  acid,  C*H^O*,  hydrochloric 
acid  and  alcohol ;  on  keeping  it^  oxalic  acid  is  pn^uced,  together  with  alcohol  (Fiedier 
and  Oeother,  JoAreab.  1864,  p.  316).  The  methylie  ether  exhibits  similar  properties, 
and  baa  a  sweet  taste  and  aromatic  odour  (Miiller). 


(?H»(CN)0«,  or  iU  ethylic  ether,  is  produced  by  boiUng  ethyl- 
Dumocbloraeetate  with  aqueous  potassium  cyanide.  The  ether  treated  with  strong 
potaah'ley  gives  off  ammonia,  and  is  converted  into  malonic  acid,  C'H'O*  (Kolbe, 
A»m,  Ck,  Pkarm.  czxxi.  221 ;  H.  Miiller,  ihid.  cxxxi.  850). 

Th.  Meves  (Ann,  Ck.  Pharm,  cxliiii.  201)  prepares  cyanaeetic  add  by  heating  250 
gma.  ethyl  monochloracetate  with  a  solution  of  300  grms.  potassium  cyanide  in  1,200 
grms.  water  in  an  oil-bath  till  the  odour  of  prussic  add  is  no  longer  perceptible, 

c2 
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eyaporating  the  exactly  neutralised  dark  brown  liquid  to  half  its  bulk,  acidulating  the 
filtered  liquid  with  sulphuric  acid,  evaporating,  and  repeatedly  treating  the  residue 
with  ether.  The  united  ethereal  solutions  when  evaporated  leave  the  crude  cyanacetic 
acid  as  a  dark  brown  liquid,  which  must  be  treated  with  lead  carbonate  (to  remove 
malonic  acid),  filtered,  and,  after  precipitation  of  the  lead  by  hydrogen  sulphide, 
evaporated  first  over  the  water-bath,  then  in  a  vacuum  over  sulphuric  acid.  The 
crystallised  and  only  slightly  coloured  cyanacetic  acid  thus  obtained  foims  salts 
which,  excepting  those  of  silver  and  mercury,  are  very  soluble  in  water : 


Potassium  cyanacetate,  C*H*(CN)0^,  is  deliquescent. 
Silver  „  C«H«(CN)0«Ag,  sulphur-yeUow  precipitate. 

[C«H«(CN)0«]«Ba,  does  not  crystallise  weU. 

'C«H«(CN)0«' 


Barium 

Copper 

Lead 

Mercuric 

Zinc 


if 
ft 

a 
If 


*Cu,  green  needles. 

'Pb.H*0,  spicular  crystals. 
'C«H«(CN)0«J«Hg.2HgO,  white  powder. 
;C«H«(CN)0«pZn.2H«0,  indistincUy  crystalUne. 


Zodaoetlo  Ada.  C^*IO*,— Preparation  and  Properties  (iii.  279).  Resolved  by 
concentrated  hydriodic  acid,  even  in  the  cold,  into  acetic  acid  and  free  iodine: 
C«H*IO»  +  HI  -  C«H«0«  +  P  (Kekul6,  Chem.  8oc.  J,  [2]  ii.  366). 

Thiaoetio  Add.  -a  [  S  (v.  771). — Formed  by  the  action  of  potassium  sulphy- 
drate  in  alcoholic  solution  on  phenyl  acetate. 

Phenyl  Fbenol.  Thiaoetate. 

acetate. 

On  adding  water,  the  phenol  separates  and  the  potassium  thiacetate  dissolves 
(Eekul^,  Zeitschr.  f.  Chem.  [2]  iii.  196).  According  to  .Frohde  (Jahresb.  1866, 
p.  157)i  sodium  thiacetate  is  formed  by  heating  lead  acetate  with  sodium  hypo- 
sulphite. 

Ethyl  thiacetate,  CH*OS.C^',  may  be  prepared  by  dropping  acetyl  chloride 
on  sodium  mercaptide,  the  reaction  being  assisted  towiuds  uie  ena  by  the  application 
of  a  gentle  heat.  It  is  a  colourless  liquid,  having  an  alliaceous  odour,  and  boiling 
at  117°.  When  dropped  into. cooled  nitric  add  of  sp.  gr.  1*2,  diluted  with  an  equal 
bulk  of  water,  it  is  oxidised  to  sulphethylic  acid  (Saytzeff,  Zeittekr,  /.  Chem.  [2] 
iv.  642). 

Thiacetio  Anhydride,  or  Acetic  Sulphide,  (C'H'0)*S,  may  be  prepared  by 
adding  acetyl  chloride  by  smaU  portions  to  crystallised  potassium  sulphide  contained 
in  a  well-cooled  flask,  provided  with  a  condenser.  On  distilling  the  liquid  at  t^e  end 
of  the  reaction,  pure  thiacetic  anhydride  passes  over,  as  a  yellowish  liquid  boiling  at 
121°.  It  is  not  attacked  by  dilute  nitric  acid,  but  fuming  nitric  acid  oxidises  it  to 
acetic  and  sulphuric  adds.  Not  decomposed  by  heating  with  acetyl  iodide  or  ethyl 
iodide  (Saytzeff). 


AOSTZC  BBOBKZBB,  or  ACBTVX  BROBKZBB.  C<HK)3r.— H.  Gal  (Bull. 
8oc.  Chim.  V.  172)  prepares  this  compound  by  introducing  6  at.  bromine  through 
a  drawn-out  tube  into  a  retort  containing  3  mols.  of  glacial  acetic  add,  and  2  at. 
red  phosphorus.  A  violent  reaction  then  takes  place,  resulting  in  the  formation 
of  hydrobromic  acid,  phosphorous  acid,  and  acetic  bromide,  which  is  separated  by 
distillation  : 

3C«H*0«  +  2PBr»  -  3HBr  +  P»0«  +  8C»H»0Br. 

According  to  this  equation,  half  the  bromine  is  employed  in  the  formation  of  the 
acetic  bromide,  whereas  according  to  the  ordinary  method  with  phosphorus  penta- 
bromide  (i.  34)  only  jth  of  the  bromine  is  converted  into  that  compound ;  240  grms. 
bromine,  90  grms.  glacial  acetic  add,  and  33  grms.  phosphorus,  yield  140  grms.  acetic 
bromide  boiling  at  81°. 

Monohromacetic  Bromide.  Cf*H*BrO.Br. — Produced:  1.  By  heating  6  grms. 
acetic  bromide  with  8  grms.  bromine  in  sealed  tubes  placed  in  a  water-bath  heated  to 
50°  or  60°  (the  tubes  being  opened  from  time  to  time  to  allow  of  the  escape  of 
hydrobromic  add) ;  bv  collecting  the  portion  of  the  product  which  distils  over  at 
ldl°-153°,  it  is  obtained  as  a  yellowish  liquid,  which  may  be  rendered  colourless 
by  agitation  with  mercury.- — 2.  By  heating  acetic  bromide  with  an  equivalent  quantity 
of  phosphorus  pentabromide  to  140°-160°  in  a  sealed  tube :— C«H»OBr  +  PBr* 
=  PBr»  +  HBr  +  C*H«BrO.Br    (Samosadsky,  Zeitschr.  f.   Chem.   [2]   vi.   105).— 
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S.  Hubner  {Ann.  Ck.  Pilorm.  cxzir.  316)  and  Naumann  (i&titf.  cxxix.  257)  prepare 

it  by  ihe  action  of  bromine  on  acetic  chloride.    When  these  sabstances  are  heated 

together  in  equivalent  propoitionB  (120  pta.  bromine  to  64  pta.  acetic  chloride)  to 

\WP  in  a  ntort  connected  with  an  upright  condensing  tabe,  the  reaction  takes  place 

chiefly  in  the  manner  represented  by  the  equation  C*HK)C1  +  Br*  =  CH'BiO.Br 

•f-  HCL    By  repeatedly  rectifying  the  red  liquid  which  remains  in  the  retort,  and 

collecting  the  portion  which  boils    abore   148°,  the  monobromacetic  bromide   is 

obtained  as  a  cokmrless  or  light  yellow  liqnid  boiling  at  149^-160^.    It  fumes  in 

the  air,  strongly  sttacVs  the  mucous  membranes  of  the  nose  and  bronchial  tubes,  and 

prodnees  deep  woonda  when  placed  upon  the  skin ;  its  vapour  instantly  destroys  cork 

and  caoutchouc.    It  is  not  decomposed  by  sodium  even  with  aid  of  heat.    It  mixes  in 

all  psoportions  with  anhydrous  ether  (Naumann,  Hubner).    It  dissolves  slowly  in 

waUr^  forming  hydrobromic  and  bromacetic  adds,  the  latter  of   which   may  be 

obtained  in  fine  czystals  by  leaving  the  bromide  exposed  to  the  acid.    With  alcohol  it 

yields  ethyl  bromide  and  ethylic  monobromaoetate  trailing  at  169^.    By  heating  with 

bromine,  it  is  converted  into  dibromaoetic  bromide  (Oal).    Neutralised  with  eodium 

earhonate,  and  evaporated,  it  leaves  a  saline  mass,  containing  a  small  quantity  of 

sodium  bromacetate,  together  with  sodium  bromide  and  glyoollic  add.    Distilled  with 

an  equivalent  quantity  of  dry  sodium  acetate,  it  yields  up  to  100°  chiefly  acetic  oxide, 

(C^*0)H) ;  between  178°  and  196°,  bromacetic  oxide,  (G*H*BrO)H) ;  and  above  200^ 

bromacede  add,  as  a  decomposition-product  of  the  latter.    With  1  mol.  bromacetic 

bromide  and  2  mols.  sodium  acetate  (equal  weights),  the  reaction  takes  place  as  shown 

by  the  equation :  , 

C*H«BrOJBr  +  2NaC«HH)«  -  C«H«0«  +  C*H«0»  +  2NaBr  (Naumann). 
Bniinaoetio  Sodium  OI700I-  Aoetio 

tmmifde.  acetate.  Ude.  ozlde. 

Dihromaeetie  Bromide,  C'HBr'O.Br,  is  formed  by  heating  1  mol.  mono- 
bromacetic bromide  with  2  at.  bromine  to  160°  for  several  days,  and  distilling  the 
eontenta  of  the  tube.  It  is  colourless,  fumes  in  the  air,  boils  at  194°,  dissolves 
•lowly  in  water,  yields  no  crystals  on  exposure  to  the  air,  is  easily  decomposed  by 
potash,  and  when  treated  wiui  alcohol  yields  ethylic  dibromacetate,  CH*.CHBrH)*, 
boiling  at  194°  (?)  (Gal,  loe.  cU,). 

Tribromaeetie  Bromide,  CBr'O.Br,  is  produced  by  heating  dibromacetie 
bromida  with  excess  of  bromine  to  200°,  as  long  as  hydrobromic  add  continues  to  be 
evolved,  and  may  be  obtained  pure  by  distillation,  between  220°  and  226°.  It  is  a 
li^ud  which  fimies  in  the  air,  and  is  converted  by  prolonged  contact  with  foaier  into 
tribromaeetie  add ;  by  alcohol  into  ethylic  tribromacetate,  CH'.CBr'O',  boiling  at 
226°  (Gal). 

Chloraeetie  Bromide.  C*HKn03r  or  CHK;i.COBr  (P.  de  Wilde,  Ann,  Ck 
Fharm,  czxx.  872 ;  Jakreab,  1864,  p.  320 ;  Ghil,  ^.  cit). — ^Prepared  by  adding  6  at. 
bromine,  by  drops,  or  in  a  thin  stream,  to  a  mixture  of  3  at.  monochloracetic  add, 
and  2  at,  amorpnous  phosphorus : 

8(C»H«ClO.H.O)  +  2PBr«  -  8HBr  +  P*0«  +  3(C»H«C10.Br). 

By  distillaUon,  the  chloraeetie  bromide  is  obtained  as  a  colourless  liquid,  turning  red 
or  yellow  after  a  few  days,  fuming  in  the  air,  and  exdting  laci^mfiation.  Sp.  gr. 
1-918  at  9° ;  B.  P.  127°  (be  Wilde);  183°  to  186°  (Gal).  In  contact  with  water  it 
yields  hydrobromic  and  monochloracetic  adds,  and  with  alcohol,  ethylic  bromide  and 
ethylic  monochloracetate. 

Cyanaeetic  Bromide,  C*H»(CN)O.Br  or  CH«Cy.COBr,  is  produced,  together 
with  its  isomer,  bromacetic  cyanide,  C*H*BrO.CN,  by  heating  silver  cyanide  for  an 
hoar  in  the  water-bath,  with  a  mixture  of  bromacetic  bromide  and  chloroform.  The 
liquid  extracted  by  hot  ether  from  the  resulting  silver  bromide  deposits,  first, 
long,  very  sparingly  soluble  needles  of  cyanaeetic  bromide,  and  some  time  afterwards 
laige  transparent  plates  of  bromacetic  cyanide.  The  sparingly  soluble  cyanaeetic 
bromide  crystallises  from  boiling  chloroform  or  ether  in  needles,  but  £rom  a  mixture 
of  ehloroform  and  glacial  acetic  add  in  small  cubes.  When  decomposed  by  water  or 
potash  it  does  not  yield  hydrocyanic  add,  but,  together  with  ammonium  bromide  (or 
ammonia  and  potassium  bromide),  the  acids  which  result  from  the  mutual  action  of 
ethylic  chloracetato  and  potassium  cyanide,  viz.  ^anacetic  and  malonic  adds  (p.  19) 
(Hubner,  Jakreeb,  1862,  p.  243 ;  1864,  p.  323). 

Aoarzo  oBSMwoDm,  or  Acarvx  oHxosiaa.  c*H*o.ci  or  CH*.coa 

(L  36). — ^This  comnound  is  contained  in  the  more  volatile  portion  of  the  product  obtained 
by  the  action  of  cnlorine  on  anhydrous  aldehyde.  By  the  farther  action  of  chlorine  it 
i*  converted  into  monochloracetic  chloride  (Wurtz,  Ann.  Ch,  Phye,  [3]  xlix.  68). 
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With  potasaium  $ulphydrate^  it  yields  acetic  sulphydrato  or  thiacotic  acid  (v.  771  )f 
and  with  potassium  monostilphide^  it  yields  acetic  sulphide  or  thiacetic  anhydride : 

C«H*0C1  +  KHS  =  KCl   +  C'H'O.HS 
and 

2C«H«0a  +    K«S  =  2KC1  +  (C«H»0)-S 

(Jacquemin  a.  Vosselmann,  Compt.  rend,  xlix.  371).  With  einc-methyl,  it  foxnur 
acetone  or  dimethyl  ketone : 

2C«n»0a  +  Zn(CH»)«  «  Zna«  +  CO(CH«)» ; 

and  with  einc-^thyl^  in  like  manner,  the  homologouB  compound  methyl-ethyl  ketone, 
CO(CH")(C''H*),  isomeric  with  butypone  (Freund,  Ann.  Ch.  Pharm,  cxviii.  1).  Heated 
in  a  sealed  tube  with  phoephoruapentacftloridej  it  yields  trichloracetic  chloride,  C*C1*0.C1, 
a  small  quantity  of  an  oily  compound,  C^H'Cl,,  which  distil  oyer  successively  (the  latter 
depositing  crystals  in  the  receiyer),  and  a  crystalline  compound,  CHCl*,  which 
remains  in  the  retort  and  melts  at  180^-181^  (Hiibner,  Ann.  Ch.  Pharm.  cxx.  330). 
]iy  silver  cyanide^  acetic  chloride  is  converted  into  acetic  cyanide,  C'H*O.CN  (Hiibner). 
Acetic  chloride  acts  violently  on  lime  which  has  been  slaked  and  then  ignited,  the 
lime  sometimes  becoming  red-hot.  On  lead  oxide,  on  the  contrary,  it  acts  but 
slightly,  even  at  100^-1 60°.  When  2  mols.  acetic  chloride  are  gentiy  heated  in  a 
sealed  tube  with  1  mol.  caustic  baryta,  and  the  product  distilled,  acetic  oxide  passes 
over  (H.  Gal,  Jahresb.  1863,  p.  321).  Heated  to  120°  with  phomkorous  acid,  it  yields, 
as  principal  product,  acetopyrophosphorous  acid,  H'F(CH'0)0*  (Menschutkin, 
iv.  634). 

Monobromacetic  Chloride,  C^H^BrO.Cl,  is  produced  by  the  action  of  phos- 
phorus trichloride  on  monobromacetic  acid : 

8C«H»BrO«  +  PCI"  =  PH»0«  +  8(C«H«Br0.a). 

It  is  a  colourless,  slightly  filming  liquid,  having  a  pungent  odour,  and  a  sp.  gr.  of 
1*908  at  9°.  By  the  slow  access  of  aqueous  vapour,  it  is  converted  into  mono- 
chloracetic  acid  (B.  P.  180°)  and  monobromacetic  acid  (B.  P.  208°)  (Geuther,  Ann. 
Ch.  Pharm.  cxxxii.  171). 

Monochloracetie  Chloride.  C^H'CIO.CI. — Produced:  1.  By  the  action  of  dry 
chlorine  gas  on  acetic  chloride,  rapidly  in  sunshine,  in  the  course  of  24  hours  in  difiiised 
daylight;  separated  by  fractional  distillation  (Wuitz,  Ann.  Ch.  Pharm,  cii.  93). — 
2.  By  the  action  of  phosphorus  trichloride  on  monochloracetie  acid  (De  Wilde, 
Gal). — 3.  By  that  of  phospnorus  pentachloride  on  sulphacetylenic  chloride  (v.  476). 

c^H«|ci«  +  ^^*  "•  ^^*^*  '*'  C'HKJlO.a  +  PC1». 

It  is  a  colourless  liquid,  having  a  pungent  odour,  sp.  gr.  1*496  at  0°,  and  boib'ng  at 
about  106°  (Wurtz).  Converted  by  water  into  chloracetic  acid ;  by  alcohol  into  ethyl 
chloracetate ;  by  dry  ammonia  gas  into  chloracetamide,  C'H'CIO.NH^. 

Dichloracetic  Chloride,  C^HCl'O.Cl,  has  not  been  obtained,  but  its  ethylie 
derivative,  C(C*H*)C1*0.C1,  is  formed,  together  with  ethyl  dichloracetate  and  oUier 
products,  by  the  action  of  sodium  ethylate  on  carbon  dichloride,  CK71^  If  the 
portion  of  the  product  of  this  reaction  which  boils  at  168°  be  shaken  up  with  excess 
of  potash-ley,  the  ethyl  dichloracetate  dissolves,  with  formation  of  chloride,  oxalate 
and  dichloracetate  of  potassium,  while  the  dichlorethylacetic  chloride  remains 
undissolved.  It  is  a  liquid  having  a  peculiar  acrid  ethereal  odour,  boiling  at 
162^-163°;  remains  unaltered  in  dry  air,  or  in  contact  with  potash,  ammonia,  or 
water,  but  is  easily  decomposed  by  moist  air,  with  formation  of  oxalic  and  hydro- 
diloric  acids.  When  heated  with  water  it  gradually  dissolves,  yielding  alcohol, 
hydrochloric  and  glyoi^lic  acids,  with  traces  of  oxalic  acid : 

C2(C'H*)C1«0.C1  +  4H«0  -  C*H«0  +  3HC1  +  CH^O* 

(Geuther,  Jahresb.  1864,  p.  317). 

Trichloracetic  Chloride,  CC1*0.CI,  is  formed,  together  with  tri-  and  penta- 
chlorinated  ethane,  C*H*C1"  and  C'HCl*,  by  the  action  of  phosphorus  pentachloride 
on  acetic  chloride.    It  is  a  liquid  boiling  at  118°  (Hiibner,  Jahresb.  1861,  p.  437). 

ACBTZO  CTAinDB  or  ACBTT&  CTAWIBB.  C*H'ON  «  C^H'O.CN.— 
Produced  by  the  action  of  acetic  chloride  on  silver  cyanide.  On  heating  the  two 
compounds  together  to  100°  in  a  sealed  tube  for  an  hour  or  two,  and  subsequently 
distilling  the  product,  a  colourless  liquid  distils  over  between  80°  and  90°,  and  after- 
wards a  compound  which  boils  at  a  much  higher  temperature.  The  first-mentioned 
liquid  yields  by  repeated  rectification,  acetic  (^anide,  which  boils  constantly  at  93°,  and 
has  a  vapour^ensity  of  2*4,  agreeing  with  the  formula  C'HH).GN  for  a  two-volume 
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condensation  (calc  2*3).  This  compound  is  lighter  than  water,  which  gradually 
dissdTeB  it,  with  formation  of  hydocyanic  and  acetic  acids ;  it  smells  of  these  acids, 
and  by  prolonged  contact  with  tiie  air  is  converted  into  crystals  soluble  in  water. 
When  kept  in  a  Teasel  closed  with  a  cork,  or  heated  with  solid  potassium  hydrate  or 
with  sodium,  it  changes  into  an  oil  insoluble  in  water,  and  solidi^ng  when  washed 
with  water  to  crystals,  which  have  the  composition  of  acetic  cyanide,  but  a  vapour- 
density  of  4*9  to  6*0,  agreeing  with  the  formula  of  diacetic  dicyanide,  (CH'O)*. 
{CSy  (calc  477).  This  compound  melts  at  69®  and  boils  at  208*'-209®.  When  gently 
heated  it  remains  liquid  for  a  long  time,  and  gradually  solidifies  again  in  very  laige 
plates.  It  dissolves  in  alcohol,  ether,  ordinary  sulphuric  acid,  strong  acetic  add,  and 
strong  Mwtnftwi*,  gives  off  ammonia  when  boiled  with  potsLsh,  and,  like  the  liquid 
cyanide,  is  eonverted  into  hydrocyanic  and  acetic  acids  by  boiling  with  water,  sulphuric 
add,  or  potash.  Heated  in  a  sealed  tube  to  100®  with  solution  of  silver  nitrate,  it 
yields  silver  ^anide  crystallising  in  shining  needles  (H.  Hubner,  Ann.  Ch.  Pharm. 
czz.  230 ;  czziiL  271). 

Bromaeetie  Cyanide,  OH'iJrO.CN,  is  obtained,  together  with  its  isomer,  cyan- 
acetic  bromide,  by  heating  silver  cyanide  with  bromaceuc  bromide  and  chloroform 
(p.  21). 

Aiamno  OZZSa  or  AXWniRXnm  (CHH))K).— The  following  additional 
modes  of  nreparingthis  compound  may  be  noticed :  a.  By  the  action  of  caustic  baryta 
on  acetic  enloride,  CH'OCl,  in  sealed  tubes,  firist  at  ordinary  temperatures,  afterwards 
at  a  gentle  heat.  On  distilling  the  product,  the  acetic  oxide  passes  over  at  137® 
(H.  6al,  Compt,  rend.  Ivi.  360). — ^.  By  the  action  of  carbon  bisulphide  on  lead  or 
silver  acetate : 

2((?H^»|q,  +  cs»  =  2PbS  +  CO*  +  2(C«HH))«0. 

A  mixture  of  finely  pulverised  lead  acetate,  dried  at  100°,  and  carbon  bisulphide,  is 
heated  for  some  time  to  165®  in  a  strong  sealed  glass  tube,  of  which  it  fills  about  a  thud, 
the  tube  being  opened  from  time  to  time  to  permit  the  escape  of  carbonic  acid  gas. 
The  liquid  contents  of  the  tube  separated  from  the  lead  sulphide  yield  by  distillation, 
first,  the  excess  of  carbon  bisulphide,  then  a  small  quantity  of  acetic  add  and  a  trace 
of  acetone,  and,  lastly,  acetic  oxide,  boiling  at  137®.  With  silver  acetate  the  reaction 
takes  place  more  quickly. 

i?Aie^»ofW.— AoDording  to  A.  Bauer  (TTim.  AJcad,  Ber.  zliii.  [2]  709 ;  Ja^resb.  1860, 
p.  438),  acetic  oxide  heated  to  100®  in  a  sealed  tube  with  ztnc-cJuoride  yields  a  product 
which  separates  by  fractional  distillation  into  acetic  acid  at  137®ff  and  a  residue 
which  whsu  freed  by  water  from  sinc^chloride,  consists  of  a  black-brown  substance, 
C*HK)  or  0»H»»0*.    The  reaction  is : 

2C«HH)«  =  2C«H<0«  +  HH)  +  C*H»0. 

Gladal  acetic  add  heated  to  150®-160°  with  dno-chloride  suffers  no  alteration. 

Aeeording  to  Schutxenberser  (Jahresb.  1863,  p.  463),  the  mixture  of  acetic  oxide 
and  barium  peroxide  in  annydrous  ether,  used  by  Brodie  for  the  preparation  of 
aeetyl  peroxioe  (i.  65]),  gives  off,  when  the  barium  peroxide  is  in  excess  and  heat  is 
appUed,  a  large  quantity  of  gas,  consisting  of  2  volumes  carbon  dioxide  and  1  volume 
m^yl  (or  ethyl-hydride),  and  leaves  a  residue  of  barium  acetate : 

2(C»H»0)«0  +  BaO«  =  2C0«  +  C«H«  +  ^^^]^'|o«. 

Action  of  Ckhrine,  Bromine,  and  Iodine  (EL  Gal,  Ann.  Ch.  Fhye.  [3]  Ixvi.  187).— 
When  dry  chlorine  ga»  is  passed  into  acetic  oxide  heated  to  100®,  acetyl  chloride, 
boiling  at  55°,  passes  over,  and  monochloracetic  add,  boiling  at  187°i  remains : 

(C«HK))«0  +  a«  -  C»H«0C1  +  ^'^'^j^|o. 

A  miztare  of  2  at.  bromxne  and  1  mol.  acetic  oxide  Incomes  heated  in  a  few  minutes 
and  yields  similar  producbs.  Iodine  does  not  act  upon  acetic  oxide  at  200®,  but  at 
higher  temperatures  the  mass  blackens  and  gives  off  hydriodic  acid. 

D17  hfdroehlorie  acid  gaa  acts  strongly  on  acetic  oxide  at  100®,  forming  acetyl 
chloride  and  acetic  add : 

(C«H«0)«0  +  HCl  +  C»H«0a  +  C«H<0». 

Aeetie  oxide  heated  to  60®  in  a  stream  of  carbonic  acid  gas  with  2  mol.  of  eulphune 
chionhfdnUe,  80*HC1,  yields  an  acid,  CH'SO',  which  when  converted  into  a  lead-salt 
I7  neutralisation  with  lead  carbonate,  separated  therefrom  by  hydrogen  sulphide, 
uid  eraporatod,  remains  as  a  thick  syrup,  solidifying  in  a  vacuum  to  a  hard  crystalline. 
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very  deliquescent  mass,  insoluble  in  alcohol  and  ether.  This  acid  is  bibasic;  its 
potassium  salt^  C^H^K^SO',  is  \&ry  soluble  in  water  and  precipitated  by  alcohol  as  a 
granular  powder.  The  sodium  salt^  C^H^Na^SO^,  crystallises  from  water  in  crusts, 
from  alcohol  in  concentric  needles.  The  silver  salt,  C^H*Ag'SO%  is  insoluble  in 
alcohol  and  ether,  moderately  soluble  in  cold  water,  and  separates  from  a  concentrated 
solution  of  the  acid  mixed  with  silver  nitrate  and  with  alcohol,  in  laige  thin  plates. 
The  barium  salt,  C^H^BaSO^,  crystallises  in  nodular  groups  of  hexagonal  plates,  and 
in  crusts,  insoluble  in  alcohol  and  ether,  slightly  soluble  in  cold,  more  freely  in 
boiling  water.    The  Uad  salt  crystallises  in  white  prisms. 

When  2  mols.  acetic  oxide  are  heated  with  1  mol.  urea  to  the  boiling  point  of  the 
acetic  oxide,  the  liquid,  on  cooling  and  addition  of  water,  yields  acetyl-urea, 
CH»(C«H»0)N*0  (Scheitz,  Marsh  a.  Geuther,  BuU.  8oc.  Chim,  [2]  x.  460). 

Acetic  oxide  exerts  no  action  on  oxamide,  even  when  the  two  are  heated  together  to 
140^-160^  in  a  sealed  tube  (Scheitz,  Marsh  a.  Geuther). 

Acetic  oxide  treated  with  nascent  zinc-ethyl  (a  mixture  of  2  mol.  ethyl  iodide  and 
1  mol.  acetic  oxide,  added  by  drops  to  pulverised  zinc-sodium  in  a  cooled  vessel)  yields 
methyl-ethyl-ketone: 

g|;^|0  +  Zn(C«H')'  -  ZnO  +  2C0J^=V 

The  action  is  complete  in  twenty  or  thirty  hours,  and  on  adding  potash  to  the  product, 
drying  the  separated  oil  over  fused  potassium  carbonate,  rectifying,  combining  the 
portion  which  passes  over  between  100^  with  sodium  bisulphite,  and  distilling  the 
resulting  crystalline  compound  with  potassium  carbonate,  methyl-ethyl-ketone  is 
obtained,  boiling  between  77°  and  80^.  With  methyl  iodide  in  like  manner,  common 
acetone  (dimethyl  ketone)  is  obtained  (Saytzeff,  Zeitschr.f.  Chem.  [2]  vi.  104). 

Action  of  Acetic  oxide  on  Cdlidose,  Starch,  ^c.—- According  to  Scniitzenberger  {BuU. 
Soc.  Chim.  [2]  v.  290),  the  etheroidal  compounds  formed  by  cellulose,  starch,  sugar, 
&c.,  with  acetic  acid  are  formed  more  easily  and  abundantly  by  the  use  of  acetic 
oxide,  than  by  prolonged  heating  with  glacial  acetic  acid,  as  recommended  by 
Berthelot.  The  action  of  the  acetic  oxide  usually  begins  at  its  boiling  point,  an^ 
when  once  set  up,  goes  on  spontaneously,  yielding  the  new  compound  together  with 
acetic  acid.  Ceuuhse  is  dissolved  to  a  syrup  at  160°.  The  resulting  aceto-cellulose 
is  white,  solid,  amorphous,  insoluble  in  watar  and  in  alcohol,  soluble  in  glacial 
acetic  acid,  and  easily  decomposed  by  alkalis,  with  reproduction  of  cellulose.  Starch 
yields  two  compounds,  one  of  which  is  insoluble  in  water,  but  soluble  in  alcohol  and 
acetic  acid ;  the  other  brittle,  soluble  in  water  and  in  alcohol ;  both  are  resolved  by 
potash  into  acetic  acid  and  dextrin.  Cane-stigar,  glucose,  mUk-sugar,  mannite,  and 
dulcite  yield  solid  or  glutinous  bodies,  having  a  bitter  taste.  Glucotddes  are  acted 
upon  by  acetic  oxide  in  a  similar  manner. 

Compounds  of  Acetic  oxide  with  Aldehydes  (Geuther,  Jahresh.  1860,  p.  306,  1864, 
pp.  329,  384). — Acetic  aldehyde  unites  with  1  and  2  molecules  of  acetic  oxide, 
forming  the  compounds  C«H*O.C*H«0«  and  C«H«0.2C*H*0«.  The  first,  described  at 
p.  108,  vol.  i.,  is  prepared  by  heating  its  components  together  in  equivalent  quantities 
to  180°.  The  second  is  formed  by  heating  elaldehyde  (i.  109)  with  acetic  oxide  to 
160^.    It  is  a  liquid  having  a  sp.  gr.  of  1*07  at  10°. 

With  acrolein,  CH^O,  acetic  oxide  forms  two  compounds  analogous  in  composi- 
tion to  those  just  described.  The  compound  CH*O.C^H*0'  is  obtained  by  heating  of 
1  molecule  of  acrolein  and  1  molecule  of  acetic  oxide  in  the  water-hath  for  six  hours, 
then  washing  the  product  with  water  and  with  sodium  carbonate,  and  rectifying.  It  is 
also  formed  by  heating  one  molecule  of  acrolein-chloride  with  2  molecules  of  silver 
acetate  to  about  160° ;  but  the  transformation  is  never  complete.  The  compound 
obtained  by  the  first  process  is  a  liquid  immiscible  with  water,  and  having  a  strong 
unpleasant  fishy  odour  and  very  sharp  taste;  sp.gr.  s  1*076  at  22°;  boiling  point, 
180°.  It  slowly  reduces  silver  in  ammoniacal  solution,  and  is  resolved  by  potassium 
hydrate  into  acrolein  and  potassium  acetate.  The  com^jound  C*H*0.20*H*0'  is 
formed  by  heating  metacrolem  with  acetic  oxide  to  150^ ;  it  is  an  oily  liquid  boiling  at 
180°. 

With  benzoicaldehyd  e. — ^When  bitter  almond  oil  i  s  heated  for  some  time  to  1 50° 
with  excess  of  acetic  oxide,  and  the  product  is  afterwards  washed  with  water  and 
potash,  an  oily  liquid  separates,  whicli  does  not  solidify  if  left  to  itself,  even  after  a 
very  long  time  ;  but  on  adding  to  it  a  particle  of  benzylic  diacetate,  it  solidifies  imme- 
diately to  a  crystalline  mass  melting  at  44°  — 45°.  This  substance  has  the  composition 
C"H'*0*  =  C'H»0  +  C«H»0",  and  appears  to  be  identical  with  the  benzylic  diacctete 
0'H*(CH'0')^  which  Limpricht  and  Keubauer  obtained  by  the  action  of  benzylic 
chloride  on  silver  acetate  (Hiibner,  Zeitschr.f,  Chem,  [2]  iii.  277). 
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Oxide,  C*H«0«.Ab«0»  or  ^q^JO,  is  produced  by  disaolving 

anmums  oxide  in  an  equiyalent  quantity  of  acetic  oxide  at  the  boiling  heat ;  the  re- 
sulting syrupy  liquid  solidifies  on  cooling  to  a  vitreous  mass,  which  quiddy  absorbs 
moistnie  from  the  air,  is  resolved  by  water  into  acetic  and  arsenious  acids,  and 
decomposes  at  220®,  giving  off  a  laige  quantity  of  carbon  dioxide  and  traces  of 
arsenious  oxide,  while  acetic  acid  passes  over  and  metallic  arsenic  remains  in  the 
retorL 

Borie  oxide  dissolves  slowly  in  acetic  oxide,  and  the  resulting  vitreous  mass,  which 
is  deeomposed  by  water  like  the  preceding  compound,  gives  off  acetic  add  when 
heated,  and  leaves  a  residue  soluble  in  water,  which  contains  all  the  boric  oxide 
employed. 

YHien  a  mixture  of  acetic  oxide  and  '  anhydrous  tartaric  acid '  (insoluble  tartaric 
anhydride,  C«H*0*,  v.  691),  is  heated  to  100<>,  the  latter  gradually  dissolves,  and  a 
thi^  yellowish  syrup  is  obtained,  which  begins  to  decompose  at  about  130^,  giving  off 
carbon  dioxide  and  carbon  monoxide ;  the  same  syrupy  product  is  formed,  together 
with  lead-chloiide,  by  the  action  of  acetyl  chloride  on  lead  tartrate. 

Vapour  of  aviphitrie  oxide  (SO')  is  absorbed  without  blackening,  bv  properly 
ooolea  acetic  oxide,  forming  a  yellowish  gummy  mass  soluble  in  water.  Tne  solution 
neutralised  with  baryta-water  and  filtered  from  barium  sulphate  yields  cxystals  of 
barium  snlphacetate. 

Aeeta-Jijrpolyroinaiia  Oxide  or  Aabydride.    JcetaU  of  Bromine,  CH'BrO* 

-  ^^*^|o  =  CH'.CO'Br.— This  compound,  isomeric  with  biomacetie  acid,  CH«Br. 

OO'H,  appears  to  be  formedby  the  action  of  bromine  on  the  following  compound ;  the 
product  detonates  after  a  few  hours. 

JLeete"liypetfaoreas  Oxide  or  Anhydride.    Acetate  of  Chlorine,  OH*C10* 

«  ^^"^  ( O  -  CH».C0*C1  (Schutzenberger,  Qm^t.  rend.  lii.  869).— Isomeric  with 

raonochloracetic  add,  CB'Cl.CO'H.    Formed  by  passing  gaseous  hypochlorous  oxide 
into  cooled  acetic  oxide,  which  absorbs  it  completely : 

((?H»o)K)  +  a«o  -  2(c«H«o)ao. 

On  heating  the  resulting  yellow  liquid  to  SO**,  to  expel  the  excess  of  hypodilorous 
oxide,  the  hypochloracetlc  oxide  remains  as  a  very  pale  yellow  liquid,  having  a  strong 
irritating  odour.  It  is  not  very  stable,  detonates  violently  at  100°,  and  can  only  }^ 
preserved  in  the  dark  and  at  a  low  temperature.  It  is  decomposed  by  water,  forming 
acetic  and  hypochlorous  adds ;  also  by  most  elementary  bodies.  Bromine  and  iodine 
eliminate  the  chlorine,  and  appear  to  take  its  place,  but  the  resulting  compounds 
cannot  be  isolated,  the  products  often  detonating  spontaneously. 

Aeeto-ejeaie  Oxide.  Acetate  of  Cyanogen,  CH'NO'  -  CH*.CO*GN,  isomeric 
with  cyanacetic  and  CHCN.CO'H,  is  formed  by  the  action  of  acetic  chloride  on  silver 
cjanide,  but  it  has  not  been  isolated  (ii.  297). 

Aeete^jpo-iodena  Oxides  or  Anhydrides.  Acetates  of  Iodine  (Schutsen- 
beiger,  loe.  eit. ;  further,  Compt.  rend.  liv.  1026;  Jahresb,  1862,  p.  240).— a.  Iodine 
monoacetate,  C*H'IO',  is  formed  by  the  action  of  iodine  monochloride  on  sodium 
acetate,  but  it  cannot  be  separated  from  the  other  products  of  the  reaction. — fi.  When 
iodine  is  gradually  added  to  well-cooled  chlorine  acetate,  it  dissolves  and  expels  the 
chlorine,  and  after  a  short  time  colourless  crystals  are  formed,  which  under  the  influ- 
ence of  heat,  water,  or  alcohol,  react  like  the  product  a;  but  the  mixture  often 
detonates  violently  even  on  adding  the  first  portions  of  iodine. 

y.  lodi  ne  triacetate,  I'*'(C*H"0')*,  is  prepared  by  passing  dry  hypochlorous  oxide 
into  about  30  grams  of  acetic  oxide  containing  in  suspension  15  grams  of  pure  and  dry 
iodine,  the  liquid  being  well  cooled.  After  a  short  time,  yellowish  needle-shaped 
crystals  are  formed,  which  afterwards  disappear ;  and  when  the  liquid  has  become 
pofectly  colourless,  it  deposits  colourless  granular  crystals  of  iodine  acetate,  which 
must  be  drained  on  a  porous  tile,  and  then  freed  from  the  last  traces  of  acetic  oxide 
by  exposore  to  a  current  of  dry  air  at  50^. 

This  compound,  into  which  the  iodine  enters  as  a  trivalent  element,  forms 
granular  crystals,  which  on  exposure  to  the  air  quickly  acquire  a  rose  colour 
changing  to  brown :  they  are  deliquescent  and  instantly  decomposed  by  water  and  by 
aleahol ;  quickly  also  when  heated  to  100^.  Heated  with  acetic  oxide,  they  yield 
iodine,  carbon  dioxide,  and  methylic  acetate : 

2I"'(C»H«0«)«  -  3C0»  +  P  +  3(CH»)(C«H>0«). 
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iLCBTOrOBKOBBMZOZO  BTBaB.     See  Fobmobbmzoxo  AOD. 

ACBTOO&TOMRAXto     See  Gltcbbal8. 

AOXTOn.  CHH). — ^This  compound  is  found  in  crude  aniline,  |yrepaied  from 
nitrobenzene,  by  the  action  of  acetic  acid  and  iron  filings  (C.  G.  Williams,  Chem, 
Netos,  ii.  231);  and  in  diabetic  urine  (Fetters,  Kaulich  a.  Beta,  Jakretb.  1861,  p. 
806).  Anthon(tM.  1860,  p.  707)  has  obsenred  its  formation  by  spontaneous  decom- 
position in  a  solution  of  grape-sugar. 

The  constitution  of  acetone  as  methyl-acetyl,  CH'.C*HK),  or  dimethyl  ketone, 
CH'COCH",  is  clearly  shown  b^  its  formation  from  zinc-methyl  and  acetyl  chloride 
(Freund,  Ann.  Ch,  Pharm.  czviii.  1) : 

Zn(CH«)«  +  2(CH".C0.a)  -  ZnCl«  +  2(CH».C0.CH«). 

It  is  also  produced  by  the  action  of  sodium  methylate  on  chloraoetene  or  monoehlor- 
ethylidene  (Friedel,  Cornet,  rend.  Ix.  930) : 

CH»NaO  +  CH'Cl  =  Naa  +  CH«.CO.CH». 

Thirdly,  by  the  action  of  aqueous  hypochlorous  acid  and  mercuric  oxide  on  monobro- 
minatod  or  monochlorinated  propylene,  this  reaction  giving  rise  to  monochloracetone, 
which  is  then  converted  into  acetone  by  treatment  with  zinc  and  hydrochloric  acid 
(Linnemann,  Bull.  Soo.  Chim.  [2]  vi.  216) : 

2C«H»a  +  HgCl«0»  «  Hga«  +  2C"H»C10. 

Fourthly,  from  the  isomeric  compound  propylene  oxide,  by  first  treating  that  body 
with  sodium  amalgam,  whereby  it  is  converted  into  isopropyl  alcohol,  and  then  dehy- 
drogenating  the  latter  by  treatment  with  sulphuric  acid  and  potassium  chromate 
(Linnemann,  Ann,  Ch.  Pharm.  cxl.  178) : 

C»H«.0  +  H»  «  C«HK) 
Propylene  Isopropvl 

ozlde.  AloohoL 

and 

C«HK)  -  H«  -  C«H«0 

Isopropyl  Acetone. 

AloohoL 

Seactions. — 1.  Acetone  treated  with  sodium-amalffam  and  water  takes  up  2  at^ 
hydrogen  (which  amounts  to  replacing  the  diatomic  radical  oxygen  by  tne  two 
monatomia  radicals  H  and  OH),  and  is  converted  into  isopropyl  alcohol  (v.  889) : 

CH«  CH« 

00  +  H«  «  HCOH 

CH»  CH". 

2.  By  the  action  of  dedrclytie  oxj^en,  as  when  a  mixture  of  acetone  and  dilute 
sulphuric  acid  is  subjected  to  the  action  of  a  feeble  electric  current  (of  three  Bunsen's 
elements),  acetone  is  converted  into  a  mixture  of  acetic  and  formic  acids,  with  evolu- 
tion of  carbon  dioxide  (Friedel,  Jahresb.  1859,  p.  838). — 8.  When  20  vols,  acetone  are 
cautiously  mixed  with  30  yo\b.  fuming  nitric  acia^  a  considerable  quantity  of  oxalic  acid 
is  produced.  When  30  vols,  acetone  are  gradually  mixed  with  10  vols.  Aiming  nitric 
acid,  and  water  is  added  before  the  reaction  is  completed,  an  oily  body  is  precipitated, 
which,  when  treated  with  ammonium  sulphide^  is  converted  into  a  dark  red  product 
{acetone-red)  soluble  in  water  and  in  acids  (Mulder,  J.  pr.  Chem.  xci.  472). 

4.  The  action  of  ammonia  and  carbon  bisulphide  on  acetone  gives  rise  to  sulpho- 
carbonato  and  sulphocarbamate  of  acetonine  (p.  29). 

6.  When  acetone  saturated  with  hydrochloric  acid  aas  is  left  to  itself  for  8  to  14 
days,  and  then  mixed  with  water,  a  heavy  brownish  oil  separates,  consisting  mainly  of 
compounds  of  hydrochloric  acid  with  mesityl  oxide,  CH"0(^-i  2C*H«0  —  H*0),  and 
phorone,  C»H"0(-  8C«H«0  -  2HH))  (Baeyer,  Ann.  Ch.  Pharm.  cxl.  297 ;  Jahreeb. 
1866,  p.  808).  The  mesityl-compound,  C^H>*0.2HC1  or  C^>«Oa«,  heated  with 
potassium  cyanide,  and  then  with  potash,  yields  the  potassium  salt  of  a  ciystalline 
monobasic  acid,  C*H"NO' : 

C«H"Oa»  +  2KCN  =  C^«0(CN)«  +  2Ka 
and 

C«H»K)(CN)«  +  KHO  +  HK)  -  NH«  +  C»H>*KNO«. 

The  phorone  compound  similarly  treated  is  converted  into  a  neutral  nitrogenous 
body  sbghtly  soluble  in  boiling  alcohol,  from  which  it  crystallises  in  shining  plates, 
like  naphthalene,  sublimable  at  about  300^  (Maxwell  Simpson,  Proc.  Boy.  8oc.  xvi. 
364). 

6.  With    hydriodio   acidt    acetone  yields   iodopropylene,   C'H^I,  or  an  isomeric 
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compoand ;  with  pkoephorous  iodide^  a  solid  together  with  two  liquid  iodides ;  with 
kjfdrobromie  and  it  yieldB  merely  isomeric  modifications  of  acetone  (Hamitz-Hamitzky, 
ZeUseir.  Ch.  Pkarm.  1863,  p.  416).  According  to  Berthelot  (BuU.  8oe.  Ckim.  [2]  yii. 
60),  acetone  tzeated  with  hydriodic  add  yields  propane,  CH*,  together  with  water 
and  iodine : 

C>H«0  +  4HI  -  CH*  +  H*0  +2I*. 

7.  When  acetone  is  treated  with  iodine  and  phosphorus,  and  the  product  is  dissolved 
In  water  and  saturated  with  barium  carbonate,  a  salt  is  obtained,  having,  according  to 
£.  Mulder  {Jahresb.  1864,  p.  329^,  the  composition  BafCH'PO*)*.  When  decom- 
posed by  sodium  carbonate,  it  yielos  the  corresponding  soaium  salt,  KaCH*FO'. 

8.  With  chloride  qf  iodine,  acetone  yields  di-iodacetone,  CH^PO  (p.  28). 

9.  When  bromine  is  gradually  added  to  acetone,  both  liquids  being  cooled,  the 

acetone  takes  up  2  at.  bromine,  forming  the  compound  CH*O.Bi',  which  is  a  viscid 

liquid,  heavier  than  water,  and  so  unstable  that  it  decomposes  even  at  OTdinaiy 

temperatures,  giving  off  1  or  2  molecules  of  hydrobromic  acid,  and  yielding  ^opionyl 

bromide,  CHK)Br,  and  its  isomer,  epibromhydrin,  together  with  acrolein,  CH^O,  and 

its  hjdrobromide,  CH'O.HBr.    By  repeatedly  distilling  the  acetone  bromide  over 

caustic  potash,  there  is  obtained  a  mixture  of  acetone  and  epibromhydrin ;  and  by 

distillation  over  lead  oxide,  a  mixture  of  acetone  and  acrolein.    With  water  and 

excess  of  silver  oxide,  acetone  bromide  yields  (together  with  silver  bromide)  aciylic 

acid,  or  the  products  of  its  decomposition,  formic  and  acetic  acids.    Bv  slowly  admuff 

silver  adde  to  acetone  bromide  covered  with  water,  silver  bromide  and  propionic  acid 

are  fonned,  together  with  a  small  quantity  of  a  body  which  dissolves  in  ether, 

oystallises  therefrom  in  needles,  and  exhibits  the  characters  of  acrolein-hydrobromide 

(Liniiemann,  Ann.  Ch.  Fharm.  cxzxv.  307).    According  to  E.  Mulder,  on  tiie  other 

hKDd(J.pr,  Chem.  xd.  472),  the  direct  action  of  bromine  on  acetone  gives  rise  to 

substitution-products. 

Acetone  forms  crystalline  but  unstable  compounds  with  the  add  sulphites  of 
monamines.  Ethereal  solutions  of  acetone  and  aniline  bisulphite  deposit  concentric 
groups  of  shining  needles  of  the  compound  C*H'N.H'SO*.CH*0,  which,  however, 
remain  undecomposed  only  so  long  as  they  are  immersed  in  ether  saturated  with  sul- 
phurous add.  Acetone  forms  a  similar  compound  with  the  acid  sulphite  of  amylamine 
(Sehi£^  Zeiisehr.f.  Chem.  [2]  iv.  12). 

aromaeetones.  Monobromacetone,  CH*BrO,  identical  with  that  which 
Bidie  obtained  b^  the  action  of  a  feeble  electric  current  on  a  mixture  of  acetone  and 
hydrobromic  add  (i.  31),  is  produced  according  to  £.  Mulder  {loc.  cii.)  by  treating 
acetone  with  less  than  an  equivalent  quantity  [2  at.  ?]  of  bromine. 

On  gradually  adding  10  pts.  bromine  to  1  pt.  of  well-cooled  acetone,  a  solid  mass 
if  obtained,  whidi  when  washed  with  water,  dissolved  in  alcohol,  and  reprecipitated 
by  vater,  deposits  first  a  mixture  of  tetra-  and  penta-brominated  acetones,  and 
aftervards  prismatic  and  tabular  crystals  of  hydrated  tetrabromaeetone, 
G*H'BrK).2HH>.  This  compound  is  insoluble  in  water,  soluble  in  alcohol,  melts  at 
42^  or  43°,  gives  off  its  water  below  100^,  and  decomposes  at  a  higher  temperature. 

Pentabromaeeione,  CHBr*0,  is  obtained  in  colourless  needles  by  adding  12  pts. 
bromine  to  1  pt.  acetone,  dissolving  the  product  in  alcohol  and  adding  water ;  the 
oystab  melt  at  75^  (Mulder). 

Chloraeetoiies.  These  bodies  are  partly  described  in  vol.  i.  Monochloracetone, 

CHKnO,  produced  by  the  electrolysis  of  a  mixture  of  acetone  and  hydrochloric  add, 

is  isomeric  with  epichlorhydrin.    It  is  a  mobile  colourless  liquid  having  a  sp.  gr.  of 

M62  at  16",  and  boiling  at  \\^.     [Riche  found  the  sp.  gr.  1'14  at  14^  and  the 

boiling  point  1 17^.]    It  dissolves  easily  in  alcohol  and  in  ether,  and  in  about  1 0  times  its 

own  bulk  of  water.    It  does  not  unite  with  allmline  bisulphites,  is  reconverted  into 

acetone  by  dnc  and  hydrochloric  acid,  and  when  heated  with  moist  silver  oxide 

yields  acetate  and  glvooUate  of  silver,  together  with  other  products  (Linnemann, 

Ann.  Ch.  Pharm.  cxxxiv.  170). 

Biehloracetone,  CH*C1H),  is  produced  by  the  action  of  phosgene  on  acetone ; 
also  by  the  action  of  chlorine  on  acetone  containing  a  little  iodine  (Wroblewsk^, 
Zeiisekr.  f.  Chem.  [2]  iv.  666).  It  boils  at  120*>.  It  is  decomposed  by  alcoholic 
solution  of  polassiufn  iodide,  with  separation  of  potassium  chloride  and  free  iodine  ; 
the  resulting  liquid  smells  of  acrolein,  and  contains  a  tarrv  volatile  body  which,  in 
contact  with  aqueous  ammonia,  yields  iodoform  and  acetamiae.  Dichloracetone  boiled 
for  two  days  with  phosphorus  pentachloride,  \b  converted  into  dichloracetone 
chloride,  CH*C1*,  isomeric  with  dichoropropylene  chloride,  CH*C1*.C1', 
and  isomeric  or  identical  with  allylcne  tetrachloride  : 

cH*a«o  +  pa»  -  Pci«o  +  ch«ci«. 
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This  compound,  purified  by  waahing,  drying,  and  distillation,  is  a  colourless,  oily 
liquid,  having  a  not  unpleasant  odour,  a  sp.  gr.  of  1*47  at  13^,  and  boiling  at  163^,  or 
about  60°  lower  than  dichloropropylene  chloride.  Sodium  removes  the  whole  of  the 
chlorine,  and  eliminates  allylene,  C*H^  (Borsche  ft.  Fittig,  Asm,  Ch,  Pkarm, 
czzzii].  111). 

With  alcoholic  potash  or  ammonia,  dichloracetone  chloride,  or  allylene  tetrachloride, 
is  decomposed  in  the  same  manner  as  dichloropropylene  dichloride,  yielding  isotri- 
chloropropylene,  C*H'C1',  an  aromatic  liquid  boiling  at  116^.  Chlorine  acts  upon 
this  latter  compound,  at  ordinaxr  temperatures  and  in  diffused  daylight,  and  on 
dichloracetone  (^oride  when  aided  by  water  and  sunshine,  forming  a  solid  subUmablo 
body,  C'H'Cl',  which  crystallises  from  alcohol  in  flocks  of  prismatic  crystals 
(Borsche  a.  Fittig,  loc.  cU.). 

Together  with  the  dichloracetone  dichloride,  there  is  formed  by  tlie  action  of 
phosphorus  pentachloride  on  dichloracetone  (from  admixed  trichloracetone)  a  small 
quantity  of  trichloracetone  chloride,  C*H'C1*  (or  chlorallylene  tetrachloride) — isomeric 
with  that  just  mentioned — which  boils  at  194°,  and  is  also  decomposed  by  alcoholic 
potash  or  ammonia,  yielding  tetrachloropropylene,  C'H^Gl*,  boiling  at  165°  (Borsche 
a.  Fittig). 

According  to  E.  Mulder  (^Zeitschr.  /.  Chem,  [2]  iv.  521),  dichloracetone  treated 
with  potoMivm  tvlphydraU  yields  sulphacetone,  C*H^SO,  as  a  light  yellow  liquil, 
the  alcoholic  solution  of  which  yields,  with  neutral  lead  acetate,  a  red  amorphous  body, 
C«H«PbSO»,  which  may  be  regarded  as  a  compound  of  PbS,  with  a  body,  C«H«0\ 
isomeric  with  glucose.  This  body  decolorises  indigo  in  alcoholic  solution.  On 
heating  acetone  with  excess  of  chlorine,  then  adding  potash,  and  afterwards  hydro- 
chloric acid,  also  in  excess,  the  odour  of  caramel  becomes  perceptible.  With  potash 
dichloracetone  forms  chiefly  acetic  and  formic,  no  lactic  acia.  MoTtochloraeetone 
treated  with  potash  assumes  a  fine  red  colour,  due  to  the  formation  of  an  acid  called 
by  Mulder  acetone-carminic  acid.  Dichloracetone  forms  with |N>toMttfmeyafM(20 
a  crystalline  precipitate,  3CH*C1K).CN.NH*,  which  gives  with  hydrochloric  add  a 
compound,  likewise  crystalline,  consisting  of  C*H*'C1'0',  designated  by  Mulder  as 
isodichloracetone.  Pentabromacetone  forms  with  potassium  sulphydrate  a  yelloir 
amorphous  body,  C»HBrS«0  (M]ilder). 

Di-ioDACETOHE.  C»H*I«0  =  CO.(CH«I)«  (MaxweU  Simpson,  Laboratory,  p.  79).— 
Produced  by  gently  heating  acetone  with  an  aqueous  solution  of  iodine  monochloride : 

C»H«0  +  2CU  «  2RCI  ^-  C«H«IK). 

As  soon  as  the  temperature  of  the  mixture  rises  to  70°,  a  violent  action  takes  place, 
and  di-iodacetone  separates  as  a  dark-coloured  oil,  which  must  be  purified  by  washing 
with  water  and  dilute  potash,  and  drying  over  oil  of  vitriol.  When  pure  it  is  a  heavy 
straw-yellow  oil,  soon  turning  red  from  separation  of  iodine ;  it  has  a  biting  taste 
and  smell,  and  attacks  the  skin.  When  heated  with  silver  cyanide,  it  does  not  yield 
di-cyanacetone,  but,  as  principal  product,  acrolein. 

AOBTOVBS.    See  Ketokbs. 

AOBTOWZO  AOXB.    C«H*0*  -  ^^|  I  COH.COOH.— This  add,  discovered  by 

Stadeler  {Ann.  Ch.  Pharm.  cxi.  820),  and  further  examined  bv  MorkownikofF  (ihid, 
cxlvi.  839  ;  Bull.  Soe.  Chim.  [2]  xi.  488),  is  produced — 1.  By  the  action  of  a  mixture 
of  hydrocyanic  and  hydrochloric  acids  upon  acetone : 

^I|C0  +  HCy  «  ^]^!|C0H.CN. 

^  I  COH.cn  +  2HH)  +  Ha  -  NH^a  +  ^^|C0H.C00H. 

CH*) 
2.  From  isobutyric  add,  q^,>CH.COOH,  by  introdudng  an  atom  of  bromine  into 

that  acid,  and,  replacing  the  bromine  by  OH,  by  boiling  the  brominated  acid  with 
baryta.  Morkownikoff,  to  whom  this  method  is  due,  has  shown  that  the  oxjf-isolmtyric 
and,  thus  produced,  is  identical  with  Stadeler*s  acetonic  acid ;  it  is  likewise  identical 
with  Frankland  and  Duppa's  dimethoxalic  acid  (iv.  274). 

To  prepare  acetonic  acid,  a  mixture  of  acetone,  hydrocyanic,  and  hydrochloric  acids 
is  left  to  itself  for  three  weeks,  then  boiled  for  three  days  in  a  flask  surmounted  by  a 
condenser,  and  finally  evaporated  till  it  no  longer  smells  of  acetone.  To  isolate  the 
acetonic  acid,  the  concentrated  liquid  is  exhausted  with  ether,  the  ether  is  distilled  off, 
and  the  remaining  acid  liquid  is  boiled  with  rinc  carbonate,  to  convert  it  into  cine 
aoetonate ;  and  this  salt,  decomposed  by  hydrogen  sulphide,  yields  acetonic  add,  which 
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when  left  to  eTapcmte  in  a  dzy  atmosphere  crystalliseB  to  a  palp  of  rather  long 
needlee,  vhich  may  be  ftuiher  purified  by  sablimation.  It  begins  to  sublime  at  74^f 
melts  at  79^«  and  solidifies  at  76°.  Ozyisobntyric  add  exhibits  the  same  pionerties 
(Koskofwnilcoff).  Acetonlc  add  distils  with  Tapour  of  water;  sulphuric  acid  docs 
not  attack  it  at  ordinaiy  temperatures,  but  decomposes  it  when  heated,  with  cTolution  of 
gas,  without,  howerer,  taming  it  brown.  It  is  decomposed  by  hot  caustic  potash, 
apparently  with  formation  of  acetone.  Its  ammcmium  salt  reduces  silyer  nitrate  after 
some  time.  The  barium  salt  is  ciystallisable,  soluble  in  water  and  alcohol,  insoluble 
in  ether.  The  sine  salt,  Zn(C«H'0')>.2H*0,  is  slighUy  soluble  in  water,  and  crystal- 
lises in  small  hexagonal  plates  resembling  the  lactate  (Stadeler).  The  sine  salt  of 
oxyisobatyric  add  odiibits  exactly  the  same  properties  (Morkowmluyif). 

ACBTOVnra.  C*H*'N. — stadeler  obtained  this  biacid  base  by  the  action  of 
ammonia  on  acetone  (i.  32).  Seyeral  of  its  salts  haye  lately  been  prepared  by  E. 
Mulder  (J,  pr.  Ckem,  d.  401 ;  Jakresb.  1867,  p.  396),  and  by  Mulder  and  Wefers 
Bettink  {J.  pr.  Ckem,  dii.  178  ;  Zntschr.f.  Chem.  [2]  ir.  377). 

The  sulpkoearbamatt,  C»H"N».2CH»NS»  or  C»H»N».2CH«NS«,  is  produced  by 
the  action  of  ammonium  sulphocarbamate  on  acetone : 

2(NH*)CH«NS»  +  8C«H«0  -  C»H»N».2CH«NS«  +  3H«0. 

It  is  soluble  in  water.  The  hydrochloride  and  other  salts  of  acetonine  may  be  pre- 
pared from  it  by  the  action  of  the  corresponding  acids.  On  eraporating  its  solution 
ammonium  snlphoc^anate  remains  behind. 

The  gul^Aombonate,  C»»N«N«S«    =   C»H»«N«.H«CS^  or  C»H»N«.CS»,  is  formed 
by  the  action  of  ammonium  sulphocarbonate  on  acetone : 

3C»H«0  +  (NH*)»CS«  -  C»H»N«.C8«  +  3H«0. 

This  is  the  yellow  body  which  Hladwetz  obtained  by  treating  acetone  with  ammonia 
and  carbon  bisolphide  *  (i.  19).  It  dissolves  in  acetone  and  in  alcohol  and  exhibits  in 
alcoholic  solution  the  reactions  of  a  sulphocarbonate.  Heated  with  water  or  ammonia, 
it  yields  ammonium  sulphocyanate,  together  with  products  of  the  decompodtion  of 
acetone. 

JoOonine  BydroeUoride,  C*H"N*.2HC1,  or  Aoetonium  Chloride,  C*H»N>a«,  is 
obtained  in  luge  crystals  by  predpitating  the  aqueous  solution  of  the  sulpho- 
caibamate  with  mercnric  chloride,  filtering,  passing  hydrogen  sulphide  through 
the  filtrate,  again  filterinff,  eyaporating,  treating  the  residue  with  alcohol,  and  leayinjf 
the  alcoholic  solution  in  me  exdccator  oyer  caldum  chloride.  Its  solution  forms  with 
^btinic  chloride  a  crystallisable  platinocMoride  easily  soluble  in  water  and  in  alcohol, 
ihe  mil^aU  and  pAospkate  are  lees  easily  crystallisable  than  the  chloride.  The 
Mttate  has  but  little  staoility,  and  is  decomposed  on  eyaporating  its  aqueous  solution. 
The  ojudaU,  C^H"N'.CH'0*.  2aq.,  crystallises  from  water  in  la%e  prisms. 

When  the  aqueous  solution  of  an  acetonine  salt  is  shaken  up  with  potash  and 
ether,  the  ether  leaves  on  evaporation,  not  pure  acetonine,  but  a  yellowish  easily 
dccomposible  liquid  having  an  alkaline  reaction. 

•    See  AcsTATES  (p.  10). 

Syn.  with  Mrthti.  Cyakidb.    (See  Ctaktobs,  Axoohouo.) 

B,€JXDm    Syn.  with  Acettlphosfeobic  Acid  (iv.  596). 

ACJVrOVTSOVBOBVBO&ZC  ACZB.  Syn.  with  AxsiTiJTBOPHOBFHoaio 
Acid  (iv.  696). 

ACavOSUXiVBVBZO  AOZBk  C^'SO\ — Syn.  with  SvLFHACBTTUDno  AaD 
(v.  475). 

Syn.  with  Toltlacetamidb  (v.  871). 

LCZS.    Syn.  with  Acbttloltooixic  Acid.   (See  Gltooluo 
I,  ii.  917.) 

CC  JkCXD.    See  OzTBXxfZAiac  Acid  (iv.  291). 

CO  ACXn,  C'H»«0'  (E.  Hardy,  BuU,  8oe.  Chim.  [2]  v.  339).— 
A  mixture  of  acetone  and  chloroform  treated  with  sodium  yields  the  sodium-salt  of 
chloracetulmic  acid,  CH^'CIO',  an  amorphous  pulverulent  substance  which  by 
boiling  with  soda  is  converted  into  acetulmic  add,  and  bioxyacetulmic  acid, 
2(rH»»C10«  +  2KH0  =  2KC1  +  CffK)*  +  C7H>K)*.    These  two  acids  separate  as 

•  AmincmiA  sad  ceibon  UBolphlde  farm  by  thdr  mutual  octfon,  ralphocyanatc,  falpbocarboiiAte 
ad  wilphof  rbamate  of  •mmonitun.  Tbe  flnt  of  thoso  has  no  action  upon  acetone ;  the  iocond  and 
thbd  jiekl  tbe  prodoota  above  mentioned. 
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a  bulky  precipitate  on  neutralising  the  liquid  with  sulphuric  acid.  Acetulmic  acid  is 
described  as  a  brown  unciystallisable,  non-volatile  substance  insoluble  in  ether.  Its 
chlorinated,  brominated,  and  nitrated  doriyatiyes,  described  by  Hardy,  are  likewise 
amorphous  and  non-yolatile  so  that  their  formuls  cannot  be  regarded  as  determined 
with  precision. 

ACBTUItXO  ACm.  C^HrNO*  (Kraut  and  Hartmann,  Ann.  Ch.  Pharm. 
czzziii.  99). — An  acid  produced  by  boiling  acetic  chloride  with  excess  of  the  silver 
compound  of  glycocine : 

C«H*AgNO«  +  C«H»0C1  =  AgCl  +  C^H'NO". 

It  forms  small  white  crystals  soluble  in  water,  and  not  decomposed  by  boiling 
therewith.     Its  salts  are  soluble  and  crystallisable. 

ACBTTX.  Wislicenus  {Zeitschr.f.  Chem.  [2]  iv.  681),  by  treating  acetyl  iodide 
with  finely  divided  silver  or  copper,  has  obtained  a  colourless  pungent  liquid,  which  is 
probably  free  acetyl  or  diacetyl,  (C'H'O)*. 

ACaTT&  iUbCOBO&.  CH^O  »  (C*H*)HO ;  better  called  Vintl  Alcohol 
(p.  87). 

iLCaTT&  BBOMZ3>8p  CBOBZBBf  &c.  See  Acbtic  Bromide,  Chloride,  &c 
(pp.  20,  21). 

ACBTT&  StrXiPBTBBATB  and  BUXiVBZBBi  Syn.  with  Thiacbtic  Acid 
and  Anhydride  (v.  771*  772). 

C'H"0  «  C«H»O.C»H".    See  Ketones. 

See  Froptl-compounds. 

or  BTBZVB.  C'H^. — This  hydrocarbon  is  described  in  tlio 
Addenda  to  vol.  i.  p.  1111;  but  our  knowledge  of  its  properties  has  been  largely 
increased  by  recent  investigations.  The  name  acetylene  was  given  to  it  by  Berthelut 
because  it  is  related  to  the  radicle  C^H',  formerly  called  acetyl,  in  the  same 
manner  as  ethylene  to  ethyl.  Ethine  is  the  name  assigned  to  it  in  the  systematic 
nomenclature  of  hydrocarbons  proposed  by  Dr.  Hofmann  {Proe,  Soy.  8oc.  xv.  67 )i  and 
indicates  its  relation  to  ethane  or  ethyl  hydride  and  ethene  or  ethylene : 

C«H«  C'H*  CH» 

Bthane  Ethene  Bthine 

(aainrated).  (bivalent).  (qoadrivalent). 

Formation. — The  formation  of  acetylene  by  direct  combination  of  carbon  and 
hydrogen  takes  place  only  under  the  influence  of  the  electric  arc ;  the  most  intense 
heat,  even  that  produced  by  the  sun's  rays  concentrated  by  a  powerful  lens,  is  unable 
to  effect  it ;  neither  does  the  combination  take  place  under  the  influence  of  the  induc- 
tion spark.  To  obtain  acetylene  in  quantity  under  the  influence  of  the  electric  arc, 
it  is  necessary  to  employ  a  powerful  battery ;  with  40  or  60  Bunsen's  elements  10  cub. 
cent,  of  acetylene  may  be  obtained  in  a  minute.  The  acetylene  as  it  is  formed  is 
carried  forward  with  the  stream  of  hydrogen,  and  may  be  collected  in  an  ammoniacal 
solution  of  cuprous  chloride,  and  separated  from  the  red  precipitate  thereby  produced 
by  the  action  of  hydrochloric  acid  (p.  36).  To  obtain  the  acetylene  quite  pure,  the 
charcoal  forming  the  poles  of  the  battery  must  be  carefully  purified  from  tarry  matter, 
and  traces  of  sulphur,  iron,  silicium,  8sc.,  by  ignition  in  a  current  of  chlorine 
(Berthelot,  Compt.  rend.  Iv.  640). 

The  following  modes  of  production  of  acetylene  have  also  been  observed :  a.  By  the 
incomplete  combustion  of  hydrocarbons,  and  indeed  of  organic  compounds  in  general. 
It  may  be  shown  to  exist  in  the  middle  of  the  flame  of  pure  ethylene  gas  (or  of  coal 
gas,  previously  freed  from  acetylene  by  passing  through  ammoniacal  cuprous  chloride) 
by  drawing  off  the  gases  firom  that  part  of  the  flame  through  a  tobacco-pipe  stem  con- 
nected with  an  aspirator.  It  is  also  formed  in  the  imperfect  combustion  of  a  mixture 
of  1  vol.  ethylene  gas  and  2  vols,  chlorine  (De  Wilde,  BvU.  8oc.  Ckim.  1866,  v.  172), 
Berthelot  has  devised  an  ingenious  form  of  experiment  by  which  the  production  of 
acetylene  in  the  imperfect  combustion  of  carbon  compounds  may  be  strikingly 
demonstrated.  An  ammoniacal  solution  of  cuprous  chloride  is  poured  into  a  test- 
tubo  and  spread  over  the  inner  surface  ;  a  small  quantity  of  etlier  or  other  inflamma- 
ble organic  liquid  is  then  introdued  and  set  on  flre,  and  the  tube,  held  in  an  inclined 
position,  is  turned  round  slowly  in  the  hand,  so  as  to  bring  the  burning  ether  as  much 
as  possible  in  contact  with  the  cuprous  solution  ;  the  characteristic  red  precipitate  of 
the  so-called  cuprous  acetylide  is  men  immediately  produced.  A  modification  of  this 
experiment  has  been  devised  by  Mr.  M'Leod,  by  which  considerable  qtiantities  of 
acetylene  may  be  readily  obtained.     The  arangoment  consists  in  burning  a  jet  of 
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exjgen  in  an  tttmoophere  of  marsh  gu,  and  passiog  the  products  of  combustion  into 
ammonianl  caprons  chloride,  the  gases  being  oontinnonsly  supplied,  so  that  the  pro- 
eess  may  go  on  without  interruption.  The  marsh  gas  mar  furtner  be  replaced  by  coal 
g^,  and  Uie  ozjgen  by  atinosj>a0rie  air  {Ckem,  8oe.  J.  [2}  iy.  162). 

AfiStyleoe  is  also  produced  in  considerable  quantity  m  the  incomplete  combustion 
of  ooal  g»s  in  a  Bonsen's  lamp,  when  the  flame  accidentally  bums  in  the  interior  of 
the  ehinmey.  By  placing  oyer  the  chimney  a  fimnel  communicating  with  a  series  of 
bottles  containing  an  ammoniacal  silyer  solution,  and  Anally  with  an  aspirator,  a 
eonsidsEable  quantity  of  argentic  acetylide  may  be  collected.  The  formation  of  acetylene 
in  this  manner  may  be  quickly  demonstrated  as  a  lecture  experiment  by  inyerting  a 
fluk  oyer  a  Bnnsen's  lamp  burning  in  the  manner  aboye  mentioned,  and  aftenrards 
pouring  in  a  solution  of  cuprous  c&loride :  the  sides  of  the  flask  become  coyered  with 
a  thidL  film  of  the  red  copper  compound  (Riesh,  2ieUsekr./.  Ckem,  [2]  iii.  698). 

The  incomplete  oxidation  of  organic  compoundis  at  low  temperatures,  as  when  it  is 
efieeted  in  the  yoltaic  circuit,  also  giyes  rise  to  the  formation  of  acetylene,  as,  for 
example,  in  the  electrolysis  of  a  solution  of  potassium  aconitate  or  succinate 
(Beithelot,  BvU.  8oe.  Chim,  [2]  ix.  108). 

3.  In  the  incomplete  combustion  of  mixtures  of  hydrogen  and  gaseous  or  yaporous 
eubon-compounds  not  containing  hydrogen,  such  as  cyanogen,  carbon  monoxide,  and 
eaibon  bisulphide.  Such  mixtures  are  not  aflfected  by  heat,  but  on  passing  electric 
spariu  through  them  acetylene  is  immediately  formed.  In  the  case  of  cyanogen  an 
ueetrical  apparatus  of  high  tension  must  be  used,  as  this  gas  oflTers  |;reat  resistance 
to  the  pesBsge  of  the  spe^  With  carbon  bisulphide  there  is  a  deposition  of  sulphur, 
whkh  element  also  unites  with  the  platinum  terminals.  In  operating  with  a  mixture 
of  hydrogen  and  carbon  monoxide,  it  is  necessary  to  introduce  a  piece  of  caustic 
potash,  sUj^tly  moistened  on  the  surface,  in  order  to  absorb  the  carbon  dioxide  formed 
at  the  same  time,  which  interferes  with  the  fiirther  production  of  the  acetylene 
(Berthdot,  SmU,  8oe.  Ckkn,  [2]  y.  169). 

y.  By  exposing  marsh  gas  to  the  action  of  a  strong  heat  or  to  the  spark  of  a 
powerlul  induction  ooU :  2CH«  >-  CEP  •»-  8H*  (Berthelot,  Cotapt,  rend.  liy.  616). 
The  action  of  the  spark,  which  is  rapid  at  first,  diminishes  as  the  yolume  of  freie 
hydrogen  increases ;  out  by  absorbing  the  acetylene  as  &8t  as  it  is  formed,  about  {  of 
the  marsh  gas  may  be  ultimately  transformed  into  acetylene.  Coal  gas  may  be  used 
in  this  reaction  instead  of  pure  marsh  gas,  and  Berthelot  recommends  the  process 
in  this  ibrm  as  the  readiest  mode  of  preparing  acetylene.  A  portion  of  the  acetylene 
is  howeycgr  polymerised  during  the  process,  being  conyerted  partly  into  benzene, 
CH'  ae  8CH',  partly  into  bla^  tarry  hydrocarbons,  which  conaense  on  the  sides  of 
the  tube.  A  portion  of  the  marsh  gas  undergoes  a  different  decomposition,  being 
completely  resolyed  into  carbon  and  hydrogen  (Berthelot,  BuU.  Boo.  Ckim.  [2]  xi. 
442). 

Aoeording  to  De  Wilde  (BuU.  Soe.  Chim.  [2]  y.  267),  the  yapours  of  many  other 
organic  compounds,  as  ethylene,  alcohol,  ether,  acetone,  amyl  alcohol,  and  especially 
bmsene,  likmse  yield  acetylene  when  induction  sparks  are  passed  through  them. 

I.  By  passing  the  yapour  of  methyl  chloride  through  a  tube  heated  to  low  redness 
(Berthelot),  or  that  of  ethylene  chloride  through  a  tube  heated  to  bright  redness, 
hydrogen  and  marsh  gas  being  produced  at  the  same  time,  and  carbon  deposited  (De 
WiMe,  BwUl.  Soe.  Ckmt.  [2]  y.  267).  Amyl  hydride  from  American  petroleum  passed 
through  a  red-hot  iron  tube  yields,  according  to  H.  Vohl  (ilnd.  [2]  ly.  802),  20  p.  c. 
acetylene.  If  this  statement  be  correct,  American  petroleum  should  be  the  most 
ppoduetiTB  souree  of  acetylene. 

c.  By  paaeing  a  mixtnre  of  carbon  monoxide  and  hydrochloric  acid  gas  oyer  red-hot 
■MCDeaium  silicide  (Berthelot). 

C  BbjTol  (cinnamene)  passed  through  a  red-hot  tube  is  partly  resolyed  into 
benaene  and  acetylene:  C*H*  «  G^«  +  C*H'  (Berthelot,  Jahretb.  1866,  p. 
644). 

i|.  Oaldum  carbide  (produced  from  the  alloy  of  zinc  and  calcium  formed  in  contact 
vith  chaxooal  at  a  yery  high  temperature)  is  conyerted  by  water  into  calcium  hydrate 
and  acetylene  (Wohler,  Asm.  CK  Pharm.  cxxiy.  220). 

I.  The  sodium  salts  of  ftimaric  and  maleic  acid  are  decomposed  by  the  action  of  the 
current  in  such  a  manner  that  acetylene  (formed  by  oxidation)  appears  at  the  positiye 
pole,  and  sooeinic  add  (by  reduction)  at  the  negatiye  pole  (Kekul^,  Jahreth.  1864, 
p.  889): 

C«H»Na«0<  +  HH)  -  C«H«  +  200«  +  NaK)  +  H«, 
and 

C*H«NaO«  +  H»  -  C«H«NaK)* 
Fnmante.  Suodnete. 
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SolubUity. — ^At  the  temperatore  of  18°,  water,  carbon  biBnlphide,  and  amyl  hTdride 
dissolye  about  their  own  Tolnme  of  acetylene ;  turpentine  oil  and  carbon  tetrachloride, 
2  Tols. ;  amyl  alcohol  and  styrol,  3j^  vols. ;  glacial  acetic  acid  and  absolute  alcohol, 
nearly  6  vols.  (Berthelot,  jUm.  Ch.  Phys.  [4]  ix.  425). 

Acetylene  combines  with  the  haemoglobin  of  blood.    (See  Blood.) 
Reaetions. — 1.  Acetylene  is  decomposed  by  the  induction-spark,  with  separation  of 
charcoal. 

2.  Action  of  Heat. — ^When  acetylene  is  heated  to  dull  redness  in  a  bent  glass  tube 
standing  over  mercury,  it  is  gradually  but  completely  converted,  with  separation  of 
small  quantities  of  carbon  and  hydrogen  and  formation  of  small  quantities  of  ethylene 
and  ethyl  hydride,  into  a  series  of  hydrocarbons  polymeric  with  itself,  namely :  a.  a  very 
volatile  liquid  hydrocarbon,  probably  consisting  ofdiacetylene,  C^H^ ;  /i.  bensena 
or  triacetylene,  OH',  forming  about  half  the  entire  product ;  y.  cinnamene, 
styrol,  ortetracetylene,  C'H',  boiling  between  136°  and  160°,  and  constituting 
about  I  of  the  whole ;  8.  a  liquid  mixture  (distilling  between  210°  and  250°)  of 
naphthalene  and  another  hydrocarbon,  probably  pentacetylene  or  naphthalene 
hydride,  G"H**  ;  t.  a  mixture  of  strongly  fluorescent  oils  distilling  at  250°-640°  ; 
(.  retene  or  enneacetylene,  C>*H**,  distilling  at  360°,  and  crystallising  in  shining 
needles.  The  mode  of  decomposition  is  greatly  influenced  by  the  presence  of  foreign 
substances.  If  a  piece  of  coke,  ignited  and  cooled  under  mercury,  be  introduced  into 
the  bent  glass  tube,  the  acetylene  is  resolved,  under  the  same  conditions  as  above,  into 
carbon  and  hydrogen,  with  scarcely  any  secondary  products.  In  presence  of  iron  the 
decomposition  takes  place  more  quickly  and  readily,  the  acetylene  being  then  partly 
resolved  into  its  elements,  partly  converted  into  other  hydrocarbons,  different  from 
those  above  mentioned.  Vnien  acetylene  is  slowly  passed  through  a  porcelain  tube 
heated  to  bright  redness,  it  is  almost  wholly  resolved  into  carbon  and  hydrogen,  the  only 
secondary  products  being  small  quantities  of  ethylene  and  tar  containing  naphthalene. 

3.  Action  of  Hydrogen. — Hydrogen  does  not  act  upon  acetylene  at  ordinary  tempera- 
tures ;  but  when  the  two  gases  are  heated  together,  email  quantities  of  ethylene, 
(C'H*  »  C*H^  +  H^),  and  of  benzene  and  other  polymers  of  acetylene,  are  produced. 
The  decomposition  of  acetylene  by  heat  is  retarded  by  the  presence  of  hydrogen  and 
of  otJier  gases,  e.g.  nitrogen,  carbon  monoxide,  marsh  gas,  ethyl  hydride ;  and  hence 
it  is  that  acetylene  can  be  formed  by  the  action  of  the  electric  arc  on  charcoal  in  an 
atmosphere  of  hydrogen,  in  spite  of  its  tendency  to  split  up  into  itn  elements  at  high 
temperatures. 

By  the  action  of  nascent  hydrogen  on  alkaline,  but  not  on  acid  liquids,  acetylene  is 
converted  into  ethylene ;  this  result  may  be  obtained  by  the  action  of  zinc  and  aqueous 
ammonia  (which  evolves  hydrogen)  on  the  so-called  cuprous  acetylide  (p.  35). 

When  acetylene  is  mixed  wiUi  excess  of  hydrogen  in  a  jar  standing  over  mercury, 
and  a  small  quantity  of  platinum  black  enclosed  in  a  spiral  of  platinum  wire  is 
introduced  into  the  mixture,  the  gases  combine  in  the  propertion  of  1  vol.  acetylene  to  2 
vols,  hydrogen,  producing  the  saturated  hydrocarbon,  ethane  or  ethyl -hydride: 
C«H«  +  2H«  -  C»H«. 

4.  Action  of  Hvdrocarifons. — ^When  acetylene  is  heated  to  dull  redness  with  an 
equal  volume  of  etuylene^  two-thirds  of  the  mixture  disappear  in  the  course  of  half  an 
hour,  and  a  number  of  products  are  formed,  the  chief  of  which  is  a  very  volatile 
liquid,  easily  absorbed  by  bromine  and  by  concentrated  sulphuric  acid,  slightly 
soluble  in  ammoniacal  cuprous  chloride,  and  isomeric  or  identical  with  quartine  or 
crotonylene,  C*H*  (ii.  965).  The  two  gases  here  unite  in  equal  volumes  with  a 
condensation  to  one-half:  C«H«  (2  vols.)  +  C«H«  (2  vols.)  ^  C*H«  (2  vols.) 
(Berthelot,  Compt.  rend.  Ixii.  947).  Acetylene  heated  with  excess  of  benzene  is 
quickly  absorbed,  scarcely  one-flfth  of  the  original  volume  being  left,  and  on  leaving 
the  benzene  to  evaporate,  a  orstallised  hydrocarbon  is  obtained,  distinct  from  aU 
known  hydrocarbons.  Ncmkthalene  likewise  absorbs  acetylene,  and  more  quickly  than 
benzene ;  the  gaseous  residue  in  both  these  reactions  consists  of  hydrogen  mixed  with 
small  quantities  of  ethylene  and  ethyl  hydride  (Berthelot). 

5.  Action  of  oxidising  agents,  etc, — ^Acetylene,  subjected  at  ordinary  temperatures 
to  the  action  ofpotassium  permanganate,  takes  up  oxygen,  yielding  oxalic  acid, 
CH'  -f  O*  =  C*]^*0^  formic  and  carbonic  acids  being  also  produced  by  a  secondary 
reaction  (Berthelot,  Compt  rend,  Ixiv.  35).  When  passed  through  an  ammoniacal 
solution  of  cvprie  oxide,  acetylene  is  slowly  absorbed,  the  greater  part  of  it  being 
oxidised,  and  at  the  same  time  there  is  deposited  on  the  sides  of  the  vessel  a  carbon- 
aceous substance,  mixed  with  a  small  quantity  of  cuprosovinyl  oxide  (Berthelot, 
Ann.  Ch.  Pkys.  [4]  ix.  422). 

6.  Action  of  Chlorine  and  Antimonic  Chloride. — ^Acetylene,  either  pnre  or  mixed 
with  otlier  gases,   sometimes  detonates  with  chlorine,  even   in   disused  daylight, 
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whether  the  chlorine  or  the  acetylene  is  in  excess,  the  pnxlncts  of  the  reACtion  being 
hydrochloric  acid  and  free  carbon.  Frequently,  howeyer,  no  explosion  takes  place, 
bat  the  tvo  gases  unite  directly,  forming  the  liquid  dichloride  C'H'Cl' ;  sometimes, 
again,  the  action  commences  with  the  formation  of  this  compound,  and  then  the 
mixture  suddenly  explodes  (Berthelot,  BtUi,  8oc,  Cfttm.  [2]  y.  191).  When  acety- 
lene is  prepared  from  cuproeoTinyl  oxide  by  the  action  of  a  laige  excess  of  hydiiH 
chloric  aad,  the  hydrochloride  C^'HCl  is  constantly  produced  (Berthelot,  Compt, 
md.  iTiii.  978). 

The  chlorides  of  acetylene  are  best  prepared  by  passing  the  gas  into  anti- 
monic  diloride,  whv*ii  absorbs  it,  with  considerable  evolution  of  heat,  requiring  the 
action  to  be  regulated  by  moderate  cooling.  The  nearly  saturated  liquid,  on  being 
left  to  cool,  deposits  large  carystalline  laminae  of  the  compound  CH^SbCl*,  which  may 
be  freed  from,  excess  of  antimonic  chloride  by  draining  and  eyaporation,  and  dried  in 
a  stream  of  carbonic  anhydride.  This  compound  is  yeiy  unstable,  being  instantly 
decomposed  by  water,  and  quickly  resolyed  by  heat  into  antimonious  chloride,  SbCl', 
and  acetylene  dichloride,  C'HKTl*.  If,  howeyer,  it  be  dissolyed  in  excess  of 
antimonic  chloride  and  then  heated,  a  still  more  yiolent  action  takes  placO}  resulting 
in  the  fozmation  of  acetylene  tetrachloride: 

C«H«Sba»  +  8bCl»  «  2SbCl«  +  C«H«C1«. 

The  dichloride  is  most  easily  prepared  by  heating  the  crude  compound  CH'SbCP, 
oontaining  a  slight  excess  of  antimonic  chloride.  A  mixture  of  dichloride  and  tetra- 
chloride A  acetylene  is  then  obtained,  which  may  be  separated  by  fractional  distillation. 
The  dichloride  CHK^'  is  a  colourless  mobile  liquid,  haying  a  sweetish  taste,  and  a 
powerful  odour,  like  that  of  chloroform,  which  excites  headache.  It  boils  at  56^.  It 
is  altered  by  moist  air,  and  slowly  decomposed  by  water  at  180^  in  sealed  tubes,  with 
formation  of  hydrochloric  acid  and  condensed  products.  When  heated  by  itself  to 
360^  in  a  sealed  tube  for  100  hours,  it  is  completely  resolyed  into  black  laminar 
diHTcoal  and  hydrochloric  acid. 

The  tetrachloride,  C^H'C1^  is  prepared,  as  aboye  mentioned,  by  distilling  the 
compound  C'H'SbCl*  with  excess  of  antimonic  chloride,  the  operation  being  conducted 
cantioosly  towards  the  end,  to  guard  against  explosion.  It  is  a  colourless  liquid, 
resembling  chloroform  in  taste  and  smell ;  boils  at  147° ;  is  slowly  attacked  by  water 
with  formation  of  hydrochloric  acid.  In  an  atmosphere  of  chlorine  it  is  slowly  oon- 
yeited  into  CCl*.  When  very  cautiously  treated  with  alcoholic  potash  it  giyes  up 
1  molecule  of  hydrochloric  acid,  and  yields  chlorinated  acetylene  dichloride, 
CHCl.Cl',  a  colourless  liquid  boiling  at  88°.  The  tetrachloride  is  also  decomposed 
by  moisture.  Heated  to  300°  for  fifteen  hours  in  a  sealed  tube,  it  is  also  resolyed 
into  hydrochloric  acid  and  chlorinated  acetylene  dichloride.  By  prolonged  heating  to 
360^  for  100  hours,  another  molecule  of  hydrochloric  acid  is  separated;  but  the 
xesidae  consists,  not,  as  might  be  expected,  of  carbon  monochloride,  G*C1',  but  of  its 
poi^meride,  Julin's  chloride  of  carbon  or  perehlarobeneene,  C*C1*,  the  formation  of 
which  from  the  CCl'  produced  in  the  first  instance,  is  precisely  analogous  to  that 
of  benxene  fnaxi  acetylene  (Berthelot  a.  Jungfleisch,  Compt.  rend,  Ixix.  542 ;  ZeUtekr. 
f.  dem.  [2]  y.  680). 

7.  Aetim  of  Bromine  and  Hydrobrondc  Acid. — a.  Pure  acetylene  slowly  passed  into 
a  layer  of  bromine  kept  cold  under  water  takes  np  2  at.  bromine,  forming  the 
dibromide  C"H*Br*,  isomeric  with  dibromethylene.  This  compound,  when  purified, 
is  a  neutral,  oolourless,  oily  liquid,  smelling  like  ethylene  dibromide.  It  cannot  be 
distilled,  for  when  heated  it  undergoes  a  polymeric  transformation,  forming  a  product 
which  cannot  be  yolatilised  without  decomposition ;  neyertheless,  the  first  drops  which 
pass  oyer  at  about  130°  correspond  nearly  to  the  formula  CH'Br'.  Berthelot  has 
recently  found  that  the  combination  of  acetylene  with  bromine  requires  the  presence 
of  light ;  on  a  foggy  day  he  obsenred  that  acetylene  was  not  sensibly  absorbed  by 
bromine ;  sometimes,  eyen  in  bright  difiused  daylight,  a  mixture  of  acetylene  and 
bromine  yapour  may  remain  for  some  minutes  without  combining,  and  then  the  re- 
action takes  place  suddenly.  These  facts  are  of  importance  with  reference  to  the 
analysis  of  gaseous  mixtures  containing  acetylene  (BvU.  Soc.  Ckim,  [2]  xi.  372). — 
B.  When  acetylene  prepared  from  ether  and  not  quite  pure  is  passed  in  a  rapid  stream 
throai^  liquid  bromine,  and  the  temperature  allowed  to  rise,  the  tetrabromide 
C^*llr*  is  produced.  The  latter  compound  was  likewise  obtained  by  Beboul  (i.  1 1 12). 
Tile  two  bromides  which  Perrot  obtained  in  1858  (Compt  rend,  xlyii.  350)  by  com- 
bining with  bromine  the  gases  resulting  from  the  decomposition  of  alcohol  yapour  by 
the  electric  spark,  probably  also  consisted  of  the  dibromide  and  tetrabromide  of  acety<* 
lene. — y.  With  concentrated  hydrobromic  acid  at  100°,  acietylene  forms  a  yery  volatile 
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hydrobromide,  probably  C*H*.HBr,^-which,  like  acetylene  itself,  ici  tfb'sorbed-by 
ammoniacal  cuproufi  chloride  (Berthelot,  BitlL  8oc.  CMm.  [2]  ii.  202).       ^  '-     ' -•  *: 

Bromacetylene,  CHBr,  and  its  dibromido,  C'HBr*  or  C'^HBr.Br';  idieady 
described  in  vqI.  i.  p.  1112,  are  produced  by  the  action  of  alcoholic  potaah-oii  bzom- 
ethylene  dibromide,  C^H'Br.Br'.  Bromacetyleno  is  also  formed,  togeUier  with  muoonie 
acid,  by  boiling  mucobromio  acid  (a  product  of  the  action  of  bromine  on  pyromucic 
acid,  iy.  768)  with  excess  of  baryta-water : 

2C*H«Br»0«  +  H«0  «  C«HBr  +  C*H«0'  +  2C0«  +  3HBr. 
Mnoobromlo  Brom-         Hnoonic 

add.  aoetyleno.  aoid. 

(Schmelc  a.  Beilstein,  Ann.  Ch.  Pharm.  Suppl.  iii.  275). 

8.  Action  of  Iodine  and  Hydriodie  Acid. — Acetylene  does  not  combine  with  iodine  at 
ordinary  temperatures,  even  in  sunlight.  But  when  the  two  bodies  are  heated  together 
to  100^  in  a  closed  flask  for  15  to  20  hours,  the  di -iodide  G^IPP  is  obtained  as  a 
crystalline  substance  melting  at  70°  (Berthelot,  Bull.  8oc.  Chim.  [2]  ii.  202). 

When  a  concentrated  solution  of  hydriodicacid  is  placed  in  contact  with  ace^lene  at 
ordinary  temperatures,  a  mixture  of  acetylene  mono-hydriodide,  CH'.HI,  and 
dihydriodide,  CH*.(HI)*,  is  produced,  from  which  the  former  majr  be  obtained 
pure  by  distillation  with  alcoholic  potash.  It  is  a  colourless  fragrant  liquid,  boiling 
at  62^,  and  isomeric  with  mono-i<>dethyIene,  C'H*I,  which  boils  at  56°  (Semenoff, 
Compt.  rend.  Ixi.  646). 

The  dihydriodide,  C?*H*.(HI)',  isomeric  with  ethylene  iodide,  C*H*.P,  is  obtained, 
according  to  Berthelot,  by  simply  leaving  concentrated  hydriodic  acid  in  contact  with 
acetylene ;  according  to  Semenoff,  only  by  heating  the  strong  acid  to  100°  in  contact 
with  acetylene,  and  eren  then  not  quite  fVee  from  mono-iodide.  It  is  a  liquid  distilling 
without  aecomposition  at  180°  (Berthelot),  and  yielding  acetylene  when  decomposed 
by  alcoholic  potash. 

According  to  more  recent  experiments  by  Berthelot  (Bull.  8oc,  Chim,  [2]  vii.  53 ; 
Jahresb,  1867,  p.  344\  the  dihydriodide  produced  in  the  first  instance  is  conyerted  by 
further  action  of  die  nydriodic  acid  into  ethane,  C*H* : 

CH'  +  2HI  -  C«H*I« ;  and  C:«H*P  +  2HI  -  C«H«  +  2I«. 

The  compounds  of  acetylene  with  chlorine,  bromine,  and  iodine  above  described  show 
that  acetylene  is  a  tetratomic  or  quadrivalent  radicle,  but  that,  like  all  such  radicles 
(tin,  titanium,  silicium,  &c),  it  is  likewise  capable  of  acting  as  a  bivalent  radicle,  or 
rather  of  forming  compounds  containing  2  at  CI,  Br,  Ssc,t  in  which  its  combining 
capacity  is  only  half  saturated. 

A  tetra- iodide  having  the  oomposition  C^HU\  is  produced  by  passing  acetylene 
into  an  ethereal  solution  of  iodine,  or,  better,  by  agitating  ai^nto-vinyl  oxide, 
(C*HAg')'0,  suspended  in  water,  with  ethereal  solution  of  iodine  till  the  latter  is  no 
longer  decolorised.  On  distilling  off  the  ether,  the  tetra^iodide  is  obtained  as  a  yellow 
crystalline  mass,  having  an  extremely  repulsive  odour,  volatilising  even  at  ordinary 
temperatures,  and  melting  at  74°,  with  decomposition  and  brown  coloration.  It  dis- 
solves easily  in  alcohol,  ether,  and  carbon  bimilphide,  and  when  heated  with  alcoholic 
potash,  gives  off  a  large  quantity  of  acetylene,  and  yields  a  small  quantity  of  a  very 
volatile  oil,  probably  consisting  of  iodacetylene,  CHI  (Max  Berend,  Ann,  Ch, 
Pharm.  cxxxi.  122). 

The  iodide  C*H*I*  may  be  regarded  as  a  compound  of  acetylene  C"H'  with  carbon 
di-iodide  CTI^ — these  radicles  being  both  bivalent,  and  saturating  one  another  by 
their  combination — or  as  a  compound  of  2  at.  iodine  with  the  bivalent  radicle 
di-iododiacetylene,  that  is  as  (OH*I^)"I*.  Both  these  views  are  represented  by  the 
constitutional  formula 

I— I 

H— C-C— H. 

The  iodide  is  decomposed  in  ethereal  solution  by  excess  of  hrwnine,  yielding  the 
compound  C*Br«P  or  (C'Br«P)"IBr: 

(C*H«I«)"I«  +  Br«  =  (C*Br»P)''lBr  +  fflBr  +  iBr. 

This  bromiodide  forms  white  crystals  smelling  like  bromoform  and  moltisg  at 
100°.  At  a  high  temperature  it  decomposes  with  separation  of  iodine,  and  behaves  to 
solvents  in  the  same  manner  as  the  iodide  C*H'I^. 

When  a  stream  of  nitrous  acid  vapour  is  slowly  passed  through  a  solution  of  the 
tetra -iodide  in  alcoholic  ether,  the  latter  being  continually  renewed,  iodine  separates, 
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ud  the  Uqvid,  whieh  has  again  beoome  dear,  yields  on  evaporation  a  reeidne  which 
cfjBtalliiee  fironC  alcohol  or  chlorofonn  in  white  siOEy  needles,  corresponding  in  com- 
pontkm  to  the  fonnnla  [C*B'(N0')I]'7'.  They  are  easily  decomposed,  even  in  a 
vaemnn,  giving  off  red  vaponn  and  leaving  the  oomponnd  CHI'  (Berend,  Ann.  Ch, 
Tktm,  ezzzv.  267). 

9.  JeHen  oflHtrogm, — ^VHien  a  series  of  strong^  induction  snuks  is  passed  through 
a  miitiire  of  acetylene  and  nitrogen,  the  two  gases  unite  and  form  hydrocyanic 
aeid: 

C«H«  +  N*  -  2CHN. 

Gkxbon  and  hydrogen  are  at  the  same  time  set  free  by  a  secondary  action,  bat  this 
nay  beprevented  by  diluting  the  gaseous  mixture  with  10  times  its  volume  of  hydro- 
gen. Tne  formation  of  hydrocyanic  acid  goes  on  rapidly  at  first,  but  soon  slackens, 
sod  ailer  the  paasage  of  tne  sparks  has  been  continued  for  an  hour  and  a  half,  only 
about  one-ftfth  of  the  volume  of  the  mixed  gases  is  found  to  be  oonyerted  into  hydro- 
cjanicadd.  In  fact,  a  reverse  action  takes  place  at  the  same  time,  part  of  the  hydro- 
qranic  poduoed  being  again  resolved  into  acetylene  and  nitrogen,  and  after  a  certain 
time  this  reverse  action  goes  on  as  quickly  as  the  production  of  the  acid.  But  by 
introdaeiiig  a  small  quantity  of  strong  potash-solution,  so  as  to  absorb  tJie  hydro-* 
ejajueadd  as  fast  as  it  is  formed,  the  whole  of  the  acetylene  and  nitrogen,  if  mixed 
in  equal  volvmee,  will  ultimately  be  converted  into  nydrocyanic  acid  (Berthelot, 
Qmft,  rod,  Ixvii.  1141). 

10.  Jdiom  of  Metals. — ^With  the  alkali-metals  acetylene  forms  substitution-products. 
Sodiitm  gently  heated  in  the  gas,  melts  and  partlv  absorbs  it,  leaving  a  volume  of 
hjdn^gen  (with  small  quantities  of  ethylene  and  ethyl  hydride)  equal  to  about  half 
the  volume  of  the  gas,  and  is  converted  into  sodium-acetylene,  CHNa.  The 
XMctioD  takfBB  piace  aeeoiding  to  the  equations 

2C«H«  +  Na«  -  2C»HNa  +  H«  • 

3C«H«  +  Na«  =  2C«HNa  +  C»H» 
6C»H«  +  Na*  =  4C«HNa  +  C«H». 

At  a  dull  red  heatdisodium-acetylene,  C*Na^  is  formed,  with  separation  of  a 
TDlome  of  hydzngen  about  equal  to  that  of  the  original  gas :  C^*  +  Na'  s  C*Na' 
*  H'.  Both  theee  compounds  are  decomposed  by  water,  with  formation  of  acety 
leoe. 

BotoMthtm  likewise  deoompoees  acetylene,  and  much  more  violently  than  sodium ; 
when  melted  in  the  gas  it  takes  fire  and  in  converted intodipotassium-acetylene, 
OK':  the  same  eompound  is  also  formed  in  small  quantity  when  potassium  is  heated 
to  duU  ivdness  in  ethylene  gas :  (?R*  -f  E'  »  CK*  +  2H*.  Traces  of  it  are  found 
in  eommereial  potassium. 

Host  other  metals,  except  magnesium  and  iron,  appear  to  be  without  action  upon 
aee^lene :  iron  decomposes  it  completely  at  a  dull  red  heat,  but  does  not  unite  witn  it 
(Beithelot,  BmU.  8oc.  Cki^f^A^  ▼•  187). 

11.  Aetion  of  8aU»,—a.  The  red  precipitate  produced  by  acetylene  in  an  ammonia- 
cd  solution  of  cuprous  chloride,  and  originally  regarded  as  cnprosacetylene,  CHGu', 
has  l»en  shown  by  Berthelot  to  contain  oxygen.  After  washing  with  strong  ammonia 
toremove  chlorine,  and  then  with  water,  it  consists  of  cuprosovinyl  oxide, 
(C^Gu*)H),  or  vinyl  oxide,  (C^*)K),  having  two-thirds  of  its  hydrogra  rephiced  by 
copraniBi  I 

H   H         H    H  H         H 

Yiajl  (udde.  Omnoao-vinyl  oxide. 

Its  formation  is  represented  by  the  equation 

2C«H«  +  2Cu*a«  +  H«0  +  4NH«  -  4NH«C1  +  (C»HC5u»)»0. 

'When  heated  with  hydrochloric  add,  it  yields  cuprous  chloride  and  acetylene : 

(C«HCu«)«0  +  4HC1  -  2Cu«a«  +  HH)  +  2C«H«. 

On  beating  it  with  sine  and  aqueous  ammonia,  the  nascent  hydrogen  thereby  evolved 
unitea  with  Um  element*  of  the  acetylene,  producing  ethylene : 

(C*HCtt«)«0  +  2H«  «  Cu«  +  HH)  +  2C«H« 
and 

C»H«  +  H«  -  C*H*. 
]>2 
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It  is  a  Terjr  unstable  oompound;  easily  oxidised;  detooatee  when  stfndk  or  when 
heated  to  between  969  and  120^,  producing  water,  copper,  carbon,  carbon  dioxide,  and 
tiHces  of  carbon  monoxide.  An  ammoniacal  solution  of  cuproua  chloride  is  capable  of 
detecting  3J5  of  a  milligramme  of  acetylene  mixed  with  hydrogen.  In  presence  of  air 
the  delicacy  of  the  reaction  is  limited  to  j^  of  a  milligramme.  It  is  important  that 
the  solution  used  be  quite  free  from  cupric  salts,  as  these  would  oxidise  the  acetylene 
and  intezfere  with  the  formation  of  the  red  compound  (p.  32). 

When  a  slow  current  of  acetylene  is  passed  into  a  concentnted  solution  of  potassio- 
cuprous  chloride,  a  yellow  crystalline  precipitate  is  formed,  which,  when  washed  with 
a  strong  solution  of  potassium  chloride,  and  afterwards  with  water,  leaves  cuproso- 
vinyl  chloride,  CHCuK^,  a  compound  of  darker  colour  than  the  oxide ;  it  forms 
double  salts  with  the  chlorides  of  the  alkali-metals,  and  is  conyerted  by  ammonia  into 
the  oxide.  Cuprosorinyl  oxychloride  is  formed  by  passing  acetylene  into  a 
solution  of  cuprous  chloride  in  hydrochloric  acid  slightly  supersatuiated  with  ammonia : 
it  constitutes  the  chief  portion  of  the  crude  red  precipitate  commonly  called  cuprous 
acetylene.  The  bromide  and  oxybromide  of  cuprosorinylandtheoorrespond- 
ing  iodine  and  cyanogen  compounds  are  formed  by  similar  processes.  Abasic 
cuprosovinyl  sulphite  is  formed  by  passing  acetylene  into  an  ammoniacal 
solution  of  cuprous  sulphite  ;  and  black-brown  cuprosovinyl  sulphide  is  obtained, 
mixed  with  copper  sulphide,  by  the  action  of  sulphuretted  hydrogen  on  the  oxide 
(Berthelot,  Bull.  Soc.  Chim,  [2]  r.  191 ;  Jakmb,  1866,  p.  610). 

/3.  Argentovinyl  oxide,  (CHAg')K),  is  formed,  exactly  like  the  corresponding 
copper  compound,  by  passing  acetylene  into  an  ammoniacal  solution  of  silver  nitrate. 
When  it  is  suspended  in  water  and  treated  with  bromine,  silver  bromide  is  formed, 
and  on  distilling  the  liquid,  two  products  are  obtained,  viz.  an  oil,  CHBr*,  and  beau- 
tiful white  crystals,  C^HBr'.HBr,  melting  at  about  42°,  having  an  agn?eable  odour, 
soluble  in  alcohol,  ether,  benzene,  chloroform,  and  carbon  bisulphide,  and  yielding 
acetylene  when  trealed  with  reducing  agents  (Berend,  Ann.  Ck.  Pkarm.  cxxxv.  257). 

The  two  brominated  compounds  just  mentioned  are  isomeric  with  those  which 
Reboul  obtained  by  the  action  of  alcoholic  potash  on  dibromethylene  dibromide 
(i.  1112),  but  it  is  remarkable  that  they  are  inversely  liquid  or  crystallised ;  thus : 

Berend:  CHBr*  liquid.  C*HBr*.HBr  czystaUised. 

Kebottl:  C'HBr' crystallised.    C*H<Br«  liquid. 

Argentovinyl  chloride,  CHAg'Cl,  is  formed  on  passing  acetylene  into  an 
ammoniacal  solution  of  silver  chloride,  as  a  white  curdy  precipitate,  which  is  decom- 
posed by  boilingliydrochloric  acid,  with  evolution  of  acetylene ;  and  by  nitric  acid,  with 
oxydation  of  acetylene,  separation  of  silver  chloride,  and  solution  of  a  quantity  of 
silver  equivalent  to  that  of  the  silver  chloride  separated.  With  a  boiling  solution  of 
sal-ammoniac  it  is  decomposed  in  the  manner  shown  by  the  equation  : 

C«HAgKn  +  NH«a  -  C«H«  +  2AgCl  +  NH». 

The  tvJfhaU,  pkotpkate  and  bemoaie  of  aryenUnnnyl  are  obtained  in  a  similar 
manner  (Btsrihelot,  loe.  cU.)» 

Argentic  bromacetylide  is  formed  by  the  action  of  bromacetylene  on 
ammoniacal  silver  nitrate.  To  prepare  it,  the  vapours  evolved  by  treating  dibrom- 
ethylene dibromide  with  boiling  alcoholic  potash  (i.  1112)  are  passed  into  cold 
alcohol,  which  then  retains  in  solution  dibromethylene,  bromacetylene,  and  small 
quantities  of  acetylene ;  and  on  diluting  this  solution  with  water  and  ammonia,  and 
then  dropping  into  it  an  ammoniacal  solution  of  silver  nitrate,  an  explosive  preci- 
pitate is  formed  at  first,  and  afterwards  a  crystalline  precipitate.  As  soon  as  the  latter 
appears,  the  solution  is  to  be  filtered,  and  the  precipitation  completed.  The  crystal- 
line precipitate  consists  of  argentic  bromacetylide  having  the  composition 
(C^rAg)*.AgBr.4HH).  It  crystallises  in  silver-white  needles,  and  detonates  with 
violence  by  friction,  or  by  contact  with  strong  acids.  When  it  is  shaken  up  with  an 
ethereal  solution  of  iodine,  the  ether  takes  up  a  bromo-iodated  compound,  probably 
identical  with  the  bromiodide  of  carbon,  C'Br*!*,  previously  described  (p.  34) 
(Berend,  loc.  eit.). 

y.  In  a  solution  of  sodio-aurotts  hyposulphite  mixed  with  ammonia,  acetylene 
produces  at  first  a  copious  fiocculent  precipitate,  regarded  by  Berthelot  as  auroso- 
vinyl  oxide,  which,  when  dried,  detonates  violently  by  percussion,  and  explodes 
with  flame ;  but  the  greater  port  of  the  aurous  double  salt  remains  undeeomposed. 

9.  Mercurovin^l  oxide  is  produced  when  acetylene  is  left  for  some  time  in 
contact  with  a  solution  of  potassio-mercuric  iodide  mixed  with  a  little  ammonia,  and 
the  resulting  scaly  crystalline  precipitate  is  washed  with  a  strong  solution  of  potassium 
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Iodide  to  ramore  ammoiiiiical  mercaxy-oompoands ;  it  then  remains  in  the  fonn  of  a 
vkite  highly  explarire  powder  (Beithelot). 

When  ooal  gas  is  passed  through  a  solution  of  mercoric  iodide  in  potassium  iodide 
and  potash,  a  yellow  precipitate  is  formed,  which,  after  drying,  detonates  slightly 
when  bested,  yielding  a  sublimate  of  mercury  and  mercuric  iodide  and  a  carbonaceous 
residiie.  Heated  with  dilute  acids,  it  evdlyes  a  combustible  gas  exhibiting  the 
eluuscters  of  acetylene.  By  passing  the  gases  ftom  a  Bunsen's  burner  throu^  the 
solution  of  merenric  iodide,  a  light  yellow,  somewhat  more  exploeire  precipitate  was 
fomied,  consisting  of  C<HHgI.:^0  (Bassett,  Ckem,  News,  1869,  pw  28). 

f.  The  blue  solution  of  ehnmunis  wlpkate  in  sal-ammoniac  and  ammonia  absorbs 
acetjlene  in  large  quantity,  and  is  decolorised  thereby ;  but  after  a  while  the  liquid 
again  becomes  coloured,  with  separation  of  chromic  oodde  and  erolution  of  ethylene. 
Bathelot  ezplaina  this  result  by  supposing  that  chromosoTinjl  oxide  is  at  first 
produced,  and  then  reacts  with  water,  so  as  to  form  chromic  oxide  and  ethylene : 

2CrO  +  OTP  +  HK)  «  CrK)*  +  CTH*. 

Add  solutions  of  chromons  oxide  do  not  absorb  acetylene  more  abundantly  than  water, 
and  the  ooResponding  salts  of  the  other  metals  of  the  iron  group  do  not  act  upon 
acetylene,  even  in  ammoniaeal  solution  and  in  presence  of  sal-aramoniac ;  nsTertheless, 
Bei^ielot  regaxds  the  existence  of  analogous  compounds  as  probable. 

11.  AHm  of  Sulpkmrie  Add, — ^Acetylene  agitated  briskly,  and  for  a  long  time, 
with  itiong    sulphuric    acid,  unites  with  it,  forming  yinyl-sulphuric   acid, 

(soy) 

(?HW' =.  (C^«)HSO*  or    C«H«   0*.  originally,   but   less   appropriately,   called 

Hj 
aoetyl-sol^uzic  acid  (i.  11 1 2). 

Tike  acid  liquid,  distilled  with  water,  yields  yinyl  alcohol  (acetyl  alcohol), 
(CH^HO,  just  as  ethyl  sulphuric  acid  yields  ethyl  alcohol : 

(C»H")HSO«  +  HK)  -  H«SO«  +  (C*H«)HO. 

This  alcohol  is  monatomic  and  isomeric  with  aldehyde  and  with  ethylene  oodde.  The 
diflerenoe  of  eonsdtation  of  these  three  compounds  may  be  represented  by  the  following 

fonnls:  

CH«  ^^^CH«  CH» 

HCO  ^CH«  HCOH 

Bthyleae  Vinyl 

oxide.  flkonol. 

Syn.  with  Acsrom. 

The  general  relations  and  constitution  of  organic  acids 
are  best  understood  by  regarding  them  as  derived  ftom  hydrocarbons  containing  eyen 
maabofs  of  hydrogen  atoms,  through  the  medium  of  alcohols.  Consider  for  example 
the  aatarated  hydrocarbon  ethane  or  ethyl  hydride,  CH*.  In  this  molecule  each  of 
the  hydrogen  atoms  is  direstly  associated  with  an  atom  of  carbon,  as  shown  by  the 
finmula: 

H 

/CH« 
H 
H 


H— C— H  CH» 

I  or         I  or         C. 

H— C-H  CH» 


k 


^cfw  suppose 
This  atom,  ~ 

to  the  carbon, . ^  ^      „ 

displaced,  so  that  this  hydrogen  will  still  remain  in  the  molecule  united  to  the 
eainm,  no  longer  directly,  but  through  the  medium  of  the  oxygen,  the  final  result 
being  the  same  as  if  the  nydrogen  wero  replaced  by  an  atom  of  oxyhydryl  or  hydroxyl| 
OH.    The  new  motocnle  thns  formed  is  etnyl-alconol : 


CR.  ^CH* 

or       C 
H«OE 


h 


H 
H 
lOH. 
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The  hydrogen  atom  thus  united  to  the  carbon  through  the  medium  of  oxygen  m 
replaceable  by  alcohol-radicles,  acid-radicles  and  alkali-metale,  the  products  ii  eoA 
replacement  being  ethers :  thus  from  ethyl-aloohol  may  be  farmed 


CH« 

CH« 

0H» 

CH« 

BttayUo 
eChylate. 

CHH)CH« 
ICathjlic 
ethjlate* 

\ 

(iH«OC«H»0 
BthyUo 
aoetsfte. 

CH«OKa 

fMlo 
eUiylate. 

Nov  it  is  found  that  the  number  of  times  in  which  this  replacement  can  take  place, 
in  other  words,  the  number  of  ethers  that  an  alcohol  can  form  by  substitution  of  any 
given  acid-  or  aloohol-radide  for  its  hydrogen,  is  equal  to  the  number  of  atoms  of 
hydrozyl  contained  in  its  molecule.  Thus,  ethyl-alcohol,  which  contains  but  one 
atom  of  hydrozyl,  can  form  but  one  set  of  ethers,  ria.  neutral  ethers  like  those  above 
formulated ;  but  an  alcohol  containing  two  or  more  atoms  of  hydrosEyl  can  form 
unsaturated  as  well  as  saturated  ethers,  thus : 

CHH)H  CH*ONa  CH«0(C«H»)  CHH)Na  CHK)(C«H») 

CH«OH  CH«OH  CH»OH  CH«ONa  CH«0(C«H») 

Bthylena  Bodio  Bthylio  Dindlo  Diethylie 

alcohol.  ethylenato.  ethylenato.  echyleoate. 


CH«OH  CHK)(C«H«0)  CHK)(C«H»0)  CH«0(C«HK)) 

CHOH  CHOH  CHOH  CHO(C^»0) 

CH«OH  CH«OH  CHH)(C«H»0)  CH*0(C«HH)) 

Qlyoerin.  Monoaoetlii.  Diaoetin.  TMaoetln. 

The  number  of  hydrogen  atoms  thus  replaceable  by  alcoholic  or  acid  radicles,  or  by 
alkali-metals,  determines  what  is  called  the  atomicity  of  the  alcohol.  An  aleokot 
cantainmff  n  atoms  qf  kydroxyl  ii  amd  to  be  n-atonde. 

In  an  alcohol,  however,  the  Irjrdrogen  is  never  replaced  by  metals  by  way  of  double 
decomposition  with  metallic  hyduntes  or  oxides,  in  the  same  manner  as  in  an  add ;  in 
other  words,  alcohols  do  not  form  true  metallic  salts.  The  only  metals  that  can 
replace  the  hydrqgen  in  them  are  the  alkali-metals,  which  decompose  them  aa  they 
decompose  water,  by  direct  displacement. 

To  convert  the  alcohol  into  an  acid,  a  molecule  of  hydrogen  in  immediate  connec- 
tion with  at  least  one  atom  of  hydroxyl,  OH,  must  be  replaced  by*  an  atom  of  oxygen ; 
in  other  words,  one  at  least  of  the  groups  CH'OH  in  the  alcohol  must  be  converted 
into  COOH  or  CO*H,  called  carboxy  1  or  oxaty  1 ;  the  hydrogen  of  the  hydroxyl  then 
becomes  replaceable  by  metals,  so  as  to  form  salts  by  double  deoompoaition,  in  the  same 

CH» 
way  as  in  mineral  acids ;  in  other  words,  it  becomes  basic ;  thus  ethyl  alcohol,  I 

CH«OH, 
CH« 

is  in  this  manner  converted  into  acetic  acid,  I  or  CH*.CO*H. 

COOH 
Now  it  is  dear  that  a  monatomic  alcohol  can  yield  but  one  add,  and  that  this  add 
must  be  monobasic,  like  acetic  acid.    But  a  diatomic  alcohol  may  be  converted  by 
oxidation  either  into  a  monobasic  acid,  by  substitution  of  O  for  H',  or  into  a  bibasic 
acid  by  substitution  of  0'  for  H* ;  thus : 

CH«OH  CH«OH  COOH 

CHH)H  COOH  COOH 

Ethylene  GlyooUio  scid  Oxalic  acid 

RioohoL  (monobMlo).  (bibario). 

The  hydrogen  of  the  hydroxyl  in  the  groups  CH*OH,  in  which  the  substitution  of  O 
for  H'  has  not  taken  place,  still  retains  its  alcoholic  character,  that  is  to  say,  its 
replaceability  by  acid  or  alcoholic  radicles  to  form  ethers.  Hence  it  follows  that  the 
atomicity  of  an  organic  acid  is  the  same  as  that  of  the  alcohol  from  which  it  is  derived, 
but  its  basicity  may  be  either  equal  to  or  less  than  the  atomidty.  In  other  words,  em 
n-atomic  aleonol  may  yield  a  eeriee  of  acids  all  of  n-atomicity,  but  of  basieity  equal  to  or 
lets  than  n. 

The  law  that  the  basicity  of  an  oiganic  add  is  equal  to  the  number  of  atoms  of 
carboxyl,  CO*H,  that  it  contains— in  other  words,  that  an  oiganic  acid  containing  n 
atoms  of  carboxyl  is  ft-basic — is  a  result  of  observation,  and  we  are  not  at  present  able 
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to  gire  a  ntiafafetoTy  aoooant  of  it  on  theoretical  principles ;  but  it  in  probable  that 
the  enteoee  of  the  eleetro-n^gatiTe  oxygen  into  the  group  COOH  renden  it  more 
dispowd  than  before  to  take  up  an  electTO-poaitire  element  such  aa  a  metaL  For 
a  eomplete  nnderstanding  of  the  matter  we  must  perhaps  irait  for  an  exact  determi- 
natioD  of  the  quantities  of  heat  evolred  in  the  serenl  changes.  At  all  erents,  the  law 
abora  mentioned,  that  an  ozganic  acid  containing  n-atoms  of  carboxyl  is  n-basic,  holds 
good  in  all  eases.  It  is  tne  there  is  one  apparent  exception  to  it,  viz.  carbonic  acid, 
which  is  bibasie,  and  'vet  contains  but  one  atom  of  carboxyl,  being  represented  by  the 
formula 

fOH 
OH.CO«HorCJo 

(oh 

but  from  the  last  formula  it  is  clear  that  the  middle  atom  of  ckxygen  may  be  con- 
iidered  as  attache^  to  either  of  the  groups  OH  just  as  well  as  to  the  other,  and  there- 
fore that  the  excepl^ion  to  the  rule  is  only  apparent. 
On  thaie  princijAes  organic  acids  may  be  dassified  as  follows  (see  table,  p.  63,  voL ).). 


I.  MoKAToxic  Acids. 

Vat^srAdtptA  BmIm.  OH>^0>  »  O-*H*"-i.C0'H.~-The  modes  of  formation 
and  tzaiufarmation  of  these  acids  are  for  the  most  part  described  in  toI.  i.  pp.  50,  51. 
We  1ia?e  here  to  add  the  mode  of  formation  discorered  by  Homits-Hamitzky 
{Amu.  d.  Plorm.  exxxr.  121),  which  consists  in  forming  the  corresponding  chlorides 
by  the  action  of  carbonyl  chloride  (phosgene)  on  hydrocarbons  of  the  marsh-gas  series 
(paraffins),  eg., 

CH«     +    coci«    -    Ha    +    c«H"oa 

KeClMme  flicMgeiM  Acetyl-chloilde 

c*w    +    coa«    -    Ha    +    c»H»oa 

Qaartaae  FboagttM  Yaleryl-clilorlde, 

and  oonTerting  these  chlorides  into  acids  by  the  action  of  water. 

The  following  methods  afford  the  means  of  building  up  the  fatty  adds  and  the 
wneaponding  alcohols,  starting  from  methyl  alcohol : — 

Sodium  methide  treated  with  carbon  dioxide  yields  sodium  acetate  (Wanklyn) : 

CH"Na  +  CO*  =  CH«.CO«Na ; 

sodium  acetate  subjected  to  dry   distillation   with   sodium  formate  yields   acetic 
aldehyde : 

CJH'.COONft     +     H.COONa     -     CO(ONa)«     +     CH'.COH 
Bodiimi  acetate  Bodinm  Sodimn  Aktobyde; 

fcrmate  carbonate 

and  acetic  aldehyde  heated  with  water  and  sodium-amalgam  takes  up  hydrogen  and  is 
eonrerted  into  ethyl-alcohol :  C*H«0  +  H*  —  CH*0.  From  ethyl-alcohol,  sodium 
ethyl,  C'H^Na,  may  be  obtained  (iv.  223) ;  this  may  be  eonrerted  into  sodium  propio- 
nate, ticfttk  whidi  by  distillation  with  sodium  formate,  propionic  aldehyde,  C*H*.COH, 
diodd  be  obtained,  and  thence  propylic  alcohol,  &c.  &c  The  passing  from  an  alcohol 
OH*+K)  to  the  next  higher  fatty  add,  0*>H*'+H)*,  may  also  be  effected  by  the  action 
of  alkalis  or  adds  on  the  cysnides  of  the  alcohol  ladides  (i.  60),  the  other  stages  of 
the  pRxeas  being  the  same  as  above  described.  It  must  be  obserred,  however,  that 
the  fomation  of  an  aldehyde  by  distilling  the  salt  of  the  corresponding  fatty  add 
with  a  fonnate  cannot  be  expected  to  be  realised  very  high  up  in  the  series.  iLieben 
a.  Ban  have,  however,  made  propionic,  butyric,  and  valeric  aldehydes  by  this  process. 
The  £atty  adds  are  distinguished  by  a  remarkable  degree  of  stability.  Even  some 
of  the  highest  members  of  the  series,  viz.  palmitic,  stearic,  and  cerotic  add,  may  be 
diftilled  without  alteration,  and  all  of  them,  except  formic  add,  offer  considerable 
nsistaoce  to  the  action  of  oxidising  agents.  Accnraing  to  Oiapman  a.  Thorp  (Ckem, 
8oe.  /.  [2]  tv.  477),  acetic,  propionic,  valeric,  and  caproic  adds  are  not  attacked 
at  100^  by  a  mixture  of  potauium  dichrcfmaU  and  ntlpkwie  acid  containing  8,  6,  or 
8  p.  c  of  the  dichromate,  and  in  such  proportions  as  to  produce  chromic  sulphate 
and  acid  potassium  sulphate,  even  when  the  action  is  continued  for  24  hours  in  sealed 
tubes.  At  130^,  however,  they  undergo  a  certain  amount  of  oxidation,  which  is 
accelerated  by  the  presence  of  a  laxge  excess  of  strong  sulphuric  add,  or  of  f^ee 
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chromic  acid,  or  of  manganese  dioxide,  but  docs  not  take  place  at  all  when  phosphoric 
acid  is  used  instead  of  sulphuric  acid.  Dilute  solutions  of  permanganic  actd  act  like 
the  chromic  acid  mixture,  producing  no  oxidation  of  acetic  or  propionic  acid,  eren  at 
tho  boiling  heat,  and  acting  but  slowly  on  formic  acid  in  presence  of  sulphuric  acid 
at  ordinary  temperatures ;  concentrated  solutions,  however,  decompose  these  acids 
with  facility. 

According  to  O.  Veiel  (Ann,  Ch.  Pharm.  cxlviii.  160),  the  fatty  a^^ids  are  conrerted 
by  oxidation  with  manganese  dioxide  and  dilute  sulphuric  acid  into  one  or  more 
compound  ethers,  which  contain  alcohol-radicles  lower  in  the  carbon  series  than  the 
acid  itself,  and  yield  the  original  acid  by  saponification ;  thus  butyric  acid  yields  a 
number  of  butyric  ethers  containing  alconol-radicles  with  less  than  4  at.  carbon,  the 
principal  product  being  propyl  butyrate,  C*H'0'.C'H'.  Valeric  acid  treated  in  like 
manner  yields  methyl  valerate. 

For  the  methods  of  converting  the  fatty  acids  into  alcohols,  see  Alcohois. 

laomerism  among  the  Fatty  Adds. — The  first  three  acids  of  the  series  OH*^',  do 
not  admit  of  isomeric  modifications.  In  fact,  on  looking  at  the  constitutional  formula 
of  propionic  acid,  C"H*0*,  viz., 

O    H    H 
fCH«CH>  II      I      I 

C.  0"  or  C— C_C— H 

lOH  I     J      i 

H— O.  H    H, 

it  is  clear  that  so  long  as  the  type  of  an  organic  acid  is  preserved,  that  is,  of  an 
alcohol-radicle  combined  with  carboxyl,  no  other  arrangement  of  the  carbon-atoms  is 
possible ;  still  less  can  this  be  the  case  with  acetic  or  formic  acid.  But  in  the  higher 
acids  of  the  series  isomeric  modifications  may  exist.  Thus  the  formula  of  butyric 
acid,  C<H»0«  or  C«H'.CO«H,  may  take  either  of  the  two  forms 


C 


( CH»CH«(CH«) 


OH 


fCH(CH"> 


» 


O" 
OH 


• 


Nonnal  bntyric  ftcid  Isobntyric  add, 

the  first  containing  nonnal  propyl,  the  second  isopropropyl  (v.  887). 

These  two  acids  are  produced  by  the  oxidation  of  normal  butylic  alcohol  or  propyl 
carbinol,  and  isobutylic  alcohol  or  isopropyl  carbinol  (the  butylic  alcohol  of  fermen- 
tation), respectively ;  also  by  the  action  of  alcoholic  potash  on  normal  propyl  cyanide 
and  isopropyl  cyanide  respectively.  Normal  butyric  acid  is  further  produced  by  the 
fermentatk>n  of  sugar  in  contact  with  putrid  cheese  (i.  691).  The  two  acids  exhibit  con- 
siderable differences  of  physical  and  chemical  character.  In  general  the  derivatives 
of  normal  butyric  acid  have  higher  specific  gravities  and  boiling  points  than  the  corre- 
sponding derivatives  of  isobutyric  acid.  The  latter  is  also  more  easily  oxidised  than 
normal  butyric  acid.    (See  Buttbic  Acids.) 

Of  valeric  acid,  OH'*0\  four  isomeric  forms  are  possible,  viz., 

CH«CH«OH«CH«  CH«CH(CH»)«  CHJSS.  C(CH») 

I  I  I     JC«H  .V       ; 

COOH  COOH  COOH  COOH 

Propyl-Acetio  Isopropyl  Methyl-ethyl  Trimethyl 

add.  acetic  add.  acetic  acid,  acetic  add. 

The  first  and  second  of  these  modifications  are  produced  by  oxidation  of  the 
corresponding  amylic  alcohols ;  the  third  is  not  known,  the  fourth  has  quite  recently 
1>een  obtain^  by  BuUerow  (Zeitschr.  f.  Ckem,  [2]  vi.  248)  from  tertiary  butyl 
alcohol,  C(0H')'.OH.  The  optically  active  and  inactive  varieties  of  amyl  aloohoL 
yield  by  oxidation  two  varieties  of  valeric  add,  exhibiting  corresponding  differences 
of  optical  character,  and  differing  also  slightly  in  boiling  point ;  but  these  adds,  like 
the  alcohols  from  which  they  are  derived,  are  probably  only  physically  isomeric,  not 
metamerie.    (See  Amtl  Alcohols.) 

The  higher  terms  of  the  fatty  acid  series  are  of  course  susceptible  of  a  still  greater 
number  of  metamerie  modifications ;  but  the  only  one  in  which  such  modifications 
have  hitherto  been  observed  is  eapiylic  acid,  C*H'*0'  (<;.  v.). 

Aorylio  Series.  OH^'^'O'.— This  series  comprises  two  isomeric  groups  of  adds ; 
the  one  consisting  of  acids  occurring  in  the  vegetable  or  animal  organism,  or  obtained 
from  natural  products  by  special  processes,  mostly  by  saponification  of  natural  fats. 
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e^;.  oleic  ncid  fzom  olein ;  the  other  of  acids  fonned  by  a  general  synthetical  process. 
The  acids  of  the  first  group  are  called  normal  acrylic  acids;  those  of  the  second, 
iso-acrylie  acids. 

a.  N&rmal  Aerylie  Acids.^Thib  following  are  the  known  acids  of  this  group :— 


Acrylic  acid           • 

.     C»H«0» 

Grotonic  acid        • 

.    C«H«0« 

Angelic  acid 

.    C»H«0« 

Pyroterebic  acid    . 

.    C«H»»0« 

FDamaluric  acid 

.    CH'H)« 

?I>&inolic  add 

.    C"H»«0« 

Moringic  acid? 
Cimicicacid    { 

.    C»H«0» 

Ffayseioleicacid] 
Hypogaric  add    [ 


Oaidic  acid 
Oleic  acid    > 
Elaidic  add  ) 
Boeglic  add 
Bnissie  add  > 
Emcicadd  > 


C»H"0« 


Most  of  these  adds  are  oily  liquids.  When  fused  with  patattium  fydraU  they 
yield  the  potassium-salt  of  acetic  acid  and  of  another  add  of  the  fatty  series  with 
elimination  of  hydrogen,  thus : 


(?H«0«  +  2K0H  «  C«H«KO«  +  CHKO* 
Uc  Aoetata.  Formate. 


AeiyU 
add. 


Angelio 
aoid. 

C»«H«H>»  + 
Oleic  add. 


2K0H  -  C»H«KO«  +  C»H»KO« 
Acetate.         Praptonate. 

2K0H  -  CTH»KO«  +  C"H"KO» 
Aoetata.  PalmUate. 


+  H« 


+  H« 


+  IP. 


Genenlly : 

OH«^«0*  +  2K0H  «  C»H«KO*  +  O-«H«—»K0«  +  H«. 

They  ara  also  oonrerted  into  fatty  adds  by  the  action  of  nascent  hydrogen ;  e.g., 

C*H«0«  +  H«  «  C«HK)« 

Crotonio  BntTile 

acid.  ackt. 

fi.  Imhocrplie  Aeidi.-^Theae  acids,  discovered  by  FranUand  and  Ihippa  (Ckem. 
Soe,  J.  [2]  iii.  138),  are  produced  by  abstraction  of  the  elements  of  water  from  certain 


COOH 
add  ethers  deriyed  from  oxalic  acid,  |  or 

COOH 


C 


fon 

-^ ,  by  substitution  of  two  atoms 
OH 


of  an  alcohol-radicle  of  the  series  OH'*'*'*  for  one  atom  of  oxygen  (iy.  272),  viz., 


^OH 
O' 

O" 

I  OH 
QxaHcacld. 


C»- 


/OH 

0" 

OH 

Pimethoxalio 

add. 


C. 


OH 
(CH'XCH*) 


0" 
OH 
Btbomethoacalte 
add. 


/OH 

^o- 

I  OH 

Diethozalic 

acid. 


Now,  when  the  ethylic  ethers  of  these  acids  are-treated  with  phosphorous  chloride  they 
giye  up  the  elements  of  a  molecule  of  water,  (HH)),  at  the  expense  of  one  of  the  atoms 
of  hydroxyl,  OH,  and  of  an  atom  of  hydrogen  abstracted  £rom  one  of  the  monad 
alcohol-mudicles,  which  is  thereby  conyerted  into  a  dyad  radicle  (an  olefino,  C"H*")' 
capable  of  saturating  the  unit  of  equiyalence  of  the  carbon-atom  left  free  by  abstrac- 
tion of  the  hydroxyl.    The  product  is  the  ethylic  ether  of  an  isoacrylie  add ;  thus : 


/OH 

.0C^» 
Bthylio 
dfmetliozalate. 


(?. 


CH« 
CH«" 


O 

10C«H» 

Bthytto 

BMlhacrylate. 


The  ethylic  ether  thus  formed  is  oonyerted  into  methacrylic  add  by  saponification 
with  potash  in  the  usual  way.  In  this  manner  the  following  isoacrylie  acids  haye 
l)een  obtained : — 

/CH« 
(CH«)' 
O 
I  OH 


Methacrylic  add,  C- 


■,  isomeric  with  Crotonic  add. 
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Methylcrotonic  acid,  0*- 


(CH*)' 


0 
OH 


,  isomeric  with  Angelic  acid. 


C«H» 


£thylcrotoDic  acid,  C*j  )^ L,  isomeric  with  Fytotenibic  acid. 

lOH 

•  * 

The  acttial  formation  of  the  ethers  of  these  acids  by  the  action  of  phosphoioiui 
chloride  on' the  oxalic  ethers  above  mentioned  takes  place  as  shown  by  the  equation 


8C« 


roH 

(CH")« 


0 
\0C«H» 

EthyUo 
dimethozalate. 


+  2Pa»  -  3C». 


rCH" 
(CH«)' 


0 

^OC«H» 

EthyUo 
mettaMnryliite. 


+  6HC1  -f  P*0«. 


The  transformation  may  also  be  effected  by  phosphoric  anhydride,  in  which  case 
the  reaction  is  like  the  following : 


8C» 


rOH 
(C«H»)« 


O 

\OC«H* 

Bthylic 
diethoxalate. 


/C«H» 

loCH* 
BthyUo 
eChyloroCoiuite. 


+  2H»P0* 


Heti4>bo»> 
phoric  aekl. 


The  isoaerylic  acids  fHised  with  potassium  hydrate  are  converted,  like  the  normal 
acids,  into  two  acids  of  the  acetic  series.  The  ayad  radicle  of  the  isoaczylie  acids  is 
replaced  by  two  atoms  of  hydrogen  derived  from  two  molecules  of  potassium  hydrate, 
(2E10H),  and  enters  into  combination  with  two  atoms  of  oxygen  ;  and  at  the  same 
time  the  two  atoms  of  potassium  displace  the  basic  hydrogen-atoms  of  the  two  fatty 
acids  thus  produced,  converting  them  into  potassium  salts  and  expelling  the  hydrogen 
as  gas ;  thiis : 


C». 


CH« 
(CH»)' 


0 
VOH 

iCethacrylto 
add. 


+  2K0H  =   (?. 


rCH« 

H« 

O 

VOK 
PropionAtei 


+  C 


H 
0 
OK 


+  H« 


Formate. 


'CH» 
C«.  (2?*)'  +  2K0H   «   C«- 


0 

OH 
Methylerotonia 
acid. 

C«H» 

0 

\0H 

Ethylcrotonio 

acid. 


^    +c«Jo 
(ok 


0 
OK 

Propionate. 


+  H« 


Acetate. 


C 


+  2K0H   s^  C* 


rc«H» 

H« 


0 

OK 
Batyrate. 


+  C« 


'H« 
0    + 
OK 


H« 


Acetate. 


The  normal  acrylic  acids  are  decomposed  by  potash  in  a  similar  manner, 
yielding  two  acids  of  the  series  OH'"0' ;  but  one  of  these  is  always  acetic  acid ;  hence 
it  is  inferred  that  they  have  a  constitution  represented  by  the  formula  CH((>H*")*. 
CO'H,  and  that  their  decomposition  by  alkalis  takes  place  in  the  manner  represented 
by  the  eqiuition 

H 
(OH*"/ 

^'OH 


C* 


o 

OH 

Norma)  acrylic 
add. 


+  2IP0 


fCH« 

«  c]o     +  C 

I  OH 


O  + 

OH 


H«. 


Acetio  Homologne 

add.         of  aoetioadd. 
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The  formnlaB  cf  the  indiTidiial  adds  are  as  followe : — 


(? 


O 
OH 


C« 


H 
CH* 

O 
OH 


(? 


0 
\0H 


.  .  .  .  0» 


O 
OH 


Actjttc*  Cfeotonifls  Anfrtic*  PyiotewhlCi  OMe* 


It  is  easily  seen  ftom  these  formule  that  crotonie  acid,  when  deoampoeed  bj 
an  alkali,  must  yield  two  molecnles  of  acetic  add,  and  that  the  other  adds  abora 
npcewntiBd  must  yield  acetic  acid,  together  with  fonnic,  propionic,  hatyric,  and 
pUmetic  adds  respectiTely. 


S.  AaMfl  mf  tbm  Mwimm  OH^'H)'. — Of  this  series  only  three  adds  are  known, 
Tis.  lorbic  and  parssorbic  acids,  CH*0*  (▼.  362),  and  camphic  acid, 
C'«H»W  (i.  726). 

4.  Of  the  series  OH**-K)*  only  one  add  has  yet  been  obtained,  Tis.  kpdroben£oie 
orbensoleic  acid,  CV.**(^  -»  G*H*0(OH),  formed,  together  with  other  products, 
bj  the  actioa  of  water  and  sodinm-ainalgaa  on  bensoic  add:  CK'O'  +  2H' 
>  C^<*0<  (Hermann,  J»».  Ck,  PMarm.  czzzii.  75). 


5.  AmmmUm  Sevtefl.  OH^-H)*. — ^These  acids  are  related  to  the  aromatic  hydro- 
carbons OH**~*  in  the  same  manner  as  the  &ttT  acids  to  the  painJWns.  Benade  add, 
CH^',  the  lowest  member  of  the  series,  may  be  derired  from  benmie,  C*H',  by  the 
fsbstitiition  of  carboinrl,  (OO'B),  for  an  atom  of  hydrogen,  its  rataonal  flxrmiila  bdng 
CH'.OO'H.  All  the  hi^er  adds  of  the  series  exhibit  isomerie  modifications.  Thns 
from  tolneoe,  CH*,  wfaidi  has  the  compontion  of  methylic  benwne  or  phenyl-methyl, 
C^\CH"  (t.  862),  are  derived  normal  toluic  acid,  G«HVCH*\CO^,  the  troe 
homologoe  of  bensdc  add,  and  alpha-toluic  acid,  C*H*.CH.'CO-H,  deriyed  fipom 
toluene  by  snbstitation  nf  carbotxyl  for  an  atom  of  hydrogen  in  the  methyl  atom. 
The  known  adds  of  the  gronp  are : 

Beoadc  CnPO»    -  CTI*.00«H 

Toluic   C»ffO«    -  C^«(CH»).CO«H  .  .  o^ToIuic  C«H*  CH«CO*H 

Xylic    C*H'*0«  =  0»H«(CH»)«.CO«H .  .  o^Xylic    C»HXCH«).CH«CO«H 

Comic    C"H»K)«  -  C^\0^»).00«H  ?  .  a-Cymic  C«H«(CH«)«.CH«CO«H? 

The  9-carboa  acid  admits  of  another  modification,  viz.  O'HXC^H^^CO'H,  deriTed 
from  ethyl-benaene,  C^H*(CH*),  isomeric  with  xylene,  but  it  has  not  yet  been 
obtained.  The  higher  acids  of  the  series  are  susceptible  of  a  still  laiger  number  of 
nodillcationfl. 

The  aromatic  adds  may  be  formed  synthetically  from  carbon  dioxide  by  a  tnooess 
aoakgoos  to  that  already  described  in  the  case  of  the  fatty  adds  (i.  61,  8®) ;  e.g.  bensoio 
add  by  passing  the  gas  into  monobromobenzene  containing  sodium  (Keknl^) : 

C0«  +  C^»Br  -¥  Na«  -  NaBr  +  C»H»NaO«. 

See  Totvio  Acan  (t.  861).     For  other  modes  of  formation  of  these  adds,  see 
Abomatic  8] 


6.  Aelda  er  tbm  8«rlM  O'H'*-*^)*.— The  adds  of  this  series  are  related  to  the 
nomatie  adds  in  the  same  manner  as  those  of  the  acrylic  series  to  the  fiitty  acids. 
Only  two  of  Uiem  are  however  at  present  known,  vis.  cinnamic  add  and  atropic  add, 
both  eontoining  0*HK^^ 

Cinnamic  acid,  described  in  vol.  i.  p.  983,  as  a  product  of  the  oxidation  of 
aonamic  aldehyde,  and  by  heating  bensoic  aldehyde  with  acetic  chloride,  is  likewise 
formed  synthetically,  by  the  action  of  chorethylidene  (produced  by  the  action  of 
csrbonyl  chloride  on  ace^c  aldehyde)  on  potassium  bensoate : 

c«H*o  +  coa«  -  Hci  +  co«  +  c»H«a 

AktofaTde.    Oaitearl  OhUmthyUdene. 

dunrUe. 

C*H»C1  +  C'H»KO«  -  KCJ  +  C»HK)« 
Chloiethyl-     ruifeirfiiui  dnoamio 

benioete.  acid. 


Atropic  acidis  a  crystalline  add  obtained,  together  with  tropine  (t.  896),  by 
the  action  of  alkalis  on  atropine : 


C»»H"NO«  -  C»HH)«  +  C»H»»NO 

Atiopine.  Atropio  lyopine. 

•cid. 
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Diatomic  Acids. 

These  Acids  are  derived  from  diatomic  alcohols  by  substitution  either  of  O  for  H*, 
in  which  case  they  contain  3  at  of  oxygen,  an4  are  monobasic,  or  by  substitution  of 
O'  for  H^,  in  which  case  they  contain  4  at.  of  oxygen»  and  are  bibasic. 

The  relation  between  the  saturated  hydrocarbons,  the  glycols,  and  the  diatomic 
acids  is  shown  in  the  following  table  : 


GlTOOls. 

Diatomio  Adds. 

H7dxx)csrbont. 

MonobMlc.          BibMic. 

OH^*« 

OH«-+*0« 

OH«»0*        OH*"-«0« 

C-H«- 

OHM)* 

C»H*--*0*    OH*^*0« 

OH»^» 

OH*— *0« 

OH*»-«0*    OH*»-«0* 

Ofl«-* 

OH*»-«0* 

OH*»-«0*    OH*«»-*0«. 

&c. 

&c 

Diatomic  and  Monobasic  Acids, 

1.  KaotlA  Sortes.  OH*^*.— The  «cids  of  this  series  may  be  divided  into  two 
groups,  distinguished  as  normal  lactic  acids  and  i  so  lactic  acids.  The  known 
members  of  tAe  series  are : 

GlycoUic  or  Ozyacetic  acid,  OH*0*. 

Lactic  or  Ozypropionic  acid,  OH*0'. 

Ozybutyne  acid,  OH*0*,  and  its  isomeride,  Dimethoxalie  acid. 

O^ryaleric  acid,  OH'H)*,  and  its  isomeride,  Ethomethozalic  acid. 

Leucic  or  Ozycaproio  add,  OH**0*,  and  its  isomeride,  Diethozalic  acid« 

Acids  homologous  with  dimethoxalie  add,  and  containing  7i  9,  and  12  at.  Of  carbon^ 
have  also  been  obtained. 

The  normal  lactic  acids  correspond  to  the  diatomic  alcohols  homologous  with 
ethenic  alcohol  (glycol) ;  thus : 

O-»H«—0H  O  »H«»-*OH 

c!h«oh  COOH 

Dlatomlo  Normal  sdd  oC 

Boohol.  lactic  Mrica. 

If  in  the  second  formula  we  make  n  successively  eqiuil  to  1|  2,  S,  ftc,  we  get  tha 
series: 

OH  CH*OH  OH*0H  CTO^OH 

COOH  COOH  COOH  COOH 

Cnrbonio  OlyeoUlc  Lactic  Ozybo^rlc 

add.  add.  add. 


Carbonic  acid  is,  however,  a  bibasic  add,  for  reasons  already  explained.    The 
general  modes  of  formation  of  the  normal  lactic  acids  are  given  in  vol.  i.  p.  62. 

(COB^*«)K)H 

The  Isolactic  acids  are  represented  by  the  general  formula,     I 

COOH 
Thev  are  obtained  in  the  form  of  ethers  by  the  action  of  the  xino-oompound  of  an- 
alcohol-radicle,  OH*****',  on  a  neutral  ether  of  oxalic  add  containing  a  radicle  of  the 
same  series,  such  as  diethylic  oxalate.  The  reaction  consists  in  Uie  replacement  of 
an  atom  of  oxygen  in  the  oxalic  ether  by  two  equivalents  of  ala:liol-radide,  and  the 
simultaneous  replacement  of  an  equivalent  of  ethyl,  methyl,  &c,  in  the  oxalic  ether 
by  any  equivalent  *  of  sine,  whereby  an  ether  of  dnc-diethylozalic  acid,  &e.,  is  produced, 
which  by  certain  obvious  transformations  may  be  converted  into  the  required  add ; 
thus: 


COOOH* 

qC»H»)*OZn' 

COOOH* 

+  2Zn'OH» 

»  Zn'(C«H*)0 

+ 

COOOH* 

Dimetliylio 
oxalate. 

Zino 
elhide. 

etbylate. 

Bthylio  dBOO- 
diettuncalate. 

C(C«H»)*OZn' 

qOH»)«0H 

COOOH* 

•h      HOH 

-     Zn'HO 

+ 

COOOH* 

Bthyllo-iliioo- 

Wat«r« 

ZIoo 

BthjUo 

diethozalAte. 

bydrnte. 

^^HtMr-^'f***, 

•  To  timplify  the  eqnatloiu,  the  equivalent  of  sine  (Zn'  ss  3S'S)  is  nwd  instead  of  the  atom 
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The  ethvlie  diethoziUate  is  easily  decomposed  by  boxyta-watar,   yielding  ethyl 
alcohol  ana  barium  diethoialate : 

q(?H»)H)H  qC«H»)H)H 

I  +      Ba'HO    -    C»H*(OH)       +       | 

COOC»H»  COOBa' 

BtfajUo  Barium 

iHiithffiTftlntft.  i1iftlMnra3a*-iti 


And  this  SBlt  decomposed  by  sulphuric  acid  yields  diethozalic  acid,  -I  J 


f  C(C2H»)»0H 
COOH 


ianmeiie  vith  leucic  acid. 

In  the  fint  stage  of  the  process  it  is  found  best  to  use  a  mixture  of  ethyl  iodide 
with  metallic  sine,  which  nroduoes  |dnc-ethide,  instead  of  the  latter  compound 
prerioiialy  piepared.    The  otner  isolactio  ethers  are  prepared  in  a  similar  manner. 

ThflB  ifldKtic  acids  are  described  under  Oxalic  £>rHBBS  (ir.  276). 

The  adds  of  either  group  are  reduced  by  hydriodic  acid  to  the  coiresponding  ncids 
of  the  acetic  series ;  e.g., 

C«H«0»  ■►  2HI  =  C»H«0«  +  HH)  +  I*. 
LacUo  Propionic 

acid.  add. 

The  ethereal  salts  of-  the  isolactic  acids  are  conyerted  by  phosphorus  trichloride  or 
peotozide  into  ethers  of  the  iso^acrylic  adds  (p.  41) ;  the  ethereal  salts  of  the  nomisil 
lactic  adda-do  not  exhibit  this  reaction. 

The  Donnal  lactic  acids,  when  heated,  giye  up  a  molecule  of  water,  and  are  con- 
rezted  into  oiygen-ethers  or  anhydrides ;  e^g.,  CH*0*  (Uctic  add)  -  HK)  «  CU«0' 
(lactide).  Two  molecules  of  a  normal  lactic  acid  may  also  be  depriyed  of  a  molecule 
of  vater,  thereby  producing  a  condensed  acid,  analogous  to  the  polyethylenic  alcohols; 
fcg.,  2(?H-0«  (lacUc  acid)  -  H«0  =  C«H'»0»  (dilacUc  acid). 

Both  the  normal  and  the  isolactic  acids  undei^  a  characteristic  and  perfectly 
definite  oxidation  by  weak  solutions  of  chromic  add,  yielding  carbon  dioxide,  water, 
and  an  aldehyde  or  a  ketone ;  thus : 

qC»H»)«pH.COOH  +  0  =  C0«  +  HH)  +  CO(C'H*)« 
Dietboxalio  acid.  Propione. 

C{CH»)HOH.COOH  +  O  -  CO*  +  H»0  +  CO(CH«)H 
Lactic  add.  ^  Aldehyde. 

2.  Tjrwwiio  8«ii0a*  C'H^^'O*. — This  is  a  small  group  of  acids  including  pyruvic 
acid,  C«H*0»;  conyolyolinoleic  acid,  C"H«»0«?;  jakpinoleic  acid,  C^fl*©"?; 
riclnoleic  acid,  C"H'*0'.  These  acids  are  described  in  the  Dictionary  in  their  alpha* 
betiad  places.  There  are  no  general  modes  of  formation  or  decomposition  to  be  noticed 
respecting  them. 


3.  laitoi  OH^'-^O'. — The  only  known  acid  of  this  series  is  guiacic  add, 
C^"0*,  a  crystallisable  substance  obtained  from  guaiacnm  (ii.  948). 

4.  iertea  OK^^H}*. — This  series  includes  the  following  adds,  related  to  the 
monatomic  aromatic  adds  in  the  same  manner  as  the  lactic  adds  to  the  fatty  acids : — 

Ozybenaoic,  Faiaoxybensoic,  and  Salicylic  adds        ....  C'H'O' 

Formobenaoic,  Cresotic,  Garbocresylic,  and  Anisic  adds  CH'O* 
Fhloretic  and  Isophloretic,  Hydzoooumaric  or  Melilotic,  and  Hydio- 

paiaooumaric  adds •  CH**0'. 

Thymotic  and  Thymylcarbonic  adds  ......  C*^H"0*. 

Oxjbenzoic,  para-oxybenzoic  and  salicylic  acids  haye  the  oonstitutioa 
remented  by  the  formula  C*H^(0H).C0*H,  the  differences  of  chemical  character 
whidi  they  exhibit  depending  most  probably  upon  the  different  relative  positions 
of  the  groups  OH  and  CO'H  which  they  contain.  (See  Abomatic  Sebibs.)  They 
are  all  lesolvecl  by  heat,  but  with  yarious  degrees  of  &cility,  into  carbon  dioxide  and 
phenol,  salicylic  add  undergoing  this  decomposition  easily,  and  paraoxybenzoic  acid 
still  more  easily,  whereas  oxybenzoic  add  sublimes  undecomposed  when  slowly  heated, 
sod  splits  up  in  the  manner  just  mentioned  only  when  quickly  heated  (iy.  295). 
Ozybraaoic  acid  is  produced  by  the  action  of  nitrous  acid  on  amidubenzoic  acid : 

OH*(NH»).C02H  +  KO(OH)  «  C«H*(OH).CO»H  +  H-O  +  N« ; 
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paraoxybensoic  acid,  by  heating  anisic  (methyl-paraoxybensoic  acid)  with  hydriodic 
acid : 

C»H»(CH»)0"  +  HI  «  CH*I  +  C»HH)«; 

and  salicylic  acid,  by  passinfi^  carbon  dioxide  into  phenol  containing  small  quantities  of 
sodium: 

C«H»ONa  +  CO*  -  CH»0«Na 

Bodirnn  Sodinm 

phenate.  salicyUte. 

Carbocresylic  and  Cresotic  acids,  C'H*0',are  produced  nmultaoeoualj  by 
the  action  of  carbon  dioxide  and  sodium  on  cresol,  just  as  salicylic  acid  is  procluoed 
from  phenol.  Both  these  acids  may  be  regarded  as  hydroxyl-derivatives  of  normal 
toluic  acid : 

C-H<(CH»).COOH  .  ■     .        .        .        .        Toluic  acid. 
C«H»(OH)(CH»).COOH  .        .        .        .        Carbocresylic  and  Ciesotic  acids. 

With  regard  to  facility  of  resolution  into  carbon  dioxide  and  cresol,  carbocresylic  acid 
appears  to  be  related  to  cresotic  acid,  in  the  same  manner  as  salicylic  to  oxybenxoic 
acid  (ii.  106). 

Formobenzoic  or  Mandelic  acid  (iii.  800)  is  related  to  a-toluic  acid  in  the 
same  manner  as  the  two  preceding  acids  to  normal  toluic  acid : 

C«H».CH«COOH a-toluic  acid. 

C«H*.CH(OH)COOH Formobenzoic  acid. 

It  is  produced  by  the  action  of  hydrochloric  add  on  crude  bitter  almond  oil  (con- 
taining hydrocyanic  acid). 

Anisic  acid  is  shown  to  have  the  composition  of  methyl-paraoxybenzoic 
acid  by  the  fact  that  it  may  be  produced  by  treating  the  potassium  salt  oi  paza- 
oxybenzoic  acid  with  methyl-iodide : 

C'H«KK)«  +  2CH«I  =  2KX  +  C'H*(CH«)0*.CH" 

FotAMinin  Kethylio  mothyl- 

psno^benioato.  |Mno37bcniOAte. 

C'H«(CH«)0".CH«  +  H=0  =  CH*(OH)  +  C'H»(CH»)0». 
Methyllo  BMtltyU  MeChyl-puraojKy- 

puMa^boMoate.  beoaoio  or  anisic  add. 

Methyl-salicylic  and  phenyl-glycollic  acid,  C»H»(C«H»)0»,  are  likewise 
isomeric  with  the  acids  of  this  group. 

Ethyl-paraoxy benzoic  acid,  C'H*(CH*)0',  inay  be  prepared  in  like  manner 
by  the  action  of  ethyl-iodide  on  paraoxvbenzoic  acid.  This  acid  is  identical  with 
hydroparacoumarie  acid,  and  isomeric  with  hydrocoumaric,  phloretic,  and  isophloretic 
acids. 

Another  acid,  isomeric  with  the  preceding,  is  produced  by  the  action  of  alkalis  on  the 
cyanhydrin  of  anisic  alcchol : 

C»H»(OH)CN  +  2HH)  »  NH»  +  C«H»(OH).CO«H 
Anidc  Add. 

^Hnliydrlii. 

Thymyl-carbonic  and  Thymotic  acids,  C"H"0',  homologous  with  carbo- 
cresylic and  cresotic  acids  respectively,  are  produced  by  the  action  of  carbon  dioxide 
and  sodium  on  thymel  (v.  794). 

6.  Smies  (>H*"  "0».---To  this  series  belongs  coumaric  acid,  C»HK)»,  pro- 
duced by  the  action  of  boiling  potash  on  coumarin.  Homologoes  of  this  acid,  called 
butyrie  coumarie  aci4t  C^'H*K)^  and  wderieeounutrioaeid,  C^'E'^O*,  hare  lately  been 
obtained  by  a  synthetical  process  (Perkin,  Chem.  8oc.  J,  [2]  vi.  475).  (See  Coukabic 
Acm  and  Coumakik.) 

6.  There  are  no  known  acids  belonging  to  the  series  OK^'^H)*  and  C»H*^'H)". 

7.  Of  the  series  C"H«—"0»  the  only  known  member  is  benzilic  acid,  C"ff«0«, 
produced  by  the  action  of  alcoholic  potash  on  benzoin  (i.  546).  It  may  be  regaxded  aa 
a  deriyatiye  of  diphenyl ;  thus : 

fOH 

c«H»»  C"H'  com 

lCH» 
DiphenyL  Bensillc  acid 
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Diatomic  and  Bibasio  Acids. 

These  adds  oontam  the  gponp  carboxyl  twice,  and  therefore  4  atonie  of  ozjgeo. 
Thej  may  all  be  mdnded  in  the  general  formula  R''(GO'H)',  where  R  denotes  a 
diatomic  hjrdiocarbon-radiele ;  or  they  may  be  regarded  as  oompoonds  of  oxygenated 
dLitomie  radiclee  with  two  equivalents  of  hydrozyl ;  e.g.  succinic  acid,  (C*H*0*)''(OH)'. 

The  known  acids  of  this  group  belong  to  the  series  C»H«^*0\  OH«»-«0\OH»— •0\ 
ssd  OH^~'*0\  Tbe  acids  of  the  fint  series,  and  probably  also  those  of  the  third 
aod  fourth,  are  saturated  compounds ;  but  those  of  the  second  are  unsaturated,  being 
cspable  of  taking  up  two  atoms  of  hydrogen,  bromine,  and  other  monad  elements, 
whereby  they  are  converted  into  adds  of  the  first  series. 


1. 


or  Bneetote  SorlM,  OH*>M>«. 


The  known  adds  of  this  series  are : 
Oxalic 


C*HK)* 

Pimelic  add 

C»H»*0< 

C«H*0« 

Suberic  add 

C»H»«0« 

C*HH)« 

Anchoic  add 

(?H'«0« 

C*H»0* 

Sebicacid  . 

C»«H>H)« 

CH'»0* 

Boccellic  acid 

C»'H"0« 

ICikmic 
Soodnicadd 
Pyrotaitaric  add 
Adipiescid 

They  are  produced :  «.  By  oxidation  of  the  corresponding  glycols,  R''(CHK)H)',  the 
change  consisting  in  tbe  substitution  of  O'  for  H*  (p.  44).  In  this  manner  oxalic 
add,  (?B.H)\  is  formed  ftom  ethylene  alcohol,  CH*0*,  and  malonic  add,  CH^O^, 
from  propylene  alcohol,  CH*0' ;  but  the  higher  glyools  split  up  under  the  influence 
of  oxidising  agents,  and  do  not  yield  bibasic  adds  containing  the  same  number  of 
carbon-atoms  as  thcanaelTes. 

fi.  By  boiling  the  cyanides  of  diatomic  alcohol-radicles  with  alcoholic  potash ;  e.g^ 

(0»H«nCN)»  +  2K0H  +  2B«0  -  2NH«  +  (C"H«)"(CO«K)« 
PropyleDe  Fotaosliim 

cjaDide.  pyrotartnte. 

This  reaction  is  analogous  to  that  by  which  the  fatty  acids  are  formed  from  the 
cyanides  of  the  monatomic  alcohol-radidee,  OH^'*''. 

y.  By  the  addition  of  hydrogen  to  other  adds  containing  a  smaller  proportion  of 
that  element ;  in  this  manner  sucdnic  acid,  C*H*0*,  is  formed  from  fumaric  acid, 
C*H*0». 

S.  By  the  action  of  heat  on  adds  of  more  complicated  structure ;  e.g., 

2C<H«0«  -  8C0«  +  2H«0  +  C»H»0*. 
Tartario  Fyrotartario 

add.  acid. 

5.  Many  of  these  adds  are  produced  by  the  action  of  powerful  oxidisers  on  a  variety 
of  Clonic  bodies :  thus,  soocinic  add,  C^H'O*,  and  its  homologues,  are  produced  by 
tieatiDg  Tazious  fatty  and  resinous  bodies  with  nitric  add. 

OH'B-^O^ — ^This  series  indudes  the  two  following  groups 


2. 
of  isomeric  adds : 


Fumaric  and  Maleic  adds 

Itaoonic,  Citiaoonic,  and  Mesaconic  adds 


They  are  for  the  most  part  unsaturated  compounds,  capable  of  taking  up  two  atoms 
of  hjdrogen,  bromine,  or  other  monad  elements,  or  a  molecule  of  a  hydracid,  such  as 
HCl  w  HBr,  and  pasmng  into  acids  of  the  preceding  series. .  Thus  itaconic  acid, 
C^HH)*,  treated  with  sodium  amalagam  is  converted  into  pyzotartaric  acid,  C'H'O^ ; 
Annarie  add,  C*H*0^  treated  with  bromine  yields  dibromo-sucdnic  acid,  C^H^BiH)* ; 
and  citraeonic  add  treated  with  hydrochloric  add  is  converted  into  citramonodiloro- 
pyrotortaric  add,  C»H'C10«. 

The  fixation  of  a  molecule  of  hydrogen  converts  the  several  isomeric  non-saturated 
adds  into  one  and  the  same  saturated  acid :  thus  the  three  pyrocitric  adds,  OH'O*, 
are  all  converted  in  this  way  into  pyrotartaric  acid.  But  the  fixation  of  bromine 
gives  rise  to  brominated  adds  which  are  not  identical,  but  isomeric,  like  the  unsaturated 
adds  from  which  they  are  formed ;  on  repladng  the  bromine  with  hydrogen,  however, 
these  aevezal  brominated  adds  yicJd  the  same  saturated  acid. 

Kfikoli,  who  discovered  these  ftcts,  explains  them  as  follows  (Ann,  Ch,  Pkarm, 
Stmpl,  ii.  Ill;  further,  Bnltetin  de  PAcadhnie  royale  de  Bdgique  [2]  xxiv.  25; 
^^&r^tory,  p.  870). 
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Maleic  and  fumaric  acids  may  be  regarded  as  derived  from  the  satnrated  componiid 
succinic  acid,  by  the  loss  of  2  atoms  of  hydrogen ;  but  in  tlie  case  of  maleic  acid  it  may 
bo  supposed  that  the  two  hydrogen  atoms  thus  removed  belonged  to  the  same  atom  of 
carbon  ;  in  that  of  fumaric  acid,  to  dififerent  atoms  of  csvrbon ;  thus : 


CO^H 

CO'H 

CO«H 

CH» 

1 
C  .  . 

CH  . 

cm 

cm 

CH  . 

com 

com 

CO«H 

Snodnic 

Maleic. 

Fumaric. 

The  dots  in  these  formnlsB  represent  the  gaps  left  by  the  removal  of  the  hydrogen 
atoms,  or,  in  other  words,  the  unsaturated  atomicities  or  equivalencies  of  the  carbon- 
atoms. 

Now  it  is  dear  that  the  addition  of  H'  to  either  of  these  unsaturated  molecules  must 
yield  the  same  product,  viz.  succinic  add,  but  that  the  addition  of  2  atoms  of  bromine 
to  the  first  or  to  the  second  will  yield  different  products,  viz. : 


CO*H 

I 
CBr* 


CO'H 

I 
CHBr 


I 


H« 


CO«H 

llalao-dlbromotaccinic 


HBr 


JO«H 
Famaro-dlbranosQcdnlc 


Fumaric  acid  is,  however,  a  much  more  stable  compound  than  maleic  acid,  and  less 
inclined  to  take  up  hydrogen  or  bromine  than  maleic  acid :  hence  it  is  probable  that 
the  two  middle  atoms  of  carbon  in  the  former  are  united  more  intimately  than  in  the 
latter,  and  that  it  is  really  a  saturated  compound  represented  by  the  formula : 

COOH 

in 

II 

CH 

COOH 
Famaiicacid. 

A  body  so  constituted  will  not  take  up  a  molecule  of  bromine  till  the  connection 
between  the  carbon-atoms  has  been  somewhat  loosened  by  the  action  of  that  element ; 
whereas  maleic  acid,  which  is  an  unsaturated  compound,  can  take  up  the  bromine 
immediately,  to  form  dibromosnceinic  acid. 

The  isomeric  acids,  C^H'O*,  may  in  like  manner  be  represented  by  the  following 
formulae : 


COOH 
CH* 

A.. 

CH« 

COOH 
Itaoonio. 


COOH 

d.. 

CH« 

CH« 

COOH 
Citraoonic, 


COOH 

Ah 

I 

CH 

6h» 


k 


500H 
Mesaconic. 


COOH 
CH  • 
CH« 

CH      • 

COOH 

Unknown 

iMimcridc. 


The  first  three  of  tliese  acids,  when  treated  with  bromine,  take  up  two  atoms  of  that 
element,  and  form  dibromopyrotartaric  acid,  C*H*Br*0^ ;  but  mesaconic  acid  takes 
up  bromine  and  hydrogen  much  less  readily  than  itaconic  or  citraconic  acid,  being  in 
fact  related  to  these  acids  in  the  same  way  as  fumaric  to  maleic  acid. 
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The  three  modifleatioiui  of  dibiomopyTotartaric  acid  ax«  represented  by  the  formulse : 


COOH 
CH» 

CBi« 

CH« 

COOH 
Itedibfonuv 
pyzDtertaric 


CX)OH 


CBi 
CH« 


COOH 

CHBr 

I 
CHBr 


CH» 

COOH 
dtandlbttmuv 
pjiotartaric 


CH« 

I 

COOH 
Meaadibromo- 
pyroCttrtaric 


Itadibromopyrotartaric  add  treated  with  alkalia givea  rise  toaconicacid,  C*H*0', 
the  two  atoma  of  bromine  uniting  with  two  atoms  of  hydrogen,  and  two  molecules  of 
hjdrobromic  acid  being  eliminated,  while  the  three  carbon-atoms  forming  the  centre  of 
the  molecule  unite  together  in  a  more  intimate  manner ;  thus : 

COOH 

I 

c 

II 


COOH 
CHH 


CB; 

h 

I 


irBr 


HH 


COOH 
Itadibromopyro- 
turtericedd. 


CH 

COOH 
AoraJcadd. 


The  two  other  modifications  of  dibromopyrotartaric  acid  when  similarly  treated 
both  yield  monobromocrotonic  acid,  C'H*BrO'.  These  reactions  are  explained  by 
the  following  formuls,  in  which  the  elements  remoTed  in  the  form  of  hydrobromic 
acid  are  indited  by  brackets : 


COOH 

CBrBrj 

CHH  j 

CHH 

COOH 
dtiBdlbramo- 
PTTotartaric 


CBr 

I 

CH 

A 

A< 


HH 


300H 
Monobromo- 
cxotonic 


COOH 

CBrHj 

CHBr) 

I 
CHH 

COOH 

Mwadibionu^ 

pyrotartarle. 


Another  reaction,  easily  explained  by  these  formulte,  is  the  conversion  of  itaconic 
and  dtraconic  acids  into  mesaconic  add  by  the  action  of  hydrobromic  add.  The 
gaps  in  the  molecule  are  first  filled  up,  and  then  hydrobromic  acid  is  eliminated ;  but 
to  produce  this  add  the  bromine  takes  up  an  atom  of  hydrogen  diiferent  from  that 
wiui  which  it  entered.  This  reaction  is  represented  by  the  following  formulas,  in 
which  the  elements  of  the  hydrobromic  acid  which  go  out  are  indicate  by  a  brace, 
thcoe  of  the  hydrobromic  acid  which  enters,  by  asterisks ;  these  latter  correspond  to  the 
gaps  in  the  generating  acids*: 

COOH  COOH  COOH 

CH»Br»^ 
CHH     ) 


CHH  . 

CH*Br», 

CHH 

COOH 

Itaincaobroino- 

pjrotBztariCa 


i 
k 


HH 


JOOH 

dtramonobromo- 

pyrotartario. 


I 

CH 

COOH 
Keaaconlo. 


This  transformation  of  itaconic  and  dtraconic  acids  into  mesaconic  acid  shows  further 
that  mesaconic  add  must  be  represented  by  the  third  and  not  by  the  fourth  of  the  formuke 
abore  ^Tea  (p.  48).  An  acid  having  the  constitution  represented  by  this  last  formula 
might  indeed  oe  formed  from  citraconic,  but  not  from  itaconic  acid. 
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Itamonochloropyrotartaric  acid,  C*H'C10^  boiled  with  water  gives  up  hydrochloric 
acid,  and  yields  an  acid  called  paraconic  acid,  haying  the  same  composition  as 
itaconic  acid,  &c.,  but  monobasic  (Swarts,  Bull,  Acad.  Belg.  [2]  zxiv.  25).  (See  Pzso- 
ciTHic  Acids,  under  Cmic  Acid.) 

Camphoric  acid,  C*'H^*0\  is  likewise  a  bibasic  acid  included  in  the  general 
formula  OH'"-*0'.  It  appears  to  be  a  satnnted  compound,  inasmuch  as  its  ethylie 
ether  shows  no  tendency  to  take  up  chlorine  or  other  monatomic  elements. 

3.  8«ii«s  OH**-*0*. — ^Aconic  acid,  C*HK>*,  produced  b^  treating  itadibromo- 
pyrotartaric  acid  with  excess  of  caustic  alkali,  is  comprised  in  this  farmula,  but  it 
appears  to  be  monobasic. 

4.  Series  OH'"-*0*. — The  only  bibasic  acid  represented  by  this  formula  is 
quinoylic  or  quinonic  acid,  C'H^O*,  which  moreoTer  is  Imown  only  in  its 
dichlorinated  derivative,  C«H*C1«0«  (v.  84). 

5.  Series  OH'■'**0^ — ^This  series  includes  the  isomeric  acids,  ph thai ic,  iso- 
phthalic,  and  terephthalic,  C»H«0*  or  C«HVCO«H)«,  the  isomerism  of  which 
appears  to  depend  upon  the  relative  positions  of  the  two  atoms  of  carboiyl,  CO'H. 
(See  Abomatic  Sbbxbs.) 

Tbiatomic  Acids. 

These  acids  are  derived  from  triatomic  alcohols,  by  substitution  of  1,  2  or  8  at. 
oxygen  for  1,  2  or  8  molecules  of  hydrogen,  and  are  accordingly  either  monobasic  acids 
containing  4  at.  oxygen,  bibasic  acids  containing  6  at.  oxygen,  or  tribasic  adds 
containing  6  at.  oxygen. 

Triatomic  and  Monobasic  Acids. — ^There  are  only  three  acids  that  can  with 
certainty  be  referred  to  this  group,  vis., 

Glyoxylic  acid C»H*0«. 

Glyceric  acid C»H«0*. 

OxysaUcylic  add C'HK)«. 

Olyoxylicacid  may  be  regarded  as  a  derivative  of  the  unknown  ethenyl  alcohol, 
(C«H«)"'(H0)«,  thus : 

OH  OH 

CHOH  CHOH 

CH"OH  COOH 

Etbenyl  GUyoxrUo 

alootaoL  Mda. 

Its  composition  is  indicated  by  its  formation  from  oxalic  acid  by  the  action  of 
nascent  hydrogen :  C*HK)*  +  H»  =  C*H*0',  and  from  bromoglycoUic  acid  by  boiling 
the  silver-salt  of  that  acid  with  water : 

C«H«AgBrO»  +  H»0  ^  AgBr  +  (?H*0«. 

For  the  further  discussion  of  its  formula  see  Gltoxtlic  Acid. 

Glyceric  acid,  C*H«0*  (ii.  876),  is  derived  in  like  manner  from  propenvl  alcohol 
or  glycerin  (C»H»)'"(OH)».  r    r-  .. 

CHK)H  CH*OH 

CHOH  CHOH 

CH«OH  COOH 

Olycerln.  Olyoeilc  add. 

Oxysalicylic  acid,  CH*0^  which  maybe  regarded  as  salicylic  acid  having 
1  at  H  replaced  by  HO,  is  produced  by  the  action  of  boiling  potash  on  mono-iodosali- 
cvlic  acid  * 

C'H»IO«  +  KHO  -  KI  +  C»H»(HO)0». 
It  is  isomeric  with  carbo-hjdroquinonic,  hypogallic  and  protocatechuic  acids,  all  of 
which  are  likewise  monobasic. 


There  are  a  few  other  monobasic  acids  containing  4  at.  o^gen,  which  probably  also 
belong  to  this  group,  viz.  eugetic  acid,  C"H"0*,  produced  by  the  action  of  carbon 

j:^_:j J Ji:„^- i    ._    ?_    _-fj    / ?:»?_    .1    »    1  \      • 
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eolooriog  principles  of  certain  lichens  (ii.  611 ;  iv.  285,  365);  and  piporic  acid, 
0<H"0*,  prodnced  by  boiling  piperine  with  potash. 

Triatomie  and  Bihasie  Acids, — The  only  known  acids  of  this  gronp  are 
tartronicacid,  CHH)*,  malic  acid,  OH*0*,  itamalic  acid,  C*H'0*,  and  perhaps 
alflo  CToconic  acid,  CHH)*.  The  alcohols  corresponding  to  these  acids  are  not  known, 
n«ither  have  any  general  methods  of  forming  the  acids  been  disooTered.  The  relations 
of  tartronie  and  malic  acids  to  their  respectiye  unknown  alcohols,  CH'O*  and  C^H'*0', 
are  shown  by  the  following  formula : 

CHH)H        COOH         CHK)H        COOH 

GHOH        GHOH         GHOH        GHOH 

CHK)H        COOH         CH«  CH« 

CBPOH  COOH 

TJnhiown  aloobol.  Tartronie  acid.  Unknown  aloohoL  Malic  add. 

Itamalic  add,  lately  discovered  by  Swarts,  is  formed  by  the  action  of  water  or 
alkalis  on  itachloropyrotartaric  acid,  C»H»aO*  +  H«0  «  0*H»0»  +  HCL 

Triatomic  and  Trihaaie  Acids. — ^Bnt  few  of  these  acids  have  been  obtained ; 
iDdeedfthe  only  ones  known  with  ceitainty  to  belong  to  the  group  are  aconitic  acid, 
(?H«0«  =  (C»H"r.(CO«H)«,  and  tricarballylic  acid.  C«H»0«  -  (C"H»nCO«H)», 
vhich  is  produced  by  the  action  of  alkalis  on  propenyl  tricyanide  or  tricyanhydrin 
(t.  879). 

TaTBAToxic  Acids. 

These  adds  may  be  derived  from  tetratomio  alcohols  by  substitution  of  1,  2,  3  and  4 
stems  of  oi^gen  for  a  corresponding  number  of  hydrogen  molecules ;  thus : 

CH«OH  CH»OH  COOH 

GHOH  CHOH  CHOH 

CHOH  CHOH  CHOH 

CH«OH  COOH  COOH 

Eiyihrlte.  Brythric  add  Tartaric  add 

(monobasic).  (bilwdc). 

Only  one  tetratomic  acid  has,  however,  been  actually  formed  by  oxidation  of  the 
eonwponding  alcohol,  viz.  erythric  acid,  C*H"0»,  from  eiythrite,  C<H"0*.  The 
knofVD  tetratomic  adds  are : 

Eiythricacid C<H»0*>         ,     . 

GaUicscid Q.HW}"^^'*^^^*^ 

Tartaric  add C*R*0*),.,     . 

Homotartaric  add  .        .        .        .  c*HK)«{^**'*^^ 

Citric  add C*H'0'  tribasic. 

Homotartaric  acid  is  produced  by  the  action  of  moist  silver  oxide  on  dibromo- 
p)iulai(aric  add : 

C»H«Br»0<  +  AgK)  +  H«0  =  2AgBr  +  C»H"0«. 

Bhodisonic  acid,  C^^O*,  obtained  by  heating  with  alcohol  the  black  mass 
'Bsoltiiig  from  the  action  of  carbon  monoxide  on  heated  potassium,  is  also  a  bibasic 
add  oontaininff  6  at.  oxygen. 

Citric  acid  is  a  tribasic  acid,  C«H«0'  «  ('C«H*0)'"(COOH)«,  which  maybe  derived 
fnm  the  unknown  tetzatomic  alcohol,  CH**0^ 

HOH«C        CffOH  HOOO        COOH 

V  Y 

CH  CH 

CHOH  CHOH 

CH*  CH* 

CH*OH  COOH 

Tetratomio  aloohoL  Cltrio  acid. 

e2 
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Moconicacid,  C^'O*,  obtained  from  opium,  is  alao  a  tribasic  add,  but  its 
of  atomicity  ha8  not  yet  been  determined. 

Pbmtatomic  Acids. 

There  \h  but  one  known  acid  that  can  be  referred  to  this  gioap,  Tia.  quinic  or 
kinic  acid,  C^WH)*  (v.  9),  which  is  monobasic,  and  may  perhaps  be  represented  by 

the  formula  (CTIYJ^q?^*. 

Hbxatomic  Acids. 

Four  Hridft  of  this  class  are  known,  viz.  mannitic  acid,  C*H*K)',  the  isomeric 
m-ids,  saccharic  and  mucic,  CH'^O",  all  of  which  appear  to  be  bibasic,  and 
mellitic  acid,  C''H*0"  which  is  sexbasic.  The  first  three  of  these  adds  are 
dorivcrl  from  the  hczatomic  alcohol,  mannite,  C^^'O*,  in  the  manner  indicated  by  the 
following  formulae : 

CH»OH  CHK)H  COOH 

CHOH  CHOH  CHOH 

CHOH  CHOH  CHOH 

CHOU  CHOH  CHOH 

CHOH  CHOH  CHOH 

CH«OH  COOH  COOH 

Maanlte.  HannlUo  sold.  Bsocharfc  sold. 

The  bibasicitY  of  mannitic  acid  seems  to  show  that  the  influence  of  the  oxygen  on 
the  group  COOH,  in  facilitating  the  exchange  of  the  typic  hydrogen  for  a  metal  may 
extond  to  the  group  CHOH,  which  is  next  to  it. 

Mannite  is  actually  converted  into  mannitic  acid  by  oxidation  nnder  the  influence 
of  platinum-black,  and  into  saccharic  acid  by  the  action  of  nitric  add. 

Molliticacid,  formerly  regarded  as  a  bibasic  add  and  represented  by  the  for- 
mula C4P0*  (n\,  870),  appears  from  the  recent  researches  of  Baeyer  (Jmn.  Ch.  Pkarm, 
exit.  271)  to  oe  a  hexatomic  and  sexbasic  acid,  C^CCH)*,  derived  from  benaene, 
CMl*.  by  substitution  of  6  equivalents  of  carboxyl,  CO'il,  for  6  at.  hydrogen.  It 
thoroforo  belongs  to  the  aromatic  series.  When  heated  with  lime  it  is  completely 
resolved  into  carbonic  acid  and  bensene,  C^CO*H)«  +  6CaO  «  C«H«  +  GCOKSa. 
When  treated  with  sodium  amalgam  it  takes  up  6  at.  H,  and  is  converted  into  the 
sexbasic  acid  C*H'(CO'H)* ;  and  this  when  treated  with  sulphuric  add  is  converted 
into  the  tetrabasic  acid  C<H<(CO>H)«. 


The  preceding  groups  include  all  the  organic  acids  containing  only  carbon,  hydrogen 
and  oxygen  whose  chemical  relations  have  been  exactly  investigated ;  but  it  need 
scarcely  be  added  that  there  is  still  a  considerable  number,  especially  those  existing 
in  living  organisms,  whose  places  in  the  series  cannot  at  present  be  determined. 

Most  organic  acids  when  subjected  to  the  action  of  chlorine  or  bromUu  give  up  one 
or  more  atoms  of  hydrogen  in  exchange  for  chlorine  or  bromine,  lodated  acids  are 
formed  in  like  manner,  sometimes  bv  the  action  of  iodine^  sometimes  by  that  of  chloride 
ef  iodine.  Nitrated  acids,  in  which  one  or  more  eouivalents  of  nitiyl,  NO*,  are 
substituted  for  hydrogen,  are  formed  by  subjecting  organic  acids  to  the  action  of  strong 
nitric  aoid.  All  these  substitutions  take  place  within  the  radicle  of  the  acid,  and  do 
not  affect  its  basidtv.  Another  important  class  of  adds  is  constituted  by  the  amie 
oramidated  acias,  formed  by  denydration  of  acid  ammonium  salts,  by  the  action 
of  hydrogen  sulphide  or  other  redudng  agents  on  nitrated  acids,  and  by  the  action  of 
ammonia  on  add  ethers,  e.g.  oxamic  acid  from  add  ethylic  oxalate. 

•ttlplio-AOlds.  There  is  also  a  peculiar  class  of  adds  containing  s  u  1  ph  u  r,  formed 
bv  the  action  of  Aiming  sulphuric  acid  or  sulphuric  anhydride  on  hydrocarbons, 
alcohols,  acids  and  amides.  They  contain  the  elements  of  a  hydrocarbon,  an  alcohol, 
or  an  acid,  combined  with  one  or  two  molecules  of  sulphuric  anhydride,  and  may  be 
regarded  as  derived  &om  hydrocarbons,  alcohols,  and  acids  by  substitution  of  the 
univalent  radicle  SO'H  for  hydrogen.  Those  derived  fiom  acids  idso  contain  the 
xadide  carboxyl,  CO'H.    Thus  sulphaceticacid  formed  by  the  action  of  sulphuric 
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Anhydride  on  glacial  acetic  acid  has  the  composition  €'H^O'.SO',  and  its  constitation 
may  be  lepreeented  bj  the  following  formnlBB : 

O 


I 

HO— S— CH» 

O    CO 


or 


C 

i1 


OH 


rH» 

SO»H 

O" 
OH 


or  CH«(SO»H).CO*H. 


In  like  manner,  disnlphometholic  or  methionic  acid,  CH^2S0',  produced  by 
the  prolonged  action  of  fuming  snlphnric  acid  on  Bolphacetic  add,  may  be  regarded  as 
CH^SO^)*,  that  is  as  marsh  gas  haying  2  at.  hydrogen  replaced  by  the  radicle 
SO*H. 

Both  snlphaoetic  and  disnlphometholic  acids  may  be  obtained  by  the  action  of  faming 
solphnric  add  on  aeetamide  or  aeeUmUr^ : 

C*H^  +  HH>  +  2H«S0*  «  (NH*)HSO«  +  C«H«SO» 
AfleConltrfle.  Acid  ammo-       Solphaoetlo 

nimn  wlptiate.  add. 

C*H*N  +  8H«0«  -  (NH«)H80«  +  C0«  +  CB*&0^ 

Dlralidio- 
meChoUc  add. 


In  like  manner  are  obtained :  firom  jpropionUrUet  C*H*N : 


Snlphopiopionic  add,  C*H«(SO'H).CO*H  or 


C 

ii 


i 


H 

CH« 

80"^ 

O" 
OH 


Disulphetholic  acid,  C«H\SO»H)«  or  C^CH« 

'(SO«H)« 

And  firam  bengomtrUe^  CH^N : 

Snlphobenzoic  add,  C«H«(SO>H).CO*H 
DlsnlphobensoUc  add,  C*H«(SO*H)*. 

Bdpkobemgoiie  aoH,  C^*(SO^),  is  produced  by  the  action  of  strong  solphnric 
on  bemene. 

SdfhomaphikQlic  add,  C^H'CSO'H),  and  Disulnhont^hthtdie  add,  G*«H*(SO*H)«, 
are  obtained  by  melting  naphthalene  with  strong  solphnric  add  or  solphnric  anhydride 
(T.  567). 

A  solpho-add  called  methm-tritulphomo  acid  (or  methemfUtrigidphomo  acid) 
eontaininff  three  eqoi'^ents  of  the  radide  SO'H,  and  represented  by  the  foimola 
(CH)''(SO^)',  is  prodooed,  as  a  caldnm-salt,  by  heating  caldnm  methylsnlphate  with 
findng  Bolphiiric  add  (Theilkohl,  Aum,  Ch.  Pkarm.  crvii.  184). 

Isethionic  acid,  CH^SO',  ethionio  acid,  CH'S'O',  and  ethionic  oxide 
or  anhydride,  CH^SK)*,  podnced  by  the  action  of  solphnric  anhydride  or  faming 
snlphnnc  add  on  alcohol  ana  ether,  likewise  belong  to  this  class  of  bodies,  and  may  be 

r  seated  by  the  following  formote,  which  show  that  isethionic  acid  is  monobasic, 
nic  add  bibanc,  and  euionic  oxide  neotral : 


OH 
0-S»0 
H«C-0-CH« 


iMthienlc  add. 


HO  OH 

0=:S»0    0»S-0 

H*C 0 CH« 

BUdonloadd. 


o. 


-8-0     0»S 

[«C O CH» 

Bthionio  oxide. 


O 


or: 


C 

6\ 

6 


H« 

w 

80«H 


A- 


H» 
SO'H 

SO«H 
H« 


C 
6\ 


H« 
800 
800 
H« 


O 


The  basidty  of  a  snlpho-edd  is  eqnal  to  the  number  of  atoms  of  SO*H  and  CO'H 
together  contained  in  its  molecnle. 

The  solpho-acids  formed  from  hydrocarbons  or  alcohols  are  described  in  the 
Dictionary  as  snlphuioos  ethers  (t.  556)  ;  bot  they  are  perhaps  more  appropriately 
lepreeented  by  the  formols  just  giyen,  in  all  of  which  the  sulphor  is  reprcsentod  as  in 
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iramediatfi  connection  with  the  carbon.  In  the  true  sulphmous  others  the  snlphiir  is 
connected  with  the  carbon  only  through  the  medium  of  oxygen,  as  in  methyl  sulphu- 
rous acid,  (CH«)HSO»,  and  neutral  methyl  sulphite,  (CH«)«SO» : 

O  0 

R  I 

HO  -  S  -  OCH"  H«CO  -  S  -  OCH« 

Methyl  Bnlphnroos  Neatral  methyl 

■dd.  Bolphltfl. 

Nevertheless,  these  sulpho-acids  resemble  the  sulphurous  ethers  in  so  far  that,  when 
treated  with  alkalis,  they  are  converted  into  metallic  sulphites ;  and  conversely  they 
may  be  produced  by  the  action  of  the  corresponding  chlorides,  iodides,  &c.,  on  metallic 
sulphites.  For  just  as  ethyl  iodide  acting  on  neutral  potassium  sulphite  produces 
potassium  iodide  and  sulphethylate,  according  to  the  equation : 

C«H»I  +  KSO'K  «  C«mSO«K  +  KI; 

and  ethylene  bromide  with  sodium  sulphite  produces  sodium  ethylene-sulphite : 

C«H'Br«  +  2NaS0«Na  «  C'H^jg^l^*  +  2NaBr; 

so  likewise  monochloracetic  acid  with  potassium  sulphate  forms  sulphaoetate : 

C«H«C1.C0«H  +  KSO«K  -  CH«|^'^  +  KCi; 

glycoUic  monochlorhydrin  gives  rise  to  potassium  isethionate,  CH^OlBn.SO'K;  glyoorie 
dichlorhydrin  produces  the  potassium  salt  of  disulphoglyceric  acid,  CH*(OH).(SO'H)' ; 
and  trichlorhydrin  produces  trisulpho-glyceric  acid,  0'H*(SO*H)". 

Sometimes,  however,  the  reaction  is  loss  simple ;  thus  chloroform  at  180^  is  but 
slowly  attacked  by  potassium  sulphite,  carbon  dioxide  being  evolved,  together  with 
a  gas  (methyl  chloride  ?^  which  bums  with  a  green  flame ;  and  the  solution  contains 
sulphomethylic  acid  ana  its  chlorinated  derivatives,  together  with  disulphomethylenic 
and  perhaps  also  trisulphomethylenic  acid.  In  general,  however,  in  the  formation  of 
these  sulpho-acids  by  the  reaction  under  consideration,  the  bromine,  chlorine,  or 
iodine  united  with  the  carbon  is  repUced  by  the  univalent  radicle  SO'H. 

ACO&TCTZVB«  A  base  contained,  according  to  Fr.  Hiibschmann  (Jlakresb. 
1866,  p.  483),  in  the  root  of  wolfs  banc,  Aconitum  li/coetonum,  which  does  not  appear 
to  contain  aconitine.  It  is  obtained,  together  with  another  base  called  lycoctonine, 
by  treating  the  alcoholic  extract  of  the  root,  first  with  lime,  then  with  sulphuric  acid, 
evaporating,  removing  the  resin,  decolorising  with  animal  charcoal,  evaporating  to 
dryness  with  sodium  carbonate,  and  exhausting  the  triturated  mass  with  chloroform 
or  absolute  alcohol.  On  digesting  the  syrupy  residue  left  on  evaporating  this  extract 
with  ether,  the  lycoctonine  dissolves,  while  the  acolyctine,  which  is  present  in  larger 
quantity,  remains  behind.  Acolyctine  is  a  whitish  powder  easily  soluble  in  water, 
alcohol  and  chloroform,  but  insoluble  in  ether.  It  has  a  bitter  taste  and  alkaline 
reaction,  and  neutraUses  acids. 


ACOVB&&ZBrB.  This  name  is  given  by  T.  and  H.  Smith  (Pharm.  J.  TVans. 
[2]  V.  317)  to  a  base  different  from  aconitine,  which  they  have  extracted  from  the  root 
of  Aconitum  NapeUus. — The  mode  of  preparation  is  the  same  as  that  given  below 
for  aconitine,  excepting  that  the  sulphuric  acid  solution  is  treated,  not  with  ammonia, 
but  with  sodium  carbonate,  added  in  such  quantity  as  to  leave  the  acid  in  slight 
excess.  Aconitine  then  remains  dissolved,  and  the  aoonelline  crystallises  after  a  luiy 
or  two  on  the  sides  of  the  vessel. 

Aconellino  differs  from  aconitine  in  not  being  poisonous.  It  is  isomeric  with 
narcotine,  exhibiting  the  same  degree  of  solubility  in  water,  alcohol,  &c.,  the  same 
reactions,  and  forming  a  platinum  salt  in  which  the  percentage  of  platinum  is  the 
same  as  in  platino-chloride  of  narcotine. 

ACOVXOACXB.   C»H<0«  =  CJI^^^^I^)!!  (Kekule,  Ann.  Ch,  Pharm,  SupfL 

1.  338). — An  acid  produced  by  the  action  of  alkalis  on  itadibromopyrotartaric  acid 
(p.  49).  When  a  solution  of  this  acid  neutralised  with  soda  is  heated  to  the  boiling 
point,  and  then  gradually  mixed  with  more  soda  in  the  proportion  of  3  molecules 
KaHO  to  1  molecule  of  the  acid,  and  the  liquid  is  evaporated,  sodium  aoonate^  OH'NaO*. 
3H*0,  crystallises  out.  This  salt  is  easily  soluble  in  water,  and  crystallises  in 
thin  transparent  rhombic  tables,  which  effloresce  slowly  on  exposure  to  the  air.     The 
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saii,  Ba''(C*HK)^)*  (at  150^),  is  fenned  in  a  similar  manner,  and  la  precipitated 

in  flocks  from  the  concentrated  solution  by  alcohol.    The  acid  is  crystaUisable  and 
easily  soluble  in  water. 


(ynny*  «  C«H»0«(0H)«.— This  acid  is  farmed  in  very  smaU 
quantity,  together  with  a  Tolatile  acid,  when  an  aqueous  solution  of  citric  acid  is  boiled 
for  100  hoars  (Dessaignes,  Bull.  8oe.  Ckim,  [2]  r.  856).  According  to  Otto  (Jakresb. 
1863,  p.  884),  it  forms  a  basic  lead-salt  containing  Pb*(G*H*0«)*.2Pb0.2HK) 
(at  100*>). 

Bj  the  action  of  sodium  amalgam,  aoonitic  acid  is  oonyerted  into  tricarballylic  acid, 
CmH}*  (y.  870). 


C'H^O'. — The  best  mode  of  preparing  this  base  in  the  puro 
state  appears  to  be  that  of  Hottot  (J.  Pkarm.  [3]  xlv.  304 ;  Jakresb,  1863,  p.  451). 
The  pulyerised  root  of  monkshood  is  macerated  for  a  week  in  alcohol  of  85  per.  cent. ; 
the  filtered  tincture  distilled  over  the  water  bath ;  the  aqueous  solution  of  the  residue 
mixed  with  milk  of  lime  and  shaken  from  time  to  time ;  and  the  filtered  solution  pre- 
cipitated with  a  slight  excess  of  sulphuric  acid.  The  clear  liquid  filtered  from  the 
eakinm  sulphate  is  then  evaporated  to  a  syrup ;  the  residue  is  mixed  with  three  or 
four  times  its  weight  of  water ;  and  the  resulting  solution  is  left  at  rest,  in  order  to 
remorea  green  oil  which  rises  to  the  surface  and  solidifies  at  20^ ;  the  last  traces  of  this 
oil  are  remored  by  pouring  it  through  a  wet  filter.  The  filtered  liquid  is  next  mixed 
with  ammonia,  boiled  to  expel  the  excess  of  that  alkali,  and  render  the  precipitate 
more  eompact ;  and  the  i>recipitate,  which  is  a  mixture  of  aoonitine  with  a  resinous 
matter  sparingly  soluble  in  ether,  is  collected  on  a  filter,  washed,  dried,  and  treated 
with  pure  ether. 

The  ethereal  solution  filtered,  and  left  to  evaporate,  leaves  aoonitine  still  impure. 
To  obtain  the  alkaloid  quite  pure,  it  must  be  redissolved  in  dilute  sulphuric  acid,  pre- 
cipitated by  ammonia,  and  boiled ;  and  the  precipitate  must  be  washed,  dried,  and 
again  treated  with  ether.  By  repeating  this  treatment  two  or  three  times,  taking  care 
in  the  last  repetition  to  add  the  ammonia  only  drop  by  drop,  so  that  the  first  portions 
of  the  precipitate,  which  are  still  coloured,  may  be  separated,  the  aoonitine  is  ulti- 
mately obtained,  white,  amorphous,  and  ^uite  pure :  10  kilogr.  of  the  root  thus  treated 
yield  from  4  to  6  grms.  of  pure  aconitine  (Hottot).  According  to  Procter  {Chem. 
Newt^  ix.  87)»  the  root  of  American  monkshood  contains  4*2  parts  per  thousand  of 
aoonitine ;  the  European  root,  only  2  pejts  per  thousand. 

Aoonitine  when  cautiously  heated  yields  an  amorphous  sublimate  which  in  contact 
with  ammonia  produces  chaoncteristic  microscopic  ci^rstalline  formations,  like  those  of 
a  tin-tree  (cruciate  needles)  (Helwig,  J,  Pkarm.  [3]  xlvi.  469).  Aco(»ding  to 
Bnignet  (ibid.  xL  25),  it  turns  the  plane  of  polarisation  to  the  left. 


A  gluoosate  extracted  from  the  common  reed  (^coftw  ca2amttf).    It  is 

soluble  in  alcohol  and  ether ;  precipitated  frtmi  its  ethereal  solution  by  benzene.  The 
alcoholic  solution  is  slightly  alkaline.  It  dissolves  in  hydrochloric  acid,  but  does  not 
neotralise  it  (A.  Faust,  Bull.  8oo.  Ckim.  [2]  x.  892). 

JLCSOUUV.  CH*0  *  CH'.COH.— This  compound,  the  aldehyde  of  the  acrylic 
svieo,  isformed,  together  with  other  products,  by  the  decomposition  of  acetone  dibromide 
(?  dibromisopropyl  alcohol)  at  ordinary  temperatures  or  ^en  heated : 

C^«OBr*  -  2HBr  +  C»H*0. 

Acrolein  is  converted  by  naacent  hydrogen  (evolved  by  zinc  and  hydrochloric  acid) 
into  ^fyl  aoohol,  isopropyl  alcohol,  and  acropinacone  (p.  56)  (Linnemann,  Ann.  Ck. 
Pkarm.  SumpL  ui.  257) : 

C»H«0  +    H»  -  C«H*0 

AUylaloohoL 

C«H«0  +  2H«  -  C«H»0 

IflOIiropyl  aloohoL 

2C»H<0  +     H»  =  (>H"0« 

Aeropinacone. 

A  soludoD  of  potash  (aqueous  or  alcoholic^  saturated  with  acrolein  deposits  on 
addition  of  an  excess  of  sulphuric  acid,  brown  flocks  of  hexacrolic  acid,  and  the  liquid 
filtered  thvefrom  yields  by  distillation  a  dilute  solution  of  acrylic  acid  (Glaus). 

"By  Qoddation  with  tUver^xidCt  acrolein  is  converted  into  acrylic  acid,  CH^O' ;  with 
potauhtm  Hekromate  and  sulpkuric  acid,  into  carbonic  and  formic  acids.  With  nitrio 
acid  of  sp.  gr.  1-2,  or  with  fuming  nitric  acid,  it  yields  glycoUic,  together  with  oxalic 
add.  By  the  direct  action  of  oxyym,  it  is  only  partly  converted  into  disacryl  (ii.  386), 
together  with  a  small  quantity  of  acrylic  acid.  Uoated  with  aqueoua  or  aleokolic  yotaih 
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it  forms  hexacroloic  acid,  C"H**0*  (iii.  151),  together  with  a  smnll  quantity  of  acrylic 
acid  (Claiis,  Jahresh.  1862,  p.  245 ;  Bull.  8oc.  Chim.  [2]  x.  45).  This  last  compound 
appears  also  to  be  formed  by  treating  a  mixture  of  acrolein  and  ether  with  sodium 
ethylate  (Alsberg,  ibid.  1864,  p.  487). 

Bromine  dropped  into  well-cooled  acrolein  forms  a  thick  yellow  liquid  which  cannot 
bo  distilled  alone,  but  after  treatment  with  alcohol  yields  by  distillation  a  product 
psissing  over  between  150°  and  170°,  and  corresponding  approximately  with  the 
formula  C*II*Br*0.  With  chlorine  in  like  manner  an  oil  is  obtained  which  yields  by 
distillation  a  liquid  passing  over  between  150°  and  155°,  and  having  nearly  the  compo- 
sition C'H^Cl'O.  Cyanogen  does  not  unite  with  acrolein,  but  accelerates  its  resinifica- 
tion  (Aronstein,  Ann.  Ch.  Pharm.  8uppl.  iii.  180 ;  Jahresb.  1864,  p.  832). 

With  phosphftrus  pentachloride^  acrolein  yields,  besides  allylene  chloride,  C*H01', 
lx)iling  at  84*5°  (i.  56),  about  an  equal  quantity  of  an  isomeric  compound  boiling  at 
102°,  and  identical  with  dihydrochloroglycide  or  epidichlorhydrin  (ii.  896).  The  por- 
tion of  the  product  boiling  between  152^  and  156°  also  contains  trichlorhymrin,  CH*C1' 
(Geuther,  ZeiUchr.  f.  Chem.  1865,  p.  24;  Jahresb.  1864,  p.  833). 

Acrolein  heated  with  2  mol.  acetic  chloride  unites  with  it,  forming  the  com- 
ixmnd  C'H'«C1«0»  =  C«H«0.2C«H«0a,  a  colourless  liquid  which  boils  between 
140°  and  145°,  with  partial  resolution  into  its  component  molecules,  and  decomposes 
in  like  manner  in  contact  with  water  or  with  alkalis  (Aronstein). 

Acrolein  heated  with  ethyl  alcohol  and  its  homologues,  and  a  little  acetic  acid,  yields 
glyceric  ethers',  thus,  triethylin,  C*H*(C*H*)*0',  is  produced  by  heating  1  vol. 
acrolein  with  1vol.  alcohol  and  0*5  vol.  acid  acid;  tri  methyl  in,  C*H*(CH*)*0', 
by  heating  1  vol.  acrolein  with  3  vol.  methyl  alcohol  and  0*5  vol.  acetic  acid ;  and 
triamylin,  C"H*(C*H")*0",  in  a  similar  manner.  "When  hydrochlorie  acid  gas  is 
passed  into  a  mixture  of  acrolein  with  2  vols,  absolute  alcohol,  diethyl-chlor- 
hydrin,  C'H'(C'H*)*C10*,  is  obtained  as  a  heavy  oil  of  sweetish  ethereal  odour,  and 
sp.  gr.  1-03  at  10*5°  (Alsberg,  Jahresb.  1864,  p.  494). 

Acrolein  acts  violently  on  aniline^  forming  a  yellow  inodorous  amorphous  base 
called  diallylidine-diphenamine,  C»H'»N>  »  (C«H»)«(C»H*)«N«  (Schiff.  JoArw*. 
1864,  p.  414). 

Metacrolein  has  a  sp.  gr.  of  1*03  at  8°,  and  is  therefore  not  lighter  than  water, 
as  was  formerly  supposed  (i.  57).  With  phosphorus  pentachloride  it  yields  the  sam6 
products  as  acrolein.  Heated  with  acetic  anhydride  to  160°,  it  is  converted  into  oily 
acrolein  diacetate,  boiling  at  180°.    It  does  not  unite  with  ammonia. 

ACXOabaxir^AOaTA3b«    Syn.  with  Dikthtl-oltcisic  bthbb. 

AcaOZJUDr-AamOVZA.  C"H*«N*0'  (or  C*'H«NH)«  if  regarded  as  analogous 
to  ammonium  hydrate). — Clans  prepares  this  compound  by  directing  the  vapours  of 
acrolein  (produced  by  the  action  of  acid  potassium  suphate  on  glycerin)  into  aqueous 
ammonia,  then  expelling  the  excess  of  ammonia  by  ebullition,  and  precipitating 
with  alcohol  or  ether.  It  acts  as  a  base,  forming  salts  with  adds.  The  hydrochloride 
has,  according  to  Claus,  the  composition  C'H^N'O'Cl',  derived  from  the  hydrate 
by  substitution  of  Cl«  for  (H0)«. 

Acrolein-ammonia  is  decomposed  by  dry  distillation,  yielding,  among  other 
products,  a  liquid  base,  which  forms  crystallisable  salts.  The  platino-chlorkle  of  this 
base  contains  G*'H"N*Cl'.FtCl* :  consequently  the  free  base  in  the  state  of  hydrate 
would  be  G'*H'*N*0',  and  would  be  derived  from  acrolein-ammonia  (also  regaraed  as 
a  hydrate)  by  elimination  of  2  mol.  water :  C»H«N«0«  -  2HH)  -=  C"H»N«0« 
(Claus,  Ann.  Ch.  Pharm.  cxxx.  185 ;  Jahresb.  1864,  p.  416). 

According  to  Schiff  {Ann,  Ch.  Pharm,  [2]  viii.  443),  acrolein-ammonia  decomposes 
with  excess  of  acrolein,  according  to  the  equation : 

H  +  2C«H«0  -  2H»0+  2N}^^^V)* 

Acxoleln-smmonia.     Acrolein. 

This  base  resembles  those  produced  from  acetic  aldehyde  (9. v.). 

AOBOZAXV-OaKBTBTliOB&OSZBa.  Syn.  with  Htdbogblobidb  of  Snnri/- 
OLTcmic  Ethbb. 

AOBOyzVACOVB.  C*H>*0'  (Linnemann,  Ann.  Ch,  Pharm.  Sufpl,  iii.  257). — 
Produced,  together  with  allylic  and  isopropylic  alcohols,  by  the  action  of  nascent 
hydrogen,  evolved  by  sine  and  hydrochloric  acid,  on  acrolein.  Being  insoluble  in 
water,  it  collects  on  the  surface  of  the  sine,  and  thereby  impedes  the  action  of 
the  acid :  hence  it  is  best  to  mix  the  acrolein  with  half  its  volume  of  ether  and  four 
times  its  weight  of  hydrochloric  acid  of  ^.  gr.  1*16,  cool  it,  and  pour  it  immediately 
on   the  zinc,  which  has  likewise  been  cooled.     When  the  action  is  finished,  the 
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acnpinaoone  is  dissolTod  out  by  repeated  agitation  with  ether,  and  separated  by 
rep«Uedly  distilling  the  ethereal  solution,  and  collecting  the  portion  which  passes 
over  between  160^  and  180®.  When  recently  distilled  it  is  colourless,  but  graanally 
-  turns  brown  on  exposore  to  the  air.  It  has  a  pecnliar  camphorons  odonr,  a  sp.  gr. 
of  0-99  at  17^1  is  insoluble  in  water,  bat  dissolves  easily  in  alcohol  and  ether.  It  is 
related  to  acrolein  in  the  same  mannw  as  pinaoone  to  acetone,  or  benzopinaoone  to 
benaophenone  (iv.  617). 

/C»H*SH 

ACmOTSZAXAnra.    G*H"N8*  =>  N  4  CH«SH.— A  base  produced  by  the  action 

(C"H« 
of  ammonium  sulphydrate  on  acrolein  (Schiff,  Bull.  Soe.  Cfttm.  [2]  yiii.  444).    (See 
Thialddtx.) 

AXSmnnxa  ACZS.  C*H«0>  -  CH(Cn*)".CO<H.->ThiB  acid,  produced  by  the 
direct  oxidation  of  acrolein  and  of  allyl  alcohol,  is  also  formed,  aocoraing  to  Butlerow 
(Jnm.  Ck.  Pkarm.  cjdy.  204),  together  with  other  products,  by  the  action  of.  iodoform 
on  sodium  ethylate.  An  alcoholic  solution  of  baryta,  kept  for  sereral  yeara'in  badly 
closed  bottles,  was  found  by  Berthelot  (Jakrub.  1863,  p.  896)  to  contain  an  acid 
isomeric  or  identical  with  acrylic  acid,  together  with  aldehyde-resin  and  oxalic  add. 

According  to  Glaus  (Ann.  Ch.  Pkarm.  Suppl.  ii.  117),  tne  best  mode  of  preparing 
this  add  is  to  treat  acrolein,  mixed  with  3  vols,  water,  with  recently  predpitated 
silver  oxide,  as  in  Bedtenbocher's  process  (i.  57);  heat  the  liquid  to  the  boiling 
pointy  after  the  odour  of  acrolein  has  disappeared ;  add  sodium  carbonate  to  slight 
alkaline  reaction ;  evaporate  to  dryness ;  and  decompose  the  residue  with  sulphuric  acid. 
On  distilling  the  filtrate,  aciylic  add  passes  over  as  a  colourless  strongly  acid  liquid. 

Acrylic  acid  treated  with  powerful  oxidising  aflents,  such  as  chromic  add,  is  con- 
verted into  acetic  and  formic  acids ;  heated  with  caustic  potash,  it  yields  formate 
and  acetate,  with  evolution  of  hydrogen  (p.  41). 

Aoylie  acid  in  aqueous  solution  takes  up  1  mol.  bromine,  and  forms  dibromo- 
popionic  add,  C*H*BrH)',  which  may  be  crystallised  by  slow  evaporation  (Wichel- 
baus,  Jakreab.  1867,  p.  403). 

The  acrylates,  excepting  the  silver  salt,  are  easily  soluble  in  water.  They  are 
best  prepared  by  neutralising  the  acid  with  sodium  carbonate ;  the  solution,  oven 
when  prepared  with  perfectly  colourless  acid,  turns  yellow,  and  must  be  decolorised 
by  animal  charcoal.  The  acrylates,  when  heated  to  100^,  all  give  off  part  of  their 
add,  and^  leave  basic  salts ;  the  potassium,  barium,  and  zinc  salts  undergo  this 
decomposition,  even  at  ordinary  temperatures.  The  potatnum  salt,  KC*H*0',  and 
the  sodium  salt,  NaCH'O',  form  indistinctly  crystalline  masses.  The  silver  salt, 
AgOH"0*,  forms  a  curdy  precipitate,  or  lancet-shaped  needles ;  it  is  moderately 
solable  in  boiling  water,  and  easily  reducible.  The  barium  salt  is  gummy,  and  forms 
needle-shaped  crystals,  only  after  its  colourless  solution  has  been  left  to  stand  for  a 
long  time.  The  ealehtm  salty  Oa'XO'H'O*)',  remains  on  evaporation  in  groups  of 
sm^,  tliick  needles,  which  gradually  become  opaque,  and  easily  lose  their  acid.  The 
Itad  sa£ty  Fb*(C'H*0*)',  crystallises  &om  a  hot  aqueous  solution,  or  better  by 
evaporation  under  the  air-pump,  in  stellate  groups  of  shining  needles,  often  half 
an  inch  long.  The  zinc  salt,  Zn''(C'H*0*)',  remains  on  evaporation  in  small  scales, 
which  do  not  rcdissolve  completely  in  water.  Etkylie  aenflate  is  not  produced  by 
heating  the  lead-salt  with  ethylic  iodide,  the  salt  being  in  fact  resolved  into 
aoylie  acid  and  a  basic  salt  before  the  ethylic  iodide  can  act  upon  it  (Claus). 

AcsTa^xo  mxaxMB  or  ACXBS.    See  p.  40. 

ABASRSa.  A  hydrated  zinc  arsenate,  occurring  in  a  compact  limestone  at 
Chanardllo,  in  Chile,  in  honey-yellow  grains  having  a  bright  vitreous  lustre,  or  in  very 
small  violet-coloured  right  rhombic  otisius,  havins  an  octohedral  character,  and 
exhibiting  the  combination  od P  .  oo P2  .  oo  1^2  .  ooPoo  .  ^cc  .  F,  the  macrcxiome 
predominating,  and  P  bdng  observed  only  on  a  few  cleavage-faces ;  most  of  the  faces 
exhibit  wayy  striations.  Cleavage  distinct,  parallel  to  Poo .  Angle  oo  P :  oo  P  s 
91«  Sa";  aoP2 :  00 12  «  128<>  6' ;  Poo  :  Poo  over  the  principal  axis  =  107®  20'.  The 
crystals  are  opticallv  positive,  the  pland  of  the  optic  axes  being  parallel  to  oP,  and  the 
median  line  perpendicular  to  oq  Poo  .  The  crystals  scratch  calcspar,  but  are  scratched 
by  fluorspar.  Sp.  gr.  —  4*838.  Analysis  gave  89'86  p.  c.  As*0*,  64-32  ZnO,  1'48  FeO, 
with  trace  of  MnO,  and  4*55  water  (»  100*20),  whence  the  formula  4ZnO.A8<0*.H'0, 
or  AsZn«H*0»  or  (AsO)'"Zn«H*0*  (C.  Friedel,  BuU.  8oc.  Chim.  [2]  v.  483). 

ABIMW  ACZB.  G*Hi*0'.— This  acid,  the  fifth  of  the  oxalic  series,  C"H*"-*0« 
(p.  47),  is  produced,  according  to  Crum-Brown  {BuU,  Soc.  Chim.  1863,  p.  872),  by  heating 
mucic  add  with  hydriodic  acid  and  phosphorus  to  140^  in  a  sealed  tube  for  twenty  hours : 

C«H"0»  +  SHI  «  C«H"0*  +  4I«  +  4H«0. 
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L.  Marquaidt  (Zeitschr.  /.  Chem.  [2]  y.  635)  obtains  it  by  the  action  of  sodium 
amalgam  on  muconic  acid,  CHH)*  (v.  1093).  WisliceniiB  (ibid.  iy.  680),  by  heating 
Beilfltein's  fi  iodopropionic  acid  to  150°,  with  excess  of  finely  diyided  silyer  or 
copper,  obtains  an  isomeride  of  adipic  acid,  and  represents  its  fonnation  by  the 
foUowing  equation : 

COOH 

CH« 

CH«I 

CH«r 

CH« 

,COOH 

9  mol.  fi  lodo- 

propioDio  add. 

a-Iodopropionio  add  treated  in  like  manner  yields  ordinary  or  a-adipic  acid: 

rcooH 

COOH 


r-  +  Ag»  -  2AgI 


(COOH 
CH« 
CH« 
CH« 
CH« 
COOH 
/I  Adipio  idd. 


CHI 

CH« 

CH« 

CHI 

,COOH 

3  moL  a-iodo- 

propioiiio  add. 


+  Ag«  «  2AgI  +  . 


H»C 


-L 


H«C-CH 


d 


OOH 


Adipio  add. 


(Wislicenns,  ibid,  yi.  247). 

According  to  Arppe  (Acta  Scientiarum  SoeietoHa  fenniem,  yiii. ;  Jakretb.  1864, 
p.  377).  adipic  acid  is  proauced  by  the  oxidation  of  sebic  or  sebacic  add  with  nitric  acid, 
and  is  identical  with  the  add  formerly  called  oxypyrolio  acid  (iy.  819).  It  is  also  found 
in  small  quantity  in  the  more  soluble  p«rtion  of  the  products  of  oxidation  of  the 
fatty  acids,  (>R^0*,  It  crystallises  in  yitreous  brittle  lamine  or  prismatic  flattened 
needles,  melts  at  148°,  sublimes  undecomposed  as  a  ciystaUine  powder  when 
cautiously  heated,  and  dissolyes  easily  in  warm  water,  alcohol,  and  ether.  Its  salts 
were  found  to  exhibit  the  following  characters : 

Potassium  adipate  C*H"K*0«.C*H"EO«  confused  crystalline  mass. 


Sodium 

Silyer 

Barium 

Caldum 

Cadmium 


If 


II 


It 


II 


If 


i» 


C«H»Na«0».2H«0 

C«H«Ag»0* 

C^'BaO* 

C«H»CaO«.H«0 

C«H«CdO*.2H«0 

C«H»CuO* 

C«H»PbO* 


easily  soluble  crystalline  mass, 
crystalline  powder, 
granular  powder, 
precipitate  on  boiling, 
moderately  distinct  crystals, 
green  precipitate, 
brown-rod  nocculent  predpitate. 


Ammonium  adipate  forms  large  monodinio  augitic  crystals,  which  between  130° 
and  150°  are  conyerted  (with  further  decomposition)  into  a  crystalline  powder 
radipamide^  soluble  in  water.  Ethiflio  adipate  distils  unaltered  at  246°,  and  is  not 
decomposed  by  ammonia  (Arppe). 


According  to  recent  anal^^  by  Marignac  {BtiU,  8oe,  Chim,  [2] 
yiii.  179),  this  mineral  consists  essentially  of  titano-niobate  of  thorinum  and  cerium, 
with  smaller  quantities  of  lanthanum,  didymium,  yttirum,  and  iron. 

andTiO*   ®°^'      ^^^        ^®^  a,  ^O       ^^      ^®^      ^^      ^^"^ 

51-45     018       1575       18-49      5-60       1*12      3-17      2*75      1'07  «  99*58 

The  ratio  of  the  acid  oxides  appears  to  be  56*96  niobic  to  43*04  titanic  oxide,  or 
2Nb'0*:  5TiO',  the  same  as  in  euxenite.  Hence  ICarignao  condudes  that  these 
two  minerals  may  be  included  in  the  general  formula : 

5(MO.TiO«)  +  2(2MO.Nb«0»). 

He  was  unable  to  find  any  eyidence  of  the  existence  of  Hermann's  ilmenium  in 
this  mineral.     (For  Hermann's  analyses,  see  Jahreeb.  1865,  p.  897  ;  1866,  p.  d45.) 

MBOWMIO    AOZB,    X8CXOBWZW,   JBBCXO&TCO&&ZO 
OSOZV,  .BaoirUBTZV,  &c.     See  JEsculus. 
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Bochleder  (^BuU.  Soe,  CMm.  [2]  ix.  887)  aangns  to  this  acid 
the  formiila  CH*H)**,  and  explains  its  formation  from  saponin  by  the  equation : 


Bochleder  (Wien,  Akad,  Ber,  It.;  BuU,  Soe,  dim,  [2]  iz.  883) 
has  made  fnither  experiments  on  the  chemical  oomposition  of  the  seeds  of  the  horse- 
chestnnt  {JEteulua  kippoeoMtanum),  He  r^g^rds  die  proximate  principles  of  these 
seeds,  with  their  deriTatiTes,  as  forming  a  series  parallel  to  glycol  and  its  deriTatiyes ; 
thus: 


Glyeol      . 
Glyeolal  . 
OlycoUic  acid 
Glyoxal    . 
Oiyox&lic  add 
Oxalic  add 


0«H«0« 

C«H«0« 
C«H«0» 
C»HK)* 


iBsdglyool 
JEsciglycolal   . 
JEsciglycoUic  add 
.£sdglyoxal    . 
iEsciglyoxalie  add 
JEsdoxalic  add 


C»H»H)« 

C»H»0« 

CTH'O' 
CH«0« 


Hone<hestnnt  seeds  contain  SBsdgenin,  G^H'O',*  hooiologons  with  asciglyool ; 
sseiglyoxal  is  present  in  the  form  of  SBscoletin,  CH*0\  deriTed  from  it  by  substitntion 
of  two  atoms  of  formyl,  CH  for  H* ;  tesciglyoxalic  add  combined  with  phloroglncin 
constitntes  the  tannin  of  the  horse-chestnnt. 

iEsdglycollic  acid  was  obtained  by  Hlasiwets  by  the  action  of  sodium-amalgam 
on  qnercetin.  iBscioxalic  acid  is  formed  by  the  action  of  potash  on  nsculetin, 
tqgether  with  sescordn,  C*H*0^,  which  has  the  composition  of  diformylic  lesciglycolal. 
^fldgenin  is  contained  in  the  cotyledons  in  three  different  states,  yis.  as  lesdnic 
acid,  aigyrescin  and  aphrodesdn  (iii.  172). 

Strong  boiling  potash-ley  or  baiyta-water  decomposes  aescoletin  into  formic,  oxalic  and 
cscioxalic  adds,  the  last  being  isomeric  with  protocatechuic  add ;  and  if  the  reaction 
be  performed  in  an  atmosphere  of  hydrogen  replaced  at  the  last  by  carbonic  acid  gas 
to  precipitate  the  excess  of  baryta,  a  solution  of  a  barium  salt  is  obtained,  which 
when  decomposed  by  sulphuric  acid  yields  sesdoxalic  add  in  colourless  microscopic 
crystals  containing  C^*0*.H«0. 

iBscnletin  unites  with  acid  sodium  sulphite,  forming  the  compound  CHK)*. 
NaHSO'.|HK),  from  which  the  sesculetin  cannot  be  recovered  in  its  original  state :  in 
&ct,  the  sodinm  compound  when  decomposed  by  an  alkali  yields  an  isomeric  body ; 
paresculetin,  which  has  the  nature  of  an  aldehyde,  dissolves  sparingly  in  water, 
more  freely  in  alcohol,  very  easily  in  water,  and  crystallises  confusedly  when  the 
solution  is  evaporated  in  a  vacuum.  The  crystals  oontiin  2C*H*0*.6HK)  and  require 
a  high  temperature  to  deprive  them  of  their  water.  Farssculetin  exposed  to  an 
stmMphere  of  ^mtnnniA  immediately  becomes  red,  then  violet,  and  ultimately  yields  a 
sky-blue  liquid,  which  in  presence  of  sulphuric  acid  gives  off  the  excess  of  ammonia 
aod  becomes  red  again.  This  ammoniacal  compound  forms  a  oopper^oloured  lead- 
salt  containing  3(2C*H'NO».HK)).10FbO,  which  gives  off  water  at  100^.  The  blue 
substance  is  therefore  composed  of  C^^O*,  and  appears  to  be  formed  according  to 
the  equation : 

C»HH)*  +  NH«  +  0«  «  C»H'NO»  +  H«0. 

From  its  analogy  to  orcein,  Bochleder  calls  it  ses orcein. 

^Bcnletin  unites  with  nascent  hydrogen  ;  when  treated  with  sodium  amalgam  it 
forms  a  liquid  which  turns  red  on  exposure  to  the  air ;  but  the  presence  of  sulphuric 
acid  prevents  the  coloration.  If  the  fixaUon  of  hydrogen  be  effected  in  a  solution 
addulated  with  sulphuric  add,  an  amorphous  substance  is  obtained  which  may  be 
extracted  by  ether,  and  whose  aqueous  solution  forms  with  lead  nitrate  a  yellow 
predpitate,  turning  red  in  the  air,  as  likewise  does  the  solution,  which  yields  a 
white  precipitate  with  basic  lead  acetate.  This  last  precipitate  contains  an  add 
isomeric  witn  Hlasiwetz's  caffeic  add,  C*H*0^,  and  having  the  compodtion  of  orcin, 
(CHH)*),  with  CO'  added  to  it:  hence  called  ss orcin.  It  dissolves  in  alkalis 
with  green  colour,  quickly  changing  to  red.  When  exposed  in  the  moist  state  to  the 
action  of  ammonia  gas  it  is  rapidly  converted  into  lesorcein. 

iBscnletin  reduces  the  dioxides  of  lead  and  manganese,  mercuric  oxide,  and  alkaline 
cupric  solutions ;  it  is  strongly  attacked  by  chromic  and  nitric  acids,  forming  amor- 
phous bodies,  which  are  difficult  to  separate.  With  silver  oxide  as  the  oxidising 
agent,  a  brown  rennous  substance  is  formed,  together  with  a  difficultly  cxystallisable 
bodv  isomeric  with  sesculetin. 

dorse-chestnut  seeds  sometimes  contain,  instead  of  aigyr8escin,t  C'H^'O",  another 


•  Bochleder  formerly  aasignod  to  this  body  the  formula  O^WO*  (lU.  172). 

t  Bochksder  formetly  aaigned  to  thlB  tnb«tiuice  the  formula  CHIPKH^  (see  UL  172). 
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Bnbstance  containing  CH*  lens.  This  substance,  if  treated  first  with  potash,  then  with 
hydrochloric  acid  in  alcoholic  solution,  yields,  not  tescigenin,  but  a  diatomic  aloohoU 
C"H"0«  (Bochleder,  Wien,  Akad,  Ber.  Ivi. ;  BuU.  8oe.  Ckim,  [2]  ix.  385). 


Well-preserved  juice  of  Affave  amerieana,  of  sp.  gr.  1*046  at  15*2°,  was 

found  by  J.  Boussingault  (Ann,  Ch.  Phy»,  [4]  xL  447)  to  contain  in  1,000  parts : 


Lerulose      .....  26*45 

Cane  sugar          ....  61*71 

Malic  acid 8*53 

Gum 5*45 


Albumin 
Ammonia  . 
Inorganic  substances 
Water 


10*13 

0*06 

6*21 

886*46 


The  fermented  liquid  (ptfJoue),  obtained  by  the  action  of  yeast  on  the  juioe,  concen- 
trated and  then  again  diluted  nearly  to  its  original  strength,  was  found  to  contain  in 
a  litre,  36*4  grms.  alcohol,  a  quantity  of  organic  aci&  equiTalent  to  1*60  grm. 
sulphuric  acid  (H^SO*)  and  0*04  grm.  ammonia,  but  it  no  longer  contained  sugar.  It 
was  turbid  and  had  a  faint  yinous  odour,  but  not  the  disagreeable  smell  peculiar 
to  Puiqueffterte^  which  this  liquid  acquires  only  after  standing  for  a  long  time  over  the 
abundantly  separated  yeast. 


A  poison  used  in  Western  Africa,  and  obtained  apparently  ficom  a 
loganaceous  plant.  It  was  exported  in  long  delicate  tortuous  twigs,  containing, 
between  the  bark  and  the  wood,  a  few  crystals  which  have  not  been  examined.  The 
alcoholic  extract  of  the  bark,  treated  according  to  the  method  of  Stas  for  the  disooveiy 
of  alkaloids,  yielded  an  active  principle  amounting  to  2  per  cent,  of  the  weight  of  the 
bark.  This  substance  is  an  alkaloid,  soluble  in  60  pts.  of  cold  absolute  alcohol,  in 
16  pts.  of  spirit  of  85  per  cent.,  in  120  pts.  of  anhydrous  ether,  and  in  13,000  pts.  of 
cola  water;  it  dissolves  also  in  chloroform,  carbon  bisulphide  and  benxene.  The 
alcoholic  solution,  slowly  evaporated,  deposits  small  prisms.  The  molecular  weight 
of  the  base,  deduced  from  the  analysis  of  its  hydrocnloride  and  platinochloride,  is 
])ctween  290  and  298.  This  base,  when  heated,  turns  yellow,  melts,  and  decomposes, 
giving  off  irritating  vapours.  Its  salts  are  very  bitter  and  yield  amorphous  precipi- 
tates with  alkalis,  alkaline  carbonates,  and  most  of  the  other  reagents  which  precipi- 
tate alkaloids.  Chlorine  forms  a  white  precipitate  soluble  in  ammonia.  A  mixture 
of  sulphuric  acid  and  potassium  bichromate  produces  the  same  reaction  as  with 
strychnine  (Eraser,  J.  pr.  Chem.  civ.  51 ;  BuU,  Soc.  Chim,  [2]  xi.  176). 


The  Mexican  plant  Aloea  rosea  (poBse^rase)  yields  a  substance  inter- 
mediate in  its  properties  between  the  fats  and  resins.  This  substance,  called  by  the 
natives  Obreffttin,  is  produced  by  the  puncture  of  an  insect  on  the  branches.  It  is 
nearly  insoluble  in  alcohol,  easily  soluble  in  ether,  turpentine-oil,  and  chloiofonn, 
and  remains  on  evaporation  of  its  solutions  as  a  colourless,  inodorous,  terebinthaceous 
mass,  easily  saponified  by  alkalis  (Dausats,  J.  Pkarm,  [4]  v.  174). 

AlXJOOWXtm  The  gelatinous  compound  of  alcohol  with  silicic  acid.  (See 
Colloidal  Acids,  in  Appendix,  v.  1089.) 

A&OOBOXi  (ordinary).    See  Ethtl  Alcohol. 

AXiOOBOUi.  An  alcohol  may  be  derived  from  a  hydrocarbon  containing  an 
even  number  of  hydrogen  atoms  by  the  substitution  of  one  or  more  equivalents  of 
h^dro^l,  HO,  for  an  equal  number  of  hydrogen  atoms,  the  alcohol  being  monatomic, 
diatomic,  triatomic,  &c,  according  to  the  number  of  equivalents  of  hydroxyl  thus 
introduced.  Alcohols  may  of  course  be  likewise  regarded  as  compounds  of  hydroxyl 
with  hydrocarbon-radicles  (alcohol-radicles),  univalent  or  multivalent,  or  again  as 
derived  from  one  or  more  molecules  of  water,  by  substitution  of  such  a  radicle  for  an 
equivalent  number  of  hydrogen  atoms.    Thus  from  propane  or  propyl  hydride, 

CH« 
C»H"  or  CH« 

CH» 

are  derived  the  three  following  alcohols : 

CH« 
1SSJl^Sc?iCH.O  =  fjH.       or  C^'(OH)  or  ^\o 

CH«OH 
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CHK)H 

CH«OH 

CBPOH 
Fropenyl  alcohol)  I  (OH        /r«m\*'» 

orgfyceriii      lC«HH)»  =    CHOH  or  ((?H*rJOH  or  ^^^IJo* 
(trMtomic)     J  I  lOH  "  > 

CHH)H 

An  aleohol  is  saturated  or  uosaturated  according  to  the  nature  of  the  hydrocarbon 
from  which  it  is  deriyed.  Thus  all  the  three  alcohols  derived  from  propane,  C"H*, 
which  is  a  saturated  hydrocarbon,  are  themselves  saturated  molecules,  not  capable  of 
forming  new  compounds  by  addition ;  but  from  the  unsaturated  hydrocarbon  (C^H*)" 
is  derived  the  unsaturated  compound  allyl  alcohol,  CH*0  or  C^H*(OH),  which  is 
capable  of  taking  up  2  at.  bromine  and  forming  the  compound  CH'Br'O.  In  like 
manner,  all  the  allyl-compounds  formed  on  the  type  C*H*B  (the  symbol  R  denoting  a 
monatomie  acid  or  chlorous  radicle)  can  take  up  two  additional  atoms  of  such  radicle 
(V  radicles,  whereby  they  are  converted  into  compounds  of  the  propenyl  or  glyceryl 
group  (0»H')*B'.    (See  Aixtl-coxfouxds,  i.  141,  142.) 

The  substitution  of  an  alcohol^radicle  for- the  hydrogen  of  either  of  the  groups  OH 
in  an  alcohol  converts  it  into  an  ether,  and  the  number  of  ethers  which  an  alcohol 
can  form  with  the  same  alcohol-radicle  is  determined  by  the  number  of  equivalents 
of  hydroxyl  contained  in  its  molecule  (see  p.  38). 

The  substitution  of  O  for  H*  in  one  or  more  of  the  groups  H*OH  converts  the 
alcohol  into  an  acid,  and  the  removal  of  2  atoms  of  hydrogen  from  one  of  these 
groups  without  replacement  by  oxygen  converts  the  alcohol  into  an  aldehyde. 

Host  of  the  known  alcohols  are  enumerated  and  classified  in  the  article  Alcohols, 
▼oL  L  pp.  97-104.  There  are  however  some  additions  to  be  made,  especially  relating 
to  isomeric  modifications. 

HoK4Toxic  Alcohols. 

a.  8«riM  OH*-+«0  or  0*H«»*»rOH).— To  the  list  of  these  alcohols  given  in  the 
article  just  referred  to  must  be  added  nonyl  alcohol,  CH^O,  formed  from  the 
Donyl  hydride,  CH",  occurring  in  American  petroleum,  by  converting  that  compound 
first  into  chkride,  then  into  acetate,  and  distilling  the  latter  with  potash  (iv.  134). 
The  alcohols  containing  12,  14  and  16  atoms  of  carbon  are  supposed  to  exist  in 
spermaceti,  together  with  sesulecyl  or  cetyl  alcohol,  because  that  substance  when  fused 
with  potash-lime  yields  the  corresponding  fatty  acids  OH*"0'  (Heintz,  Togg,  Ann, 
Ixxxiv.  232 ;  Ixzxvii.  653). 

The  isomeric  modifications  of  these  alcohols,  primary,  secondary,  and  tertiary,  have 
already  been  noticed  in  the  article  Sboondabt  axd  Txbtllby  alcohols,  by  IVofessor 
Wanklyn,  in  voL  v.  pp.  216-218.  It  is  there  stated  that  an  alcohol  is  said  to  be 
primary,  teeondary,  or  tertiary,  according  as  the  carhon-atom  which  is  in  combination  with 
hydroxy  is  likewise  dtrecUy  combined  with  one,  two,  or  three  other  carbon-atoms.  The 
first  axid  second  alcohols  of  the  series  can  exist  in  one  form  only,  but  the  three-carbon 
alcohol  admits  of  two  modifications,  vis., 

CH»  CH»  ,cH« 

I  fCH«(CH»)  I  '^^ 

CH«    or      CJH«  and     HCOH    or       C 


»cor 


H»COH  CH» 

Hcnnal  propyl  alcohol.  Isoproi^l  alcohol. 

and  the  four-carbon  alcohol  of  three  modifications,  viz., 


CH« 

H 

OH 


rCHH)H«CH» 
H 
H 
OH 


C- 


rCH«CH" 

CH» 

H 
lOH 


rcH» 

CH« 

CH» 

VOK 


Prfanaiy.  Secondary.  Tertiary. 

The  five-carbon  alcohol  and  those  above  it  are  also  susceptible  of  three  similar 
modifications  ;  but  modifications  higher  than  the  tertiary  are  impossible,  inasmuch  as 
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the  carbon-atom  associated  with  hvdroxyl  by  one  of  its  atomidtiee  or  units  of 
equiyalence  has  only  three  others  to  dispose  of. 

There  is  still,  however,  another  kind  of  modification  of  which  the  aleohols  of  each 
of  these  three  groups  are  susceptible,  arising  from  modifications  in  the  alcohol-radicles 
themselves.  (See  Hydrocarbons.)  The  primary  four-carbon  alcohol,  for  example,  may 
be  represented  by  either  of  the  formuhe : 

CH«CH»CH»  fCH(CH»)» 


H  ^ 


H 
H 
OH 


I  OH 

Each  of  these  fulfils  the  essential  condition  of  a  primary  alcohol ;  but  the  first  con- 
tains normal  propyl,  CH'(C'H*),  whereas  the  second  contains  isopropyl,  CH(CH*)' ; 
and  in  the  higher  alcohols  it  is  easy  to  see  that  a  still  larger  number  of  modifications 
may  exist. 

A  very  convenient  nomenclature  for  these  isomeric  alcohols  has  been  proposed  by 
Kolbe.  Methyl  alcohol,  CH'(OH\  is  called  carbinol;  and  the  primary  alcohols 
formed  from  it  by  successive  substitution  of  methyl,  ethyl,  &c.,  for  an  atom  of  hydro- 
gen are  named  according  to  the  radicles  which  they  contain ;  thus : 

Carbinol C  OH  H  H     H 

C  OH  H  H      CH» 

C  OH  H  H     (CH«CH»)' 

C  OH  H  CH»  CH» 

C  OH  H  H     (CH*CH*CH«y 

C  OH  H  H     [CH(CH»)«]' 


Methyl  carbinol  or  Ethyl  alcohol 

Ethyl  carbinol  or  Propyl  alcohol 

Dimethyl  carbinol  or  liopropyl  alcohol 

Propyl  carbinol  or  Butyl  alcohol 

Isopropyl  carbinol  or  Isobutyl  alcohol  ..      ,        , 

Methyl-ethyl  carbinol  or  Secondary  Butyl  alcohol      .  C  OH  H     CH>  (CH*CH')' 

Trimethyl  carbinol  or  Tertiary  Butyl  alcohol     .        .  C  OH  CH*  CH'  CH*. 

It  will  be  observed  that  the  four-carbon  alcohol  admits  of  four  modifications,  two 
primary,  one  secondary,  and  one  tertiary.  In  like  manner  it  will  be  found  that  the 
nve-carbon  alcohol  admits  of  eight  modifications,  and  the  higher  alcohols  of  a  still 
greater  number ;  but  only  a  few  of  these  modifications  are  actually  known. 

All  the  primary  alcohols  contain  the  group  CH'OH,  and  are  converted  by  oxidation 
into  aldehydes  and  acids  containing  the  same  number  of  carbon-atoms ;  thus  : 

CH«  CH« 

CH«  +  O  =  H«0  +  CH« 

H«COH  0>CH. 

Propyl  aloohoL  Propionic  sUebyds. 

CH»  CH» 

CH«  +  0»  -  H«0  +  CH« 

H«COH  0>COH 

Propyl  aloohol.  PrapioiilQ  sold. 

The  secondary  alcohols,  on  the  other  hand,  contain  two  equivalents  of  alcohol- 
radicle  combinea  with  the  group  CHOH,  and  are  converted  by  oxidation  into  ketones; 
eg., 

CH»  CH» 

HCOH  +  O  =  HK)  +  0<::0 

I 
CH" 

Isopropyl  Aoetone. 

aloohol. 

The  tertiary  alcohols  contain  three  equivalents  of  alcohol-radicle  associated  with 
COH,  and  are  converted  by  oxidation  into  two  or  more  acids  containing  smaller 
numbers  of  carbon-atoms. 

Primary  AleohoU. — ^The  synthetic  methods  of  forming  the  alcohols  of  the  three 
classes  are  given  in  the  article  in  vol.  v.  above  referred  to..  The  methods  of  building 
up  the  primary  alcohols  one  from  the  other  through  the  medium  of  the  £&tty  acids 
and  aldehydes  are  mentioned  on  p.  39  of  this  volume.  The  method  depending  on  the 
action  of  nitrous  acid  on  the  corresponding  amines  (iii.  164)  cannot  for  the  present 
be  regarded  as  perfectly  general,  inasmuch  as  it  has  not  yet  been  found  possible  to 
prepare  normal  propj'l  alccmol  by  it  (v.  888)  (Linnemann,  Ann,  Ch.  Pkarm,  cxliv.  129). 


CH« 
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linncnoann  finds,  moreoYer,  that  the  method  propoeed  by  Hofiiuuin  reoiiTBnion  of 
the  beae  bj  exoees  of  nitroufl  acid  into  the  corresponding  nitxons  ether)  ooes  not  yield 
good  results,  because  the  nitrons  ether  is  prodnoed  in  small  quantity  only,  and  is  for  the 
most  part  carried  Kwnj  by  the  nitrogen  gas,  which  is  erolyed  in  great  abundance. 
Better  resnlts  are  obtained  by  decomposing  the  nitrites  of  the  amine-bases  by  applica- 
tioD  of  heat  to  their  slightly  acidulated  solutions.  The  best  mode  of  proceeding  is  to 
prepare  the  nitrite  of  the  amine-base  by  decomposing  the  hydrochloride  with  silyer 
nitrite,  filtering  from  silver  chloride,  and  boiling  the  slightly  acidulated  filtrate  in  a 
diitilUtory  apparatus.  The  decomposition  takes  place  Mow  the  boiling  heat,  with 
fismatioa  of  nitrogen,  water,  and  an  alcohol,  and  if  the  liquid  is  kept  slightly  acid,  it  is 
nearly  complete.  The  formatioh  of  an  alcohol  in  this  process  appears  to  be  almost 
always  accompanied  by  that  of  a  nitrogenous  substance.  In  one  experiment,  Linne- 
mann  obtained  from  15*5  grms.  ethylamine,  4  grms.  of  pure  ethyl  alcohol  boiling 
between  78®  and  79®»  about  2  grms.  of  a  neutral  yellowish  substance  boiling  at  170®- 
1720,  and  having  the  composition  C^H**NK),  and  1  grm.  of  a  mixture  of  this  substance 
vithalcohoL 

Other  leoently  discovered  methods  of  forming  the  primary  alcohols  of  this  series 
are  the  fidlowing : 

ft.  By  the  action  of  nascent  hydrogen  (sodium  amalgam  and  water  applied  in 
sqccesBioo)  on  the  oorresponding  acid  oxides  or  anhydrides :  e.g., 

(C«H«0)K)  +  4H»  »  H*0  +  2C«H«0 
Acetic  oxide.  Btbjrl-elcohoL 

In  like  manner  propionic  oxide  has  been  converted  into  propyl  alcohol  (Linnemann, 
Zmtsrkr.  /.  Ckem.  [2]  v.  143). 

fi.  By  the  action  of  sodium  amalgam  on  a  mixture  of  a  &tty  acid  with  the  corre- 
sponding chloride :  thus  acetic  add  and  acetic  chloride  yield  ethyl  alcohol.  Bropyl  and 
butyl  alcohol  have  been  prepared  in  a  similar  manner  (Saytcef^  ibid,  v.  651 ;  vi. 
105). 

y.  According  to  Veiel,  the  &tt^  adds  may  be  converted  by  oxidation  with  man- 
ganese dioxide  and  dilute  sulphuric  add  into  compound  ethers,  from  which  the  corre* 
sponding  alcohols  may  be  obtained.    (See  Acms,  Oboanic,  p.  40.) 

The  ucohols  produced  by  fermentation,  and  those  obtained  from  the  paraffins  or 
alcoholic  hydridfis,  OH^****,  by  converting  these  hydrides  into  chlorides,  the  latter  into 
acetates,  and  distilling  the  acetates  with  potash,  must  be  regarded  as  primary 
alcohols,  because  they  exhibit  the  essential  character  of  those  alcohols,  vis.  that  of 
yielding  by  oxidation  fatty  acids  and  aldehydes  containing  the  same  number  of  carbon- 
■*/ifnff 

The  structure  of  the  radicle  in  a  primary  alcohol  may  be  determined  in  some  cases 
by  that  of  the  fatty  add  produced  from  it.  The  first  three  primary  alcohols  of  the 
series  CH*(OH),  GH'CH*(OH),  and  CH*CH*CH*(OH),  admit  of  no  modifications. 
Of  the  four-carbon  alcohol,  as  already  observed,  there  are  two  modifications,  vis. 
propyl-earbinol  and  isopropyl-carbinol  (p.  62).  The  first  of  these  is  pro- 
dueed,  according  to  Schoyen  (Ann.  Ch.  Pharm,  exxx.  238),  from  diethyl,  CfH** 
(butyl-hydride),  by  converting  this  compound  into  the  chloride  and  acetate  as  above 
described,  and  distilling  the  acetate  with  barium  hydrate.  The  butylic  alcohol  thus 
obtained  was  converted  by  oxidation  with  potassium  bichromate  and  sulphuric  add, 
into  normal  butyric  or  ethyl-acetic  acid,  CH^CH'CH'.CCH  (p.  40):  hence  the 
alcohol  itself  has  the  composition  of  propyl-earbinol,  CH'CH<CH*.CHH)H.  lieben 
a.  Bossi  {Compt,  rend.  lxviii»  1561)  have  lately  obtained  this  same  alcohol  by  the 
action  of  sodium  amalgam  on  butyric  aldehyde. 

Isopropy  1  carbinol,  CH(CH')^CH'OH,  is  the  variety  of  butyl  alcohol  found  by 
WurtB  in  tBe  fusel-oil  obtained  by  fermenting  the  molasses  of  beet-sugar  (see  v.  733, 
where  it  is  designated  as  normal  butylic  or  tetrylic  alcohol).  When  oxidised  in  the 
manner  above  mentioned,  it  yields  isobutyric  or  dimethyl-^cetic  acid,  CH(CH')'.COOH 
(p.  40).    See,  further.  Bum.  Coxpouims,  in  this  volume. 

The  primary  6-carbon  or  amy]  alcohol,  OWH)  «  C^H'.CH'OH,  is  susceptible 
of  four  modifications,  accordingly  as  the  radide  OH*  takes  the  form  CH*CH>CH*CH*, 
or  CH«CH(CH")»,  or  CH(CH»)(C«H»),  or  C(CH«)».  The  first  of  these,  or  normal 
amyl  alcohol,  has  quite  recently  been  obtained  from  normal  butyl  alcohol  by  a  synthe- 
tical process  to  be  described  further  on.  The  second,  as  shown  by  Erlenmeyer,  is  the 
ordinary  amyl  alcohol  of  fermentation  ;  and  this  again,  as  shown  some  years  ago  by 
Piuufur.  exhibits  two  modifications  closely  resembling  one  another  in  most  of  their 
properties,  but  difiering  in  their  relations  to  polarised  light ;  these  however  are  probably 
only  physical  modifi^tions  of  one  and  tne   same  chemical   compound  (see  Axtl 
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Tertiary  Alcohols,  OH«"+«0.— The  known  compoondB  of  this  gfoap  contain 
four,  five,  and  six  atomB  of  carbon. 

Tertiary  butyl  alcohol  or  trimethyl  carbinol,  c|^q2  »  is  produced 
by  heating  zinc-methyl  with  carbonyl  chloride  (phosgene)  or  with  acetyl  chloride,  and 
submitting  the  product  to  the  action  of  water : 

2C0a«  +  Zn(CH»)«  =  Zna«  +  2C0CBPa 
Carbonyl  Aoetnrl 

chloride.  chloride. 

COCH«a  +  Zn(CH»)«  -  ZnO     +  c|^^'^ 

Acetyl  THmethirl- 

chloclde*  chlaroDifluuuiea 

CJ^S*)'*      ffO      -HCl    *C\^ 

Trimethyl  Trimethrl 

ohloramethAna.  oerblnoL 

According  to  Butlerow  (BuU.  Sac,  Ckim.  [2]  viii.  268),  it  is  contained  in  the 
commercial  butylic  alcohol,  prepared  at  Wyl,  Oanton  St.  Q«I1,  and  is  therefoie  also  % 
product  of  fermentation. 

Hie  properties  of  the  alcohol  have  not  been  much  stodied.  By  oaddation  with 
dilute  chromic  acid  it  is  conyerted  into  formic  and  propionic  acids : 

C*H»»0  +  0«  »  CHK)*  +  C«HH)«  +  H«0. 

A  tertiary  amyl  alcohol  or  dimethyl-ethyl  carbinol,  C(CH»)«(C»H»).OH, 
is  produced  in  like  manner  by  means  of  cino-methyl  and  propionyl  wloride. 
Of  tertiary  hexyl  alcohols  there  may  be  three  Tarieties,Tia., 

(CH"  fCH«CH«CH«  fCH(CH«)« 

C  \  (C«H»)«  C  \  (CH«)«  C  \  (CH")» 

lOH  lOH  (   H 

ICethyl-diethyl  Pxopyl-dimekhyl  Iwpropyl-dimeChyl 

OMrUnoL  oerliinDL  aurUBol. 

The  third  has  not  yet  been  obtained.  The  first  is  prepared  by  treating  sine-ethyl 
with  acetyl  chloride  and  decomposing   the    resulting   methyl-diethyl-«hloi«thane, 

C  \  (C'H*)' ,  with  water ;  the  second  by  proceeding  in  like  manner  with  jdno-ethyl  and 

butyiyl  chloride,  CO(C"H0CL 


^.  MoBAtomlo  Aleobols.  OHM).— Two  alcohols  of  this  series  are 
known,  ▼!&, 

Vinyl  alcohol,  Cm*0  -  Cra«(OH) 
Allyl  alcohol,  0^«0  -  C«H»(OH). 

The  first,  disoovered  by  Berthelot  in  1860  (Cornpt.  rend.  1.  806),  is  prodnoed  hw 
combining  ethine  or  acetylene  with  sulphuric  acid,  and  distilling  liie  product  with 
water,  just  as  in  the  preparation  of  ethyl  alcohol  from  ethylene : 

80«HH  +  C«H«  -  SO*H(C*H») 
6n]i»hulo      Ethine.    Ylnyl-eiilphiixic 
add.  add. 

SO*H(C«H")  +  HOH  B  SO«HH  +  0«H»(OH) 
Vlnyl^Bnlphnrio       Water*       anlphiirlo  Vinyl 

add*  add.  aloonoL 

It  is  an  easily  deoompoeible  liquid,  having  a  highly  pungent  odour,  somewhat  mors 
volatile  than  water,  soluble  in  10  to  16  pajrts  of  that  bquid,  and  precipitated  from  Uie 
solution  by  potassium  caribonale.  Its  chemical  reactions  hare  not  been  mudi  examined, 
but  it  is  probably  an  unsaturated  seoondaiy  alcohol,  represented  by  the  fonnnla 
CH« 

,  the  dots  denoting  unsaturated  atomicities.     It  is   isomeric  with  acetic 
[OH 

aldehyde  and  ethylene  oxide.  The  univalent  radicle  vinyl,  G^H",  which  may  be 
supposed  to  exist  in  it,  is  related  to  the  trivalent  radicle  ethenyl,  in  the  same  manner 
as  allyl  to  propenyL 


•CH( 
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AII7I  alcohol,  CH*0,  is  a  primary  alcohol,  yielding  acrolein,  C*H*0,  and 
aexyUc  add,  CH^O',  by  oxidation.  It  is  moreover  an  nnaatnzated  oomnonnd,  being 
capable  of  taJking  np  2  atoms  of  bromine  and  forming  the  compound  C'H^Br'O : 

•  CH« 

heoee  it  may  be  represented  by  the  formula    *  GH       .    All  its  deriTatires  are  like- 

CH«OH 
wise  unsaturated  compounds,  capable  of  taking  up  2  atoms  of  thlorine,  bromine,  or 
other  monatomic  elements,  and  passing  into  glyceryl  compounds. 

y.  Vomtoiiile  JUooliola.  OH*'*-'0. — Only  one  alcohol  of  this  series  is  known, 
viz.  eamphol,  C>*H**0  ;  of  this  however  there  are  four  modifications,  which  appear 
to  be,  not  metameric,  that  is  to  say  distinguished  by  different  arrangements  of  the 
atoms  within  the  molecule,  but  only  physically  isomeric,  that  is  di^ring  from  one 
another  by  the  arrangement  of  the  molecules  amongst  themselves.  They  differ  in 
&ct  by  physical,  not  by  chemical  charaeten.  One  variety,  called  borneol  or  Borneo 
camphor,  found  in  cavities  in  the  trunks  of  old  trees  of  Dryahalanop$  campkorUf  has 
a  dextro-gyrate  power  of  34*4® ;  a  second,  produced  by  the  action  of  alcoholic  potash  on 
oomaon  camphor,  has  a  dextro-gyrate  power  of  44*9® ;  a  third,  obtained  by  distilling 
amber  with  potash,  has  a  dextro-gvrate  power  of  45® ;  and  a  fourth,  called  Isvo- 
eamphol,  found  in  the  alcohol  produced  in  the  fermentation  of  sugar  from  madder- 
root,  has  a  bevo-gyrate  power  of  33*4®,  equal  and  opposite  to  that  of  borneol  (i.  626, 
726). 

S.  Konatonalo  Aloobols.  OH**-H>.— These  alcohols  are  derived  from  the 
aromatic  hydrocarbons,  OH^~',  namely,  benzene  and  its  homologues,  in  the  same 
manner  as  the  fatty  alcohols,  OH^'^'H),  firom  the  paraffins.  The  lowest  number  of  the 
series,  coirespoiiding  to  benzene,  C^*,  has  therefore  the  composition  C*H*0  or  OH'OH. 
This  is  the  body  called  phenol  or  phenyl  aloohol ;  it  is  the  only  alcohol  of  the  series 
containing  6  atoms  of  carbon.  The  higher  alcohols  of  the  series  admit  of  isomeric 
modifications :  for  evuy  hydrocarbon  homologous  with  benzene  may  be  regarded  as  a 
compound  of  phenyl,  C^*,  with  one  or  more  alcohol-radicles  of  the  series  OH*"****,  and 
the  fonnatton  of  an  alcohol  from  such  a  hydxocarbon  by  substitution  of  OH  for  H 
may  take  place  either  in  the  phenyl-atom  or  in  one  of  the  alcohol-radicles  combined 
with  it :  thus  from  toluene,  C*H*.CH',  may  be  obtained  the  two  adooholie  bodies, 

C^».CH«OH  C«H*(OH).CH* 

Beoqrl  alcohol*  Gnaol ; 

and  the  higher  hydrocarbons  of  the  series  are  capable  of  yielding  a  still  greater  number 
of  metameric  alcoholic  compounds.  The  properties  of  the  compounds  thus  formed 
(filEer  comdderahly  according  as  the  hydrozyl  is  introduced  into  the  phenyl,  or  into 
one  of  the  associated  alcohol-iadieles.  The  compounds  formed  in  the  latter  case— benzyl 
alcohol  for  example — are  true  alcohols,  analogous  in  all  their  reactions  to  the  fatty 
aloofaols;  but  those  in  which  the  hydjoxyl  replaces  a  hydrogen  atom  in  the  phenyl 
enup  poesees  vezy  different  properties,  the  hydro^n  of  tlu  hydroxyl  being  much 
IMS  readily  replaced  by  other  radicles  than  in  their  isomerides.  These  bodies  are 
called  by  the  generic  name  of  phenols.  (See  Aromatic  Skbixs  in  this  volume;  also 
IMctiooaiy,  t.  852.) 


«.  Montitmnle  Aleobttla.  OH*^H), — ^Two  only  of  these  bodies  are  known,  viz. 
einnyl  alcohol,  styryl alcohol, or  styrone,C*H**0» and cholesterin>C^*^0 
(1 925,  992). 

DlATOXIC  ALC0B0L9. 

These  alcohols  are  derived  from  saturated  hydrocarbons,  by  substitution  of  two 
equivalents  of  hydroxyl  for  two  atoms  of  hydrogen,  and  may  therefore  be  regarded  as 
compounds  of  bivalent  alcohol-radicles  with  fa^iuoxyl.  Two  series  of  them  are  known, 
the  first,  called  glycols,  being  derived  from  the  paraffins,  OH*^* ;  the  second,  called 
diatomic  phenols,  from  the  aromatic  hydrocarbons,  0*H**~*. 

1. CHtreole-  OH*»+«0«  -  (0«H*«)" Jqj[— ^«  foDowing  table  exhibits  the  names 

and  ianaalm  of  ihe  glyoohi  at  present  known,  together  with  their  boiling  points : 

f2 
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Boiling  point 

Ethylene  alcohol,   CH*  0«  =  C»H'(OH)»    .  .  .     197*6° 

Propylene  alcohol,  C«H»  0*  «  C»H*(OH)«    .  .  .     188°-189» 

Butylone  alcohol,   C*H"0»   -  C*H»(OH)«    .  .  .     183°-1840 

Amylene  alcohol,   C*H'*0«    -  C5»H'»(0H)«  .  .  .177** 

Hexylene  alcohol,  C^>«0»    «  C«H'«(OH)«  .  .  .     207*» 

Octylene  alcohol,   CH^W   -  (?H»»(OH)*  .  .  .     236*»-240*» 

The  glycols  are  colourless,  inodorous,  more  or  less  viscid  liquids,  easily  soluble  in 
water  and  in  alcohol ;  ethylene  alcohol  is  but  sparingly  soluble  in  ether,  the  rest  dis- 
solves easily  in  that  liquid. 

The  boiling  points  of  the  first  four  glycols  in  the  table  exhibit  the  singular  anomaly 
of  becoming  lower  as  the  molecular  weight  of  the  compound  increases,  whereas  the 
siz-  and  eight-carbon  glycols  have  higher  boiling  points.  This  anomaly  doubtless 
arises  from  difference  of  constitution  in  the  successive  terms  of  the  series.     Thus 

CH«OH 
ethylene  glycol  has  the  constitution   I  ,  and  propylene  glycol  might  be  repre- 

CH«OH 
sented  by  either  of  the  formuls : 

CH»OH  CH» 

CH«  CHOH 

CH«OH  CH«OH 

Now  the  first  of  these  is  the  true  homologue  of  ethylene  glycol ;  but  the  actually 
known  propylene  glycol  appears  to  have  the  constitution  represented  by  the  second 
formula,  inasmuch  as  it  is  converted  by  oxidation  into  ordinaiy  lactic  acid,  which  has 

CH» 

the  constitution  CHOH.    (See  L^cnc  Aero.) 

COOH 

Of  the   8ix-«arbon  glycol,  CH*'0*,  two  modifications  have  been  obtained  by 
Wurts  (Ann,  Ch.  Phva.l'i]  iii.  122),  vis.  normal  hexylene  glycol,  G^>\0H)*, 
CH*OH 

or  probably  (CH*)*    ,  produced  by  combining  hexylene,  C^"  (firom  Tnannit<fl  or  firom 

CH«OH 
American  petroleum),  with  2  at.  bromine,  converting  the  resulting  bromide  into  an 
acetate,  and  distilbng  this  compound  with  potash;  the  second,  called  diallyl- 
dihydrate  or  pseudo-hexylene  glycol,  by  distilling  diallyl-dihydriodide  with 
potash.    (See  Atltl-Coiifoxtiids.) 

H«G        CH»I  H»C       CHK)H 


V- 


\/ 


or 


H  C H 

I             -f  2E0H  »  2KI  4-  I 

b H  C H 

A  A 

H*C        CH«1  H«C        CH«0H 

DtaUyl-dfliydriodide.  DUUyl^Uhydrate. 

(C5^")«'|]^*  +  2K0H  =  2KI  +  (C>H"r|^H)«. 


Both  these  compounds  are  syrupy  liquids,  the  first  boiling  at  207^>  or  30°  higher 
than  amylene  glycol ;  the  second  at  216°.  When  heated  with  concentrated  hydriodic 
acid,  they  yield  different  products,  as  shown  by  the  following  equations : 

C^»«.(OH)«  +  8HI  -  (>H".HI  +  2H«0  +  I« 
and 

C^".H«(OH)«  +  2HI  a  C^".H«I*  +  2H«0. 

The  chemical  reactions  of  the  glycols  are,  for  the  most  part,  similar  to  those  of 
the  monatomic  alcohols ;  but  inasmuch  as  the  glycols  contain  2  atoms  of  replaceable 


CHK)] 
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hydxogen,  or  of  IiTdrozyl,  the  nactione  genezally  take  plaee  by  two  stages,  yielding 
two  aeries  of  products. 

1.  Ethylene  alcohol  treated  with  nUric  moid  gives  up  2  or  4  atoms  of  hydrogen  in 
eichange  for  oxygen,  and  is  oonyerted  into  glyeollic  or  oxalic  acid,  aooordingly 
as  the  action  takes  place  at  ordinary  or  at  higher  temperataies :  • 

CHH)H  CH«OH 

+  0«  -  H«0  +    I 
^H  GOOH 

GljooL  OlTOoUicacU. 

CHK)H  COOH 

I     +  0«  -  2H«0  +  i 
CHH)H  COOH 

Oljool.  Oxalic  add. 

Under  certain  dicmnstances  the  corresponding  aldehydes  are  also  prodnced,  as 
COH 
glyooEBl,  I       ,  firom  ethylene  alcohol,  by  removal  of  4  hydxogen-atoms  without  snb- 

OOH 
■titntion. 

Propylene  glycol,  O^HK)*,  is  conTcited.into  lactic  acid,  CH*0',  by  oxidation  in 
eontact  with  j^umhh  black.  When  heated  with  dilute  nitric  acid,  it  ^elds  glyeollic 
add,  (THH)*,  losing  carbon  as  well  as  hydrogen ;  and  concentrated  nitnc  acid  oxidises 
it  atiU  ftirther  to  oxalic  add.  Butylene  glycol,  (>H**0*,  is  converted  by  slow  oxidation 
with  wiirie  acid  into  oi^butyric  add,  C^H'O*,  and  when  the  action  is  accelerated  by 
heat,  into  oxalic  add.  Amylene  glycol  likewise  yields  oxybutyxic  add  by  slow  oxidar 
tion  with  nitric  acid. 

Other  oxjf^mi'-aeids  heated  with  the  glycols  in  dosed  vessels  act  upon  them  in  the 
nme  manner  as  on  the  monatomic  alcohols,  forming  compound  ethers,  monoadd  or 
diadd  according  to  the  proDortions  used.  In  the  diadd  glycol-ethers,  the  two  acid 
ndides  by  which  the  typic  nydrogen  is  replaced  may  either  be  the  same  or  different : 

CTH'jgl  +  HOCW)  -  H«0  +  (?H«jg5H.o 

Bthykoe  glycol.   Aoetioedd.  Bthyleoe  moooaoetete. 


Monoeoetata.  Dlaoetata. 


Monoaoefealie.        Butyric  aoUL  Biitjri><aoatBte. 

Hie  haloid  acidc  act  in  the  same  manner,  excepting  that  the  reaction  never  goes 
bejond  the  first  stage ;  e.g., 

C*H«|35  +  Ha  =  HK)  +  C«H*|^ 

Bthylena  aloohoL  Bttiylane  mono- 

chlorohydrato. 

Ihe  didiloTinated,  dibrominated  ethers,  &&,  of  the  diatomic  alcohol-radides  are 
obtained  fiom  the  glycols  by  the  action  of  the  chlorides,  bromides,  and  iodides  of 
phosphorus,  e^., 

(XH«(OH)^  +  2Pa»  «  2Pa»0  +  2HC1  +  c«H«a«. 

The  same  compounds  are  also  produced  by  direct  combination  of  chlorine,  bromine 
and  iodine  with  the  olefines. 

Hie  moDoehlorinated,  monobrominated  ethers,  &&,  of  the  glycols,  when  treated  with 
aqueons  alkalis,  five  up  hydrochloric,  hydrobromic  acid,  &e.,  and  leave  the  oxides  of 
the  diatomic  alcohols ;  e.g., 


\^^    -     HCl     +     (C«H*)H) 

Ethylene  dOoro-  Bthylene  oxide, 

bydxwte. 


(c«HTj; 


El^fleme  oxide  is  isomeric  with  acetic  aldehyde  and  with  vinyl  alcohol  (p.  66). 
r-CH«  CH«  •  CH« 

M3H*  HC<0  •  CHOH 

BthylCDa  oxide.  Aldahyde.  Vinyl  alcohol. 

It  IS  distingidshed  from  aldehyde  by  its  behavioor  with  ammonia,  with  which  it 
several  bases  (ii.  687)»  all  of  which  are  syrupy  liquids,  whereas  aldehyde  forma 
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with  ammonia  a  crystalline  compound  not  poeiessing  basic  propeities.  A  fintlier 
distinction  between  these  two  isomeric  bodies  ia  that  aldehjde  fomiB  crystalline 
compounds  with  the  acid  sulphites  of  the  alkali^metals,  a  property  not  poawessed  by 
ethylene  oxide. 

Ethylene  oxide  is  moreover  a  powerM  base,  uniting  directly  with  adds  to  form 
ethers,  and  with  water  to  form  glycol  and  the  polyethylenic  alcohols  (ii.  676). 

The  oxygen-ethers  of  the  higher  glycols  are  not  much  known,  but  they  appear  to  be 
le88  dispoiied  to  combine  with  water  and  with  acids  as  their  molecules  become  heavier; 
thus  amyleno  oxide  does  not  appear  to  reproduce  amylene  alcohol  by  combination 
with  water. 

2.  BlAtomle  Vlieiiols.    OH'"-^*. — ^There  are  aeyen  known  oompoands  indnded 

in  this  general  formula,  viz., 

Oxyphenol  or  Pyrocatechin  ] 

Resorcin  C*H*0* 

Hydroquinone 

Quaiacol  (in  part)  ( 
Creosol      ) 

Veratrol     [ C«H»*0« 

Beta-orcinj 

For  their  characters  and  modes  of  formation,  see  Aboxatic  Sbsob. 


Tbiatomic  Alcohols. 

These  oomponnds,  of  which  only  a  small  number  have  yet  been  obtained,  are  derired 
from  saturated  hydrocarbons  by  substitution  of  3  equiinUents  of  hydroxyl  for  3  at. 
hydrogen,  and  may  therefore  be  regarded  as  compounds  of  triatomic  alcohol-radicles 
with  3  equiyalents  of  hydroxyl. 

Of  triatomic  alcohols  deriyed  from  the  paraffins,  OH*"'*'*,  only  two  axe  at  present 
known,  viz.  propenyl  alcohol  or  glycerin,  C*H"0*,  derived  from  propane  or 
propyl  hydride,  O'H',  and  quintenyl  alcohol  or  amyl-glycerin,  CH'^O*,  horn 
quintane  or  amyl  hydride,  C*H**. 

CH« 

CH« 

Propane. 

Glycerin  is  oxidised  by  strong  nitric  acid,  yielding  glyceric  acid,  CH'O^ 
■■  CH'OH.CHOH.COOH,  which  is  related  to  glycerin  in  the  same  manner  as  gly- 
collic  acid  to  glycol,  or  acetic  acid  to  alcohol.  The  formula  of  glycerin  indicates  the 
possibility  of  effecting  a  second  substitution  of  Uie  same  kind,  ^nuch  would  yield  the 
acid  C*H>0*;  but  this  acid  has  not  been  actually  obtained.  By  a  mixture  of  strons 
nitric  and  sulphuric  acids,  glycerin  is  converted  into  the  highly  explosive  compound 
nitroglycerin,  C*H*(NO*)*0^,  which  is  in  reality  propenyl  trinitrate. 

Other  oxygen-acids,  especially  organic  acids,  heated  with  glycerin  in  various  pro- 
portions, convert  it  into  compound  ethers  or  glycerides,  in  which  1,  2  or  3  atoms 
of  typic  hydrogen  are  replaced  by  the  radicle  of  the  acid.  Hydrochloric  and  hydro- 
bromic  acids  act  in  the  sarnie  manner,  excepting  that  the  reaction  always  stops  at  the 
second  stage,  just  as  in  the  action  of  these  acids  upon  the  glycols  it  stope  at  the  first 
stage  (p.  69);  thus  with  hydrochloric  acid  glycerin  forms  monochlorhydrin, 
C»H»(OH)»a,  and  dichlorhydrin,  C«H*(OH)a«,  but  not  trichlorhydrin,  C»H»C1«.  The 
chlorides  and  bromides  of  phosphorus  act  upon  glycerin  in  the  same  manner  as 
hydrochloric  and  hydrobromic  acids,  but  their  action  goes  on  to  the  third  stage, 
forming  trichlorhydrin  and  tribromhydrin.  Iodide  of  phosphorus  acts  in  a  totally 
different  manner,  forming  iodopropylene  or  allyl  iodide,  CH*I. 

The  formation  and  properties  of  the  glycerin-ethers  or  glycerides,  and  of  the  glycidie 
ethers  formed  from  the  chlorhvdrins  and  bromhydrins  by  abstraction  of  the  elements 
of  hydrochloric  or  hydrobromic  acid,  are  ftilly  described  in  the  articles  Gltckbidbs 
and  Gltcibic  Etbbbs  (ii.  877,  896). 

Polyglycerins,  analogous  to  the  polyethylenic  alcohols,  and  consisting  of  two  or 


CH*OH 

CH« 

CH«OH 

CHOH 

CH«OH 
Propenyl  alcohol. 

(CH«)« 

CH« 
Qaintane. 

1 
(CHOH)" 

CHK)H 

Qcdntenyl  aloohoL 

ALCOHOLS  (TBTRATOMIC).  71 

mora  molaenles  of  gljoerin  united  into  a  single  molecule,  with  elimination  of  a  number 
of  water-molecnleB  less  by  one  than  the  number  of  glToerin-moleculee  which  combine 
together,  haye  alao  been  deaoibed  (U.  894).  Their  constitution  may  be  represented 
bj  the  following  general  equation : 

n(m\ORy  -  (•-l)HK)  -  ((ra»)-jf^Hj.^, 

The  atomicity  of  the  resulting  poljgljoerin  (determined  by  the  number  of  equiTalente 
of  hydrozyl  contained  in  it)  is  «  +  2. 

Quintenjrl  alcohol  or  Amyl  glycerin,  C*ff«0«  =  (C*H»)'"{OH)»,  is  formed 
fnm  dibromide  of  bromoquintene  or  bromamylene,  C*H*Br3r*,  or  quintenyl  bromide, 
(>H'Bi',  by  the  series  of  processes  represented  in  the  following  equations : 

0»WBr»  +  2AgOC«H»0  =  2AgBr  +  (C»H")-|^^^^"^>' 

Quintenyl       fillTer  aoetata.        Bttmr  Qnintfloyl  diaoefeo- 

tamnide.  toomlda.  branhydrin. 


(OH»)-J^^^^"  +  2K0H  =  2K0C«H«0  +  (C»HT'|fc 

Qoiiiftaiyl  diaeefeo*  FotMrinm        FotsMhnn  Qnlntnyl 

toomhydrln.  hydrate.  aoetate.  brombywn. 

+  KOH  «  KBr  +  (C»H")-(OH)« 


(C.H-)-jg 


0H)« 


Qatotonyl  QnlBtaiiyl 

tooiiihydrln«  sloohoL 

Quintenyl  alcohol  is  a  thick  colourlees  liquid,  having  a  sweet  aromatic  taste,  and 
scduble  in  water  (Bauer,  ZeiUehriftJmr  Chem,  u,  Pharm.  1861,  p.  678). 

Triatomie  PkenolB,  OH*"~*0'. — ^There  are  three  compounds  represented  by  the 
formula  0^*0*,  and  exhibiting  a  certain  relationship  to  the  phenols ;  these  are : 
1.  Pyrogallol  or  pyrogallic  acid,  formed  fifom  gallic  (diozynlicylic)  acid,  in  the 
nme  manner  as  o^rphenol  from  oxysalicylic  add  and  phenol  from  salicylic  acid : 
(?H«0»  «  CO*  +  CTHH)«;  2.  Phloroglucin,  produced  from  phloriain,  a  crystal- 
line sabfltance  existing  in  the  root-bark  of  the  apple,  pear,  plum  and  cherry  trees ; 
and  8.  Frangulin,  ayeUow  crystallisable  substance  existing  in  the  bark  of  Rhamnus 
Jna/guUi  (ii.  706).  The  last  two  form  explosiye  substitution-products  with  nitric 
acid ;  phloriain  and  pyrogallol  form  substitution-products  with  bromine. 

Tbtbatoxic  Alcohols. 

The  only  tetratomic  alcohols  at  present  known  are  erythrite,  erythromannite, 
orphyeite,  OH^'O*  «  ((>H')**(OH)\  a  saccharine  substance  existing  in  iVotexMvitf 
eafattfii  (ir.  604);  and  propylphycite  or  trityl-phycite,  C*H*0*  ^ 
(C^Y(OH)\  produced  by  combining  epichlorhydrin,  C^*0C1,  with  hypochlorous 
add,  HClO»  treating  the  resulting  dichlorhydrin  of  propylphydte,  (C^«)^a*(OH)*, 
with  silrer  acetate,  whereby  it  is  conyeited  into  the  corresponding  diacetin, 
(CV«y(OC^"OWOH)*,  and  heating  this  diacetin  with  aqueous  potash  (v.  898). 

These  two  aloonols  are  of  deddedly  saccharine  character,  and  form  explosiye  nitro- 
compounds. They  contain  4  atoms  of  hydrogen,  replaceable  by  add  or  alcoholic 
radidfls,  so  as  to  form  ethers ;  but  two  of  these  hydrogen-atoms  are  more  easily 
replaceable  than  the  other  two,  probably  those  which  in  the  following  formuhe  are 
contained  in  the  hydroxyl  belonging  to  the  two  groups  CHK)H : 

CH*OH  CH»OH 

HOCOH  CHOH 

CH«OH  CHOH 


CH' 


POH 
Propylpliydta.  Brythrlte. 

Hexadd  ethars  of  these  adds  are  also  formed  by  combination  of  the  tetiadd  ethers 
vith  two  moleeolea  of  free  add,  e.g.  erythritic  hexbenzoate 

=  (C*H*)«'((rHH)«)*.2CH«0«. 
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Pbntatoxic  Alcohols. 

Finite  and  quercite,  two  Bacchnrine  bodies  haying  the  composition  C^i'O*, 
probably  belong  to  this  class  of  bodies,  inasmuch  as  they  form  ethers  when  treated 
with  acids,  and  the  atomicity  of  an  alcohol  is  equal  to  the  number  of  oxygen-atoms 
which  it  contains.  Finite  forms  two  benzoic  ethers,  vix,  C*H'(OC^*0)*(OH)*  and 
C«H'(OC'H*0)*(OH). 

Hexatoxic  Alcohols. 

This  class  of  compounds  includes  most  of  the  saccharine  substances  found  in  plants, 
and  others  produced  from  them  by  artificial  transformation.  Two  of  the  natural 
sugars,  man nite  and  dulc it e,  having  the  composition  C*H"0*  or  (C^*)»*(OH)*, 
are  saturated  hexatomic  alcohols  derived  firom  the  saturated  hydrocarbon,  CH'*.  Several 
others,  called  glucoses,  contain  CH'^O*;  that  is  to  say,  2  atoms  of  hydrogen  leas 
than  mannite  and  dulcite,  and  may  therefore  be  regarded — so  £ar  as  composition  is 
concerned — as  the  aldehydes  of  these  alcohols ;  ordinary  glucose  (grape-sugar)  is,  in 
fact,  converted  into  mannite  by  the  action  of  nascent  hydrogen,  just  as  acetic  aldehyde, 
CMPO,  is  converted  into  common  alcohol,  C^H*0.  Further,  there  are  diglucosis 
alcohols,  C'»H«0"(  =  2OH>«0*  -  H«0),  related  to  the  glucoses  in  the  same 
manner  as  diethylene-alcohol  to  glycol,  or  diglycerin  to  glycerin  :  the  most  important 
of  these  are  cane-sugar  and  milk-suear ;  and,  lastly,  there  are  certain  vegetable 
products — viz.  starch,  cellulose,  and  a  few  others,  represented  by  the  formula 
«C*H''0*  fmostly  C"H"*0'*) — ^which  may  be  regarded  as  the  oxygen-etAers  or  anhy- 
drides of  tne  glucoses,  or  rather  of  polygluoosic  alcohols,  from  whidli  indeed  they  differ 
by  the  elements  of  a  molecule  of  water. 

Mannite,  C'H^^O'  »  (C'H*)**(OH)',  the  essential  constituent  of  manna,  is  formed 
artificially  by  treating  a  solution  of  glucose  with  sodium  amalgam,  C*H*K)*  +  H' 
=  CH'^O*.  The  same  transformation  of  glucose  takes  place  under  the  influence  of 
certain  ferments. 

By  oxidation  with  platinum-black,  mannite  is  converted  into  mannitic  acid,  C*H*K)% 
and  mannitose,  CH^'O*,  a  sugar  isomeric  with  glucose ;  and  by  oxidation  with  nitric 
acid,  into  saccharic  acid,  CH>*0*,  and  finally  into  oxalic  acid.  Mannitic  and  saccharic 
acids  are  related  to  mannite  in  the  same  manner  as  glycollic  and  oxalic  acids  to  glycol, 
ns  shown  by  the  following  formul» : 

CH»OH  CH*OH  COOH 

(CHOH)«  (CHOHy  (CHOH)* 

CH«OH  COOH  COOH 

ifMiwi«y,  MMin<«Jtt  add.  Saodiartc  add. 

For  the  other  reactions  of  mannite,  see  vol.  iii.  p.  828. 

Dulcite,  obtained  firom  Mdamp^rum  nemorommi,  and  from  a  ci^stalline  substance 
of  unknown  origin  ixnported  from  Madagascar,  resembles  manmte  in  most  of  its 
chemical  relations,  but  differs  from  it  in  solubility,  in  crystalline  form,  and  in  yielding  by 
oxidation  with  nitric  acid,  not  saccharic  acid,  but  the  isomeric  compound  mucicacid. 

Isodulcite,  a  saccharine  substance  obtained,  according  to  Hlasiwetz  and 
Ffaundler  (v.  465),  by  the  action  of  dilute  acid  on  querdtrin,  forms  large  crystals 
having  the  same  composition  as  mannite  and  dulcite,  but  giving  off  1  molecule  of 
wateratl06«-110®. 

With  fuming  nitric  acid,  all  three  of  these  substances  yield  nitric  ethers  of  a 
more  or  less  explosive  character.  Nitromannite,  C*H*(NO')H)*,  explodes  violently  by 
percussion,  or  when  suddenly  heated ;  hatnitrodtdciU^  C*H*(NO*)'0*,  gives  off  nitrous 
fumes  when  heated,  but  does  not  explode,  and  is  slowly  convei^  at  ordinary 
temperatures  into  tetra-nUrodulcite,  C«H'«(NO»)*0*.  NUro^sadttlciU,  C«H"(NO«)»0*. 
is  slightly  explosive. 

The  glucoses  CH^H)',  as  already  observed,  are  related  in  composition  to  the 
saturated  hexatomic  alcohols  in  the  same  manner  as  aldehydes  to  alcohols,  and  may 
be  converted  into  the  saturated  alcohols  by  the  action  of  nascent  hydrogen.  But  they 
exhibit  the  characteristic  property  of  alcohols,  in  forming  ethers  by  combination  with 
acids  and  elimination  of  water.  They  are  at  once  poly-alcohols  and  aldehydes,  just  as 
lactic  acid  is  half  alcohol  and  half  acid.  The  following  varieties  of  glucose  are  known : 

1.  Ordinary  glucote^  produced  by  hydration  of  starch  under  the  influence  of  dilute 
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acids  or  of  diastase,  and  ezistang  ready-formed,  together  with  other  kinds  of  sqgar,  in 
honey  and  Tariona  fruits,  especially  in  grapes,  and  alone  in  diabetic  urine. 

2.  MalioMf  produced  by  the  limited  action  of  diastase  on  starch,  and  difforing  from 
glucose  only  in  its  optical  rotatoiy  power. 

3.  Lemdom^  sTristing  in  cane-sugar  which  has  been  acted  upon  by  adds,  and  obtained 
pure  by  the  action  of  dilute  acids  upon  the  yaiie^  of  starch  called  inulin. 

4.  MtmnUoae,  produced  by  oxidation  of  mannite. 

5.  Galaetoae,  fonned  by  the  action  of  acids  on  milk-sugar. 

6.  IitonU,  existing  in  muscular  flesh. 

7.  Sorbin,  obtained  from  mountain-ash  berries. 

8.  Euealyn,  existing,  together  with  another  kind  of  sugar,  in  the  so-called  Austrd- 
lian  manna. 

The  first  four  of  these  glucoses  exhibit  but  very  slight  diversity  in  their  chemical 
properties,  differing  chiefly  indeed  in  their  action  on  polarised  light,  and  a  few  other 
physical  properties.  They  all  yield  saccharic  acid  b^  oxidation.  Gtdactose  differs 
from  them  in  yielding  mudc  acid  when  oxidised.  Inosite,  sorbin,  and  euealyn  exhibit 
still  greater  difllerences  in  their  chemical  properties,  especially  in  not  being  fermentable 
except  under  rexy  peculiar  circumstances,  whereas  tlie  flve  other  glucoses  undexfpo 
vinous  fermentation  when  placed  under  certain  conditions  in  contact  with  yeast. 

All  the  glucoses,  except  inosite,  are  decomposed  by  boiling  with  aqueous  idkalis ; 
this  property  distinguishes  them  from  mannite  and  dulcite.  They  are  not  carbonised 
by  strong  sulphuric  acid  at  ordinary  temperatures.  When  boiled  with  a  solution  of 
potassio-cupnc  tartrate,  they  throw  down  the  copper  in  the  form  of  red  cuprous  oxide. 

Gliteotates  or  Giucosides. — ^When  ordinary  glucose  is  heated  to  100^-120^  for  fifty 
or  sixty  hours  with  acetic,  butyric,  stearic,  benzoic,  and  other  organic  acids,  the  two 
unite,  with  elimination  of  water,  and  compound-ethers  called  glucosates  are  formed, 
analogous  to  the  mannitanates.  A  number  of  these  artificial  glucosates  have  been 
prepeured  by  Berthelot,  who  regards  them  as  derivatives  of  glucotan,  C^^'O',  because 
when  heated  with  alkalis  they  yield  glucoean,  not  glucose.  Thus,  there  is  a  gluooso- 
bntyric  ether  to  which  Berthelot  assigns  the  formula  CH'(OH'0)'0*,  and  an  acetic 
ether,  which  he  regards  as  hoxaceto-gluoosan,  C*H*(C*H'0)'0* ;  but  they  are  merely 
oily  liquids  which  are  very  difficult  to  obtain  pure,  and  therefore  their  analyses  are 
not  much  to  be  depended  on. 

The  natural  glucosates,  many  of  which  constitute  the  neutral  bitter  principles  of  the 
vegetable  kingdom,  have  a  similar  constitution.  None  of  them  have  been  prepared 
artificially ;  but  they  are  all  resolved  by  boiling  with  dilute  acids  into  glucose  and 
some  other  compound  (see  vol.  pp.  865-872). 

The  polyglucosio  alcohols,  including  cane-sugar  and  other  bodies  more  or  less 
resembling  it,  may  be  regarded  as  formed  by  the  combination  of  two  or  more  molecules 
of  glucose,  with  elimination  of  a  number  of  water-molecules  less  by  one  than  the 
number  of  glucose  molecules  which  enter  into  the  combination ;  thus : 

2C^»K)«  -  H«0  =  C»*H«0",  Diglucosic  alcohol. 

3C^»«0«  -  2H«0  «  C»H«0".  T^lucosic  alcohol, 

generally:       «C^»K)«  -  (n- 1)H«0  =   OH»t*-+»iO»-*". 

The  only  known  alcohols  of  this  group  are  diglucosic  alcohols,  C*'H**0'* ;  but 
starch,  cellulose,  and  other  neutral  plant-constituents  may  be  regarded  as  the  oxygen- 
ethers  or  anhydrides  of  polyglncosic  alcohols  of  higher  orders. 

The  known  diglucosic  alcohols  are  the  following : 

1.  Canesuffor  or  Mcekarose,  widely  diffused  in  the  vegetable  kingdom,  and  existing 
in  particular  abundance  in  the  sugar-cane  and  in  beet-root. 

2.  PartuaceJkaroee,  produced,  according  to  Jodin  (v.  473),  by  a  peculiar  spontaneous 
fermentation  of  cane-sugar. 

8.  MdUoae,  from  the  manna  of  various  species  of  Eucalyptus. 

4.  MdeeUoae,  from  the  manna  of  Larix  europaa. 

6.  Trekalote^  from  Trehala  manna,  and  from  a  species  of  Echinops  growing  in  the 
Kast ;  and  Myoose,  perhaps  identical  with  it,  from  ergot  of  rye. 

6.  Miik-migar,  UxcHn,  or  tacUm^  from  milk. 

7.  Gum^  a  widely  diAised  constituent  of  plants,  exhibiting  several  varieties,  which 
differ  considerably  in  physical  properties,  solubility,  &c. 

The  anhydrides  of  the  polyglucosic  alcohols,  derived  from  these  compounds 
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by  eliminatioB  of  a  single  molecule  of  water,  are  all  polymeric  one  with  anoUier,  as 
shown  by  the  following  equations : 

Olnooae. 

C»«H«0"     -     H«0     =     2C^>*0» 
Diglnooslo 
ftlooboL 

Trii^uoMio 
alcohol. 

generally:  OH«(»"+ >)()*■♦>     -     H«0     -     iiC«H»»0». 

The  Imown  bodies  of  this  group  are  starch,  dextrin,  cellulose,  inulin  fiiom 
dahlia  tubers,  and  glycogen,  obtained  from  the  liters  of  animals,  and  entering 
largely  into  the  composition  of  most  of  the  tissues  of  the  embiyo  (ii.  906). 

Starch  and  cellulose  appear  to  consist  of  G*'H**0**.  That  such  is  the  molecular 
formula  of  starch  appears  from  the  manner  in  which  that  substance  is  oonrerted  into 
dextrin  and  glucose  by  the  action  of  dilute  acids  or  of  diastase.  It  was  fonnerly 
supposed  that,  in  the  action  of  acids  or  of  diastase  upon  starch,  the  starch  is  first 
converted  into  dextrin  by  a  mere  alteration  of  physical  structure,  and  that  the  dextrin 
then  takes  up  the  elements  of  water,  and  is  converted  into  glucose,  this  second  stage 
of  the  process  occupying  a  much  longer  time  than  the  first ;  but  from  recent  experi- 
ments by  Muscnlus  {Oomptes  rendnsj  1.  786 ;  liv.  194 ;  Ann.  Ck,  Pky$,  fS]  Ix.  208; 
[4]  vi.  177),  it  appears  that  both  dextrin  and  glucose  are  produced  at  the  Tssry  com- 
mencement  of  the  reaction,  and  always  in  the  proportion  of  1  molecule  of  gluooee  to 
2  molecules  of  dextrin,  whence  it  may  be  inferred  tnat  the  molecule  of  starch  contains 
C*"H'*0",  and  that  it  is  resolved  into  glucose  and  dextrin  by  taking  up  a  molecule  of 
water  * 

C>«H"0»»    +     H«0     =     C^i«0«     +     2C<H»K)» 
Starch.  OlnooM.  Dextrin. 

When  the  conversion  is  efiected  by  a  dilute  add,  the  dextrin  is,  after  several  hours' 
boiling,  completely  converted  into  glucose,  which  is  therefore  the  sole  ultimata  product 
of  the  reaction.  6ut  when  diastase  is  used  as  the  converting  agent,  the  production  of 
glucose  goes  on  only  so  long  as  there  is  any  unaltered  starch  still  present,  the  dextrin 
undeigoing  no  Airther  alteration. 

That  cellulose  consists  also  of  C*'H'*0**  appeaxa  from  the  substitution-produots 
(pyroxylins)  which  it  yields  under  the  infiuenoe  of  strong  nitric  acid  and  a  mixture 
of  nitric  and  sulphuric  acids,  these  products  being  represented  (according  to  HadoVs 
results)  by  the  formula :  C»«H«^NO»)'0'»  (cotton-xyloldin) ;  C»»H»(NO«)H)» ;  and 
C'«H"(NO«)»0"  or  C^'(NO«)*0»  (trinitrocellulose  or  gun-cotton).  See  Ihrnozruir 
(ir.  777). 

A&OOSO&.  The  gelatinous  compound  of  alcohol  with  colloidal  silicic  acid  (see 
CoixoiDAL  Acids,  in  Appendix,  vol.  v.  p.  1089). 

A&BaBna.  C*H*0. — Produced :  a.  By  heating  ethylene  bromide  with  water  to 
160^-160^  in  a  sealed  tube  (Carius,  Ann,  Ch.  Pkarm,  cxxxi.  172)  : 

C«H*Br«  +  HK)  =  2HBr  +  C«H*0. 
$.  When  aqueous  ethylamine  is  poured  Upon  crystallised  potassium  permanganate 
(Carstangen,  J.  pr.  Chem.  Ixxxix.  486). — 7.  By  the  action  of  a  powerfol  electric 
current  on  a  mixture  of  100  pts.  absolute  alcohol  and  1  pt.  strong  sulphuric  acid  or 
1  pt  potassium  hydrate,  hydrogen  being  at  the  same  time  evol^rad  at  the  negative 
pole :  C«H«0  -  C*H*0  +  H»  (Jaillard,  Con^t  rmd,  Iviii.  1208).— 5.  Tomrther 
with  formic  acid,  by  heating  fermentation  lactic  acid  for  several  hours  to  130^  with 
dilute  sulphuric  acid,  the  reaction  probably  taking  place  by  the  following  two  stages : 

CH»  CH« 

(1).  HCOH  -I-  HOH  -  HCOH  +  HCOOH 
COOH        Ah 

Lftctlc  add.  OlyooL       Formio  add. 

CH«  CH» 


COH  -  HCO  + 


(2).    HCOH  -  HCO  +  HOH 


d: 


)H 
OlyooL       Aldehyde. 

(Erlenmeyer,  Zeitsehr.f,  Chem,  [2]  iv.  343). 
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Pure  aldehyde  heated  to  160^  for  a  hundred  hours  in  a  sealed  tube  u  resolved, 

vithcrat  fannation  of  gas,  into  water,  and  a  resinous  product  whieh  is  a  mixture  of 

hydiocBzbons  polymeric  with  acetylene.    A  small  quantity  of  alcohol  is  formed  at 

the  same  time,  Uigether  with  an  add,  probably  acetic  acid :  2G^*0  +  BK>  »  CH*0 

+  (7HK)*  (Berthelot,  Oaw^t  rmd,  Iti.  703). 

^  Yaponr  of  aldehyde  passed  oyer  heated  quicklime  yields,  together  with  gases,  a 
Uqnid  distillate,  consisting  of  acetone  and  other  ketones  richer  in  carbon  (Schloe- 
Bulch,  ZeUtekr.f,  Ckem.  [21  ▼.  336). 

Aldehjde  treated  with  fydriodic  acid  at  high  tempwatores  yields  ethane,  CH', 
together  with  water  and  free  iodine:  C^«0  +  4HI  -  C^*  +  HH)  +  21*  (Berthelot, 
Bua.  Soc.  Ckim,  [21  yii.  59). 

Aldehyde  expoeea  for  six  months  to  the  action  of  a  solution  of  ammomia  in  absolute 
aloobol  forms  a  brownish  liquid,  which  when  distilled  gives  off  ammonia  and  a 
Tolaftilfi  base,  OH'N.  The  residue  is  resinous,  and  when  purified  forms  a  yellow 
Dowder  which  eombines  with  adds,  and  has  the  composition  of  triethylene-diamine, 
li^CH^jF.  It  is  decomposed  by  water  and  acids,  in  the  manner  represented  by  the 
eqnatioii : 

C^'«N».2Ha  +  HK)  =  NH«a  +  C^"NO^CL 

The  new  bsss,  0"J1"N0,  which  is  amorphous,  yellow,  and  soluble  in  water,  is  a 
teitaaiy  monamine,  and  is  likewise  formed  when  an  alcoholic  solution  of  aldehyde- 
ammonia  containing  excess  of  aldehyde  is  exposed  to  a  temperature  of  60^-60® : 

fC^«OH  fC»H*OH 

NJh  +  2C»H«0  =  2H«0  +  nJc»H« 

iH  [cm* 

AUflbyde-       AUIehTde.  New  ben. 


When  aldehyde  is  decomposed  by  ammonia  at  100°,  two  other  bases  are  foimed« 
viz.  C>^H>^0  and  G«H>'KO,  which  are  probably  constituted  similarly  to  the  base 
C^"NO  (H.  BchiiF,  BtiU.  Soc.  Ckim,  [2]  yiii.  448). 

Aldehyde  heated  to  100°  with  strong  solutions  of  certain  neutral  ialiSjM  formate  or 
acetate  of  potassium,  is  converted  into  vinyl  oxide,  C*H*0  »  2C*H^0  —  HK) 
(Lieben,  lUp.  Ckim.  pure,  1861,  p.  190). 

Aldehyde  (2  moL)  treated  with  ammonium  euphoearbamate  (1  mol.)  is  converted 
into  water  and  earbothialdine : 

2C«HH)  +  CH*(NH*)NS«  =  2H»0  +  C5»fl»«IWS«. 

(E.  Mulder,  J,  ^,  Ckem.  dii.  178). 

Aldehyde  mixed  with  water  and  saturated  with  et/anoffe»  deposite  cnrstals  of 
emnide,  the  mother-liquor  retaining  a  compound  of  aldehyde  and  oxamioe,  which 
is  deoompoeed  by  ebullition,  the  iddehyde  distilling  over  slowly,  and  crystals  of 
Qxamide  bdng  deposited  fLiebig,  Ann.  Ck.  Pkarm.  cxiii.  860).  Aocoraing^  to 
Berthelot,  a.  P^an  de  St.  Gilles  (Bull.  Soc.  Ckim.  1863,  p.  602),  csranogen  ^ 
passed  into  crude  aldehyde  forms  a  white  predpitete,  G*H^*NK)^,  wmch  contains 
the  elemento  of  cyanogen,  water,  and  aldehyde,  (4CN  +  8H*0  +  CH^O),  or  of 
aldehyde  and  oxamide,  with  elimination  of  water,  C«H"N*0*  =  C«B[*0.2C*H*N«0» 
—  HK).  Aldehyde  dissolves  ct/anamide,  and  the  mixture  after  24  hours,  changes 
into  a  body  resembling  copal  resin,  soluble  in  alcohol,  and  predpiteted  therefrom  in 
white  flocks  by  ether.  This  compound  contains  N'C*H*^0  (Knop,  Ann.  Ck.  Pkamt 
CKxx.  253).  When  a  mixture  of  aldehyde,  hydrocyanic  acid,  and  hydrochloric  add  is 
left  to  itself,  lactic  add  is  produced,  together  with  a  small  quantity  of  formic  acid : 

C^*0  +  CHN  +  HCl  +  2H«0  -  NH^a  +  CmK^ 

(Wialieenus.  Ann.  Ck.  Pharm.  exxviii.  1). 

A  compound  of  aldehyde  with  mercuroue  bramidet  CH^O.Hg*Br',  is  obtained  by 
heating  vinyl  bromide  (monobromethyleno)  with  mercuric  acetate  to  100^ : 

»0^«Br  +  2(0«H«0«)«Hg  +  4H«0  «  C»H*O.Hg^r»  +  6C«H*0«  +  H«0. 

The  eompoand  separates  as  a  white  amorphous  predpitate,  which  turns  brown  in  the 
tir,  vith  evolution  of  aldehyde  (Saytzeff  a.  Glinsl^,  Zeiteckr.f.  Ckem.  [2]  iii.  676). 

Hfdroeyanide  of  Aldekyde.  CNH.CH^O. — Aldehyde  and  hydrocyanic  acid, 
hath  anhytuous,  if  mixed  in  molecular  proportion,  unite  in  the  course  of  8  or  10 
^ys.  forming  a  liquid  the  greater  part  of  wnich  distils  between  171  **  and  185^,  the 
portion  of  constant  boiling  point  distilling  between  182°  and  184^.  On  attempting  to 
^nctioDato  this  product,  it  splite  up  into  ite  componente,  a  considerable  portion 
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(liMtilling  botwoon  40^  and  60°  ;  but  if  tbe  diBtillato  be  left  to  itself,  the  two  bodies 
rounito  iind  reproduce  tlie  compound  distilling  at  184°. 

Hydrocyaniao  of  aldehyde  is  a  colourless  oily  liquid,  haviog  a  bitter  aaid 
nmnlling  somewhat  like  its  components ;  it  becomes  synipy  at  —  21°.    Its 
ponition  by  heat  is  accelerated  by  potash,  the  products  then  formed  being  pc 
cyanide  and  rosin  of  aldehyde.    It  absorbs  ammonia  gaa  at  —  10°,  farming  a  basie 
compound  which  yields   a  cx^'stalline  hydrochloride  aiid  platinochlozide.     Aqnecns 
nniniotiia  appears  to  act  in  the  same  manner. 

lif/droehloric  acid  in  strong  aqueous  solution  acts  Tiolenily  on  ald^yde- 
liydnx'yanide  at  ordinary  temperatures,  but  the  two  liquids  may  be  mixed  quietly 
btfluw  0°,  and  the  liquid  if  then  left  to  get  gradually  warm  is  reBoWed  into  sal- 
ammoniac,  which  crystallises  out,  and  lactic  acid,  which  remains  in  the  liquid  state : 

C«U*O.CNH  +  HCl  +  2H«0  =  NH^Q  +  OBW. 

The  ronotions  with  potnsh  and  with  hydrochloric  acid  show  that  the  oompoond  is  not 
idonticiil,  but  only  isomeric,  with  glyoolic  monocyanhydrin  (MaxweU  Simpson  a. 
(louthor,  Hull.  Soc,  Chim,  [2]  viii.  277). 

Polt/mtrio  Modificatums  qf  ^W«Ayi«.—Acr aldehyde,  C*HK)*,  first  obaerred  by 
WurU,  is  prcxluoed,  together  with  aldehyde,  by  the  action  of  zinc  chloride  on  giycoL 
On  fronting  the  resulting  liquid  with  calcium  chloride,  acraldehyde  sepantes  as  a 
il(|uid  lighter  than  water,  and  having  a  pungent  odour.  It  is  soluble  in  all  proportions 
ill  Witter,  alcohol,  and  ether,  and  reduces  an  ammoniacal  solution  of  silver  nitrate.  It 
ImiIIm  at  110^,  and  has  a  vapour-density  of  2'877i  which  is  nearly  double  that  of 
iildohydo  ^Hnuor,  H^.  Chim,  pure,  1868,  p.  294). 

The  solid  modifications,  olaldehvde  and  metaldehyde,  are  described  in  voL  L 
]).  100  i  the  liquid  modification,  paraldehyde,  in  vol.  iv.  p.  849. 

Obloimldsbjdss*  Monoohloraldehyd^t  CH*C10,  is  produoed  by  pasnng 
vitiyl  chloride^  into  well-cooled  hypochlorous  acid.  It  is  a  neutral,  oily,  easily 
(ImwinipoMiblo  lii^uid,  which  on  exposure  to  the  air  is  oonveited  into  chloraoetic  add 
(Hiiytxott  a.  Olinsk^,  ZeiUchr,  /.  Chsm,  [2]  iii.  675).  On  leaving  it  to  stand  at  a 
lower  tomporature,  in  a  well-stopped  fiask  in  contact  with  hypo^orous  acid  and 
oxcoNN  of  mercuric  oxide,  a  crystalline  crust  is  formed  at  the  lx>ttom  of  the  vessel, 
cotmiNting  of  a  compound  of  chloraldehyde  with  calomel,  CH'CIO.H^^'.  This 
compound  molts  at  06^  to  a  transparent  mass,  gradually  changing  to  a  crystalline 
])owuer.  In  cold  aqueous  solution  it  is  slowly  resolved  into  calomel  and  chlor- 
uUlohydo.  Hydrogen  sulphide  decomposes  it  immediately,  precipitating  the  mercurr, 
and  sotting  the  chloraldehyde  free.  Mixed  in  aqueous  solution  with  iocQde  or  cyanide 
of  potnssium,  it  is  converted  into  iodaldehyde  or  cyanaldehyde  (Glinsky,  ibid. 
iv.  617). 

Vinyl  bromide  pAssod  into  cold  aqueous  hypochlorous  add  forms  an  easily  soluble 
prfMluct,  not  volatile  without  decomposition,  and  probably  consisting  of  a  mixtoxe  of 
chloraldehyde  and  bromaldehyde  (Saytceff  a.  Olinsky). 

Diehloraldehvde.  C*H*CI*0  (£.  Patemo,  Giamale  di  Scierue  not,  ed  econom. 
di  Palermo,  v.  128,  127).— Produced  by  distilling  dichloracetal  with  4  to  6  vols, 
sulphuric  acid  in  an  oil-bath  heated  to  130°.  On  rectiffing  the  distillate,  the 
dicnloraldehyde  passes  over  at  88°-90°.  It  is  a  liquid  whi(^  boils  at  89°-90°, 
attracts  moisture  from  the  air,  and  is  thereby  converted  into  a  hydrate  crystal- 
lising in  boautiiHil  laminn.  Left  to  itself,  even  in  sealed  tubes,  it  becomes  dense, 
and  changes  into  a  white  amorphous  mass,  which  has  the  aspect  of  porcelain, 
but  when  heated  to  120°  is  reconverted  into  the  original  product  Dichlorinated 
aldehyde  dissolves  without  decomposition  in  alcohol  and  ether;  when  poured  into 
water  it  first  sinks  to  the  bottom,  and  then  dissolves,  espedally  on  application  of 
heat ;  in  short,  it  exhibits  the  most  complete  analogy  with  chloral.  It  is  difficult  to 
oxidise,  its  vapour  not  undergoing  any  sensible  alteration  when  mixed  with  air  or 
oxygen  and  passed  over  red-hot  spongy  platinum ;  but  when  gently  heated  with 
several  times  its  own  volume  of  fiuning  nitric  acid,  it  is  energetically  attacked  and 
converted  into  dichloracetic  aeid,  CH'Cl'O*.  Phosphorus  pentachloride  attacks  it 
strongly,  produdng  the  compound  C*H*CI«0  or  C«H»C1K).C«H«C1«.  the  action  doubtless 
consisting  in  the  replacement  of  O  by  01'  (as  in  the  action  of  PCI*  on  aldehydes  in 
general),  whereby  U'H'Cl^  is  produced,  which,  as  soon  as  it  is  formed,  unites  with  a 
portion  of  the  undecomposed  dichlorinated  aldehyde,  produdng  the  compound 
C^H*CI*0.  The  constitution  of  this  body  may  be  represented  by  the  following 
formula : 

CHci«-  cH«-o-  ca«-  cHa», 
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or  perbAps  by 

cHa«-cHa- o-CHa-CHa«. 

The  CGmpoand  C*HK^*0  is  a  colourless  oil,  having  an  izritatinff  odonr,  heavier  than 
valer,  soluble  in  alcohol  and  ether ;  it  distils  at  250^,  emitting  aad  vaponzs.  Alcoholic 
potash  attacks  it  strongly,  with  evolution  of  heat  and  formation  of  potassium 
chloride ;  and  on  adding  water  to  the  resulting  liquid,  a  heavy  aromatic  oil  separates, 
boiling  at  196**,  and  having  the  composition  OH'Cl^O,  that  is  to  say,  containing 
2HCI  less  than  the  preceding.  This  last  compound  unites  directly  with  4  at. 
bromine,  forming  the  crystalline  compound  OHH3l*BrH>.    In  this  respect  the  com- 

rod  C^HKl^O  is  analogous  to  Ualaguti's  ekloroxitkosey  C*H*0,  which  he  obtained 
abstracting  4  at.  chlorine  from  perchlorinated  ethylic  oxide,  OC1**0  (i.  924). 
Afioording  to  this  analogy,  the  compound  C*HH]1*0  may  be  designated  as  hexehlonmaied 
tikglie  oxide,  and  C^HK^^HO  as  tetraehlorthtetrabromiMated  etkjflie  oxide.  The  two 
compounds  C^Cl'O  and  C^H'CIK)  may  also  be  regarded  respectively  as  jwrviUorifiate2 


timfl oxide,  incn%\0,  and  teiraeklorinated  mnyl  oxide. 


CH10,  is  produced  by  boiling  the  aqueous  solution  of  mono- 
ddonldehjde  with  potassium  iodide,  and  may  be  dissolved  out  by  ether  from  the 
solution,  after  the  latter  has  been  left  to  itself  for  about  twelve  hours.  On  evaporating 
the  ekher,  iodaldehyde  remains  as  a  liquid,  which  at  first  is  tolerably  mobile,  and  has 
a  funt  odour  like  that  of  aldehyde,  but  after  a  while  becomes  thicker  and  acquires  a 
strougiBf  odour.  It  is  decomposed  by  distillation,  giving  off  aldehyde  and  its  ^ly- 
meri^B,  and  leaving  a  residue  chiefly  consisting  of  iodine.  A  similar  decomposition 
takes  place  when  the  aqueous  solution  is  heated.  When  oxidised  in  ethereal  solution, 
with  a  few  drops  of  fuming  nitric  add,  it  is  converted  into  iodacetic  acid,  OH'IO* 
(Olin^,  ZnieAr,/.  Ckem.  [2]  iv.  618). 


G*H'(GN)0,  separates  in  heavy  oily  drops  on  adding  potassium 
cjanide  to  an  aoueous  solution  of  monochloraldehyde.  It  is  sparingly  soluble  m  water ; 
decomposes  easily  in  the  moist  state  and  in  aqueous  solution ;  cannot  be  distilled ; 
doM  not  unite  with  sodium  bisulphite.  By  oxidation  with  nitric  acid  it  is  converted 
into  cyanacetic  add  (Glinsky). 

JLUHWMWMB*  These  bodies  are  derived  fiK>m  alcohols  by  elimination  of  one  or 
moTB  molecules  of  hydrogen,  (H'),  without  the  introduction  of  an  equivalent  quantity 
of  ozjgen,  so  that  they  hold  a  position  intermediate  between  the  alcohols  and  thQ 
adds;  t^^ 

CH«  CH*  CH" 

CHK)H  COH  COOH 

Bthyl  Aoetio  Aostio 

■ladioL  aldehjnle.  add. 

The  hydrogen  eliminated  in  the  conversion  of  an  alcohol  into  an  aldehyde  is  that 
which  is  in  immediate  connection  with  the  hydroxyl,  or  which  belongs  to  the  group 
CHH)H ;  consequently  a  monatomic  alcohol  can  yield  but  one  aldehyde ;  but  a 
diatomie  alcohol  may  yield  two,  by  removal  of  H'  and  of  2H* ;  a  triatomic  alcohol 
three,  and  so  on.  At  present,  however,  we  are  acquainted  only  with  sddehydes 
derired  from  monatomic  and  diatomic  alcohols,  and  even  among  these  it  is  only  the 
series  of  aldehydes  derived  from  the  monatomic  alcohols  of  the  series  OH'"'*'K) 
aad  OH^^H)  tAat  exhibit  any  approach  to  completeness. 

The  statement  in  vol.  i.  p.  110,  that  monatomic  aldehydes  are  the  ethers  of 
diatoBuc  alcohols,  was  founded  on  obserrations  which  subsequent  investigation  has 
ahovn  to  be  inexact ;  the  aldehydes  are  isomeric,  not  identical,  with  tho  ethers  of 
diatomic  alcohols. 

To  the  list  of  monatomic  aldehydes,  OH**0,  corresponding  to  the  fatty  acids,  must 
Mwbe  added  the  first  of  the  series,  namely,  formic  aldehyde,  OJ&'O,  recently 
diseoTsred  by  Hofmann  {Proe.  Rop.  8oe.  xvi.  156).  It  is  produced  when  a  current 
of  air,  charged  with  vapour  of  methyl  alcohol,  is  directed  upon  an  incandescent  spiral 
of  platioam  wire ;  l^  suitable  condensing  arrangements,  a  liquid  may  be  obtained 
eopsifting  of  a  solution  of  the  aldehyde  in  meUiyl  alcohol.  This  liquid,  rendered 
slightly  alkaline  by  ammonia,  and  gently  warmed  with  silver  nitrate,  yields  a 
beautiful  specular  deposit  of  silver,  with  greater  ease  even  than  ordinary  acetic 
aldehyde.  The  same  solution,  heated  with  a  few  drops  of  caustic  potash,  deposits 
drops  of  a  brownish  oil,  having  the  odour  of  the  resin  of  acetic  aldehydo. 

Formic  aldehyde  has  not  yet  been  obtained  in  the  pure  state;  but  by  treating  its 
solution  with  hj'drogen  sulphide,  and  heating  the  resulting  liquid  with  strong  hydro- 
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chloric  acid,  it  solidifies,  on  cooling,  to  a  dazsling  white  mass  of  felted  needles, 
consisting  of  the  corresponding  sulphur-compound,  CH^S. 

To  Uie  list  of  aromatic  aldehyoes,  C"H'"-'0,  must  be  added  toluic  aldehyde, 
C^*0  as  G*H*.CHO,  produced  by  distilling  a  mixture  of  the  calcium-salte  of  toluic 
and  formic  acids  (v.  864);  and  sycocerylic  aldehyde,  C^'fl'K),  which  appears 
to  be  formed  by  oxidation  of  sycocerylic  alcohol  (y.  646). 

JEteaetions  of  Aldehydes, — ^The  following  reactions,  in  addition  to  those  mentioned  in 
Tol.  i.,  are  common  to  all  the  monatomic  aldehydes. 

1.  By  fusion  with  poUusium  hydrate^  they  are  converted  into  the  corresponding 
acids,  with  evolution  of  hydrogen : 

C»H«0  +  KOH  -  C«H»KO«  +  H« 

Aoetio  Potusiam 

aldehyde.  acetate. 

C'HH)  +  KOH  =  C»H»KO«  +  W 
Benicdo  Potaninm 

aldehyde.  benioate. 

2.  NfueeiU  hydrogen,  evolved  b^  the  action  of  water  on  sodium  amaJgam, 
converts  them  into  the  corresponding  alcohols;  e.g.,  C^K)  +  H'  »  CH'O.  If, 
however,  the  aldehyde  belongs  to  a  non-saturated  series,  the  action  goes  further,  an 
additional  quantity  of  hydrogen  being  taken  up,  whereby  the  alcohol  first  farmed  is 
converted  into  a  saturated  alcohol  belonging  to  another  series ;  thus : 

CHH)  +  H»  -  C^«0 
AoryUo  Allyl 

aldehyde.  aloohoL 

and 

CH'O  +  H«  =  CHK) 

AUyl  Propyl 

aloohoL  aksohol. 

Nascent  hydrogen  evolved  by  the  action  of  mnc  on  sulphurio  acid  does  not  appear 
to  unite  with  iddehydes. 

Benxoic  aldehyde,  under  the  influence  of  nascent  hydrogen  evolved  by  the  action  of 
zinc  on  l^ydxochloric  acid,  doubles  ite  molecule  and  takes  up  2  at.  of  hydrogen : 

2C*H«0  +  H*  -  C"H"0" 

Benaoio  Hydro- 

aldehyde.  benioin. 

3.  Phosphorus  pentaehloride  converts  aldehydes  into  chloialdehydes,  compounds 
derived  from  aldehydes  by  substitution  of  CI'  for  O ;  thus : 

CH»  CH« 

^+  pa»  =  pa»o  +      I 
H  CHCl* 

Aldehyde.  Chloraldehyde  or 

Bthylidene  cAloride. 

The  compounds  thus  produced  are  isomeric  with  the  chlorides  of  the  olefines,  and 
with  the  monochlorinated  chlorides  of  the  corresponding  monatomic  alcohols ;  e^., 

CH»  CH*C1  CH» 

CHCl  CH«  CH* 

CH*a  CH«C1  CHC1« 

Propylldene  Fropyleoe  Chlorinaied 

chloride.  chloride.  Propyl  chloride. 

Ethylidene  chloride,  CH'.CHCl*,  is  identical  with  chlorinated  ethyl  chloride. 

4.  Chlorine  and  bromime  convert  aldehydes  into  chlorides  of  add  ndides : 

(?H*0  +  Cl«    «  Ha   +    C«H»0.C1 
Aldehyde.  Acetyl  chloride. 

c»H«o  +  2a«  «  2Ha  +  c«H«cio.a 

Aldehyde  Chloraoetyl 

chloride. 

5.  The  aUcali^meUUs  dissolve  in  aldehydes,  eliminating  an  equivalent  quantity  of 
hydrogen: 

2C«H«0  +  K»  «  H»  +  2C«H»K0 
Aldehyde  Potaaaiam 

alddiyde; 
or  possibly  as  follows : 

6C«H*0  +  K«  =  8H«  +  2K(C«H»0)»  (Wanklyn). 

6.  Aldehydes  treated  with  hydrocyanic  acidt  hydrochloric  acid,  and  waier,  are 
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coDTcfrted  into  an  ammoninm-SAlt,  or  an  amidated  acid,  oontaining  an  additional  atom  of 
taiboiif  thA  fonnfir  xeaction  taking  place  chiefly  in  the  aromatic  seriee,  the  latter  in 
^^ttyaeries: 

0»HK)     +  CNH  +  HH)    =    CHTTO* 

•Iddijde.  acid  (alanine). 

C?»H«0     +  CNH  +  2HK)  =     C«HXNH«)0« 
Beuoio  Anunoninm 

■Iddijde.  ftnmobenioate. 

7.  All  aldfihjdes  combine  with  aniUnej  the  reaction  taking  place  between  2  molecnlee 
of  aniline  and  1  or  2  molecnlee  of  the  aldehyde,  with  elimination  of  1  or  2  moleculee  of 
«ittt;Unis: 

2(C^»)H«N  +  C«H«0  -  (€«•)•  [n«  +  H«0. 
Aniline.         Aldabydai       BthylldflM- 

3(C^»)H»N  +  2C«HH)  -  [^»S|^  +  ^^^• 

AaOine.  AUehyde.      DlethyUdeofr. 

diphemunine. 

The  nmltiog  oompoonds  axe  iaomeric  with  the  diamines  derired  from  the  glyoola. 
This  nedion  ia  penectly  general,  and  may  be  need,  as  well  as  the  reaction  with 
alkaline  bisalphites,  for  the  recognition  of  aldehydes  (Schif^  Ann,  Ch.  Pkarm,  Snjipl, 
iil  m ;  Jakretb.  1864,  p.  413). 

8.  Aldehydes  also  form  ciystalline  compounds  with  the  aeid  iulphite$ofmonami$ts8; 
thus  Tslenldehyde  forms  with  amylamine  bisulphite  the  compound  (>H"N.SH'0'. 
C*H'*0;  and  similar  compounds  are  formed  by  oenanthol  and  bitter  almond  oiL 
These  compounds  are  soluble  in  water  and  in  alcohol ;  they  decompose  at  100^,  water 
ud  solphurous  anhydride  being  giTen  off,  and  the  aldeh^es  reacting  with  the  bases 
BO  as  to  form  diamines  like  those  above  mentioned  (Schiff,  Zeiitchr,  /.  Ckem.  [2] 
IT.  11). 

9.  Aldehydes  act  upon  urea,  either  in  the  solid  state  or  in  alcoholic  solution,  in  such 
a  manner  as  to  fionn  condensed  ureas  containing  aldehyde-residues,— compounds  which 
may  be  represented  by  the  general  formula 

aCH*N«0  +  yOH"0  -  yWO ; 

aad  by  fuzther  treating  these  products  with  aldehydes,  ureas  of  a  still  higher 
deg;ne  of  condensation  are  obtained.  A  solution  of  urea  in  absolute  alcohol 
f(ni8  with  ignanOol  colourless  needles  of  cmantkvl-diurea,  (CO)*N<H*(C'Hi')''* 
By  the  direct  action  of  oenanthol  on  solid  urea,  diomanihyl-irmrta,  (COyN*H*(G'H>% 
is  ptodneed;  uid  these  compounds  heated  to  100^  with  oenanthol  are  converted 
zmediTi^into  irianantkj^'Utra^rea,  (CO)*N*H>«(C^H>*)*,  a^ad  pentanantfyl-^exurM, 
{OOYS^m}\CB}*y.  Similar  compounds  are  obtained  with  benzoic  aldehyde.  All 
these  eompounds  are  resolved  by  boiling  water  into  aldehydes  and  urea,  and  by 
heating  above  their  melting  points,  into  decomposition-products  of  urea,  and  ammonia 
derniSves  of  the  aldehydes  (H.  Schii!;  Campt,  rend.  Ixv.  801 ;  Jakreth.  1867> 
p.  498). 

In  addition  to  these  general  reactions,  there  are  others  which  are  limited  to 
paxtieolar  classes  of  aldehydes. 

The  aldehydes  OH*^  are  resinified  by  aleokoUe  potash;  unite  directly  with 
MHsoeis,  fonning  crystalline  compounds ;  are  oxidised  by  nitrie  aeid,  without  forma- 
tion of  iobstitntion-products ;  and  have  a  great  tendency  when  left  to  themselves  to 
diange  into  poljrmenc  compounds.  Heated  with  daked  lime,  they  yield  the  calcium 
nit  of  the  corresponding  acid,  together  with  the  corresponding  alcohol ;  e.g., 

4C»H>»0  +  CaH«0«  »  (C»H»0>)«Ca  +  2OH»«0. 
TakraL  Caldmn  Caldam  Amyl 

hydrate.  valerate.  alcohol. 

^^^  Mroekhrie  aeid  gas  is  passed  into  a  solution  of  one  of  these  aldehydes  in 
*Miite  aeokol,  a  compound  is  formed  containing  the  elements  of  the  aldehyde  and 
thoae of ethylie chloride:  e.g., 

I        +  HOC»H»  +  HCl  »    I  +  H*0. 

OOH  CH(0C«H»)C1 

AUehydBw      AloOboL  Aldehydio  ethyl-chlerhydrin. 

^  chlorinated  compounds  thus  formed  are  isomeric  with  the  glycolic  chlorhydrins ; 
tini  the  ethylic  compound  fonned  as  above  is  isomeric  with  glycolic  or  eUiylenic 
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CH»a 

ethyl-chlorhjdrin.  |  .    When  treated  with  todi/mm  ethylate^  they  exchange 

CH«(OC«H») 
their  chlorine  for  oxethyl,  OC*H*,  forming  oomponndB  called  a  c  eta  Is,  containing  the 
elements  of  the  aldehyde  and  ethylic  oxide,  and  ieomeric  with  the  glycolic  ethers ;  thus 
in  the  acetic  series : 

CH*  CH* 

I  +  NaOC«H»  =  NaCl  +  I 

CH(0C«H»)C1  CH(OC«H»)« 

Aldelijdio  Sodinm  AoefcaL 

etbyl-chlorliydriii.        ethjlale 

Acrolein  or  acrylic  aldehyde,  C*H^O,  the  only  known  aldehyde  of  the  scries 
CH^'-K),  is  similar  in  most  of  its  reactions  to  the  aldehydes  OH'^O,  but  when 
submitted  to  the  action  of  powerful  oxidising  agents  it  yiel&,  not  only  acrylic  acid, 
C*H*0',  but  likewise  a  small  quantity  of  acetic  acid,  C*HH)'. 

The  aromatic  aldehydes,  OH^'H),  are  not  resinified  by  aleokoUe potash,  but 
acted  upon  in  the  same  manner  as  the  aldehydes  OH*"0  are  acted  upon  by  slaked 
lime,  yielding  the  corresponding  add  and  alcohol ;  e.g., 

2C^H«0  +  KOH  «  C»H»KO»  +  CHH). 

Benioic  Pot— rinTii  Beni^l 

aldehTde.  benioate.         aloolu)L 

Ammonia  does  not  combine  directly  with  them,  but  oonrerts  them  into  hydramides, 
with  elimination  of  water.  With  Amiing  nitrie  acid  they  form  nitroHmbstitution- 
products,  benxoic  aldehyde,  for  example,  yielding  nitrobenzoic  aldehyde,  G'H^NO*)0. 
When  left  to  themselyes  they  do  not  form  polymeric  compounds ;  but  benzoic  alde- 
hyde, mixed  with  hydrocyanic  acid,  is  conrerted  under  the  influence  of  alcoholic  potash 
into  benaoin,  C"H>*0«. 

Cinnamic  aldehyde,  C*H"0,  the  only  known  member  of  the  series  of  unsatu- 
rated aldehydes,  CH*"~**0,  yielda  by  oxidation,  benzoic  acid,  C^*0*,  as  well  as 
cinnamic  acid,  C^H*0*. 

Omstitution  of  Monatomie  Aldthydea. — It  has  been  pointed  out  in  the  article 
AiDBHTDBS  in  Tol.  i.  that  monatomie  aldehydes  may  be  formulated  either  as  hydrides 
of  monatomie  osnrgenated  radicles,  or  as  hydrates  of  monatomie  non-oxygenated 
radicles,  or  as  oxiaes  of  diatomic  non-oxygenated  radicles :  thus  for  acetic  aldehyde  wo 
haye  the  three  rational  fonnulse : 

C«H»O.H         ^|0        (C«H*f.O. 

The  first  of  these  formula  corresponds  to  the  conversion  of  aldehydes  into  adds  by 
oxidation,  and  by  fusion  with  potash  (p.  78) ;  the  second,  to  certain  reactions 
which  have  been  observed  only  with  acetic  aldehyde,  viz.  its  conversion  into  chlor- 
ethylidene,  C»H*C1,  by  the  action  of  carbonyl  chloride  (i.  107),  and  into  vinyl 
oxide,  (OH')K),  with  elimination  of  water,  by  the  action  of  certain  salts  :  2C'HH)H 
—  HK)  s  (C*H')K).  The  third  formula  corresponds  to  the  action  of  phosphorus 
pentachloride  ^p.  78),  whereby  an  aldehyde  OH^O  is  converted  into  the  chloride 
OH*K)l*  ,*  to  tne  action  of  aniline  on  aldehydes  in  general ;  and  to  that  of  ammonia 
on  the  aromatic  aldehydes. 

It  is  dear  that  these  three  formulA  are  all  induded  in,  and  may  be  deduced  from, 
the  constitutional  formula 

OH***'  fOH«**> 

or      C  O* 

Ih 

which  accordingly  applies  to  all  the  reactions  and  all  the  modes  of  formation  of 
monotamic  aldehydes. 

Aldekydes  derived  from  Diatomic  Jleokole, 

A  diatomic  alcohol  may  give  rise  to  two  aldehydes,  one  corresponding  to  the 
monobasic,  the  other  to  the  bibasic  add  derived  from  it.  Thus  propylene  alcohol, 
C*H"0*,  might  yield  the  two  aldehydes  CH*0*  and  C'H^O*,  the  first  corresponding  to 
lactic,  the  second  to  malonic  add : 

CHH)H  COH  COH 

CH»  CH«  CH« 

CHK)H  CH*OH  COH. 

PropjtaM  Pint  Beoond 

aloirtioL  alddijde.  aUelijdeu 

Only  a  very  few  of  these  aldehydes  have,  however,  been  obtained. 


HCO 
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Of  ftldefajdaB  deriTed  from  the  glycols,  OH^'*'K)',  only  one  is  known,  namely 

CX)H 
gljuial,  CHK)'  »   I        ,  the  second  aldehyde  of  ethylene  alcohol.    This  compound 

COH 
has  not,  howerer,  been  actually  formed  from  glycol,  but  only  by  oxidation  of  ethylic 
alcohoL  By  a  small  quantity  of  nitric  acid  it  is  oxidised  to  glyoxylic  acid,  CH^O^ ;  by 
alsiger  quantity,  to  oxalic  acid*  O'HH)*,    For  its  other  reactions  see  ii.  920. 

Of  aldehydes  derivable  from  diatomic  alcohols  belonging  to  the  other  series,  and 
oorreeponduig  to  monobasic  acids,  three  only  are  known,  viz.  salicylol,  anisic 
aldehyde,  and  furforol ;  the  relations  of  these  bodies  to  the  corresponding  alcohols 
and  adds  are  shown  in  the  following  table : 

Alcohols.  Aldehtdbs.  Anns. 

CHH)»  C'H*0«  CH«0» 

BaUgCDin.  SalicyloL  BaUcylio  acid. 

C»H«»0«  C«H»0«  OH»0« 

AbMc  AniaaL  Aniido  add. 


Pyrooiiicic 
aloohoL 

Salicylol,  C'H'O'  « 


C*H<0* 
FnzfnroL 


0: 


C— H 


C*H*0». 

X^romucic 

acid. 


C-1 0"      ,  is  produced  by  the  action  of  oxi- 


disii^  agents  (msaligenin,  or  on  salicin,  which  is  a  glucoside  of  saligenin ;  or  on  populin, 
viuch  has  the  composition  of  benzoyl-salicin.  It  is  conyerted  by  oxidising  agents  into 
aliejlic  add,  and  by  ammonia  into  hydro-salicylamide  (▼.  168).  It  exhibits  the 
^mtUn  of  an  aldehyde  in  forming  crystalline  compounds  with  alkaline  bisulphites, 
and  resembles  the  phenols  in  forming  saline  compounds  when  acted  upon  by  metallic 
oxides  and  hydrates,  the  metal  then  taking  the  place  of  an  atom  of  hydrogen  in  the 
p^yl  molecule :  thus,  sodium  salicylol  »  C*H*NaO.COH ;  cnpric  salicylol  ^ 
Cii'(0C*H«)>.(GOH)>,  &c.  Sodium  salicylol,  treated  with  methyl-Iodide,  yields 
methjl-salicylol,  G*H*(CH')O.COH,  a  compound  exhibiting  properties  analogous 
tothoseof  aaUcylol  itself.  Ethyl-salicylol,  C^«(C»H*)O.COH,  is  obtoined  in  a 
similar  manner.  By  treating  sodium  salicylol  with  acetic  oxide,  aceto-salicylol, 
C'HK)',  is  obtained;  thus: 

C^«NaO.COH  +  (C«H»0)«0  =  C»H»NaO«  +  C^*(C»H»0)0.COH 
Sodinm  Aoefeio  Sodium  Aceto- 

aUi^loL  oxide,  aoetate.  sati^loL 

This  compound  is  isomeric  with  coumaric  acid  (ii.  93).  By  peculiar  treatment  in  the 
prooeai  of  preparation  it  may  be  deprired  of  a  molecule  of  water,  and  then  yields  a 
ajwisBine  suostance,  C*H*0',  identical  in  every  respect  with  coumarin,  the  odori- 
favB$  principle  of  the  Tonka  bean.  Further,  bytreating  sodiimi  salicylol  with  butyric 
and  valeric  oxides,  butyro-salicylol,  CH*(C*fi*0)O.COH,  and  also  valero-salicylol, 
(>H*(OH*0)O.COH,  are  obtained,  and  these  yield  by  dehydration  corresponding 
homokgoes  of  coumarin  (Perkin,  Ckem,  8oc.  J,  [21  vi.  58, 181).  For  details  respecting 
all  these  compounds  see  the  article  Salictlol  in  Uiis  volume. 

Anisic  aldehyde,  anisol,or  anisyl  hydride,CH*0',  is  formed,  together  with 
anisie  acid,  by  oxidation  of  anisic  alcohol  in  contact  with  platinum-black,  or,  together 
with  oxalic  acid,  by  oxidising  anise-oil  with  warm  nitric  acid  (i.  307).  It  is  converted 
by  oxidation  into  anisic  aci(^  by  ammonia  into  anishydramide,  C^H'KP.N',  and  by 
i^holic  potash  into  potassium  anisate  and  anisic  alcohol : 

2C«H»0»  +  KOH  =  C»H'KO«  +  C*H«»0«. 

Forfnrol,  C^K*0*,  the  oily  liquid  produced  by  distilling  bran  with  dilute  sulphuric 
acid,  is  shown  to  be  the  aldehyde  of  pyromucic  acid  by  being  converted  into  that  acid 
by  oxidation  (ii.  762),  and  into  pyromueie  acid  and  the  oorreeponding  alcohol  by 
tnatneDt  with  alooholie  potash  (iv.  765) : 

2C»HH)«  +  K;0H  =  C»H»KO»  +  C*H«0« 
ForfiiroL         ^  Potuaiiim      Fyromiiclc 

pyromnoate.       alcohol. 

There  is  but  one  known  aldehyde  eorresponding  to  a  bibasie  add,  vis.  ph thai ic 

aldehyde.  C^«0»  «  C^*|^;h»  ^®"^®^  ^~™  phthalic  acid,  (>H*|cq0H*  ^^ 
OTbatitotioD  of  2  atoms  of  hydrogen  for  two  equivalents  of  hydioxyl.  It  is  produced  by 
the  adioD  of  sine  and  hydrochloric  add  on  phthalic  chloride.  The  aldehyde,  extracted 
frem  the  product  by  ether  and  purified  by  combination  with  an  alkaline  bisulphite, 
Sup.  G 
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&c.,  is  a  white  substance  haTing  an  aiomatie  odoar.  It  meltfl  at  65°,  dissolres  easily 
in  alcohol  and  in  ether,  sparingly  in  cold,  abundantly  in  hot  water,  and  crystallises 
therefrom  in  small  rhombicplates.  The  warm  aqueous  solution  solidifies  witii  sodium 
bisulphite  to  a  ciystalline  mass  composed  of  silky  needles  (Kolbe  a.  Wischin,  Ckem. 
Soc.  J.  [2]  iT.  839). 

A&BBU  V  UIM B.  NCH". — A  base  produced  by  heating  a  mixture  of  aldehyde- 
ammonia,  urea,  and  ammonium  acetate  to  120°-130":  4(C»3«0.NH»)  -  NC*H"  + 
3NH^  +  4HH).  It  is  an  oil,  boiling  at  175^,  lighter  than  water,  sHighUy  soluble 
therein,  slightly  narcotic,  smelling  like  conino,  and  containing  4H  less  than  that  base ;  it 
is  not,  however,  converted  into  conine  by  treatment  with  sodium  amalgam,  and  contains 
1  mol.  H*0  less  than  Schifi^s  totraldine.  Aldehydine  forms  with  hy£rochloric  acid  an 
eiisily  soluble  salt,  crystallising  in  needles.  Platinic  chloride  oouTerts  it  into  a  resin. 
With  potassiimi  ferricyanide  and  mercuric  nitrate  it  forms  crystalline  precipitates 
(Ador  a.  Baoyer,  Zeitschr.f.  Chem.  [2]  iv.  724). 

AUXAMMXMm  A  solution  of  alizarin  in  ammonia,  which  is  violet-red  when  recently 
prepared,  turns  blue  in  about  two  months  at  ordinaiy  temperatures,  or  in  48  hours  at 
1 00^,  and  then  yields  with  hydrochloric  acid  a  violet-coloured  ^ecipitate  ofalizarein 
or  alizaramide,  which  appears  to  have  the  composition  C'*H^'0*.NH',  or,  accord- 
ing to  some  analyses,  C»H»0«.3NH«  [perhaps  C"H''0*.2NH«].  It  is  violet-i«d  while 
moist,  nearly  black  when  dry,  unalterable  in  the  air,  nearly  insoluble  in  cold  water, 
but  soluble  m  alcohol,  forming  a  reddish-violet  solution,  from,  which  it  is  deposited  by 
spontaneous  evaporation  as  a  crystalline  powder  (Schiitzenbeiger  a.  Paiaf,  Zeitsehr. 
Ch.  Pharm.  1862,  p.  40;  Stenhouse,  Proc.  my,  Soc.  xii.  638). 

AXaJkMXK,  Wolff  a.  Strecker  assigned  to  this  body  the  formula  Ci'HK)',  founded 
on  cert'\in  relations  which  it  was  supposed  to  bear  to  naphthalene  and  phthalic  add 
(i.  113).  Bchunck,  on  the  other  hand,  represented  it  by  the  formula  C'^H**0^  founded 
upon  the  analyses  of  alizarin  itself,  and  of  its  compounds  with  bases ;  and  finally 
Graobe  a.  Liebermann  {BuiL  8oe.  Chim.  ix.  297)  assigned  to  it  the  formula  G'^n'O^ 
based  upon  the  conversion  of  alizarin  into  anthracene,  C'^H",  by  heating  with  anc-dust : 

C"H"0*  +  Zn»  +  H«0  =  C"H»«  +  6ZnO. 

Tho  correctness  of  this  formula  has  lately  been  strikingly  confirmed  by  the  further 
discoveiy  of  Graebo  a.  Liebermann  {Bull,  Soc.  Chim,  [2]  xi.  616)  that  alizarin  may 
also  be  produced  from  anthracene  by  the  following  series  of  processes,  which  neither 
increase  nor  diminish  the  number  of  carbon-atoms  in  the  molecule : 

1.  Conversion  of  anthracene  into  ozanthracene  or  anthiaquinone,  C^^HH)',  by  oxida- 
tion. 

2.  Conversion  of  this  latter  compound  by  the  action  of  bromine  into  dibrom- 
anthraquinone,  C"H«Bi«0«. 

3.  Conversion  of  dibromanthraquinone  into  alizarin,  C'^H'O*,  by  heating  it  with 
an  alkali,  the  change  consisting  in  the  replacement  of  Br*  by  (OH)^  The  details  of 
tho  process  will  be  given  further  on. 

Further  confirmation  of  the  formula  C'^H"0*  is  afforded  by  some  analyses  of 
alizarin  (&om  madder)  made  by  Strecker  in  1864  {ZeUschr,  /.  Chem,  [2]  iv.  263). 
Schunck*s  analyses  also  agree  very  nearly  with  the  same  formula. 

According  to  Rochleder  {Ann.  Ch,  Pharm.  Ixxxii.  205),  morindone,  the  substance 
obtained  by  the  decomposition  of  morindii^  (iii.  1049)  by  heat,  is  probably  identical 
with  alizarin ;  and  this  view  is  corroborated  by  Stenhouse  {Chem,  Soc,  J.  [2]  ii. 
333),  who  indeed  regards  Morinda  cUr\folia  as  tho  best  source  of  alizarin,  since  it 
yields  that  substance  free  from  purpurin.  W.  Stein,  on  the  other  hand  {J,  pr.  Chem, 
xcvii.  234),  denies  the  identity  of  morindone  with  alizarin,  inasmuch  as,  according  to 
his  expenments,  morindone  gives  with  sulphuric  acid  an  indigo-blue  solution  wUdi 
afterwards  turns  purple-red,  whereas  alizarin  gives  at  once  a  purpl&-red  solution ; 
ferric  chloride  colours  tlie  alcoholic  solution  of  morindone  blackisn-green,  that  of 
alizarin  red-brown ;  and  lastly  morindone  when  oxidised  by  nitric  acid  yields  only 
phthalic  acid,  whereas  alizarin  yields  both  phthalic  and  oxalic  acids.  Stein  gives 
provisionally  for  morindone  the  formula  C"H"0".  Respecting  Bolley's  views  of  the 
composition  of  alizarin  and  other  colouring  matters  of  madder  see  Zeitschr.  Ch.  Pharm. 
1864,  p.  174  ;  1866,  p.  112  ;  Jahresb,  1864,  p.  544 ;  1866,  p.  643V 

Alizarin  is  reduced  by  nascent  hydrogen.  The  violet-coloured  solution  of  alizarin 
in  potash  turns  brownish-yellow  in  contact  with  zinc  or  iron,  and  if  then  supersaturated 
wim  an  add,  yields  a  brownish-yellow  precipitate  richer  in  hydrogen  than  alizarin. 
This  substance  is  easily  alterable ;  when  heat^  it  fields  a  red  sublimate  of  regeneiatad 
alizarin,  leaving  an  abundant  carbonaceous  residue,  and  is  quickly  reconverted  into 
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aluazin  fay  oxidatioii  in  alkaline  solution  (BoUey,  Jakrub,  1866,  p.  644).  Aoeord- 
iog  to  S^utsonbezger  (Dietionnaire  de  Chifnie)^  alizarin  is  also  easily  reduced  in 
alkaline  solution  by  stannous  salts  or  by  aldehfds^  the  solution  changing  from  blue  to 
onnge,  and  yielding  yellow  flocks  when  saturated  with  an  add. 

Alisazin  treated  with  excess  of  ^fdriodic  acid  is  conTerted  into  a  mixture  of  hydro- 
caibons,  chiefly  saturated,  the  inost  abundant  being  sextane  and  octane : 

C«H«0*  +  82HI  «  C^»«  +  C»H»  +4H«0  +  161* 

(Bezthelot,  BmU.  8oc.  CHm,  [2]  ix.  207). 

ABasaiin  treated  with  fuming  nitrie  acid  jieLda  a  yellow,  crystalline,  but  rerj  unstable, 
product*  which  when  boiled  with  water,  gives  off  nitxogen  dioxide  and  yields  a  deposit 
of  nitroxyali sarin,  C*^H'(NO')0*.  This  compound  is  a  red  eiystalline  powder, 
which  dissolres  in  alcohol  and  ether,  with  red  colour  also  in  potash,  and  with  light- 
red  colour  in  boiling  alxmi-solution  (Strecker,  BtUi,  8oe.  Ckim,  [2]  xi.  260). 

Pteparaiiim  ofAlUarin.  —  E.  Kopp  (Bull.  8oc,  Chim.  [2]  ii.  281)  prepares  pure 

alizann  from  his  green  alizarin  (see  MIddbb,  iii.  749)  as  follows.    The  green  aliz&rin 

is  boilcMi  for  about  a  quarter  of  an  hour  with  15  to  20  times  its  weight  of  hydocarbon- 

oils  or  paraffins  (obtained  from  any  source  whatever,  purified  by  distillation  over 

cpucklime,  boiling  not  above  150^);  and  the  brownish-yellow  oil,  which  quickly  clarifies, 

is  yomed  off  as  soon  as  it  has  cooled  to  100^,  and  mixed,  by  repeated  and  violent 

agitation,  with  about  ^  of  its  bulk  of  weak  soda-ley  (5  to  8  per  cent.).   The  violet-blue 

alkaline  solution  is  then  separated  from  the  oil,  and  decomposed  by  dilute  sulphuric 

acid,  and  the  precipitate  is  purified  by  washing.    Three  or  four  boilings  are  sufficient 

for  the  complete  exhaustion  of  the  crude  green  alizarin.    The  black  residue  yields  by 

oxidation  with  nitric  acid  a  colouring  matter  called  xanthazarin  (v.  1049). 

Aflonding  to  J.  W.  Young  {Chem.  Netos^  xii.  296),  small  quantities  of  alizarin 
maybe  conveniently  prepared  by  cautiously  heating  the  residue  of  the  alcoholic  extract 
of  good  garandn  in  a  porcelain  dish  covered  with  bibulous  paper  [pierced  with 
boles  ?].    The  sublimed  alizarin  collects  in  a  beaker  glass  inverted  over  the  dish. 

A  method  of  preparing  alazarin  by  the  transformation  of  other  colouring  matters 
of  madder  is  given  by  M.  Martin  of  Avignon  (Bull,  Soe,  Ckim.  [2]  viii.  468). 

According  to  Bolley  (Jakresb.  1866,  p.  644),  purpurin  is  partially  converted  into 
alimrin  by  the  action  of  a  strong  heat,  in  sealed  glaas  tubes,  between  210^  and  220*^. 

Separatian  of  Alizarw  and  Purpurin. — Purpurin  dissolves  pretty  freely  in  water  at 
25^  to  55*^,  whereas  alizarin  begins  to  dissolve  only  at  75^.  A  separation  of  these 
principles  may  therefore  be  effected  by  passing  a  jet  of  steam  into  water  containing 
madder  in  suspension,  at  such  a  rate  as  to  keep  the  temperature  constantly  at  66^, 
never  allowing  it  to  rise  higher,  and  repeating  this  treatment  till  the  wash-waters  run 
off  quite  colourless.    On  adding  lime-water,  or,  better,  baiyta-water,  to  these  waters, 

Eurpurin  is  predpitated  in  the  form  of  a  lake,  fh)m  which  it  may  be  separated  by 
jdrochloric  add,  and,  if  necessary,  further  purified  by  solution  in  wood-spirit.  The 
madder  thus  freed  from  purpurin  is  next  to  be  dried  and  treated  several  times  with 
wood-spirit^  in  vessels  heated  by  steam.  The  resulting  solution,  poured  into  cold 
water  slowly  and  with  constant  stirring,  deponts  a  hydrate  of  alisarin,  less 
soluble  than  alizarin  itself.  The  predpitate  after  dedecation  is  almost  chemically 
pare  alizarin.  Madder  thus  treated  yields  from  2  to  3  per  cent,  of  purpurin  and  4  to  4^ 
per  oent^  of  alizarin  (Leitenlxxger,  BuU,  8oc.  Chim.  [2]  x.  338). 

Prejforatvmfrom  Antkraeene. — ^The  converdon  of  anthracene  into  alizarin  is  made, 
as  already  observed  (p.  82),  by  three  stages :  (1)  Anthracene,  C**H'*,  is  converted  into 
anthraquinone  (Anderson's  oxanthiacene),  C'*H*0*,  a  compound  related  to 
anthracene  in  the  same  manner  as  ordinary  quinone,  CS'H^O',  to  benzene,  thus ; 

C^«  Cfll«<^  ]    or  C«H*(Oy 

Qolnone. 


the  molecolar  atmctiire  of  anthracene  and  Ita  derivattrea,  aee  Abomahc  Bsnzzs. 
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is  purified  by  washing  witli  WAter  and  solution  in  alcohol  or  benzene,  from  which  it 
crystallises  in  yollow  needles. 

2.  The  anthraquinone  is  either  directly  converted  into  dibromanthraqninone 
by  heating  it  with  bromine  to  80^-130^ : 

C>«H"(0«)''  +  2Br»  =  2HBr  +  C»<H«Br*(0»f, 

or  1  mol.  anthracene  is  treated  with  8  at.  bromine,  whereby  tetrabroman  thracene 
is  formed : 

C'<H'«  +  4Br'  =  4HBr  +  C"H«Br*, 

and  this  last  compound  is  oonTerted  into  dibromanthraqninone  by  means  of  either  of 
the  oxidising  mixtures  above  mentioned.  In  this  series  of  processes,  chlorine  may  be 
used  instead  of  bromine,  but  it  does  not  appear  to  yield  equally  good  results. 

8.  The  transformation  of  dibromanthraqninone  into  alizarin  b  effected  by  heating 
it  to  130^-260^  with  caustic  potash  or  soda: 

C"H«Br«(0«r  +  2KH0  =  2KBr  +  C"H«(OH)«(0«)*. 

A  blue  colour  is  thereby  produced,  which  gradually  becomes  deeper,  the  operation 
being  completed  when  the  depth  of  the  tint  no  longer  increases.  The  saline  mass, 
when  cold,  is  treated  with  water,  the  solutions  are  filtered,  and  an  acid  is  added  in 
excess,  whereby  a  yellow  precipitate  is  formed,  consisting  of  aliaurin.  This,  after 
washing  with  water  and  drying  at  a  gentle  heat,  is  identical  in  every  respect  with 
alizarin  obtained  from  madder,  and  yields  exactly  similar  colours  when  uiied  for 
dyeing  and  printing  (Graebe  a.  Liebermann,  Brevet,  No.  88,567;  Sufi.  Soe.  Ckim^ 
'21  XI.  616;  ManUew  adentifiyue,  No.  298,  Avril  16"*,  1869;  ZriUchr,  /.  Ckem, 
602). 


The 


formation  of  alizarin  in  this  manner  affords  the  first  example  of  the  synthetical 
product  of  a  natural  colouring  matter.  The  process  could  not,  however,  be  carried 
out  on  the  manufacturing  scale  until  some  reagent  had  been  discovered,  less  expensive 
than  bromine,  which  could  be  used  in  its  stead  for  effecting  the  conversion  of  the 
anthraquinone.  This  great  improvement  has  been  made  by  Perkin,  who  has  shown 
that  anthraquinone  when  strongly  heated  with  sulphuric  add,  is  converted  into  ditulpk- 
anthraquinonic  acid : 

C«<H»0«  +  2S0»  «  C«<H«   SO«H 

SO»H, 

and  that  this  acid  heated  with  potassium  hydrate  to  a  temperature  above  180^,  becomei 
coloured  and  is  converted  into  potassium  sulphite  and  potassium  alizarate : 

f(0»)"  f{0«)" 

C"H«   mm   +  6K0H  -  2K«S0*  +   4H«0  +   C'^H*   OK 
SO«H  I  OK. 

The  alizarin  thrown  down  from  this  alkaline  product  by  hydrochloric  acid  is  generally 
of  a  bright  yellow  colour,  and  quite  as  pure  as  the  analogous  precipitate  obtained  when 
dibromanthraqninone  is  used. 

The  formation  of  alizarin,  however,  is  not  the  primary  result  of  the  action  of  potash 
on  the  disulpho-acid,  an  intermediate  compound  being  first  formed,  namely,  sulpi- 
oxanthraquinonic  acid,  thus : 

f(OT  f(OT 

C"H«   SO»H  +  2H«0  =  SO"H«  +  H«0  +  C"H«   OH 
lSO"H  (S0"H. 

This  acid  is  ciystalline  and  of  a  yellow  or  orange  colour,  easily  soluble  in  water,  and 
yields  blue  or  violet  solutions  with  alkalis.  When  heated  with  potash  it  decomposes, 
yielding  sulphurous  acid  and  alizarin  (Perkin,  C^em.  Soe.  J.  [2]  viii.  138). 


According  to  Bebray  (Btdl.  Soe.  Chim.  [2]  v.  404),  pkosphomo- 
lyhdic  acid  affords  a  delicate  test  for  certain  alkali-metals,  as  well  as  for  ammonia  and 
organic  bases.  Potassium,  caesium,  rubidium,  and  thallium  are  precipitated  by  it 
from  acid  solutions ;  sodium,  lithium,  and  other  metals  give  no  precipitates.  This 
test  will  indicate  the  presence  of  1  pt.  of  potassium  hydrate  in  500  pts.  of  liquid.  All 
the  precipitates  are  yellow,  very  slightly  soluble,  and  contain  only  very  small  quantities 
of  the  alkali-metal.  The  phosphomolybdic  acid  used  for  this  reaction  is  prepared  by 
boiling  the  yellow  ammonium  phosphomolybdate  with  nitromuriatic  acid. 

Bottger  {J.  pr.  Chem.  ci.  290)  recommends  the  alcoholic  extract  of  the  leaves  of 
CoUus  Versehi^dti  as  a  delicate  test  for  alkalis.  To  prepare  it,  the  fi^sh  leaves  ai« 
agitated  with  absolute  alcohol  acidukted  with  a  few  drops  of  sulphuric  acid,  and  the 
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dJgMtaon  is  oontinued  for  twentj-fonr  hours.  The  tincture  imparts  to  paper  a  fine 
ltd  ooloor,  which  is  tnmed  green  by  alkalis.  FlBiper  thus  prepared  is  very  sensitiTe ; 
a  strip  of  it  held  before  a  jet  of  coal  gas  is  soon  turned  green  by  the  ammonia  in  the 
gss. 

A  solution  of  9odmm  nUroprusnde  yields  the  well-known  pozple  coloration  with 
soluble  metallic  sulphides,  but  not  with  hydrogen  sulphide.  Hence  a  solution  of  this 
salt  mixed  with  hyorogen  sulphide  affords  an  extremely  delicate  test  of  the  alkalinity 
of  a  solution,  such  a  mixtore  turning  blue  in  contact,  not  only  with  free  alkalis,  but 
likewiie  with  alkaline  carbonates,  bicarbonates,  borates,  silicates,  phosphates,  and,  in 
short,  with  all  salts  of  the  alkali-metals  which  tnm  litmus-paper  blue  (f  ilhol,  ZeUKkr, 
f.  Chan.  [21  iy.  668). 

Stolba  {ibUL,  94)  recommends  a  solution  of  cnpric  siliooflnoride  as  a  precipitant  for 
alkalis ;  it  keeps  well  and  does  not  corrode  glass  Tessels. 


Compounds  of  alkaloids,  natural  and  artificial,  with  iodine  mono- 
ddoride  have  been  prepared  by  W.  A.  Tilden  {Cktm.  8oc.  J,  [2]  iv.  145).  They  are 
obtained  by  mixing  the  aqueous  solution  of  iodine  monochlonde  with  the  acidulated 
hydrochloride  of  the  base.  A  precipitate  is  formed  which  soon  becomes  ciystalline, 
imd  in  some  cases  may  be  reczystallised  without  decomposition  from  hycuochloric 
add.  With  tetreihj^mmonium  chloride,  fern-like  crystals  are  formed  containing 
(C*H»)*Na«I  (v.  731) ;  with  iriethylamnumimm  chloride,  the  comoound  rC«H*)»HNCl«I, 
which  crystallises  in  slender,  easily  decomposible  needles.  Thid  codeine  con^Mmnd 
C*H'*NH)*.HCLIC1  forms  crystals,  apparenUy  having  the  form  of  oblique  rhombic 
prisms.  The  precipitate  formed  with  quinine  hydrochloride  is  yellow,  and  becomes 
darker  in  colour  when  recrystallised  from  dilute  hydrochloric  acid. 

Feriodides  of  several  alkaloids  have  been  obtained  by  Jorgensen  (Zeitschr.  f.  Chem, 
[2]  V.  673).     (See  the  several  Aucaloids.) 

According  to  B.  Palm  (Jahretb,  1863,  p.  433),  many  alkaloids  combine  with 
ndpkur  in  one  or  more  proportions.  Some,  as  morphine,  atropine,  papaverine,  form 
only  monosulphides ;  others,  as  quinine,  strychnine,  codeine,  thebaine,  berberine, 
veratriae,  delphinine,  and  aconiiine,  form  monosulphides  and  polvsulphidee ;  and  a 
few,  as  trimethylamine  and  oonine,  form  monosulphides,  polysulphides,  and  sulphy- 
drates.  Some  of  the  weaker  bases,  as  cinchonine,  brudne,  narcotine,  and  emetine,  do 
not  combine  with  sulphydric  acid.  The  sulphides  corresponding  to  the  metallic 
monosnlphides  are  produced  bv  mixing  a  salt  of  the  alkaloid  with  a  soluble  metallic 
sulphide,  or  by  precipitating  the  alcoholic  solution  of  the  base  with  hydrogen  sul- 
phide ;  the  polysulphides,  by  precipitation  with  a  metallic  polysulphide  (such  as  K'S^) ; 
the  suld^ycjutes  of  trimethylamine  and  conine,  by  saturating  the  base  with  sulphydric 
acid.  The  sulphur-compounds  of  the  oxygenated  bases  are  amorphous  or  crystalline, 
colourless,  yellow,  or  red-brown  predpitates,  which,  with  a  few  exceptions,  are  decom- 
posed by  drying,  or  even  by  keeping. 

Detection  and  Separation  of  Jlkalwids.  —  According  to  J.  Trapp  (M^reeb.  1863, 
p.  702),  thie  yellow  pulverulent  or  flocculent  predpitates  produced  in  the  acid  solutions 
of  many  oiganic  bases  hy  pkosphomolybdie  acid  are  insoluble  in  dilute  nitric  acid,  but 
easily  soluble  in  ammonia  and  the  fixed  alkalis.  The  solutions  of  the  several  precipi- 
tates in  ammonia  exhibit  the  following  colour* reactions : 


Precipitate.  Ek)lntion  In  On  boiling. 

Ammonia. 
Aoonitine 
Atropine 
Bebeerine 
Berberine  ) 

Brudne       .    .     .    orange yellow-green 

Oodeine.     .    .    .    yellow green.    .    . 


yellow blue colourless. 


Quinine     } 
Quinidine  { 


yellow     .....    insoluble 


Oaffeine      .    .    .    yellow     .....    colourless 
Conine   ....    yellowish-white    «    .    light-blue 


brown, 
orange-red. 

colourless. 


colourless. 


With  digitaline  (^  of  a  grain)  and  phosphomolybdic  add  there  is  formed  a  yellow 
liquid,  which  becomes  green  on  boiling,  deep  indigo-blue  on  addition  of  ammonia, 
green  again  on  heating,  and  then  colourless. 

Metatungstic  acid  (v.  911)  is,  according  to  Scheiblor  (Jahresk.  1860,  p.  167),  a 
more  delicate  reagent  for  alkaloids  than  phospholybdic  acid,  all  such  bases  being 
precipitated  by  it  in  white  flocks.  To  obtain  this  reaction  it  is  not  necessary  to  use 
pore  metatuogstic  acid,  as  it  is  produced  equally  well  by  a  solution  of  a  metatungstate 
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mixed  with  any  mineral  acid,  or  even  by  ordinary  sodium  tungstate  mixed  with 
phosphoric  acid — the  so-called  phoapkotunffstie  acid — inasmuch  as  phosphoric  acid 
removes  part  of  the  base  from  an  orainaiy  tungstate  and  converts  it  into  a  metatung; 
state.  Some  alkaloids,  as  morphine,  narootine,  and  nicotine,  are  also  precipitated  by 
the  so-called  phospkaniimonic  acid,  prepared  bv  dropping  antimonic  chloride  into 
aqueous  phosphoric  acid  (F.  Schulee,  Ann,  Ck.  Pharm.  cix.  179). 

PotasgitMuereurie  iodide,  first  recommended  by  De  Vrij  (Jdkrt^.  1867.  p.  602) 
as  a  very  delicate  test  for  strychnine,  likewise  produces  in  solutions  of  nearly  all  non- 
volatile alkaloids,  yellowish-white  precipitates  insoluble  in  acids  and  in  dilute  alkalis, 
slightly  soluble  in  excess  of  the  reagent,  easily  soluble  in  alcohol,  and  generally  also 
in  ether.  Strychnine  is  precipitated  from  solutions  containing  only  1  pL  of  the  base 
in  100,000 ;  with  volatile  bases  the  reaction  is  not  delicate.  Theobromine  and 
caffeine,  bitter  principles,  carbohydrates,  and  oiganic  acids  are  not  precipitated  by 
potassio-mercunc  iodide ;  but  with  albuminous  and  gelatinous  substances,  and  with 
extractive  matters,  in  presence  of  free  acid  (but  not  in  alkaline  solutions)  it  forms 
tenacious  ela^ic  precipitates  (A.  Valser,  Z^isckr.  anal.  Chem.  ii.  79).  According 
to  F.  J.  Mayer  {Ann.  Ch.  Pharm.  cxxxiii.  236),  the  precipitation  of  alkaloids  irom 
acid  solutions  may  be  effected  as  completely  by  potassio-mercuric  iodide  (in  some 
cases  also  by  mercuric  bromide  or  ^ranide)  as  by  phosphomolybdic  or  phosphotungstic 
acid.  It  is  best  to  apply  this  reagent  to  the  solution  obtained  by  treating  either  the 
vegetable  substance  itself  or  its  aqueous  extract  with  acidulated  alcohol.  The  pre- 
cipitates vary  greatly  in  composition.  They  are,  with  a  few  exceptions  (as  with 
morphine),  sparingly  soluble  in  water,  pulverulent,  or  (as  with  the  volatile  bases) 
resinous  ana  gummv.  To  separate  tne  base,  the  precipitate  is  triturated  with 
stannous  chloride  and  a  sufficient  quantity  of  potash-ley  to  render  the  mass  strongly 
alkaline,  and  the  basic  is  then  extracted  witn  ether  or  chloroform,  or,  if  insoluble 
therein,  with  strong  alcohol,  after  addition  of  pulverised  sodium  carbonate. 

According  to  Br^ndorff  {ZeiUchr.  anal.  vhem.  v.  405),  potassio^bitmuthoua  iodide 
(prepared  by  treating  sublimed  bismuth  iodide  with  a  hot  concentrated  solution  of 
potassium  iodide,  and  mixing  the  decanted  liquid  with  an  equal  volume  of  the  same 
solution)  may  also  be  used  for  the  precipitation  of  organic  alkaloids.  Its  solution, 
slightlv  acidulated  with  sulphuric  acid  and  added  to  the  very  dilute  solutions  of  most 
vegetable  alkaloids  (likewise  acidulated  with  sulphuric  acid),  forms  almost  instantly 
a  flocculent  precipitate  having  the  colour  of  precipitated  antimonious  sulphide.  The 
double  chlorides  of  iridium  and  rhodium  also  give  precipitates  with  some  bases 
(strychnine  and  brucine). 

A  volumetric  process  for  estimating  morphine  and  other  alkaloids  by  means  of 
potassio-mercuric  iodide  has  been  given  by  F.  F.  Mayer  (see  Morphixr,  iii.  1053). 

The  following  alkaloids  are  precipitated  by  potassio-cadmic  iodide^  even  from  very 
dilute  solution*}  acidxdated  with  sulphuric  acid :  nicotine,  conine,  piperine,  morphine, 
codeine,  thobaine,  narcotine,  quinine,  quinidine,  dnchonine,  stiychnine,  brucine,  vera^ 
trine,  berberine,  atropine,  hyoecyamine,  aconitine,  delphinine,  emetine,  curarine,  and 
cytisine.  The  precipitates  are  white  and  flocculent  at  first,  but  mostly  become  crystal- 
line. Quinine  and  strychnine  are  entirely  precipitated,  even  when  diluted  with 
10,000  pts.  of  water.  These  precipitates  are  insoluble  in  ether,  soluble  in  alcohol, 
slightly  soluble  in  water,  soluble  in  excess  of  potassio-cadmic  iodide.  They  give  up 
their  alkaloid  when  agitated  with  a  suitable  solvent,  after  addition  of  an  alkali.  They 
are  closely  analogous  to  the  compounds  of  the  alkaloids  with  the  iodomercurides  and 
iodobismuthides  (Marmd,  Bttli.  8oc.  Chim.  [2]  ix.  203). 

Respecting  the  precipitation  of  alkaloids  by  sodium  nitroprtuside,  see  Horsley 
(Chem.  News,  v.  365). 

Many  alkaloids  and  salts  of  allcaloids,  when  heated  with  an  alkaline  solution  of 
potassium  permanganate,  give  off  half  their  nitrogen  in  the  form  of  ammonia;'  such  is 
the  case  with  morphine,  codeine,  papaverine,  stirchnine,  methylstrychnine-iodide, 
brucine,  the  sulphates  of  quinine  ana  cinchonine,  nicotine,  naphthylamine,  toluidine, 
and  acetate  of  rosaniline.  Creatine  similarly  treated  gives  off  a  third  of  its 
nitrogen  as  ammonia ;  theine,  a  fourth  (Wanklyn  and  Chapman,  Chem,  Soe.  J.  [2] 
viii.  161). 

Dragendorff  recommends  the  use  of  benzene  as  a  solvent  for  separating  alkaloids 
f^m  substances  with  which  they  may  be  mixed,  as  in  toxicological  investigations. 
The  crude  aqueous  extract  of  the  substance  under  examination  is  first  freed  from 
foreign  substances  by  means  of  benzene,  and  after  neutralisation  more  bensene  is 
added  to  dissolve  out  the  base.  The  separation  of  the  benzene  as  a  distinct  layer  is 
facilitated  by  heating  the  liquid  to  50^  or  60^,  or  by  addition  of  a  little  alcohol.  This 
mode  of  separation  is  applicable  to  strychnine,  veratrine,  atropine,  aconitine,  quinine, 
cinchonine,  quinidine,  codeine,  narcotine,  thebaino,  papaverine,  conine,  and  nicotine 
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(for  the  last  two,  howevor,  and  for  atropine,  on  account  of  their  rolatility,  etiicr  ia  to 
be  preferred  to  benzene).  Caffeine,  theobromine,  colchicine,  piperine,  cnrarine,  nar- 
oeine,  and  berberine  cannot  be  separated  in  this  way,  because  they  are  already  dissolved 
out  by  benaene  from  the  acid  solution ;  neither  can  the  method  be  applied  to  moiphine 
or  aolanine,  which  are  nearly  insoluble  in  benzene. 

fi.  To  detect  the  presence  of  alkaloids  in  organic  liquids,  stzychnine  in  beer  for 
example,  B.  Wagner  (S^eiUckr,  anal,  Chem.  W.  387)  mixes  the  liouid,  diluted  with 
2  Tol.  water  ((to  one  litre),  with  about  6  c.  c.  of  a  solution  of  iodine  in  potassium 
iodide  (12*7  grms.  iodine  to  the  litre),  and  a  few  drops  of  sulphuric  acid ;  dissolves 
the  precipitate,  separated  from  the  supernatant  liquid,  in  a  dilute  solution  of  sodium 
hypoenlphite,  and  separates  it  again  by  means  of  the  iodine  solution.  If  this  new 
precipitate  be  now  dissolved  in  aqueous  sulphurous  add,  the  solution  will  leave  on 
evaporation  the  pure  sulphate  of  the  base. 

Aeoordin^  to  Giandoiu  (BuU.  8oe,  Ckim,  [T,"]  ii.  74),  alkaloids,  such  as  mor- 
phine, brucine,  and  digitaline,  contained  in  solutions,  together  with  animal  substances, 
(urine,  &x.\  may  be  easily  separated  irom  the  latter  b^  dialysis,  and  obtained  in  the 
pure  state  oj  treating  the  evaporated  residue  of  the  dialvsate  with  alcohol.  Acconl- 
ing  to  A.  T.  Hachattie  (CAm.  NewSt  x.  183),  stiychnine,  as  well  as  arsenious  acid, 
may  be  separated  by  dialysis,  if,  instead  of  parchment  paper,  the  membranes  of  the 
stomach  or  intestines  be  employed  as  the  diaphragm. 

Helvig  has  shown  (Zeitgckr.  anal,  Chem.  iii.  43 ;  Jahresb.  1864,  726)  that  many 
oiganic  bases  may  be  obtained  in  a  state  fit  for  microscopic  examination  by  sublifna- 
turn.  A  vei^  small  quantity  of  the  finely  pulverised  base  is  cautiously  heated  on  a 
piece  of  platinum  foil,  having  a  hemispherical  depression  in  the  middle,  and  covered 
at  that  part  with  a  small  glass  plate  such  as  are  used  for  mounting  microscopic 
objects :  the  sublimate  then  collects  on  the  glass,  and  may  be  easily  examined  with  a 
mag;nifying  power  of  80.  Morphine  thus  treated  yields  a  layer  of  round  granules, 
which  in  contact  with  a  drop  of  water,  and  somewhat  more  slowlv  with  ammonia,  are 
converted  into  six-sided  prisms;  with  dilute  hydrochloric  acid,  into  tufts  of  long 
needles.  Dilute  chromic  acid,  on  the  contrary,  does  not  give  rise  to  any  formation  of 
crystals.  The  sublimate  exhibits  the  reaction  of  morphine  with  iodic  acid  and  starch, 
itkt  is  to  say,  it  reduces  the  iodic  acid,  and  consequently  turns  the  starch  blue. 
Stfyckmime  yields  a  similar  amorphous  sublimate,  which  when  moistened  with  water 
changes  into  four-sided  prisms  laid  over  one  another  in  stars  or  crosses,  with  ammonia 
into  quadratic  octohedrons,  or  characteristic  short,  truncated,  four>sided  prisms. 
Hydrochloric  acid  forms,  sometimes  tufls  of  needles,  sometimes  broad  four-sided  prisms ; 
dilute  chromic  acid  forms  the  yellow  stellate  cxystals  and  double  pyramids  of  strych- 
nine chromate ;  and  strons  sidphuric  acid  with  potassium  bichromate  produces  the 
weU-known  oolorisation.  Brucine  yields  a  similar  eranular  sublimate,  which,  however, 
seldom  becomes  crystalline  with  water  or  with  hydrochloric  acid,  more  easily  with 
Bolphurie  or  nitric  add,  and  is  converted  by  ammonia  into  a  deep  yellow  amorphous 
mafls ;  with  chromic  add,  it  gradually  forms  dark  yellow  stars  or  rosettes  composed  of 
short  prisms.  Veratrine  sublimes  in  ciystals,  partlv  having  the  form  of  a  ratner  long 
distoiied  rectangle,  partly  of  stars  composed  of  needles  or  four-sidod  laminae. 
Acomititte  forms  an  amorphous  sublimate,  which  in  contact  with  ammonia  produces 
characteristic  ciystalline  formations  like  the  tin-tree  (needles  arranged  in  crudform 
gnraps).  Atropme  sublimes  very  easily  in  transparent  drops,  which  in  contact  with 
hydrochloric  acid  change  in  the  course  of  24  hours  into  distinct  octohedrons. 
Salamine  sublimes  as  a  network  of  tuft-like  or  lozenge-shaped  groups  of  slender 
needles.     Dwitalins  does  not  yield  a  characteristic  sublimate. 

On  the  microscopic  characters  of  organic  alkaloids,  see  also  Helvig's  Iku  Mikroacop 
m  der  Thiieologie,  Mainz,  1864 ;  Beane  and  Bra^,  On  Microecopic  Besearch  in 
BOaium.  to  Pharmacy  (Chem,  Soe.  J.  [2]  iii.  34) ;  Wormly,  7^  Micro-chemistry  of 
Bneous,  Kew  York,  1867 ;  Erhard  (N.  Jakrb,  Pharm.  xxv.  129,  193,  283 ;  xxvi.  9, 
129). 

JlJkaUnds  of  Opium, — Kubly  (Jahresb.  1866,  p.  823)  has  determined  the  solubility 
of  the  several  opium  alkaloids  in  benzene  and  in  amyl  alcohol.  The  results  obtained 
at  ordinary  temperatures  are  given  in  the  following  table : 


100  pts.  mayl  aloohol  dluolve : 

Morphine 0*260 

Naicotine 0*325 

Papaverine        .  .1*30 

Thebaine 1*67 

Coddne 15*68 


100  pts.  benzene  dlSBOlve : 

Morphine 0 

Narcotine 4*614 

Papaverine 3*73 

Thebaine     ......  5*27 

Codeine 9*60 
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If  the  BolaUon  of  these  bailee  obtained  by  extraction  with  acids  be  sapenatniated  with 
alkali,  and  repeatedly  treated  while  warm  with  benxene,  narcotme,  papaverine,  tMahte, 
and  codeine  will  pass  into  solution ;  and  the  a^neoos  liquid  will  then  giro  Qp  to  hot 
amyl  alcohol  the  morphine,  and  after  evaporation  to  dryness  it  will  yield  to  hot  ethyl 
alcohol  the  nareeime.  For  the  approximate  separation  of  the  four  bases  first  named 
Kubly  treats  the  residue  left  on  evaporation  of  the  benzene  with  a  small  quantity  of 
cold  amyl  alcohol,  which  dissolves  cniefly  the  codeine ;  he  then  digests  the  residue  with 
water  containing  acetic  add,  to  dissolve  out  the  papaoerine  and  tkebaine,  the  naredme 
remaining  undissolved.  Papaverine  and  ihebaine  may  be  separated  in  sulphuric  add 
solution  by  potassio-bismuthoos  iodide,  which  dissolves  only  the  tkebakie.  The  use  of 
ethyl  acetate  (100  pts.  of  which  dissolve  0*218  pts.  morphine),  instead  of  amvl  alcohol, 
for  extracting  the  morphine,  is,  according  to  Kubly,  attended  with  oonsidanble  loss  of 
the  alkaloid. 

Dragendorff  (Jakrceb.  1864,  p.  727)  has  examined  the  reactions  of  the  opium 
alkaloids  with  sulphuric  add,  bota  pure  and  containing  nitric  add.  Codeine  dissolves 
slowly  in  pure  sulphuric  add,  forming  a  greenish,  or  after  a  week  an  indigo-blue 
liquid,  which  becomes  dark-brown  at  16QP,  and  after  cooling  with  nitric  add  nearly 
blood-red.  With  sulphuric  add  containing  nitric  add  the  same  changes  of  colour 
take  place,  but  more  quickly.  Pt^verine  is  coloured  dark  bluish-violet,  both  by 
pure  sulphuric  acid  and  by  that  which  contains  nitric  add,  and  dissolves  to  a  reddish- 
violet  liquid,  which  does  not  alter  at  150^.  Nareeine  forms  a  blood-red  liquid, 
becoming  dark-brown  to  gamet^colonred  at  150°,  and  light  red-brown  after  cooling 
with  nitric  acid.  Thebaine  forms  a  daik-red  to  orange-coloured  solution,  gradually 
turning  to  olive-green  at  150°.  Porp^froxine  dissolves  to  a  black-brown  liquid 
becoming  dark  gametrooloured  at  150^.  Ckelidonme  is  coloured  green  by  sulphuric 
ncid  containing  nitric  acid,  at  150°  olive-green,  and  after  cooling  with  nitric  add 
dark-brown.  When  morphine  is  boiled  with  a  not  too  dilute  solution  of  phos- 
phorous or  hypophosphorous  add,  and  the  liquid  is  then  mixed  with  a  large  quantity  of 
strong  sulphuric  add,  it  assumes  a  reddish-violet  colour,  becoming  yellowish  with  a 
little  nitric  add ;  and  if  it  be  then  warmed  in  contact  with  metallic  copper,  it  gradu- 
ally assumes  a  ereenish  and  then  a  splendid  blue  colour.  Nareeine  boiled  with  hypo- 
phosphorous  acid,  and  then  poured  into  strong  sulphuric  add,  forms  a  dark  dieny-red 
solution,  becoming  yellow  with  nitric  add,  and  gradually  colourless  in  contact  with 
copper. 

Matthiessen  a.  Wright  (iVvc.  Soy,  8oc.  xvii.  455,  460)  have  shown  that  morphine 
and  codeine  heated  in  sealed  tubes  with  hydrochloric  add  of  ordinary  strength  are 
converted,  by  loss  of  the  elements  of  water,  into  apomorphine,  CH'^NO'  (q.v.). 

Mkalmd  produced  by  Alcoholic  Fermentation. — ^According  to  J.  Oser  («^.  pr,  Chem. 
ciii.  192),  the  fermentation  of  sugar  by  purified  yeast  is  attended  with  the  formation 
of  an  alkaloid  containing  C'*H'*N^  Its  hydrochloride  dried  in  a  vacuum  forma  a 
white  very  hygroscopic  laminated  mass,  which  quickly  turns  brown  on  exposure  to  the 
air,  and  has  a  burning  taste  with  very  bitter  after-taste.  This  alkaloid  appeare  to 
be  formed  from  the  azotised  constituents  of  the  yeast,  and  should  be  found  in  liquids 
produced  by  alcoholic  fermentation,  such  as  wine  and  beer. 


Mm    C*H*N*0'. — This  substance  is  converted  hj  hydriodic  add  into 

hydantoin  (iii.  177)  and  urea  (Baeyer,  Ann.  Ch.  Pharm.  cxviii.  178),  and  by  water 
and  sodium  amalgam  into  glycoluril,  C^H'NK)*  (v.  960)  (Strecker  a.  RheinecJL,  iXnd, 
exxxi.  119): 

C«H«NK)«  +  H»    -  OH«N*0«  +  HH). 
AUantoin.  OlrcolnzlL 

OH«N«0«  +  2HI  -  C»H*N«0«  +  CH*NK)  +  P. 
AllantoXo.  Hydantoin.  Urea. 

JUb&OC&ASa.  A  mineral  from  Orowicsa,  in  the  Bannat,  formerly  regarded  as  a 
radial  cobalt-glance.  It  occun  generally  in  steel-grey,  broadly  cauliform  aggregates, 
more  rarely  in  separate  crystals  belonging  to  the  rhombic  system,  and  exhibiting  the 
combination  ooP  .  Poo.  Angle  ooP:  ooP  «  106°;  too:  Poo  »  68°.  Cleavage 
perfect,  bothprismatic  and  basal.  Hardness  above  4.  Sp.  gr.  —  6'6.  According  to  an 
analysis  by  Heine,  it  contains : 


8 

As 

Bl 

An 

Fe 

Zn 

Oo 

Ki 

16-22 

82-69 

3015 

0-68 

5*58 

2-41 

1017 

1.55 

>  99-45. 

These  nnmben  may  be  represented  by  the  formula  Co'As'^,  or  perhaps  SGoS. 
SCoAs* .  2As*S',  one-fourth  of  the  anenic  being  replaced  by  bismuth  (Tschermak, 
Wicn.  Akad.  Ber.  liii.  [1]  1 ;  Jahreiib.  1866,  p.  918). 
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Et^l  aUcfhanate  is  produced,  together  with 
exaniide  and  alcohol,  by  heating  urea  with  ethyl  oxalate  in  a  sealed  tube  to  185°-170® 
(Giabowski,  Ann,  Ck  Pharm,  cxxxiv.  115): 

2CH*N«0  +  (C«H»)«C«0*  =  C«H».C»H«N»0«  +  (C«H»)HO  +  C»H*N«0* 
Uim.  Btbyl  Bthjl  AkohoL  Oxunide. 

Also,  together  with  hydrochloric  add,  by  heating  eauiTalent  quantities  of  urea  and 
ethyl  ehlorocarbonate  (i.  916)  in  a  flask  piroyided  witu  an  ascending  condenser : 

CH«N«0  +  C»H»C1C0«  -  Ha  +  C«H».C«H«N«0« 
(Wibn  a.  Wischin,  ZeUaekr.f.  Chem,  [2]  iy.  5). 

Pimyl  JUopkanaie^  C'H'.CH'NK)',  is  formed  by  passing  cyanic  acid  yapour  into 
perfectly  anhydrous  phenol.  When  dissolved  out  of  the  resulting  pasty  niass  with 
alcohol,  and  precipitated  by  ether,  it  forms  slender,  inodorous,  and  tasteless  crystals, 
tUKtnous  to  the  toodi,  insoluble  in  cold  water.  At  150^  it  is  resolved  into  phenol  and 
cjanicacid.  With  alcoholic  potash  it  forms  potassium  allophanate;  with  baryta- 
vster,  barium  allophanate  (Tuttle,  Jakretb.  1857,  p.  451). 

Oxeihtfl-aeetvl-allophanie  Acid.  C^'«N«0»  -  C»H«(C»H»0)(C»H«0)N«0« 
(also  called  oteikj^-ffljf€ol^£^tllcpAanie  add). — An  add  formed  by  heating  potassium 
eyanate  with  ethyl  monocmoracetate : 

C«H».0«H«aO«  +  2KCN0  +  H«0  -  KCl  +  KC«H»N«0» 
Sth3^  chlonoeUte.       PotMrinm  Fotaorinm  oxethyl- 

^anate.  aoe^l-allopluuuito. 

When  100  giams  of  each  of  these  substances  are  boiled  for  15  hours  with  about  10 
Tol  of  90  per  cent,  alcohol,  potassium  chloride  is  sepaiated ;  and  the  liquid,  decanted 
while  atill  hot  and  mixed  with  the  alcohol  used  for  washing  the  potassium  chloride, 
sepantee,  after  distillation  to  ^  of  its  volume,  and  admixture  with  ether,  into  a  super- 
oatant  liquid  and  a  semi-ciystalline  deposit.  The  liquid  yields  by  spontaneous  eva- 
pomtioD  ethyl  allophanate,  formed  by  the  action  of  alcohol  and  water  on  the  potassium 
cyanate: 

2KCN0  +  C»H«0  +  2HK)  -  2KH0  +  C»H».C«H"N«0«. 

The  lower  layer,  when  treated  with  cold  water,  also  yields  a  small  quantity  of  ethyl 
allophanate,  and  the  liquid  decanted  therefrom  and  mixed  with  dilute  sulphuric  acid, 
deposits  after  a  while  crystals  of  oxethyl-acetyl-allophanic  acid.  This  add 
aepanited  firom  its  lead-salt,  ciystallises  in  obUque  rhombic  tables,  sparingly  soluble 
in  cold  water,  alcohol,  and  ether.  Its  potassium  and  sodium  salts  are  very  soluble  and 
nystallisable ;  the  barium  salt,  Ba(C*H*N'0*)*,  crystallises  in  microscopic  rhombic 
tables ;  the  lead-salt,  Fb^CH'NK)')',  in  sparingly  soluble  needles  ;  the  silver  salt  is 
Tery  soluble  in  water  ana  decomposes  when  its  solution  is  warmed.  "^ 

Ozethyl-aoetyl-allophanic  add  is  decomposed  by  heat,  ffiving  off  cyanic  acid.  Boiled 
with  strong  potash-ley,  it  is  resolved  into  glyooUic  acio,  carbonic  add,  alcohol,  and 
ammonia: 

C«H"N«0*  +  5KH0  «  KC«H«0«  +  2K«C0«  +  CHK)  +  2NH». 

It  is  not  decomposed  by  nitric  or  nitrous  add.  With  strong  sulphuric  add  it  turns 
blown  and  gives  off  a  laige  quantity  of  carbon  dioxide.  By  boiling  with  dilute  sulphu- 
ric add,  it  is  converted  into  a  new  add  (likewise  produced  in  the  reaction  of  ethyl 
fhktracetate  on  potassium  cyanate),  which  neither  crystallises  nor  forms  crystalline 
salts.  This  add  is  insoluble  in  ether,  and  is  also  converted  into  glyoollic  acid  by 
boiling  with  potash  (Saytzeff,  Ann,  Ch.  Pharm.  cxzxiii.  329). 


and  il TiliOT  A  W  TJJi'.  The  following  method  of  preparing  alloxan 
from  crude  uric  add,  such  as  is  extracted  from  guano,  is  given  by  Liebig  (Ann.  Ch. 
Pharm.  exlvii.  366 ;  Bvll.  Soc.  CJum.  [2]  xi.  152).  The  crude  uric  add  is  added  by 
small  portions  to  nitric  acid  of  sp.  gr.  1*42,  mixed  with  8  to  10  parts  of  water  and 
heated  to  60°  to  70^,  whereupon  abundant  hothing  takes  place,  accompanied  by  the 
emisnoQ  of  nitrous  vapours.  When  the  nitric  acid  no  longer  takes  up  the  uric  acid, 
and  acquires  the  colour  of  onion-peel,  the  liquid  is  to  bo  boiled  and  filtered.  On 
adding  to  this  liquor,  which  contains  alloxan,  a  concentrated  solution  of  tin  in  hydro- 
chloric add  mixed  with  its  own  yolume  of  that  acid,  a  pulverulent  precipitate  is  formed 
oofDsisting  of  all  ox  ant  i  n,  which  is  to  be  collected,  washed,  and  ciried.  To  reconvert 
this  alloxantin  into  alloxan,  it  is  moistened  with  a  mixture  of  2  parts  fuming  nitric 
add  (sp.  gr.  1'52)  and  1  part  ordinary  nitnc  acid  (sp.  gr.  1*42),  whereupon  large 
qnantities  of  nitrous  add  are  evolved.  The  reaction  is  complete  in  a  few  days,  the 
mass  bring  then  completely  soluble  in  water.    This  mnss  is  to  be  drained  on  a  porous 
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tile,  dried  over  the  water-bath  till  all  the  nitric  acid  is  driTOD  off;  and  the  «>-llnTR«  ie 
finally  crystallised  frum  water.  This  process  yields  nearly  the  theoretical  quantity  of 
alloxan. 

Alloxan  is  formed,  together  with  urea,  by  bringing  brornine  in  contract  with  uric 
acid  suspended  in  water : 

C»H*N«0»  +  Br«  +  2H«0  =  C*H«N«0«  +  CH*N«0  +  2HBr. 
XJiio  add.  Alloxan.  XJrm. 

If  the  mixture  be  heated  during  the  reaction,  parabanic  acid,  oxalic  acid,  and  ammonium 
bromide  are  also  formed.  Chlorine  and  iodine  act  upon  uric  acid  in  the  same  manner 
(L.  Hardy,  BuU.  Soc,  Chim.  [2]  i.  445). 

Anhydrous  alloxan  heated  to  260°  is  converted  into  an  isomeric  modification  which 
is  soft  and  red,  and  when  treated  with  bases  fonns  salts,  called  by  Hardy 
isoalloxanates,  which  are  isomeric  with  the  alloxanates  (i.  1 38).  The  ammonium 
and  silver  salts  are  red  precipitates ;  the  ammonio-argentic  salt,  C^H'(NH^)AgN*0*,  is 
a  blue  precipitate.  The  potassium,  sodium,  barium,  strontium,  calcium,  lead,  and 
mercury  salts  also  form  coloured  precipitates  (Hardy,  loc.  cit.). 

Alloxan  or  alloxantin  boiled  for  a  long  time  with  very  dilute  sulphuric  acid  yields  a 
large  quantity  of  ammonium  hydurilate  (iii.  220) ;  with  strong  sulphuric  acid,  there 
is  formed  (together  with  dialuric  acid)  a  sparingly  soluble  ammonium  salt^  which 
differs  from  the  hydurilate  in  not  producing  a  green  colour  with  ferric  salts.  When  a 
solution  of  alloxantin  in  3  or  4  parts  of  strong  sulphuric  acid  is  heated  as  long  as 
sulphurous  oxide  is  evolved,  and  the  resulting  yellow  solution  is  mixed  with  an  equal 
volume  of  water,  a  sparingly  soluble  powder  (amounting  to  60  per  cent,  of  the  allox- 
antin)  is  separated,  which  is  resolved  by  boiling  with  water  into  barbituric  and 
parabanic  acids.  In  one  experiment,  however,  hydurilic  acid  was  obtained  instead  of 
Ixirbituric  acid  (Finck,  Ann,  Ch,  Pharm,  cxxxii.  298). 

Bromalloxan  or  Dihromo-barhituric  acid^  C^H^r'N'O',  is  described  among 
the  derivatives  of  uric  acid  (v.  961). 

A&&TXh    C«H>*.— See  Dialltl  (p.  92). 

AJXYIb  AXiCOBOXi.  CH«0  =  C'H'.OH.— Produced,  together  with  isopropyl 
alcohol  and  acropinacone  (p.  66),  when  acrolein  is  treated  with  zinc  and  hydrochloric 
acid:  C"H*0  +  H«  =  C'H'O  (Linnemann,  Ann.  Ch.  Pharm.  Suppl.  iii.  257). 
According  to  ToUens  a.  Henninger  (Bull,  8oe.  Chim.  [2]  xi.  394),  the  best  mode 
of  preparing  this  alcohol  is  to  distil  a  mixture  of  glycerin  and  oxalic  acid  in  certain 
proportions.  Oxalic  acid  heated  with  glycerin  is  resolved,  as  is  well  known,  into 
carbon  dioxide  and  formic  acid,  which  latter  may  be  obtained  by  distilling  the  mixture 
with  water  (ii.  686),  or,  according  to  Lorin  (Jahreeb.  1866,  p.  296),  with  a  fresh 
quantity  of  oxalic  acid.  But  if  the  mixture  be  continuously  heated  without  addition 
either  of  water  or  of  oxalic  acid,  the  formic  acid  retained  by  the  glycerin  reduces  it, 
and  forms  allyl  alcohol,*  which  passes  into  the  receiver : 

C»H»0«  +  CH«0«  =  C«H«0  +  2H«0  +  C0« 

Olyoerin.       Formic  Allyl 

add.  aloohoU 

Part  of  the  alcohol  is  however  converted  into  allyl  formate. 

Four  parts  of  glycerin  are  heated  with  one  part  of  crystalb'sed  oxalic  acid  in  a  nstort 
provided  with  a  thermometer,  the  receiver  being  clianged  when  the  temperature  lisea 
to  190°,  and  the  distillation  continued  from  that  p3int  to  260°.  The  distillate 
consists  of  aqueous  allyl  alcohol  mixed  with  allvl  formate,  acrolein,  glycerin 
moclianically  carried  over,  and  formic  acid.  The  residue,  which  consists  of  glycerin, 
may  be  used  for  a  fresh  preparation  of  allyl  alcohol  by  distillation  with  another 
portion  of  oxalic  acid.  To  separate  the  allyl  alcohol,  the  crude  distillate  is  rectified ; 
and  the  new  distillate  is  dried  over  potassium  carbonate,  freed  from  allyl  formate  and 
acrolein  by  means  of  solid  potash,  again  distilled,  and  freed  from  the  last  traces  of 
water  by  rectification  over  anhydrous  baryta.  A  quantity  of  allyl  alcohol  is  thus 
obtained  equal  to  one-fifth  of  the  weight  of  the  oxalic  acid  used. 

The  presence  of  an  alkali  in  the  oxalic  acid,  uncombined  with  a  stronger  acid,  greatly 
interferes  with  the  production  of  allyl  alcohol :  hence  it  is  advisable  to  add  &om  |  to 

•  The  reaction  really  takes  place  l^  two  stages,  monoforrain,  (C*H*)",  (OH)'(OOOH)  being  fint 
produced  l^  the  matual  action  of  the  fonnic  acid  and  glycerin,  and  then  dooompoaed,  as  ihowu  by 
the  equation . 

(0»H»)(OH)«(CO-H)  =  C»H»(OH)  +  H«0  +  CO*. 

The  monoformin  may  be  isolated  by  heating  the  mixturo  of  glrcerin  and  oxalic  acid  to  100^  ant 
ngitnting  it  with  ether. 
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4  per.  cent,  of  hydrochloric  &cid  or  sal-ammoniac  to  the  oxalic  add.  The  quantity  of 
&Ujl  alcohol  produced  is  in  direct  proportion  to  the  carbon  dioxide  erolTed  above 
200^.  Free  sulphuric  acid  or  a  lai^  quantity  of  hydrochloric  add  should  be  avoided : 
the  latter  gives  rise  to  the  formation  of  mono-allylin,  C*H\OH)'(OC*H*)  (Tollens, 
Ute.  eit.).  According  to  Swartz  (Zeitsehr.f,  Ckem.  [2]  iv.  259),  allyl  alcohol  is  formed 
by  heating  dichlorhydrin,  CH*C1'0,  with  solution  of  potassium  iodide : 

C^«a«0  +  2KI  «  C»H*0  +  2KC1  +  P. 

Allyl  alcohol  boils  at  91^  (at  103^  afioording  to  Hofmann  a.  Cahours),  and 
solidifies  at  —  54^.  It  is  not  completely  dehydrated  by  potassium  carbonate  (Tollens 
a.  Henninger).  It  is  an  unsaturated  compound,  capable  of  uniting  with  2  atoms  of 
bromine,  (^orine,  &c.,  and  is  not  converted  into  propylie  or  isopropylic  alcohol  by 
the  action  of  nascent  hydrogen  (Tollens,  Und.  vi.  268).  Its  aqueous  solution  takes 
tip  2  atoms  of  bromine^  forming  allyl-alcohol  bromide,  OH'OBi*,  isomeric,  or 
perhaps  identical,  with  dibromhydrin.  This  bromide  is  a  colourless  oil,  which  boils  at 
219*^,  and,  like  dibromhydrin,  is  resolved  by  aqueous  potash  into  potassitmi  bromide 
and  glycerin.  By  naseent  hydrogen^  evolved  either  by  sodium  amalgam  or  by  sine 
and  dilute  sulphuric  add,  it  is  converted  into  a  liquid,  which  appears  to  be  identical 
with  the  original  aloohoL  On  mixing  it  with  nne-etkyl  in  ethereal  solution,  a  large 
quantity  of  combustible  gas  is  evolved,  and  a  white  solid  mass  is  formed,  which  when 
treated  with  water  gives  off  gas,  and  is  resolved  into  one-oxide  and  the  original 
bromioe'CQmpound  (Morkownikoff^  Jahrcsb.  1864,  p.  490).  Allyl  alcohol  also  unites 
witheUorme,  forming  several  products,  one  of  which,  boiling  at  180^-184^,  has  the 
composition  of  dichlorhydrin,  CH^Cl'  (Tollens  a.  Henninger),  and  is  reconverted 
into  allyl  alcohol  by  nascent  hydrogen,  like  the  bromide.  Allyl  alcohol  also  unites 
with  iodine,  forming  a  heavy,  colourless  liquid  (Tollens). 


The  monobromide  CH%  prepared  by  the  action  of 
phosphorus  pentabromide  on  allyl  alcohol,  is  a  colourless  liquid  having  an  irritating 
odoor ;  sp.  gr.  1*4507  at  0**,  1*438  at  15^ ;  boiling  at  70°  under  a  pressure  of  753  mm. 
The  isomeric  compound  bromopropylene  boils  at  62^  according  to  Beynolds,  at  54^ 
aoeoiding  to  Vogt.  Allyl  bromide  is  decomposed  by  potassium  and  silver  salts ; 
heated  with  potassium  sulphide,  it  forms  allyl  sulphide,  boiling  at  140°.  With 
alkaline  snlphocyanates  it  yields  allyl  sulphocyanate,  having  the  properties  of  volatile 
mustaid-dl  (Tollens,  BuU,  8oe,  Ckm.  [2J  zi.  897). 

AUjfl  dUnwmde,  d'H*!',  and  the  corresponding  io<{(V«  (i.  141,  142),  are,  properly 
speabng,  diallyl  compounds,  (>H'*Br  and  C^**I*  (see  Diaixtl). 

The  trUnvmitU,  C'H'Br",  is  converted  by  prolonged  boiling  with  alcoholic  potash 
into  propaigyl-ethylic  ether,  (C'H*)CH*0  {q,v.)  (Licbermann,  Ann.  Ch.  Pharm, 
exxzi.  123 ;  cxxxv.  266). 

AK&TXi  CH&OSZlias.  The  monoehloride,  CH^Cl,  was  obtained  by  Hofmann 
a.  Gabonis  in  the  same  manner  as  the  monobromide  (i.  142).  Oppenheim  {Ann,  Ck» 
PAsna.  ad.  204)  obtains  it  by  heating  allyl  oxalate  to  100®  with  an  alcoholic  solution 
of  cslaum  chlonde ;  caldum  oxalate  is  then  precipitated,  and  the  liquid,  mixed  with 
water  and  distilled  in  the  water-bath,  yields  allyl  chloride.  An  easier  mode  of  prepa- 
ratioo  is  to  mix  allyl  iodide  with  an  equal  volume  of  alcohol,  and  then  with  a  slight 
ezeesB  of  mercuric  chloride.  Mercuric  iodide  is  then  formed,  with  great  evolution  of 
heat,  and  on  adding  water  to  the  distillate,  a  liquid  separates  containing  allyl  chloride 
in  the  portion  boiling  between  43®  and  50°,  and  probably  allyl-ethylic  oxide  in  the 
portioD  of  higher  boibng  point  Allyl  chloride  has  a  sp.  gr.  of  0*9340  at  0®,  and  boils 
at  44M5®.  The  isomeric  compound  chloropropylcne  has  a  sp.  gr.  of  09307  at  0®,  and 
boils  at  25*5^.  The  latter,  when  heated  to  120^  with  sodium  ethylate,  is  converted  into 
allylene,  but  allyl  chloride  is  converted  by  alcoholic  potash-solution,  even  below  100®, 
into  allyl-ethylic  ether.  The  hydrogen  in  the  allyl  compounds  appears  to  be  more 
intimately  united  with  the  carbon  than  in  the  propylene  compounds  (Oppenheim). 

AU9I  triekioride,  C*H»Cl«,  prepared  bypassing  chlorine  gas  into  allyl  iodide 
toftnA  with  a  layer  of  water,  or  by  digesting  the  iodide  with  potassium  bichromate 
and  fajdroehloric  add,  is  a  colourless  liquid  having  the  odour  of  chloral,  and  not 
solidi^ng  at  -10° ;  sp.  gr.  «  1*41  at  0®.  Boiling  point  between  154®  and  157®, 
like  that  of  the  isomeric  (or  identical)  compound,  trichlorhydrin.  It  is  not  converted 
toto  allylene  by  potash  or  l^  sodium  ethyUte  (Oppenheim,  Bull,  800,  Chim,  [2] 
ii.97). 

A&&T&  XOAZSat  CH^I,  is  produced  by  slowly  distilling  a  mixture  of  allyl 
alcohol,  iodine,  and  red  phosphorus.  As  soon  as  the  allyl  iodide  has  passed  over, 
water  must  be  added  to  distil  off  the  residue ;  otherwise  there  will  be  danger  of  an 
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explosion  (ToUmiB  b.  Henninffer,  BuU,  Soe.  CHm.  [2]  xi.  806).  Also  by  distilling 
glycerin  in  excess  with  hydriodic  acid : 

Cra»(OH)«  +  8HI  «  Cmn  +  8HK)  +  P. 

If,  on  the  other  hand,  the  hydriodic  acid  is  in  excess,  the  chief  product  is  isopropyl 
iodide  (t.  800) : 

C«H*(OH)«  +  6HI  =  Cmn,  +  SH«0  +  2P 

^Erlenmeyer,  Jakretb,  1861,  p.  667 ;  1866,  p.  624).  Hydriodie  add  gaa  passed 
into  ally!  iodide  converts  it  into  isopropyl  iodide,  with  separation  of  iodine: 
G*H*I  +  2HI  »  C*H'I  +  P  (M.  Simpson,  Proc,  Roy,  Soe,  xii.  688}.  Allyl  iodide 
treated  at  ordinanr  temperatores  with  rtnc,  hydroekUnio  add,  and  aleokol,  yields 
propylene  gas  (Tollens  a.  Henninger).  Heated  to  100°  in  a  sealed  tube  wiUi  einc^ 
ethyl,  it  yields  diallyl,  C*H**,  amylene,  OH>*,  and  amyl  hydride,  C*H".  The  fimna- 
tion  of  amylene  is  represented  by  the  equation  CH*  +  CH*  «  C*H>*,  and  that  of 
amyl  hydride  probably  by  the  equation 

2C3«H»I  +  Zn(C«H»)«  =  Znl«  +   0»H»  +   CH*  +  C«H« 
Allyl-  Zino  ethyl.  Amyl       Allylsne.    Btbylene. 

iodide.  hydride. 

(Wurts,  Compt,  rend,  liv.  887).  With  eaoodylf  allyl  iodide  forms  caoodyl  iodide, 
A8'*(CH")'I  (arsenions  iododimethide),  and  crystals  of  arsenic  iodo-dimethyl- 
diallylide,  As*(CH")'(C*H*)1,  which  when  treated  with  moist  silver  oxide  is 
converted  into  the  strongly  caustic  alkaline  base  As*(CH*)>(G*H*)*(OH)  (C^hours, 
Ann,  Cfk.  Phtfs,  m  Ixii.  291). 

The  chloride,  bromide,  and  iodide  of  allyl  exhibit  diffeTonces  of  boiling  point  nearly 
equal  to  those  observed  in  the  corresponding  ethyl  compounds ;  thus : 

Chloride.  Bromide.  Iodide. 

Allyl  44-6*'  —  26*6<>  —  70®  —  SI®  —  101° 

!    «  '  I 

32-6°  30°  29** 

Ethyl  12<>   —  28°  —  40°  —  32°  —  72° 

On  the  boiling  points  of  allyl  compounds,  see  also  Oppenheim  (ZeUaehr.  f.  CMtm, 
[2]  V.  344) ;  Tollens  {UridX 

Allvl  lododichloride,  C^*IC1',  is  produced  by  the  action  of  iodine  mono- 
chloride  on  allyl  iodide : 

C«H»I  +  2IC1  «  C«H»ICl«  +  P. 

When  purified  by  washing  with  dilute  potash,  distilling,  and  collecting  the  portion 
which  passes  over  between  205°  and  210°,  it  forms  a  colourless  oil,  insoluble  in  water, 
and  having  a  sweet  but  biting  taste  (M.  Simpson,  Froc,  Roy,  8oc.  xiii.  640). 

Diallyl  Compounds, 

BUdljn.  C^»»,  or  Allyl  in  the  free  state,  was  first  obtained  by  Berthelot  a.  De 
Luca  (i.  140)  by  treating  allyl  iodide  with  sodium.  It  is  also  produced :  1.  Together 
with  other  hydrocarbons,  by  the  action  of  allyl  iodide  on  zinc-ethyl  (Wurts,  Compt, 
rend,  liv.  387  ;  lyi.  354).— 2.  By  treating  allyl  iodide  with  a  pulverised  alloy  of  2  pts. 
tin  and  1  pt  sodium.  The  action,  which  begins  in  the  cold,  is  ultimately  assisted  by 
heat,  and  the  crude  hydrocarbon  thus  obtained  is  purified  by  heating  it  for  a  few 
hours  with  sodium,  and  distilling  (Wurts  a.  LeclancW,  Ann,  Ch.  Pkfs,  [41  iii. 
120).— 3.  By  reducing  allyl  iodide  with  iron  ^Linnemann,  Bull,  Soe,  Cbm,  [2]  vii. 
424). — 4.  By  dry  distillation  of  mercurallyl  iodiae  (prepared  by  agitating  crude  allyl 
iodide  with  mercury  and  a  small  quantity  of  iodine) : 

(C«H»)«Hg«P  -  C^'»  +  HgP  +  Hg. 

The  diallyl  which  passes  over  is  purified  by  repeated  rectification  over  sodium 
(Linnemann,  Ann,  C%,  Pharm.  cxl.  180). 

Diallyl  is  a  pungent  ethereal  liquid  boiling  at  68°  (Wurts,  Buff) ;  sp.  gr.  »  0*681 
at  0°,  0  688  at  17°.  0-6464  to  0*6469  at  68°  (Buff.  Ann,  Ch,  Phann.  A^.  iv. 
145).  Vapour  density,  obs.  »  2*92,  calc.  «  2*84.  It  dissolves  in  strong  sulphuric 
acid,  with  evolution  of  heat,  the  solution  on  cooling  depositing  a  hydrocarbon  diTOring 
from  diallyl.  According  to  Schorlemmer  (Ann.  Ch.  Pharm,  cxxxix.  240),  it  forms 
with  sulphuric  acid  a  pitchy  mass,  together  with  hydrocarbons  of  the  series  C"H*»~*, 
analogous  to  those  obtained  fh>m  coal-naphtha. 

Diallyl  belongs  to  the  series  OH*"-»,  but  is  not  a  true  homologue  of  acetylene  and 
allyleno,  because  its  boiling  point  is  lower  tlian  that  of  hexylone,  C*H'*,  whereas  the 


ALLTL  COMPOUNDS.  93 

boUing  points  of  acetylene  and  allylene  are  above  those  of  the  corresponding  olefines. 
Lib)  all  the  hydrocarbons  of  the  series,  it  is  bivalent  and  qnadrivalent,  forming  two 
graopB  of  oomponnds  containing  respectively  2  and  4  atoms  of  univalent  radicles. 

L  BuixTL  CoMFouKDS  coMT^iKiyo  Two  Atoms  of  VwrAussn  Radiclss  (Wuitz, 
A»n.  Ck.  Pkys.  [4]  iii.  129;  Jakresb.  1862,  p.  493;  1864,  p.  511).— Diallyl 
i^ouokydroehloride,  C*H**.HC1,  is  produced,  tpgether  with  the  dihjdrochlorido, 
hj  the  action  of  hydrochloric  add  upon  diallyl.  It  is  a  liquid  heavier  than  water, 
Itkying  a  iaint  aromatic  odour,  boiling  at  130^-140^. 

Uonokydr iodide.  C^".HI.--Produced :  1.  Together  with  the  dihydriodido 
(g.9.),  by  the  action  of  hydriodic  acid  upon  diallyl.  2.  Together  with  diallyl,  by  the 
tetion  c^  alcoholic  potash  on  the  dihydnodide.  Colourless  liquid,  of  sp.  gr.  1'497  at 
(P,  boiling  at  164®  to  166°.  Treated  for  twenty-four  hours  with  moist  silver  oxide,  it 
^elds,  (I)  diallyl  and  hexylene;  (2)  a  liquid  boiling  at  130^-140°,  and  probably 
identical  with  djallyl  alcohol ;  (3)  a  liquid  boiling  at  180*^,  the  ether  of  the  same 
alcohol,  (C^».H)«0. 

Uonoaettate.  C^'*.H.(?H*0*. — ^Produced  in  the  preparation  of  the  diacetate, 
and  contained  in  the  liquid  which  distils  at  110^-160°.  When  purified  by  washing 
vith  sodinm  carbonate,  drying,  and  fractional  distillation,  it  is  a  colourless  aromatic 
liqmd,  insoluble  in  water,  of  sp.  gr.  0*912  at  0**,  boiling  at  150^-160*'.  Slowly  decom- 
pond  by  stiong  boiling  potash-ley,  more  quickly  by  distillation  over  solid  potassium 
njdnte.   Does  not  unite  with  acetic  acid  when  heated  with  it  to  140^. 

.  Diilhl  Monokydrate,(yW.WO,  or  Psmtdo-hexylene  Oxide,  {C^»«)''0.--Thia 
in  the  chief  product  of  the  action  of  moist  silver  oxide  on  allyl  dihydriodide  (infra). 
It  is  a  ODloorless  mobile  liquid,  insoluble  in  water,  having  a  very  pungent  oiiour,  a 
^  gr.  of  0-8387  at  0°,  boiling  at  92<>-95°.  It  is  strongly  attacked  by  h^riodic  acid 
in  concentrated  aqueous    solution,  producing  a  mixture  of    diallyl  dihydriodido, 

OH^'.H'P,  and  a  body  isomeric  or  identical  with  hexylene  iodhydrin,  C*H*'  ]  j     ,  the 

latter  being  formed  by  direct  combination.  Heated  with  acetic  anh^ride,  it  yields  a 
MttU  qnantity  of  diallyl  diacetate,  C«H»«0(C»HH))*0,  or  OH'«Ji«.(C«H»0«)«. 
^^<3oofding  to  these  two  reactions,  the  compound  may  be  regarded  as  pseudohexylenic 
oxide. 

l>iallyl  Alcohol,  CH'*  j  q^* — ^This  compound,  isomeric  with  the  last,  is  produced 

hy  tnatiog  the  monoacetate  with  solid  potash,  and  is  also  found  among  the  products  of 
the  acdon  of  moist  silver  oxide  on  the  dihydriodide.  It  is  a  liquid,  insoluble  in 
Wales,  having  an  aromatic  odour,  a  sp.  gr.  of  0*8604  to  0*8625  at  0°,  and  boiling  at 
aboQt  140°.  With  strong  iiqueous  hydriodic  acid  it  becomes  hot,  and  forms  a  mixture 
which,  when  heated  to  100®,  yields  diallyl  dihydriodide. 

IL  DuLLTL  CoMPorKDS  coMTAiNiiTa  FotTB  Atoxs  OF  Untvalemt  Badiclbs. — A  few 
of  these  oomponnds  were  obtained  by  Berthelot  a.  De  Luca ;  the  rest  have  been 
discovered  and  investigated  by  Wurtz  (loe.  cit.).  The  tetrabromide,  C*H'*Br*,  and 
tetnioduU,  OH**P,  discovered  by  Berthelot  a.  De  Luca,  were  originally  regarded 
as  allyl  dibiomide  and  di-iodide,  CH^Bi'  and  C*H«I<  (i.  141,  142).  Diallyl  Tetra- 
nitrplidCf  C*H'*(NO*)^,  is  formed  in  white  crystals  on  passing  nitrogen  tetroxide, 
"tPO*,  into  a  solution  of  diallyl  in  anhydrous  ether  cooled  with  ice  and  salt 
(L.  Henry). 

Dikydrockloride.  C*H".H*C1*.  —  Produced,  together  with  the  monohydro- 
chloride,  by  heating  diallyl  for  six  or  eight  hours  with  fuming  hydrochloric  acid. 
The  npper  layer  of  liquid  thereby  produced,  yields  by  fractional  distillation,  mono- 
hydrochloride  at  130<>-140^  and  dihydrochloride  at  170^-180^.  The  latter  is  also 
fvodnced  by  heating  the  monohydrate  or  dihydrate  of  diallyl  with  strong  hydrochloric 
acid.    It  is  a  colourless,  heavy  liquid,  insoluble  in  water  (Wurtz). 

(Qvryj  18  produced  by  the  combination  of  hypo- 

chlorons  acid  with  diallyl.  The  two  bodies  unite  readily,  and  with  considerable 
etolntion  of  heat,  the  diallyl,  which  is  lighter  than  water,  being  converted  into  a  heavy 
oil  which  sinks  to  the  bottom  (L.  Henry,  ZeUtchr,/.  Chem.  [2]  v.  479). 

Dihydriodide.  C"H".H«P.— Prepared  by  heating  diallyl  in  a  strong  sealed 
flask  for  five  ot  six  hours  with  excess  of  highly  concentrated  hydriodic  acid,  and 
purified  by  washing  with  alkaline  water,  drying  over  calcium  chloride,  and  heating  in 
a  TicmiD  to  130^-140^,  whereupon  diallyl  and  the  monohydriodide  distil  over,  and 
pure  dihydriodide  remains.  It  is  a  transparent  amber-yellow  liquid,  insoluble  in 
water,  of  sp.  gr.  2*024  at  0°,  does  not  c^ecompose  or  volatilise  in  a  vacuum  at  140^, 
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but  gives  off  iodine  at  a  higher  temperature.  Treated  with  sodium,  or,  better,  with  an 
alloy  of  sodium  and  tin  rich  in  sodium,  it  is  converted  partly  into  hexylene : 

C«H".H«I«  +  Na«  =  2NaI  +  C«H»« ; 
partly  into  diallyl  monohydriodide  : 

2(C«H".H«P)  +  Na«  =  2(C^>«.HI)  +  2NaI  +  H«, 

the  monohydriodide  being  ^t  the  same  time  resolved  into  several  hydrocarbons  of 
higher  boiling  point,  among  which  is  found  the  compound  C"H",  boiling  between  190*' 
and  200<» :  2(OH>».HI)  +  Na«  =  2NaI  +  C'«H«.  In  contact  with  alcoholic  potash, 
the  dihydriodide  is  immediately  decomposed,  with  formation  of  potassium  iodide, 
diallyl,  and  the  monohydriodide,  the  two  latter  distilling  over  with  water : 

C«H".H»P  +   KHO   =   H»0   +   KI   +  C«H".HI 
and 

C«H'«.H«P  +  2KH0  =  2H«0+  2KI  +  C^»». 

Di  acetate.  CfH'«.H».(C«H»0«)*.— Formed,  together  with  other  products,  by  treating 
finely  divided  silver  acetate  suspended  in  ether  with  an  equivalent  quantity  of  diallyl 
dihydriodide  for  twenty*four  hours  at  ordinary  temperatures.  On  distilling  the 
filtered  ethereal  liquid,  ether  and  a  little  diallyl  pass  over  first ;  then,  between  110° 
and   180°,  acetic  acid  and  diallyl  monoacetate;   afterwards   diallyl    hydroacetate, 

C^H'MI"  I  OH '^'»  boiling  at  about  210<» ;  and  lastly  diallyl  diacetate.  boiling  at  226<>- 

230°.  'The  latter  is  a  thick  colourless  oil,  having  a  slightly  aromatic  odour,  insoluble 
in  water,  and  having  density  of  1*009  at  0°.  It  is  decomposed  by  potassium  hydrate, 
yielding  diallyl  dihydrate  (Wurtz). 

Diallyl   Dihydrate  or  Peeudohexylene   Glycol,  (>H'*0«   «   ^^*')mm»  * 

C*H"(OH)',  is  obtained  by  decomposing  diallyl  diacetate,  or  the  crude  proauct  of  the 
preparation  of  that  compound  distilling  between  190°  and  230°,  with  a  quantity  of 
recently  calcined  and  pulverised  potassium  hydrate,  just  sufficient  to  saponify  the 
diacetate.  Only  half  this  quantity  is  however  added  at  first,  and  the  mixture, 
after  having  been  heated  for  a  short  time,  is  distilled  in  an  oil-lmth  at  300°.  The 
distillate  is  rectified  ;  the  residual  portion,  boiling  above  180°,  is  carefully  treated 
with  the  remaining  quantity  of  potash,  added  in  two  separate  portions,  till  a  distinct 
alkaline  reaction  is  each  time  produced ;  and  the  product  is  rectified,  the  diallyl 
dihydrate  passing  over  between  210°  and  220°.  It  is  a  thick  colourless  syrup,  having 
a  sp.  gr.  of  0*9638  at  0°,  and  so  expansible  that  its  sp.  gr.  at  65°  (referred  to  water 
at  0°)  is  only  0*9202.  It  boils  between  212°  and  215°,  dissolves  in  water,  alcohol,  and 
ether,  and  does  not  decompose  even  at  the  boiling  point  of  mercury.  With  hydra- 
chloric  acid  gas  it  becomes  hot  without  forming  any  new  product ;  but  when  heated  in 
a  closed  vessel  with  very  strong  aqueous  hf/drochloric  acid,  it  forms  diallyl  dihydro- 
chloride :  C«H".H«(OH)«  +  2HC1  «  2H«0  +  C«H'«.H«C1«.  With  csoncentiatcd 
hydriodic  acid  in  like  manner  it  forms  diallyl  dihydriodide  (Wurtz). 

Diallyl  dihydrate  is  isomeric  with  normal  hexylene  glycol  prepared  by  tlie  usual 
scries  of  reactions  from  hexylene  (obtained  from  mannite,  or  from  the  hexyl  hydride 
of  American  petroleum).  Hexylene  glycol,  C^H»«(OH)«,  boils  at  216°-220°,  that  is  to 
say,  10°  lower  than  diallyl-dihydiate ;  and  hexylene  diacetate,  CH*'(C'H'0*)',  boils 
at  207°,  or  from  5°  to  7°  lower  than  diallyl  diacetate. 

The  isomerism  between  normal  hexylene  glycol  and  diallyl  dihydrate  or  psoudo- 
hexylene  glycol  may  be  roprosented  by  the  following  formulae : 

ch*oh  h»c      chh)h 

Ah.  \/ 

I  C    —    H 

CH«  I 

I  C    —    H 

/\ 
CH«  H»C        CH^OH 

CH«OH 
Hexylene  glycol.  Diallyl  dihydrato. 

or    (CTI..rj8i  (c^")"J?Ih)». 


(CH*)H^. — This  base,  discovered  by  Cahours  and  Hofinann, 
who  obtained  it  by  distilling  allyl  cyanate  with  potash  (i.  146),  is  likewise  produced 


-N,  is  produced,  together  with  sal- 
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by  the  action  of  sine  aod  hydrochloric  acid  on  an  alkaline  solution  of  allyl  snlpho- 
ejranate  (mnstaid  oil)  free  firom  cyanate : 

(C»H»)CNS  +  2H«0  -  (C«H*)H«N  +  H«S  +  C0«. 

The  acid  solution  freed  from  alcohol  yields  with  potash  a  distillate,  which,  when 
neutralised  with  hydrochloric  acid,  first  deposits  crystals  of  sal-ammoniac,  and  after- 
wards deliquescent  crystals  of  allylamine  hydrochloride,  soluble  in  strong 
alcohol.  The  base,  C*H'N,  separated  from  this  salt  by  distillation  with  potash,  forms  a 
eoloorless,  rather  mobile  liquid,  having  a  burning,  sharp  taste  and  a  pungent,  ammo- 
oiaod,  &inUy  alliaceous  odour,  which  excites  sneezing  and  lachrymation.  Boiling  point 
58^;  sp.  gr.  »  0*864  at  15^.  Bums  with  bright  flame;  mixes  in  all  proportions 
with  water,  producing  rise  of  temperature ;  has  a  strong  alkaline  reaction,  and  pre- 
cipitates aluminie,  ferric,  mercuric,  cupric,  and  argentic  salts,  the  precipitates  formed 
in  the  last  two  cases  being  soluble  in  excess  of  allylamine.  Sulphate  of  allylamine 
forms  feathery  crystalline  aggregates,  permanent  in  the  air.  The  platino'chloride, 
CH'NPtCl*,  ezjstallises  in  orange-yellow  monoclinic  prisms  flattened  out  into  plates 
(C.  Oeser,  Ann.  Ch,  Pharm.  cxxxiv.  7). 

DinumockhroUylaminey  C^*a'N  »  CH«a 

ammoniac,  by  heating  trichlorhydrin,  mixed  with  7  or  8  toI.  alcohol  and  saturated 
with  ammonia  gas,  tcf  130^-140^  under  pressure  for  a  few  days.  The  product  is 
satarated  with  hydrochloric  add,  and  the  hydrochloride  of  dimonochlorallylamine  is 
dissolT-ed  out  by  alsolute  alcohol.  The  base  separated  from  this  salt  by  potash  is  an 
oil  bdliDg  at  about  194^,  heavier  than  water,  slightly  soluble  therein,  reiy  soluble 
in  alcohol  and  ether.  The  aqueous  solution  contains  enough  of  the  base  to  precipitate 
copper  and  silver  salts.  The  base  emits  vapours  even  at  ordinary  temperatures. 
The  hdroekhride,  K(C*H^C1)*H*CI,  is  soluble  in  water  and  alcohol,  and  separates 
from  ue  latter  in  a  mass  of  small  deliquescent  needles  fusible  below  100^.  The 
fhtmockhride,  [N(C»H*Cl)*Ha]«.PtCl«,  is  a  ^eUow  crystalline  precipitate,  soluble  in 
water,  slightly  soluble  in  alcohol,  insoluble  in  ether  (C.  Engler,  iuU.  Soc,  Chim, 
[2]  ix.  134), 

JHmonochhrallylethylamine,  N(C»H*C1)*(C*H*),  is  formed  by  heating  the  preceding 
base  to  100^  in  sealed  tubes  with  a  large  excess  of  ethyl  iodide.  Separated  by  potash 
from  the  resulting  hydriodide,  it  forms  an  oil  boiling  at  a  little  above  200°,  in  other 
respects  resembling  the  preceding.  Its  hydrochloride  also  has  the  aspect  of  that  of 
dimonochlorallylamine,  but  it  is  much  less  soluble  in  water  and  in  alcohol.  The 
flatmochloride,  rN((?H<a)*C«H».HCl]«Pta*,  is  crystalline.  The  base  treated  with 
ethyl  iodide  yields  a  crystalline  mass,  probably  consisting  of  [N(C*HK^1)'(C'H*)*I 
(Eo^,  loe.  eit.), 

AXAT&-AVZ&nrB«  N(C^»)(C*H')H,  is  produced  by  the  action  of  aUyl  iodido 
on  aniline  (iv.  449). 

AUTUnnL  C*H1 — ^This  hydrocarbon  was  discovered  by  Sawitsch  (Oompt. 
re^.  lii.  399),  who  obtuned  it  by  the  action  of  sodium  ethylate  on  monobromopro- 
pylene: 

C"H»Br  +  NaOC«H»  -  C"H*  +  C»H«0  +  NaBr. 

• 

For  the  mode  of  preparation  see  Appendix  to  vol.  i.  (p.  1112).  It  may  be  obtained 
in  like  manner  by  the  action  of  sodium  ethylate  on  monochloropropylene,  C*H*C1, 
prcdneed  by  treating  acetone  with  phosphorus  pentachloride  (Friedol,  Bull.  Soc. 
ChtM.  1864,  ii.  96).  It  likewise  results  from  the  action  of  sodium  on  the  dichloride 
of  dichloracetone  (or  allylene  tetrachloride),  C*H*Cl*  (Borsche  a.  Fittig,  Ann.  Ch. 
PAdm.  cxxxiii.  Ill),  and  on  glycidic  dichloride  or  tetrachloride,  C"H*Cl*  and  C  H*C1* 
(Pfeffer  and  Fittig,  ibid,  cxxxv.  267).  The  reaction  in  either  case  is  very  violent, 
sad,  to  avoid  explosion,  it  is  necessary  to  mix  the  chlorine-compound  with  five  or  six 
times  its  volume  of  neutral  hydrocarbons  boiling  at  1 00*^-1 20°  ^obtained  by  rectifl- 
catioa  of  commeraal  benzol  and  purified  by  distillation  from  sodium).  The  mixture 
is  gently  heated,  and  the  gaseous  allylene  which  is  given  off  is  absorbed  by  an 
aaunoniacal  solution  of  cuprons  chloride,  from  which  it  is  separated  by  treating  the 
Rsolting  cirrous  allylenide  with  dilute  hydrochloric  acid. 

Allylene  is  a  colourless  gas,  having  an  \mpleasant  odour,  and  burning  with  a  bright 
sod  vezy  smoky  flame.  It  is  very  soluble  m  alcohol,  and  dissolves  in  water  reaculy 
enough  to  render  it  neoessaiy  to  add  common  salt  to  the  water  over  which  it  is  to  be 
collected.  With  an  ammoniacal  solution  of  cuprous  chloride  it  forms  a  canary-yellow 
precipitate ;  with  mereurous  nitrate^  a  dark-grey  precipitate,  which  decomposes  without 
<letoDation  when  heated ;  with  silver  nitrate ^  a  white  precipitate,  which  is  decomposed 
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by  heat,  with  explosion  and  production  of  a  reddish  flame.  AUvlene  gently  heated 
with  sodium  is  partly  decomposed,  with  formation  of  acetylene-sodium,  sepanitiou  of 
charcoal,  and  increase  of  the  gaseous  volume  : 

C«H*  +  Na«  «  C»Na«  +  C  +  2H». 

The  residual  gas  contains  a  small  quantity  of  propylene  (Berthelot,  Jakre^.  1866, 
p.  624).  AUylene  is  absorbed  easily  and  in  large  quantity  by  strong  aulpkHrie  acid^ 
and  may  be  thereby  distinguished  from  acetylene,  which  is  but  slowly  absorbed  by 
sulphuric  acid  (Berthelot^. 

Allylene  differs  from  tne  saturated  hydrocarbon,  propane  or  propyl  hydride,  C*H*, 
by  4  atoms  of  hydrogen,  and  therefore  acts  as  a  quadrivalent  radicle,  taking  4  at. 
Br,  CI,  &c.,  to  form  saturated  compounds  ;  but  it  can  also  form  unsaturated  compounds 
by  combination  with  2  at.  of  a  univalent  radicle,  or  1  at.  of  a  bivalent  radicle. 

In  Hofinann's  systematic  nomenclature  of  hydrocarbons  {Ptoc.  Roy.  8oo.  xv.  67) 
allylene  is  designated  as  propine  : 

C«H«        (C'H*)"        (C»H*)'* 
Propane.       Propcne.  Propine. 

Bromlne-eoinpoiiiids  of  Allylone  (Oppenheim,  Bull,  8oe.  Chim.  [2]  ii.  6 ; 
iv.  434). — ^When  allylene  is  acted  upon  in  the  shade  by  bromine,  added  in  drops  or 
brought  in  contact  with  it  in  the  state  of  vapour,  a  transparent  liquid  is  formed,  which 
is  a  mixture  of  the  two  bromine-compounds,  CH^Br*  and  CH^Br^ ;  if,  on  the  other 
hand,  the  action  takes  place  in  sunshine,  hydrobromic  acid  is  .evolved,  and  a  black, 
partially  carbonised  liquid  is  produced.  The  compounds  formed  in  the  shade  may  be 
separated  by  distillation  in  a  vacuum. 

AUylene  <£ i6ro m tc^tf,  CH'Br',  is  a  colourless,  sweetish  liquid,  the  vapour  of 
which  excites  a  copious  flow  of  tears.  Sp.  gr.  «  2'05  at  0^.  It  boils  in  the  air 
without  decomposition  between  126°  and  138°,  the  greater  part  distilling  over  at 
132°.  It  is  thereby  distinguished  from  givcidic  dibromide  or  epibromhydrin  (ii.  899), 
which  boils  at  151^-162°,  and  from  dibromopropylene,  which  boils  at  120°.  It 
unites  with  bromine  in  the  shade  without  elimination  of  hydrobromic  acid. 

Allylene  tetrahromide^  C'H^Br*,  the  chief  product  of  the  action  of  bromine  on 
allylene,  is  a  colourless  liquid  having  an  odour  of  camphor  and  a  sp.  gr.  of  2*94  at  0°. 
Under  a  pressure  of  1  centimetre  it  distils  almost  completely  between  110^  and  130°, 
and  under  the  ordinary  atmospheric  pressiire  it  boils,  with  evolution  of  hydrobromic 
acid,  between  225°  and  230-^,  that  is  to  say,  nearly  at  the  same  temperature  bh 
dibromopropylene  dibromide,  C'H^Br'.Br'  (226°  according  to  Cahours).  Mercury 
does  not  act  upon  it  at  100°,  but  carbonises  it  completely  at  130°.  Heated  with  an 
alcoholic  solution  of  potassium  acetate,  it  decomposes  in  the  manner  shown  by  the 
equation : 

C^'BH  +   ^^\0  +  C^JO  -  C'H'B.'  +  KBr  +  C^.jo  +  HK). 

Allylene  Potasiittm  AloohoL  Tribromo-  Ethyl 

tetrabromide.         acetate.  propylene.  aoetoto. 

Tribromopropylene,  the  chief  product  of  this  reaction,  is  a  very  stable,  colourless 
liquid,  which  boils  between  183°  and  185°,  and  is  thereby  distinguished  from  the 
isomeric  bromallylene  bromide,  CH'Br.Br',  which  Licbcrmann  has  obtained  by  the 
action  of  bromine  on  argentic  allylene  (tn/ra),  this  latter  compound  being  completely 
decomposed  by  boiling. 

lodlBe-eomponnds  of  Allylene*  Allylene  di-iodide,  CH^P,  is  most 
easily  obtained  by  exposing  allylene  for  two  months  to  the  action  of  a  solution  of 
iodine  in  potassium  iodide,  in  bottles  filled  with  the  liquid  and  exposed  to  sunshine. 
After  washing  with  potash  it  forms  a  slightly  coloured  oil,  boiling  at  198°,  and  having 
a  sp.  gr.  of  2*62  at  0°.  It  turns  brown  when  exposed  to  light,  and  is  slowly  attacked 
by  acetate  and  oxalate  of  silver.  With  an  alcoholic  solution  of  potassium  acetate  it 
yields  allylene  and  ethyl  acetate  (Oppenheim,  BuU,  Soc.  Chim.  [2]  iv.  434). 

Allylene  dih^driodide,  CH^H'P,  isomeric  with  propylene  di-iouide,  is  pro- 
duced by  direct  combination  of  allylene  with  concentrated  hydriodic  acid  (Oppenheim, 
loc.  oU. ;  Semenoff,  lAid.  [2]  v.  446).  It  is  a  heavy,  peculiar-smelling  oil,  having  a 
sp.  gr.  of  2- 15  at  0°  (Oppenheim),  2*448  at  0°  (Semenoflf).  Boils  with  decom- 
position between  147°  and  148°,  but  may  be  easily  distilled  in  a  current  of  steam 
or  of  any  indifferent  gas.  It  becomes  coloured  by  exposure  to  air  or  light,  dissolves 
sparingly  in  alcohol,  easily  in  ether  (Semenoff). 

The  monohydriodidet  C'H\Hl,  isomeric  with  allyl  iodide,  cannot  be  obtained 
by  direct  combination,  but  is  produced  by  treating  the  dihydriodide  with  an  equivalent 
quantity  of  potash  in  alcoholic  solution,  and  mixing  the  oistillate  with  water.  It  is 
a  colourless,  strongly  refracting  liquid,  scarcely  coloui'ed  by  light,  and  having  a  strong, 
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but  agreeable  odcmr.  It  boils  at  82*'  (SemenoiTV  93^-103^  (Opponheim),  and  ha^  a 
sp.  gr.  of  1-8346  at  0^,  or  18028  at  16°  (Semeaoff). 

Cbloiine-oompoiuids.  The  chlorine-compounds  of  allylone  hare  not  been 
funned  by  direct  combination,  but  compounds  isomeric,  or  perhaps  identical,  with 
them  have  been  obtaine<i  from  other  sources.  Thus  Borsche  and  Fittig  (Ann.  Ch, 
Pkarm.  cxxxxiii.  Ill  ;  Jakresb.  1865,  p.  313)  by  treating  acetone  with  chlorine  lirivc 
obtained  compounds  containing  C'H^Cl*  and  C'li'ClS  the  former  boiling  at  120^^  urul 
the  latter  at  153°.  The  latter  is  identical  with  Linnemann's  dichloracetone  dichlorido 
(p.  27).  By  treating  glycidic  dichlorhydrin  (epidichlorhydnn),  C«H*C1'  (ii.  899), 
with  chlorine,  the  same  chemists  have  obtained  the  compound  C'H*CI^,  isomeric  with 
the  preceding,  and  distilling  at  164^.  Hiibner  a.  Geuther  (Ann.  Ch.  Pharm.  cziv. 
36),  by  treating  acrolein  with  phosphorus  pentachloride,  have  obtained  a  com- 
pound, C*H*CP,  wliich  they  designate  as  allylene  dichloride.  When  purified  by 
washing  with  water,  desiccation  with  calcium  chloride,  and  rectification,  it  is  a 
colourless  oil  of  sp.gr.  1*17  at  27*5^,  having  a  sweetish  ethereal  odour,  like  that  of 
chloroform,  and  boiling  at  84'4^.  It  is  distinguished  from  epichlorhydrin  by  not 
being  acted  upon  by  sodium.  Another  body  having  the  same  composition  appears  to 
be  formed  at  the  same  time. 

By  heating  1  molecule  of  the  chloride  just  mentioned  with  2  molecules  of  Nilver 
acetate,  Hiibner  and  Oeuther  have  obtained  a  compound  which  they  regaixl  us 
allylene  diacetate: 

C«H*C1«  +  2AgC«H»0«  =  2AgCl  +  C»H*(C»H'0=)=. 

The  same  compound  is  obtained  by  heating  equivalent  quantities  of  acrolein  and 
acetic  anhydride  in  closed  vessels.  It  is  a  colourless  liquid,  having  an  acrid  tabte 
and  fishy  odour ;  sp.  gr.  »  1*076  at  22^  ;  distilling  at  about  130°.  It  slowly  reduces 
an  ammoniacal  solution  of  silrer  nitrate,  and  when  heated  with  potash  yicluy  pitns- 
siuffi  acetate  and  acrolein. 


SuhstUution-derivativejt  of  Allylene, 

Aryetttallyleiief  CH'Ag,  is  produced  by  the  action  of  allylene  on  an  ammoniacal 
solution  of  silver  nitrate,  as  a  very  light  white  precipitate,  altering  like  silver 
chloride  when  exposed  to  light.  Acids  decompose  it,  reproducing  allylene.  When 
thrown  on  bromine  or  on  phosphoric  or  antimonic  chloride,  it  takes  fire,  and  burns 
with  a  hissing  noise.  It  may  be  dried  between  60°  and  70  \  and  detonates  at  alx)ut. 
150°  without  previous  fusion,  but  with  separation  of  spongy  eliarcoal  (Lieberniann, 
Am»,  Ch,  Pkarm.  cxxxv.  266).  Acconling  to  Sawitsch,  on  the  contrary,  it  cxploiies 
when  heated,  with  production  of  flame.  It  is  attacked  by  a  solution  of  sal-animoniuc, 
forming  a  liquid  which  decomposes  on  boiling  into  allylene  and  silver  chloride  : 

C»H»Ag  +  NH*C1  =  AgCl  +  C«H*  +  NH" 

(Bertlielot,  JaA«wA.  1866,  p./>23). 

'The  precipitates  formed  Dy  allylene  in  solutions  of  other  metallic  salts  appear  to 
be  analogrius  in  imposition  to  those  formed  in  the  same  solutions  by  acetylene  (p.  3d\ 
the  copper-compouna,  for  example,  consisting  of  cuprosallyloxide,  (G*H'Cu''')*0  ; 
they  are,  however,  much  more  unstable  than  the  acetylene  compounds.  Borthelot  thinks 
it  probable  that  the  precipitate  formed  by  allylene  in  ammoniacal  silver  nitrate  nuiy 
consist  in  the  first  instance  of  aigentallyl  oxide,  (C'H'Ag')*0,  which  quickly  changes 
into  aigentallylene. 

Zodatlyleiie«  CH'I,  is  formed  by  gently  heating  aigentallylene  with  a  solution 
of  iodine  in  potassium  iodide,  and  passes  over  with  the  aqueous  vapour  a^  an  oily 
body,  having  nearly  the  sp.  gr.  of  1*7,  and  boiling  at  98°.  It  has  a  pungent  odour, 
attacks  the  eyes  and  the  mucous  membranes,  dissolves  easily  in  ether,  scarcely  at  all 
in  alcohol,  slightly  in  water,  but  easily  in  acetic  acid,  from  which  it  is  precipitated  by 
water  in  its  original  state.  It  is  not  attacked  by  p)tash-ley,  sodium,  or  sodium 
ethylate;  but  by  sine  and  hydrochloric  acid  or  by  sinc-antnJgam^  it  is  decomposed 


but  more  eajsily  by  agitating  dry  argentallylone  with  an  ethereal  solution  of  iodine  till 
the  <»Ioar  disappears,  and  then  adding  another  equal  qimntity  of  iodine.  The 
prodnet  is  then  left  to  itself  for  a  week,  the  excess  of  iodine  removed  by  agitation 
with  dilute  potash,  the  ethereal  s<^lution  evap^>rdtod,  and  the  remaining  crystals  of 
Sup,  H 
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diallylene-di iodide  washed  with  a  little  ether.  The  di-iodide,  when  crystallised 
slowly  and  in  the  dark,  forms  colourless  lancet-sliaped  needles,  often  half  an  inch 
long.  It  is  very  sensitive  to  light ;  may  be  dried  over  calcium  chloride,  but  not  orer 
oil  of  vitriol ;  melts  at  64°  ;  decomposes  at  about  78^  ;  and  dissolves  easily  in  ether 
and  in  chloroform,  less  easily  in  benzene,  and  still  less  in  alcohol.  Heated  with 
pulverised  potassium  hydrate,  it  is  reconverted  into  iodallylene  (Liebermanni  loe.  eii.), 

Brmnalljlene,  C'H'Br,  and  products  deriwod  ttoitn  it.  Bromallylene 
dibromide,  C'H'Br*  =  C'H'Br.Br*.  is  produced  by  adding  bromine  to  argentatlylene 
(not  previously  dried)  suspended  in  water,  and  passes  over  on  distillation,  together 
with  the  aqueous  vapour.  It  is  an  oily  body,  which  decomposes  when  distilled  alone, 
yielding  hydrobromic  acid  and  allylene  bromide,  CH^Br*  (?). 

Bromallylene^  C*H'Br,  is  formed  (together  with  C*H*Br*)  when  allyl  tri- 
bromide,  G'U^Br*,  or  its  isomeride,  bromopropyleno  dibromide,  CU^Br.Br',  is  treated 
with  a  considerable  quantity  of  alcoholic  potash.  By  the  further  action  of  the 
alcoholic  potash — which  acts  like  potassium  ethylate,  replacing  the  bromine  byoxethyl 

— bromallylene  is  converted  into  oxethyl-allylene,  C'H*(OCH*)  or  qiix» [ O : 

C«H«Br  +  KO(?H»  «  KBr  +  C>H»OC«H». 

The  univalent  radicle  C*H"  is  called  by  Liebermann  propargyl,  and  the  etliereal 
compound  just  mentioned  is  accordingly  designated  as  propargyl  ethylate  or 
ethyl  propargylate.* 

This  ether  can  exchange  an  atom  of  hydrogen  belonging  to  the  propargyl  for 
silver,  forming  ethyl  argentopropargylate  or  argontopropargyl  ethyl- 
ate, C*H*Ag(OC'H*),  which  is  obtained  by  heating  allyl  tnbromide  for  a  long 
time  with  alcoholic  potash,  then  distilling  oiF  the  alcohol,  diluting  with  water  to 
separate  a  brominated  oil,  and  pouring  the  aqueous  solution  into  ammoniacal  silver 
nitrate.  The  silver-compound  tiien  separates  as  a  daEsIing  white  bulky  precipitate, 
which  presents  no  appearance  of  crystallisation.  On  the  approach  of  a  flune  it 
melts,  explodes,  and  leaves  a  residue  which  bums  in  contact  with  the  air,  leaving 
metallic  silver.  Acids  abstract  the  silver  and  convert  the  compound  into  ethyl 
propargylate  or  oxethyl-allylene,  C'H'(OG*H^).  The  pure  ether  thus 
prepared  boils  at  72^.  Like  allylene  itself,  it  unites  directly  with  iodine,  forms  a 
yellow  precipitate  with  ammoniacal  cuprous  chloride,  and  with  ammoniacal  silver 
nitrate  a  precipitate  identical  with  the  silver-compound  above  described. 

Ethyl  argentopropamlate  or  oxethyl-aigentallylene,  C"H'Ag(OCH*),  reacts  with 
iodine  and  bromine  in  the  same  manner  as  argentallylene  itself,  taking  up  an  atom 

of  iodine  in  place  of  silver,  and  forming  the  compound  CH'I(OCH*)  or   nsH*[^* 

which  again  can  take  up  iodine  and  bromine,  forming  the  compounds  CH*I(OCH*).I* 
and  C»H«I(OC«H»).Br«. 

Methyl  propargylate  or  propargyl  methylate,  CH"(OCH")  or  rjmfO, 

is  produced  by  boiling  tribromallyl  with  a  solution  of  potash  in  methyl  alcohol.  It 
forms  with  ammoniacal  silver  nitrate  a  lemon-yellow  precipitate,  consisting  of 
C'H'Ag(OCH'),  from  which  the  pure  ether  may  be  obtained  by  treatment  with  acids. 
This  silver-compound  distilled  with  a  solution  of  iodine  in  potassium  iodide 
yields  the  compound  CH'I(OCH'),  which  passes  over  as  an  oil,  and  solidifies  at  a 
low  temperature  in  fine  needles,  but  does  not  resume  the  liquid  state  till  heated  to 
12^  (Lieoermann). 

Propylphycite,  CH'O*,  the  tetratomic  alcohol  which  Cariua  obtained  by 
oonibining  epichlorhydrin,  CH^Jq^  with  hypochloreus  add,  ClHO,and  treating  the 

resulting  compound,  (C*H*)** )  (^t  >  ^^^  potash  (v.  898),  is  perhaps  identical 
with  allylene  alcohol,  (C'H^'COH)*. 


C»H'»  =  C*H*.C*H*.— A  hydrocarbon,  isomeric  with  amyleno, 
produced  by  the  action  of  allyl-iodide  on  sinc-ethyL    (See  Amtlxnb.) 

ntxrsk 
k  nsQA  [  0* — ^^B  compound,  produced  by  tha  action 

•  It  k  iMinerlo  with  the  pe&tatomic  radicle  propluyl,  C*B',  derived  from  propane  by  abslractloo 
of  fi  atoms  of  hydrogen. 
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of  ethyl  iodide  on  potassium  allylate  (i.  142),  and  by  that  of  alcoholic  potaah  on  allyl 
chloride  (Oppenheim,  vid.  wp.)^  unites  directly  with  bromine  (like  allyl  alcohol), 
fonning  the  compound  C*H>*OBr',  which  distils  between  198^  and  195^  It  is  a 
colourless  liquid,  which  smells  like  dibromhydrin,  becomes  coloured  when  left  to  itself, 
and  is  partially  decomposed  by  distillation.  The  corresponding  chlorine-compound 
boils  at  165°.  The  bromine-compound  does  not  appear  to  be  decomposed  by  zinc- 
methyl  in  ethereal  solution.  Sodium-amalgam  withdraws  the  bromine,  reproducing 
allyl-ethylic  ether  (Morkownikoff,  Jahreab.  1865,  p.  492). 

AlaTtTTr-fM  IITH  Y  *-■  C^H*  »  CH^.CH',  isomeric  with  butylene  (j.v.),  is  produced 
by  the  action  of  allyl-iodide  on  zinc-methyl  (Wurtz). 

milfB  Of  this  drug  there  are  two  principal  varieties,  viz.  a  dark,  opaque,  liver- 
edLoured  variety  called  Aloe  hepatica  or  liver-aloes,  and  a  lighter  kind,  trans- 
parent in  thin  splinters,  called  Aloe  lucida. 

1.  Idver-aloee  is  obtained  most  abundantly  in  Barbadoes,  from  Aloe  vulgaris ;  it 
forms  dry  blackish  lumps,  having  a  dull  fatty  lustre,  easily  splitting  into  angular 
firagmenta,  and  yielding  a  brown-grey  powder.  A  somewhat  different  Aloe  hepatica 
is  imported  from  Southern  Arabia,  by  way  of  Bombay,  and  is  hence  called  I  n  d  i  a  n  or 
Bombay  aloes.  It  is  of  a  more  brownish  black,  often  indeed  of  a  rather  light  liver- 
brown  ooloor,  breaks  into  large  angular  lumps,  and  yields  a  brownish  to  brownish-yellow 
or  nearly  orange-coloured  powder. — 2.  Aloe  lucida  is  produced  in  largest  quantity 
near  A}goA  Bay,  in  the  Cape  Colony,  chiefly  from  the  species  Aloe  spicata.  A,  africana, 
A.  fmrox^  and  A.Ungtta;  it  is  known  in  commerce  as  Aloecapensis  and  Aloe 
Bocotrina.  The  latter  name  is  derived  from  the  island  Socotora,  on  the  coast  of 
Arabia,  which  was  formerly  the  only  source  of  this  kind  of  aloes,  but  now  yields  little 
or  none  of  it.  Aloe  lucida  when  dry  forms  a  nearly  uniform  mass,  having  a  strong 
vitreous  lustre,  translucent  in  small  splinters,  nearly  black  by  reflected  light,  breaking 
very  easily  into  broadly  oonchoidal  sharp-edged  lumps,  or  into  small  reddish  to  light 
yellow-brown  splinters,  and  yielding  a  bght  yellow  powder. 

All  kinds  of  aloes  have  a  peculiar  odour,  somewhat  like  that  of  myrrh  and  of  safiron, 
and  a  bitter  disagreeable  taste.    Pure  aloes  dissolves  completely  in  alcohol,  forming  a 
clear  solution ;  partly  in  cold  water,  almost  completely  in  boiling  water,  liver-aloes 
however  leaving  a  somewhat  larger  residue  than  the  translucent  variety.    The  opales- 
cent yellow  solution  in  a  small  quantity  of  hot  water  becomes  turbid  on  the  addition 
of  more  water,  from  separation  of  yellowish  resinous  drops,  which  on  cooling  cohere 
into  a  rennous  deposit.    The  clear  solution  has  a  slight  acid  reaction,  is  coloured 
daxk-brown  by  alkalis,  black  by  ferric  chloride,  and  forms  a  yellowish-grey  precipitate 
with  lead»acetate.    Cold  water  dissolves  about  half  the  aloes,  forming  an  acid  solution 
which  exhibits  the  same  characters ;  it  is  not  precipitated  by  alcohol,  and  is  therefore 
free  from  gum  (Fliickiger,  Lehrbuch  tier  Pkarmakognosie  des  Pflansemrdeke^  Berlin, 
1867). 

From  the  experiments  of  Kosmann  (Bull.  Soe,  Ckim.  1863,  p.  530),  which  were 
made  upon  Ca^  aloes,  it  appears  that  the  portion  of  this  drug  which  is  soluble  in 
water  (the  offianal  Extracium  aloes)  and  the  insoluble  portion  {resin  oj  aloes)  have 
the  same  percentage  composition,  and  are  both  resolvable  by  boiling  with  dilute 
nilpharic  acid  into  glucose  and  several  resinous  bodies.  He  supposes  that  both  these 
nibstances  are  formed,  during  the  concentration  of  the  juice,  by  oxidation  and  hydration 
of  aloin,  the  acUve  principle  existing  in  the  laticiferous  cellules  of  Aloe  spicata : 

3C"H"0'  +  0»  +  6H«0  -  8C"H«0»»  or  0»»H"0» 
AloIn.  Soluble  Insoluble 

aloes.  aloei. 

a.  Soluble  aloes  is  a  yellow  amorphohs  mass  composed  of  agglomerated  granules. 
Bj  boiling  with  dilute  sulphuric  acid  it  is  resolved  into  glucose  (amounting  to  15'8  per 
cent  of  the  soluble  aloes)  and  two  resinous  acids,  one  of  which,  aloeresic  acid,  is 
pmapitated,  together  with  aloeretin,  while  the  other,  a loere tic  acid,  remains  in 
■olatioo : 

6C»»H«0»»  =  C»H»0»«  +  2C»^««0»  +  2C«H"0'  +  4H«0. 
BotnUe  Akriiredo         AloiSretlo  Glucose. 

aloes.  add.  add. 

*ai  C*H«0"  +  0"  +  8H«0  =  C«»H«0<* 

Aloftrado  Alo^etin. 

add. 

AUenme  acid  is  insoluble  in  ether,  has  a  yellowish-brown  colour,  and  appears 
oystalline  under  the  microscope.  Alaieretin,  which  is  insoluble  in  ether,  is  a  brown, 
morpfaoos  resin,  not  possessing  acid  properties.    Aloeretic  acid,  which  remains  in 

H  2 
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solution  together  with  tho  sugar,  is  separated  by  precipitating  it  with  lead  acetatr, 
decomposing  the  precipitate  with  hydrogen  sulphide,  and  treating  the  precipitated  lead 
sulphide  with  ali^hol.  It  forms  a  brown  shining  resin,  composed  of  microscopic 
rhomboidal  tabUts ;  is  nearly  insoluble  in  pure  water  and  in  etner,  sparingly  soluble 
in  alcohol,  more  frequently  in  water  containing  sugar. 

jS.  The  poxtlon  of  Cape  aloes  which  is  insoluble  in  water  is  yellow,  soluble  in  alcohol, 
and  remains,  when  the  alcoholic  solution  is  evaporated  to  dryness,  in  yellow,  tinnii- 
parent,  shining  grains.  By  boiling  with  sulphuric  acid  in  alcoholic  solution  it  is 
resolved  into  glucose  (amounting  on  the  average  to  16  per  cent.),  and  a  brown  resin 
soluble  in  alcohol  and  in  sodium  carbonate, and  sepamble  by  ether  into  alolrcsinic 
acid,  C"H'W,  soluble,  and  aloerctinic  acid,  C»*H»"0»,  insoluble  in  that  liquid. 
But  these  formulae,  as  well  as  those  of  the  products  previously  described,  require 
confirmation. 

According  to  Hlasiwetz  (Ann,  Ch,  Pharm.  cxzxiv.  287  ;  cxxxvi.  31),  aloes  boiled 
with  dilute  sulphuric  acid  yields  paracoumaric  acid,  CH"0*,  from  which  by 
fusion  with  potassium  hydrate,  paraoxybenzoic  acid,  C'H*0',  is  obtained,  as  also, 
together  with  orcin,  from  aloes  itself.  Faracoumaric  acid  appears  also  to  be  formed, 
together  with  a  small  quantity  of  a  fragrant  volatile  oil,  a  volatile  fatty  acid,  and  a 
volatile  base,  by  boiling  aloes  with  caustic  soda-solution  (Rochleder  a.  Czumpelick, 
c/.  pr.  Chem.  Ixxziv.  436 ;  Jahresb.  1861,  p.  743).  Aloes  heated  with  nitric  acid  is 
converted,  first  into  aloeticacid,  C'H'N'O*;  then  into  chrysammie  acid, 
C'H^N'O* ;  and  finally  into  picric  and  oxalicacid.  Bobiquet,  by  distilling  abxts 
with  quicklime^  obtained  alo'uol  (i.  148^,  a  colourless  or  yellowish  oil,  smelling  like 
amyl  alcohol  and  bitter  almond  oil,  ana  remaining  liquid  at  ~  20°.  Bembold  (Ann. 
Ch.  Pharm.  czzxviii.  186)  obtained  from  aloes  1  per  cent,  of  thia  oil,  which  he 
found  to  be  a  mixture  of  xylyl  alcohol  with  acetone  and  hydrocarbons. 


C'H*N*0*. — ^This  acid,  discovered  by  Schunck,  and  analysed 
by  him  and  by  Mulder  (i.  148),  with  somewhat  discordant  results,  has  been  further  ex- 
amined by  Finck  (Ann.  Ch.  Pharm.  cxxxiv.  236),  whose  results  differ  from  those  of  both 
the  chemists  just  named.  To  prepare  the  acid,  the  mixture  of  chiysammic,  aloctic, 
and  a  small  quantity  of  picric  acid,  obtained  as  a  green  precipitate  by  treating  aloes 
with  nitric  acid,  as  in  Schunck's  process,  is  digested  with  aqueous  potassium  acetato 
till  the  acetic  acid  is  expelled ;  and  the  resulting  potassium-salts  are  treated  with 
cold  water,  which  dissolves  only  the  acetate :  the  resulting  solution,  mixed  with  barium 
acetato  and  evaporated,  yields  warty  crystalline  crusts  of  barium  aloetate,  from  which 
the  aloetic  acid  may  be  separated  by  cold  dilute  nitric  acid. 

Aloetic  acid  thus  obtained  is  a  yellow  amorphous  powder  consisting  of  2C'H*N'0\ 
H^O.  It  dissolves  sparingly  in  cold  water,  more  easily  in  boiling  water  and  in  alcohol, 
forming  purple-red  solutions,  which  become  yellow  on  addition  of  acids,  and  red  again 
when  neutralised.  It  has  a  strongly  bitter  and  acrid  taste,  decomposes  carbonates, 
and  forms  with  the  alkalis  and  alkaline  earths,  salts  which  dissolve  in  water  with  red 
cfjlour ;  with  other  metallic  oxides,  sparingly  soluble  salts.  The  silver  sail  contains 
C'HAgNH)*;  the  banum  saU  C"H«Ba"N<0»«. 

Aloetic  acid  is  converted  by  boiling  with  nitric  acid,  first  into  chrysammie,  then  into 
picric  acid.  Digested  with  a  solution  of  potassium  or  ammonium  sulphide  containing 
excess  of  alkali,  it  forms  an  indigo-blue,  gelatinous  substance,  C'*H'NH)'(?),  slightly 
soluble  in  water,  more  soluble  in  alkalis. 


V.  C'^H'^C. — This  substance,  the  purgative  principle  of  aloes,  was  first 
isolated  by  T.  and  H.  Smith  (Chem.  Gaz.  1851,  p.  107)  from  Barhadoes  aloes.  In 
Aloe  kepatioa  it  appears  to  exist  wholly  in  the  crystalline  statti ;  in  other  varieties  part]  y 
amorphous,  partly  in  an  altered  condition.  Orlowski  (Zeitechr.  anal.  Chem.  v.  309) 
prepares  it  from  Aloe  hepatica  [?  Indian  or  Bombay  aloes,  p.  99]  by  dissolving  the 
substance  in  2  parts  of  water  at  90°-95°,  and  leaving  the  clear  decanted  liquid  to 
evaporate  freely  for  ten  or  twelve  days.  The  aloin,  which  then  separates  as  a  dark- 
yellow  granular  mass,  is  pressed  between  filter-paper  and  further  purified  by  crystal- 
lisation, first  from  water,  then  from  alcohol.  Barbadoes  aloes  is  treated  with  only 
1  part  of  water  of  the  temperature  above  mentioned,  the  remaining  fourth  bcin^ 
added  after  cooling;  the  whole  of  the  resin  then  separates  after  12  hours.  The 
decanted  liquid  is  treatetl  as  above. 

Aloin  treated  with  dilute  sulphuric  acid  is  resolvcnl  into  glucose  and  rottlerin 
(Cmm^Wk,  Jahresb.  1861,  p.  743;  Rocliledcr,  ibid.  598): 

C«'H'«0'  +  2H«0  =  C«H'20«  +  C"II"0« 
Aloin.  Glucose.  Rottlerin. 
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AeeordJog  to  Qraebe  a.  Liebennann  (ZeiUckr.  /.  Ckem.  [2]  iv.  603),  aloin  treated 
vith  unc-duet  is  conrerted  into  anthracone. 

OI&  OV.    &m  Mkn iiADKM  Oils. 

^  and  it«  deriTatives  (r.  863). 

L-VF8VZO  ACI9  (v.  970). 

(v.  1062). 

The  bark  of  Ahtonia  cofisirieta  (an  apocycyaneous  tree  growing  in 
Australia),  which  has  a  hitter  taste  and  slight  camphorous  odour,  contains,  according 
to  Palm  (jakrtsb,  1863,  p.  615),  a  neutral  resinous  hitter  principle  (similar  to 
cailcedrin  and  tolucunin),  a  volatile  oil  smelling  like  camphor,  an  iron-greening 
taonin,  gam,  resin,  fat,  wax,  protein-subitance,  oxalic  acid  and  citric  acid.  The  ash, 
amounting  to  6*06  per  cent,  of  the  bark,  contains  in  100  parts : 

Na*0    K«0    NaCl    CaO    MgO    Fe»0*    Mn»0*    SO*    P«0*    SiO»    CO* 
0*48      6*96      306     32*83     3*61       343       078      933     trace  1560    23*50. 

Ai^BTO H  AT JL  BrondUe. — The  orthorhombic  variety  of  calcio-baric  carbonate, 
BaCO'.CaCO',  found  in  the  lead  mines  of  Fallowfield  in  Northumberland,  and  Bromley 
^iU,  near  Alston,  in  Cumberland.  The  crystals,  derived  from  a  rhombic  prism  of  1 18° 
50',  are  doable  hexagonal  prisms,  resulting  from  the  interpenetration  of  six  octohedral 
crystals  having  a  common  vertical  axis.  Basal  angles  =  122^  30'  and  142°;  re- 
entering angle  B  178°  51'. 

An   albuminous   substance,  contained,  according    to  Commaille 


{J.  Pkarm.  [4]  iv.  108),  in  sweet  almonds,  and  obtained  by  precipitating  filtered  almond 
milk  with  hydrochloric  acid,  dissolving  the  precipitate  in  alkaline  water,  and  again 
predpitating  with  hydrochloric  acid.  Its  acidulated  solution  forms  with  platinic 
chloride  a  precipitate  containing  7*02  to  7*45  per  cent,  platinum.  The  solution  in  dilute 
hydrochloric  acid  also  gives  a  precipitate  with  mercuric  chloride. 

AlKASnnL  C'*H**N'. — The  sulphate  of  this  base,  obtained  by  direct  combination , 

is  described  by  Laurent  {Awn.  Ck.  Pkarm.  lii.  359)  as  an  acid  salt ;  but  according 

to  a  recent  examination  by  P.  Groth  {Und.  clii.  122),  it  appears  to  be  a  neutral 

sulphate,  having  the  composition  2(C**H*N*)''SO*.7H>0.     It  is  moderately  soluble  in 

water,  and  gives  off  its  water  of  crystallisation  liftwecn  100°  and  110°;  at  150°  it 

bceomes  nearly  insoluble  in  water,  bnt  does  not  lose  weight.     By  recr}'stallisation  it 

is  obtained  in  monoclinie  combinations,  ao  P  .  (oo  Poo  )  .  od  Poo  .  (Poo  )  .  oP.       Axes, 

«:  5:c:  0*8537:    1:   0*8531.      Angle  of    inclined  axes    =   97°    12*5'.      Cleavage 

parallel  to  oP  and  (Poo  ).     The  plane  of  the  optic  axes  is  perpendicular  to  the  plane 

of  symmetry.     Angle  of  optic  axes  for  the  red  ray  «  60°  33'  (Groth). 

AMaHITMi  C*'H**0^ — A  fossil  resin  occurring  in  lai^  lumps  in  the  lignite 
formation  of  Dmry  and  Hunua,  in  the  prorinee  of  Auckland,  New  Zealand.  It  is 
amorphous,  with  conchoidal  fracture,  semitransparent,  brittle,  and  of  yellowish-grey 
colour.  Hardness  «*  2  ;  sp.  gr.  ^  1*034.  Bums  with  a  yellow  smoky  flame;  when 
heated  on  platinum-foil  it  gives  off  white  fumes  before  melting,  and  then  takes  fire. 
Strongly  rieetric  when  rubbed.  Dissolves  in  carbon  bisulphide,  with  separation  of  a 
white  translucent  amorphous  mass ;  not  in  alcohol,  ether,  turpentine-oil,  benzene  or 
chloroform,  even  at  the  boiling  heat.  Fused  with  potash  it  turns  brown,  and  fioats 
on  the  surface  as  a  viscid  brown  mass.  By  boiling  for  some  hours  with  strong  nitric 
acid,  it  is  decomposed,  the  liquid  becoming  orange-red,  and  depositing  on  evaporation 
a  yellow  sticky  mass,  together  with  a  few  microscopic  crystals.  The  ash  contains 
iron,  calcium,  and  sodium  (v.  Eauer  a.  Maly,  Jahreth.  1866,  p.  1034). 

AMMOVZA.  Prfparatum. — Ammonia  prepared  from  the  commercial  chloride  or 
sulphate  always  contains  small  quantities  of  compound  ammonias.  To  obtain  it 
quite  pure,  it  is  necessary  in  the  first  instance  to  purify  the  salt  from  which  it  is  to 
be  erolved.  Pure  ammonium  chloride  may  be  obtained  by  boiling  a  saturated 
BolntioD  of  commercial  sal-ammoniac  with  A;th  vol.  strong  nitric  acid,  till  chlorine  is 
no  longer  evolved,  redissolving  the  salt  which  crystallises  out  on  cooling,  and  again 
heating  this  solution  with  ^th  vol.  strong  nitric  acid.  Pure  ammonium  sulphate  is 
obtained  bv  heating  the  commercial  salt  with  Jths  of  its  weight  of  strong  sulphuric 
acid  till  decomposition  commences,  ailding  a  small  quantity  of  nitric  acia,  and 
heating  the  liquid  till  it  is  decolorised.  The  ammonia  evolved  from  either  of  these 
pore  salts  by  heating  with  calcium  hydrate  has  merely  a  pungent  odour,  quite 
different  from  that  of  common  ammonia. 

Absolutely  pure  ammonia  may  also  be  obtained  by  digesting  potassium  nitrite 
(from  1  kilogr.  saltpetre)  with  potash-ley,  of  sp.  gr.  1*25  (15  litres),  granulated  zinc 
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free  from  carbon  *  (3*5  kilogr.),  and  iron  wire  which  has  been  ignited  in  the  air  and 
thon  reduced  in  a  current  of  hydrogen  (0*5  kils.),  and  finally  distilling  the  mixture ; 
or  better — in  order  to  avoid  the  rapid  disengagement  of  hydrogen — decanting  the 
liquid  from  the  metal,  and  distiUing  it  with  gentle  ebullition  (Stas,  ZeiUchr.  anal. 
Chem.  vi.  428). 

Liquefaction  of  Gaseous  Ammonia. — Loir  a.  Drion  {Jahredf.  1860,  p.  41)  liquefy 
ammonia  gas  by  means  of  the  cold  ( —  50°)  produced  by  the  rapid  evaporation  of 
liquid  sulphurous  oxide.  A  current  of  dry  air  is  driven  by  the  bellows  of  a  glass- 
blower's  lamp  through  several  tubes  at  once  into  a  quantity  of  liquid  sulphurous 
oxide,  in  which  is  immersed  the  lower  bend  of  a  U-tube,  traversed  by  a  stream  of 
ammonia  gas.     The  liquefaction  is  accelerated  by  a  slight  increase  of  pressure. 

The  sp.  gr.  of  liquid  ammonia  at  0^  is  0*6362,  referred  to  that  of  water  at  0^ 
(Andr^eff,  Ann.  Ch.  Pharm,  ex.  1)  ;  according  to  Jolly  (ibid,  cxvii.  181),  it  is  0*6234 
(mean  of  three  observations).  The  volumes  occupied  at  different  temperatures  are, 
according  to  Andrieff,  as  follows : — 

Temp.         -10°  09  +10°  +20° 

Vols.  0*09805       1*000  10215  10450 

The  coefficient  of  expansion  between  — 11°  and  0°  is,  according  to  the  mean  of  three 
observations  by  Jolly,  0001 55.  It  appears,  then,  that  at  temperatures  sufficiently 
removed  trom  its  boiling  point,  liquid  ammonia  expands  more  than  the  gas. 

Liquid  ammonia  boils  under  the  ordinaiy  pressure  at  -35*7°  (Loir  a.  Drion), 
At  -  88*5°  (Regnault). 

The  tension  of  ammonia  vapour  at  various  temperatures  is,  according  to  Regnault*s 
latest  determinations  (Beiation  dts  Exph'tntces^  &c.),  as  follows : — 


TWnp. 

TvTvAotk 

Temp. 

Tension 

in  milUmetm 

in  milUmetrai 

-30O 

866*09 

+  40° 

11595*30 

-20° 

139213 

60«> 

15158-83 

-10° 

2144*62 

60° 

1948210 

0° 

3183*34 

70° 

24675-55 

+  10° 

4574*03 

80° 

3084309 

20° 

6887*78 

90° 

38109-22 

38° 

8700*97 

100*> 

46608*24 

Combnstum  of  Ammonia. — The  combustibility  of  ammonia  in  oxygen  gas  may  be 
strikingly  shown  by  passing  a  rapid  stream  of  oxygen  thioogh  boiling  concentrated 
nqueouB  ammonia ;  the  gas  which  issues  firom  the  mouth  of  the  flask  may  then  be  set  on 
fire,  and  bums  with  a  greenish-yellow  flame  (Hofmann,  Cksm.  Soe,  Qu,  J.  xiii.  78). 
According  to  Heinti  (Ann,  Ck.  Pharm,  cxxx.  102),  this  experiment  may  be  more 
safely  niade  by  passing  a  slow  stream  of  oxygen  into  a  flask  filled  to  about  Jth 
with  ammonia,  through  a  tube  bent  upwards  at  the  end ;  this  tube  is  introduced  only 
a  little  way  into  the  mouth  of  the  fla»  before  the  gas  is  set  on  fire,  and  afterwards 
sunk  deeper  into  the  body  of  the  flask ;  the  flame  then  continues  to  bum  quietly  as 
long  as  a  sufficient  quantity  of  ammonia  gas  is  siupplied,  exhibiting,  in  fact,  a  com- 
bustion of  oxygen  in  an  atmosphere  of  ammonia.  The  combustion  of  ammonia  gas 
and  oxygen  may  also  be  exhibited  bv  means  of  a  Daniell*s  jet.  If  a  spiral  of 
platinum  wire  0*5  mm.  thick,  and  attached  to  a  long  cork,  be  heated  to  redness,  and 
suspended  within  a  flask,  of  the  capacity  of  about  460  cc,  containing  aqueoua 
ammonia  of  20  p.  c,  the  cart  lying  loosely  across  the  neck,  and  oxygen  be  passed  into 
the  liquid  through  a  tube  10  mm.  wide,  the  platinum  spiral  soon  rises  to  a  much 
brighter  red  heat,  and  the  flask  becomes  fillea,  first  with  white  tames  of  ammonium 
nitrite,  then  with  red  fumes.  If  the  ammonia  be  then  warmed,  the  gaseous  mixture 
takes  fire  with  a  sharp  but  not  dangerous  explosion ;  and  the  temperature  of  the 
platinum  spiral  is  at  the  same  time  reduced  below  visible  redness.  After  a  while, 
nowever,  it  again  becomes  red  hot,  again  sets  fire  to  the  gas,  and  thus  the  series  of 
phenomena  may  be  continually  repeated  (K.  Kraut,  Ann,  Ck.  Pharm.  cxxxvi.  69). 

Oxidation  hy  Permanganates. — Ammonia  heated  with  a  large  excess  of  perman- 
ganate and  alkali  is  wholly  converted  into  nitrate  (Wanklyn  a.  Ghungee,  Chem.  Soe,  J. 
[2]  vi.  25). 

Reaction  of  Ammonia  with  Sulphur,  Selenium,  Tellurium,  and  Phosphorus. — ^Flowers 
of  sulphur  washed  and  dried  gradually  absorb  ammonia-gas ;  if  heat  be  applied, 
nitrogen  is  set  free,  and  ammonium  sulphide  is  produced.  Aqueous  ammonia  does 
not  act  on  pure  sulphur  at  temperatures  below  75°,  but  towards  90°  it  assumes  a 

*  Stas  pwpsred  plnmfaiferoas  liiic  free  from  carbon  by  fmiiig  commercial  sine  witfa  S  p.  o.  litteriee. 
This  slloj  mcU  with  poCssiinm  nitrUe  and  iron  just  like  pore  sine,  and  readily  «»»™*!iirtfs  hydrqipeQ 
from  dilute  acids. 
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yellov  eolonr,  in  oonsequenoe  of  diaBolying  a  small  quantity  of  snlphnr  (Brunner. 
Bimgl.  pal,  Jl  cL  371).  When  aqneoos  ammonia  of  sp.  gr.  0*886  is  heated  to  100^  in 
a  Maled  tube  for  seraial  daja  with  a  third  of  ita  weight  of  sulphur,  the  sulphur 
diaaolTes,  foiming  a  red-brown  liquid  iHiich  is  not  riscid  and  does  not  fume  on 
exposure  to  the  air.  The  solution  oonsists  mainly  of  ammonium  polyvnlphides,  and 
tba  residue  left  on  eraporation  is  resolred  by  water  into  sulphur  and  ammonium 
hyposulphite  (F.  A.  Fluckiger,  J.  Pharm,  [3]  zlr.  463).  SOenmrn  heated  with 
aqueous  ammonia  in  sealed  tubes  foims  a  colourless  solution  of  ammonium  selenide, 
togother  with  a  small  quanti^  of  ammonium  selenite.  7U{»niMi  yields  an  abnndanee 
of  tellurite.  Amoxphous  jxAospibriis  is  not  acted  on  by  ammonia ;  ordinaiy  phoa- 
phons  gradually  yields  hydrogen  phosphide  and  a  compound  of  ammonia  with  an 
oxide  of  phoephonis ;  if  alcol^lic  ammonia  be  used,  the  latter  compound  appears  as 
a  deep  black  metallic  film  adffering  to  the  sides  of  the  tube,  and  not  decomposed  bj 
boilii^  sulphuric  add  or  potash-ley,  whereby  it  is  distinguished  from  the  product 
cAtained  with  aqueous  ammonia  (Flnduger,  Ice.  eU.), 

the  action  of  ammonia  on  metals,  see  the  several  Mstam  ;  for  its  action 
OQ  theehloriBes  of  sulphur  and  phosphorus,  see  vol.  iy.  pp.  611,  616,  676,  606  ;  r.  636. 
EtHmatiam  of  Amimomia  in  dUuU  solutions. — Nessler^s  reaction  (i.  189)  was  applied 
by  Hadow  to  the  Tolimietric  estimation  of  ammonia.  By  Wanklyn,  Chapman,  a.  etaiith 
this  Tolumetrie  detennination  (which  is  especiallT  adapted  to  yerr  minute,  and  eren 
microscopio  quantities  of  ammonia)  has  been  used  in  watei^nalysis,  and  in  a  general 
psocess  for  analysing  nitrogenous  oiganic  substances  (^Ckem.  8oe.  J.  [2]  vi.  161). 

The  '  Nessler  liquor'  is  prepared  by  adding  merennc  chloride  to  a  hot  concentrated 
aolntion  of  60  grams  potassium  iodide  till  the  precipitate  no  longer  redissolves ;  then 
filtering ;  adding  160  grams  of  potassium  hydrate  in  strong  aqueous  solution ;  dilut- 
ing the  liquid  to  a  litre ;  adding  another  very  small  qtiantity  of  mercuric  chloride ; 
leaving  the  solution  to  settle ;  decanting ;  and  presenring  it  in  a  well-closed  vessel. 

For  the  application  of  the  'Kessler  liquor'  to  the  quantitative  estimation  of 
ammonia,  a  very  weak  standard  solution  of  ammonia  is  required.  This  is  made  by 
dissolving  0*3882  grams  of  ammonium  sulphate  (or  the  ec^uivalent  quantity  of 
ammonium  chloride)  in  one  litre  of  water :  it  contains  ^  milligram  of  ammonia  in 
one  cubic  centimetre.  For  general  use,  the  standard  may  be  advantageously  diluted 
vith  water,  so  that  one  cubic  centimetre  shall  contain  '^  milligram  of  ammonia. 

The  operation  of  measuring  the  quantity  of  ammonia  m  a  given  liquid  is  performed 
as  follows :  Two  similar  cylinders  of  colourless  glass,  each  holding  100  cc,  and 
-rna.ii^mA  accontelj  at  the  100  cc  measure,  are  taken  and  put  side  by  side.  Into  one 
is  introduced  100  cc  of  the  liquid  to  be  tested,  into  the  other  the  comparison-liquid, 
containing  a  measured  volume  of  a  standard  solution  of  ammonia ;  2  cc.  of  '  Nessler 
liquid '  is  then  to  be  dropped  into  each  ^linder,  and  the  depth  of  die  resulting  colora- 
tion observed.  If  the  depth  of  colour  of  tiie  oomparison-fluia  equals  the  depth  of  colour 
in  the  other  glass,  the  quantity  of  standard  ammonia  which  has  been  put  into  the 
comparison-fluid  is  the  quantity  actually  present  in  the  liquid  to  be  tested.  If  the 
colour  of  the  comparison-fluid  is  too  high  or  too  low,  a  fiesh  comparison-fluid  must 
be  made  up,  and  this  must  be  repeated  until  the  right  one  is  obtained. 

Diflarent  metallic  salts  interfere  with  tlie  action  of  the  Nessler  test  It  is  therefore 
advisable  to  distil  off  the  ammonia,  and  apply  the  test  to  the  distillate,  which  will 
contain  nothing  but  ammonia-water. 

The  strength  of  ammonia  to  which  the  Nessler  test  is  quantitatively  applicable 
ranges  from  -006  milligram  to  about  1  milligram  per  100  cc.  It  works  best  between 
0*006  and  0*20  milligram  per  100  cc 

!!  —  —**■■"—  AXAOT1B.  1.  Ammonium  Amalgam. — ^Beoent  experiments  on 
the  substance  known  by  this  name  lead  to  the  conclusion  that  it  is  not  a  true  amalgam 
—  that  is  to  say,  a  compound  of  mercuipr  with  a  metallic  radicle,  NH'— but  merely  a 
spongy  mixture  of  metallic  mercury  with  bubbles  of  nitrogen  and  hydrogen  gases. 
Wctherill  {S&l.Am.J.  [2]  xl.  160)  finds  that  its  formation  maybe  prevented  by  certain 
so-called  catalytic  infiuences.  'When,  for  example,  an  ammoniacal  salt  is  electrolysed 
with  a  negative  pole  formed  of  spongy  platinum  impregnated  with  mercury,  no  am- 
monium amalgam  is  formedi  but  a  very  brisk  evolution  of  gases  takes  place.  This 
doobtless  arises  from  the  circumstance  that  the  mercury,  being  held  within  the  pores 
of  the  platinum-sponge,  is  prevented  from  expanding  so  as  to  retain  the  gases.  Landolt 
(ZrdMr./.  Ckem.  [2]  v.  429)  has  shown  that  when  the  so-called  ammonium  amalgam 
M  immersed  in  a  solution  of  silver  nitrate,  ferric  chloride,  or  cupoic  sulphate,  no  re- 
duction of  the  metal  or  formation  of  an  amalgam  takes  place,  as  is  the  case  when  an 
■«Mig»w>  of  potaasinm  or  sodium  is  used,  but  the  ammonium  amalgam  is  decomposed, 
as  under  ordinary  circumstances,  with  evolution  of  nitrogen  and  hydrogen. 
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On  the  otlicr  hiiiul.  A.  H.  Qellatlin  {ZeUschr.  /.  Chrtn.  [2]  v.  607)  flnda  that 
whon  ammonium  .'imal^am  (prepared  with  sodium,  hut  freed  from  excess  of  that  rootal) 
is  placed  in  contact  with  small  pieces  of  phosphonus,  bubbles  of  phospliorett«d  liydrugen 
are  evolved  :  hence  he  infers  that  the  hydrof^en  evolved  from  the  amalgam  must  be  in 
the  nascent  state,  and  cannot  therefore  exist  therein  as  free  hydrogen. 

But  the  most  decisive  experiments  bearing  on  this  question  are  those  of  iSeeley 
{Cktm.  News,  xxi.  265,  June  10,  1870),  from  which  it  appears  that  when  the  amalgam 
is  subjected  to  varying  pressure,  its  volume  changes  like  that  of  a  gaa.  Into  a  tube 
20  inches  long  and  fitted  with  a  plunger,  mercury  containing  a  little  sodium  waa 
poured  to  half  an  inch  in  depth,  and  upon  this  was  poured  a  strong  solution  of  sal- 
ammoniac,  occupying  al>out  two  inches  of  the  tube.  The  ammonium  amalgam  was 
cfjmpletely  formed  in  a  few  minutes,  occupying  several  inches  of  the  tube.  On 
depressing  the  plunger,  the  volume  of  the  amalgam  progressively  diminished  till  it 
closely  approached  the  original  volume  of  the  mercury,  which  at  the  same  time 
progressively  giiined  fluidity  and  its  usual  mirror-like  surface.  On  withdrawing  the 
pressure,  the  compound  resumed  its  original  volume  and  dull  frothy  appearance. 
These  result«s  show  that  the  ammonium,  or  rather  its  elements,  NH'  and  H,  exists  in 
the  amalgam,  not  as  liquid,  but  ns  gas.  The  particles  of  the  ammonia  and  hydrogen 
gases  set  free  all  over  the  surface  of  the  mercury  adhere  to  it,  and  as  fresh  particles 
f)f  mercury  are  brought  to  the  surface  by  the  internal  movements,  they  become 
enfilmed  and  carried  inwards  till  the  mixture  becomes  a  homogeneous  froth. 
Loew's  so-called  hydror/enium  amalgam,  obtained  by  agitating  a  dilute  zinc  amalgam 
with  aqueous  platinic  chloride,  is  doubtless  a  mass  of  similar  character. 

Pf6il  a.  Lippman  (Compt.  rend.  Ixii.  426)  have  endeavoured  to  prepare  ammo- 
nium amalgams  corresponding  to  the  compound  ammonias.  A  saturated  solution  of 
trimethylamine  h^'drochloride  reacts  with  sodium  amalgam  just  like  a  solution  of 
sal-ammoniac,  and  the  spongy  amalgam  produced  quickly  decomposes,  with  evolution 
of  hydrogen,  and  formation  of  trimethylamine,  which  remains  in  solution.  Saturated 
solutions  of  the  hydrochlorides  of  aniline,  conine,  morphine,  and  quinine,  also  of 
rosaniline  acetate,  treated  with  sodium  amalgam,  give  off  laige  quantities  of  hydrogen, 
but  do  not  form  any  product  resembling  ammonium  amalgam.  Hence  also  it  appears 
that  the  physical  properties  of  the  ammonium  amalgam  are  due  to  imprisoned  gas- 
bubbles,  and  that  those  compound  ammonias  which  are  solid  or  liquia  at  ordinary 
temperatures  do  not  form  such  amalgams.  Pfnil  a.  Lippman  also  find  that  sodium 
amalgam  does  not  act  upon  solid  sal-ammoniac  till  a  drop  of  water  is  added. 

2.  Ammonium'hijrmuth  (?). — Gellatlin  {l/>c.  rif.)  describes  an  alloy  of  ammonium 
and  bismuth,  prepared  by  pouring  water  in  a  fine  rapid  stream  on  an  alloy  of 
bismuth  and  sodium  in  contact  with  sal-ammoniac.  Tne  bismuth  then  swells  up, 
becomes  pasty  nnd  porous,  and  solidifies,  giving  off  considerable  qiuintities  of  hydrogen 
and  ammonia.  The  compound  immersed  in  a  solution  of  copper  quickly  becomes 
covenyl  with  metallic  copper,  a  property  exhibited  also  by  sodium-bismuth,  but  not  by 
metallic  >)iRmuth.  [The  precipitation  was  perhaps  due  to  sodium  still  present  in  the 
mass.]  The  ammonium-bismuth  after  drying  in  a  vacuum  over  sulphuric  acid  gave 
off,  when  heated  in  a  vacuum,  27  times  its  volume  of  gas  consisting  of  hydrogen  and 
nitrogen. 

On  Ammonium  alloys,  sec  also  vol.  v.  pp.  328.  329. 

AagPHlTW a lilTM.  A  mineral  from  the  Harrsjoeberg  in  Wermland,  Sweden, 
occurring  in  hard,  dense,  milk-white  veins  or  nodules,  infusible,  and  not  attacked  by 
hydr<x:hloric  acid  till  after  fusion  with  alkalis.  Contains  (Cfe ;  Mg)*P*0'.7Al*P*O'* 
1-  lOaq.,  and  therefore  approximates  in  con.stitution  to  lazulite  (Igelstrom,  J.pr.  Ckem. 
c.  126 ;  BuU.  8oc.  Chim.  [2]  viii.  41). 

AarraBAXJOr,  C**H*'N0",  and  AXraSA&ZC  AOXB,  C»H**0'>.— Schiff 
(Zeilwkr.  f.  Chnn.  [2]  v.  708)  finds  that  seven  of  the  hydrogen-atoms  in  amygdalin 
may  be  replaced  by  acid  radicles,  such  as  acetyl  and  benzoyl ;  hence  he  assigns  to  this 
compound  a  rational  formula  similar  to  that  of  arbutin,  viz., 

C«H'|rOH)« 
C"H-0«|[,?H)cjj  or  c*H^|(OH)- 

C'H-{cN 

HeptacetylamygdaJin,  C"H'*oOL„,^^' ,   is  obtained    by   heating    dehydrated 
amygdalin  with  excess  of  acetic  anhydride  to  the  boiling  point  of  the  latter.     It 
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eiystallises  from  alcuhol  in  long  colonrleas  anhydrous  needles,  baring  a  silky  lustre. 
At  bwer  temperatuies,  acetylatod  amygdalins  are  formed,  in  whidi  smaller  numbers 
of  hydngen-atoms  are  replaced  by  acetyl. 

Amygdalin  cannot  be  supposed  to  contain  the  radicle  benzoyl,  CHK) :  for  when 
treated  with  phosphorus  pentachloride  it  yields  only  cyanogen  chloride,  benxylene 
chloride,  and  chlorinated  deriyatires  of  the  latter,  but  no  chloride  of  benzoyl ;  whereas 
the  true  bensoylated  amygdalins,  obtained  by  treating  amygdalin  with  benaoyl 
chloride,  reproduce  the  latter  when  subjected  to  the  action  of  phosphorus  penta- 
chloride. Similar  results  are  obtained  by  the  action  of  bromine  on  amygdalin  and 
benaoyl-am^gdalin. 

Amygdalin  heated  with am/«iM to  160^-180^  is  oonTerted  into  amygdalanilide, 

D^'K)*(KC'H*)|S,,n/Qvt  s^  unciystallisable  substance,  decomposed  even  by  solu- 
tion in  boiling  water  into  amygdalin  and  aniline.  The  aoetyl-amygdalins  likewiue 
yield  anilides. 

Amygdalin  is  not  the  amide  of  amygdalic  acid,  but  is  related  to  the  latter  in  tJie 
•ame  manner  as  methyl  cyanide  to  acetic  acid  : 

^  ^  ^  )C»H«.CN  ^  n  V  {^H'.COOH 

Amygdalin.  Am  jBdalic  add. 

Amygdalic  acid  treated  with  acetic  anhydride  is  converted  into  a  tetra^  or  a  hepta- 
acetyl  compound  according  as  the  reaction  takes  place  at  a  lower  or  a  higher 
tcmperalure : 

Tetnoetamygdallc  add.  Heptacetamygdalic  add. 

Amygdalic  acid  is  easily  obtained  in  the  form  of  a  deliquescent  ciystalline  mass. 
Its  acetyl  derivatiyes  are  insoluble  in  water  and  unciystallisable,  and  are  readily 
deeompoied  even  by  weak  bases. 

The  formulse  of  amygdalin  and  amygdalic  acid  above  given  afford  a  ready  expla- 

CO'H*   ^y  beating 
amygdalin  with  hydrochloric  acid  (iii.  800). 


C*H",  and  in  the  firee  state  C**H**. — The  isolated  radicle  is  now  mi)re 
geaemlly  called  diamyl.  It  is  identical  with  decyl  hydride,  and  when  treated  with 
chlorine  yields  chlorodi am yl  or  decyl  chloride,  C"H**C1. 

Biamyl  is  not  attacked  by  nitric  acid  at  ordinary  temperatures,  but  at  a  gentle 
best  it  is  violently  attacked  by  fuming  nitric  acid,  and  less  energetically  by  acid  of 
■p.  gr.  1*4,  yielding  succinic  acid,  together  with  a  liquid  distillate,  which  appears  to 
contain  capronitrile,  C**H'*N,  together  with  oenanthylic,  valeric,  and  caproic  acids 
(Schorlemmer,  Proe.  Boy.  8oe.  zvi.  372). 

Wnrts  obtained  diamyl  by  the  action  of  sodium  on  amyl  iodide;  and  in  like 
manner,  amyl-ethyl,  C*H".C«H*,  and  amyl-butyl.  C»H".OH»,  by  the  action  of  sodium 
on  a  mixture  of  amyl  iodide  with  ethyl  iodide  or  butyl  iodide  (ii.  626 ;  v.  782). 
Siaiilarly,  a  mixture  of  the  iodides  of  amyl  and  isopropyl  treated  with  sodium  (the 
mixture  being  cooled  at  first,  and  gently  heated  towards  the  end)  yields  amyl- 

QQi       Amyl-isopropyl  boils  at  109°- 110^;  its 

I  OH". 

specific  gravity  is  0*6980  at  16'6^  and  0*6712  at  49°.  It  is  probably  identical  with 
dibutyl,  OH».C*H»,  which,  according  to  Ko^p,  boils  at  109°,  and  has  a  sp.  gr.  of 
0*7001  at   16*4°.    (Respecting  the  constitutional  formulae  of  all  these  booies,  see 

HtDB0C4BBOV8.) 

Ckforint  converts  amyl-isopropyl  into  the  chloride  C*H"C1,  a  colourless  liquid 
which  has  an  odour  of  oranges,  like  its  isomeride,  octyl  chloride,  a  sp.  gr.  of  0*8834  at 
10-6°,  0*8617  at  36°,  and  lx>ils  at  166°.  With  iodine  chloride  amyl-isopropyl  forms 
a  number  of  substitution-products,  amongst  which  the  chloride  C*H"Q  appears  t  j 
be  the  most  abundant.  A  solution  of  chrwme  acid  attacks  amyl-isopropyl  very  slowly, 
the  only  oxidation-products  formed  being  carbonic  and  acetic  acid  (Schorlemmer,  Proe. 
Roy.  Soe.  xvi.  37). 

Aann  A&COXO&S.  OH'^O.-Of  these  alcohols  there  are  eight  possible 
'^rieties,  viz.  four  primary,  three  socomlary,  and  one  tertiary. 


isopropyl,  OH».CH(CH»)«  or  C 
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CH«CH«CH«CH« 


Primary. 

CH«CH(CH»)* 

H 

H 

OH 


,p„/CH«CH« 


C 


H 

H 

'OH 


\CH 


/C(CH")" 
H 
H 
OH 


Secondary. 

'  CH«CH«CH>         /  CH(CH»)« 
CH» 
H 
OH 


CH» 
H 
I  OH 


rCH*CH« 
CH«CH» 
H 

I  OH. 


Tertiary, 

CH«CH« 
CH« 
CH« 
OH. 


Normal  Amyl  alcohol  or  Butyl  carbinolf  C 


(p.   63),  which  had 


rCH*CH«CH»CH» 
H» 
I  OH. 
has  been  quite  recently  obtained  by  Lieben  a.  Rossi  (Compt.  rend.  Izxi.  870)  by  a 

rCH«CH«CH» 
synthetical  process  fVom  normal  butyl  alcohol,  C  -^  H' 

I  OH 

been  prepired  from  normal  butyric  acid.  The  butyl  alcohol  was  transformed  into 
the  cyanide,  and  from  the  latter,  normal  yaleric  acid,  boiling  at  186^,  was  pre- 
pared. The  calcium  salt  qf  this  acid  was  mixed  with  calcium  formate  and  distilled, 
and  the  valeral  thus  obtained  was  hydrogenated  with  sodium  amalgam,  and  thereby 
conrerted  into  the  alcohol.  The  amyl  alcohol  thus  produced  boils  at  137^  under 
a  pressure  of  744  mm.  (ordinary  amyl  alcohol  boils  at  about  132^) ;  the  chloride, 
bromide,  iodide,  and  acetate  obtained  from  it  likewise  boil  at  higher  temperatures 
than  the  corresponding  ordinary  amyl-compounda.  In  most  respects,  noweTer, 
normal  amylic  alcohol  resembles  the  alcohol  from  fusel-oil.    By  oxidation  it  yields  a 

fCH«CH«CH«CH» 
valeric  acid,  which  is  the  normal  acid,  C  •I  O  ,  boiling  at  185^  and  smelling 

(oh 

somewhat  like  butyric  acid. 


Isobutyl  Carbinol.  C 


fCH»CH(CH«)« 
H« 
OH 


. — This,  as  shown  by  Erlenmeyer,  is  the 


constitution  of  the  ordinary  amylic  alcohol  of  fermentation,  which  is  therefore  the  true 
homologue  of  Wurts's  butylic  alcohol,  itself  likewise  a  product  of  fermentation.  The 
latter  yields  by  oxidation  with  chromic  acid,  not  normal  butyric,  but  isobutyric  acid, 
CH(CH»)«.CO»H.  (See  Butyl  Alcohom.)  Now  the  butyl  cyanide,  CH*CH(CH")«.CN, 
prepared  from  this  fermentation  butyl  alcohol,  is  oonrerted  by  boiling  with 
alcoholic  potash  into  a  valeric  acid,  CH*CH(CH')'.COOH,  identical  m  every  respect 
with  ordinary  valeric  acid,  obtained  from  valerian  root,  or  by  oxidation  of  ordinary 
amyl  alcohol.  This  alcohol  must,  therefore,  contain  the  same  radicle  as  the  valeric 
acid  prepared  from  butyl  cyanide,  that  is  to  say,  it  must  consist  of  isobu^l  carbinol 
(Erlenmeyer,  Ann.  Ch.  Pharm.  Supjd.  v.  837  ;  Jahresb.  1867,  p.  580). 

But  ordinary  fusel-oil,  as  shown  some  years  ago  by  Pasteur  (i.  205),  contains  two 
isomeric  amyl  alcohols,  one  active,  the  other  inactive,  to  polarised  light.  Both  of  these 
are  primary  alcohols,  ^eldin^  valeric  acid  by  oxidation,  the  acid  thus  obtained  being, 
however,  optically  active  or  inactive,  according  as  it  is  obtained  fh>m  the  active  or 
inactive  alcohol.  The  question  then  arises,  Are  these  two  alcohols  merely  physically 
isomeric,  or  are  they  metameric,  the  one  containing  normal  butyl,  the  other  isobutyl? 
This  question  has  not  yet  been  answered  with  certainty ;  but  from  the  recent  experi- 
ments  of  Pedler  (Chem.  Soc.  J.  [2]  vi.  74)  it  appears  that  the  two  alcohols  exhibit  the 
closest  resemblance  to  one  another  in  all  their  physical  properties,  excepting  their 
relation  to  polarised  light.    They  have  the  same  smell  and  taste,  and  their  boiling 
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|omta  dififer  by  onlj  one  degree,  the  active  alcohol  boiling  at  128°,  the  inactive 
alcohol  at  129^  (according  to  other  authorities  the  boiling  point  of  amylic  alcohol  is 
132?).  The  active  alcohol  rotates  a  yellow  ray  of  polariseid  light  17°  to  the  left  in  a 
tobeSO  centimetres  long.  The  close  resemblance  of  the  two  alcohols  in  all  other  physical 
properties  pointa  rather  to  physical  than  to  chemical  isomerism,  being  probably  indeed 
the  kind  of  isomerism  which  exists  between  the  several  varieties  of  turpentine  oil 
(iriiieh  are  in  like  manner  distinguished  from  one  another  chiefly  by  their  behaviour 
to  polarised  light),  and  being  due  to  differences  of  arrangements  in  the  molecules  of 
the  body,  rather  than  to  differences  of  constitution  in  the  molecules  themselves. 

In  their  behaviour  with  oxidising  agents,  however,  the  two  amylic  alcohols  exhibit 
a  certain  amount  of  difierence.  The  inactive  alcohol  when  heated  with  potassium 
dichiomate  and  dilute  sulphuric  acid  yields  nothing  but  ordinaxy  inactive  valeric  acid, 
whereas  the  active  (laevogyrate)  alcohol  heated  with  the  same  oxidising  mixture  is  con- 
verted into  acetic  and  carbonic  acids  ;  in  the  cold,  however,  it  is  oxidised  to  dextro' 
gyrate  valeric  add,  producing  a  rotation  of  43°  in  a  tube  50  centimetres  long. 

From  these  results  it  may  be  concluded  that  inactive  amyl  alcohol  certainly  consists 
of  isobntyl  carbinol,  CH'GH(CH*)*.CHK)H  ;  but  whether  the  active  alcohol  consists 
of  the  ibiid  or  fourth  modification  above  enumerated,  or  is  merely  a  physical 
modlfleation  of  the  inactive  alcohol,  is  a  question  requiring  further  investigation ;  but, 
as  almdj  observed,  the  latter  supposition  appears  to  be  the  more  probable  of  the  two. 

Chapman  a.  SmiUi  {Proe.  Roy,  Soc.  xvii.  308)  find  that  the  separation  of  the  active 
and  inactive  amyl  alcohols  may  be  effected  much  more  easily  than  by  Fasteuys 
method  (i.  203),  by  dissolving  soda,  potash,  or  chloride  of  calcium  in  crude  amyl  alcohol 
at  the  boiling  heat,  and  distilling  the  saturated  solution,  the  non-rotating  alcohol 
being  then  to  a  great  extent  retained,  while  the  rotating  alcohol  distils  off.    Almost 
any  salt  easily  soluble  in  amyl  alcohol  might  be  used  for  the  imrpose,  but  the  sub- 
stance which  answers  best  is  caustic  soda.    The  amyl  alcohol  is  boiled  with  caustic 
soda,  and  the  hot  solution  is  decanted  into  a  flask  and  distilled  from  an  oil-bath,  the 
temperature  being  kept  below  200°.     The  alcohol  distils  off  quickly  at  first,  afterwards 
mofre  slowly,  and,  finally,  the  contents  of  the  flask  solidify,  after  which  it  becomes  very 
^fScult  to  distil  off  any  more  amyl  alcohol.   On  now  adding  water  and  again  distilling, 
amjl  alcohol  comes  over  of  about  half  the  rotating  power  of  the  alcohol  employed. 
By  a  sufficient  number  of  repetitions  of  this  process  it  is  possible  to  effect  a  separation 
of  the  alcohols,  and  very  easy  to  obtain  considerable  quantities  of  the  non-rotating 
alcohol  quite  pure. 
Chapman  has  subsequently  found  that  the  rotating  alcohol  is  actually  converted 

into  the  non-rotating  alcohol  by  repeated  distillation  over  caustic  soda. 
Schorlemmer  (Pn>c.  Roy,  8oc,  xv.  131)    has    shown    that  the  amyl-compounds 

olitained  from  fiisel-oil  and  from  American  petroleum  agree  so  nearly  in  specific  gravity 

and  boiling  point  that  they  may  be  regarded  as  identical.    The  results  are  given  in 

the  following  table : 


From  fusel-oil 

From  pfltrolenm 

Amyl  hydride,  C»H"     . 
Amyl  chloride,  C»H"a  . 
Amyl  acetate,   C*H".C«H«0«  . 
AmylalttAol,   CH'K)   . 

B.  P.            8p.  gr. 

.     101°    0-8750  at  20° 
.     140°    0-8733  at  16° 
.     132°    0-8148  at  14° 

B.  P.            8p.  gr. 
84°    0-6263  at  17° 
101°    0.8777  at  20° 
140°    0-8762  at  16° 
132°     0-8199  at  14° 

LasUy,  Wurta  has  shown  that  valeral,  CH'.COH,  treated  for  fifteen  days  with 
mdioffl  amalgam  and  water,  takes  up  2  at.  hydrogen  and  is  converted  into  a  primary 
amrl  alcohol  {Ann,  Ch.  Pharm,  cxxxiv.  301). 
The  following  statements  all  relate  to  the  amylic  alcohol  of  fermentation : — 
BdvJtUUy. — 1  pt.  of  amyl  alcohol  dissolves  in  3-9  pts.  water  at  16-6°,  forming  a  liquid 
of8p.gr.  0*998.  On  the  other  hand,  1  pt.  of  water  mixes  with  11*625  pts.  amyl 
Alttholat  16-6°,  forming  a  clear  liquid  of  sp.  gr.  08350  (Wittstein,  Jahresb.  1862, 
p>  408).  Amyl  alcohol  dissolves  in  all  proportions  of  acetic  acid  diluted  with  an 
eooal  quantity  of  water,  and  may  be  thereby  separated  f^m  neutral  amylic  ethers 
which  are  not  soluble  in  acetic  acid  (Berthelot  a.  St.  Gilles,  Jahresb.  1862,  p.  409). 
It  dissolves  8|  vol.  acetylene  at  18°  (Berthelot,  Ann.  Ch.  Phya.  [4]  ix.  425). 

Rtacdone. — 1.  Vapour  of  amyl  alcohol  is  decomposed  by  the  passage  of  electric 
tperJks  in  a  barometric  vacuum,  with  formation  of  acetylene  (Do  Wilde,  Bull.  Soc. 
Ckim.  [2]  vi.  267). — ^2.  The  vapour  passed  through  a  tube  heated  to  low  redness  is 
Raolved  into  a  mixtnre  of  gases,  chiefly  propylene  (Reynolds,  i.  203),  together  with 
ethylene,  butylene,  liquid  hydrocarbons  (Wurtz,  Ann.  Ch.  Phya.  [3]  li.  84),  and  a 
mama  quantitv  of  acetylene  (Caventou,  Bull.  Soc.  Chim,  [2]  v.  162).  If  the  heat  is 
very  strong,  t^  product  consists  almost  wholly  of  marsh  gas  (Reynolds). — 3.  Amyl 
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alcohol  exposed  to  the  air,  either  in  direct  sunshine  or  in  difliiBed  daylight,  18  gradn- 
ully  oxidised,  yieldinj:^  hydrogen  dioxide  and  an  acid,  probably  valeric  acid  (Sehonbein, 
J.  pr.  Chem.  xc\\\\.  261).  When  sluiken  up  with  ozonised  air,  it  is  oxidised  to  valer- 
aldehyde  and  Mileric  acid  (Gonip-Besanez,  Ann.  Ch.  Pharm.  ex.  103). 

4.  \Vhen  nitric  acid  of  sp.  gr.  1*5  is  covered  with  a  nearly  equal  volume  of  amyl 
alcohol,  the  two  being  separated  by  a  layer  of  water,  and  the  whole  left  to  itself  for 
a  month,  amyl  valerate  is  formed,  together  with  oxalic  acid  and  a  yellow  colouring 
matter  (Claus,  J.  pr.  Chtm.  cii.  384).  Amyl  alcohol  ho^ited  to  90°  absorbs  nitrogen 
tetroxidff  forming  amyl  nitrite  and  nitric  acid  : 

C»H»«0  +  NK)'  =  eH"NO«  +  HNO»; 
and  the  nitric  ncid  thus  formed  converts  part  of  the  amyl  alcohol  into  amyl  nitrata, 
and  by  oxidation  into  hydrogen  valerate  (valeric  acid)  and  amyl  valerate.  Vapour 
of  nitrous  acid  (from  starch  and  nitric  acid)  piij$sed  into  amyl  alcohol  forms  amyl 
nitrite  and  ammonium  nitrate,  which  separate  in  crystals  (S.  Bunge,  Zeitschr.  f. 
t%w.  [2]  ii.  82). 

5.  Solutions  containing  S  to  8  p.  c.  jx)tassium  bichromate  and  a  sufficient  quantity 
of  sufphuric  acid  oxidise  amyl  alcohol  to  valeric  acid  and  amyl  valerate ;  but  the 
more  volatile  portion  of  the  distillate  obtained  by  fractional  distillation  from  a  sample 
of  commercial  amyl  alcohol  yielded,  when  thus  treated,  valeric,  butyric,  and  carbonic 
acids,  probably  owing  to  the  presence  of  a  secondary  amyl  alcohol  in  the  commercial 
pnxluct  (Chapman  a.  Thorp,  Chcm,  Soc.  J.  [2]  iv.  477). 

G.  AVhen  amyl  alcohol  is  boiled  with  sulphur^  a  small  quantity  of  hydrogen  sulphide 
is  evolvcil ;  sulphuretted  products  are  obtainc<l  in  larger  quantity  by  passing  the 
vapmr  of  the  alcohol  into  boiling  sulphur  (Brian,  Jahresh.  1863,  p.  467). 

7.  When  chlorine  gas  is  passed  into  amyl  alcohol,  the  liquid  becomes  not,  gi%nng  off 
hydrochloric  acid  and  amyl  diloride  ;  if  the  action  be  prolonged  (with  a  few  ounces  of 
tlie  alcohol  it  gi>es  on  for  eight  or  ten  days),  the  ultimate  product  is  the  compound 
('^irCl',  and  intermediate  products  are  formed  agreeing  approximately  with  the 
ft>rmul8B  OH»C10«  and  C*H*C1K)«;  the  latter  when  decomposed  with  alcoholic. 
(Kjtash  yields  valeric  acid.  The  compound  OH'Cl*  treated  with  alcoholic  potash 
yields  a  liquid,  C*H*C1*,  boiling  above  200^  (Barth,  Ann.  Ch.  Pharm.  cxix.  216). 

8.  Amyl  alcohol  distilled  with  water  and  chloride  of  lime  yields,  besides  chloroform, 
a  liquid  which  boils  at  70®,  has  a  density  of  0*88  at  0^,  and  exhibits  the  composition 
of  butyl  chloride,  C«H*C1  (F.  Gerhard,  Ann.  Ch.  Pharm.  cxxii.  363). 

9.  With  phosphorus  trichloride,  amyl  alcohol  yields  amyl  chloriae  and  amyl  phos- 
phorous chloride,  POH"OC1«  (Menschutkin,  Ann.  Ch.  Pharm.  cxxxix.  348).  (For 
the  action  of  PCI*,  see  i.  201.)  Phosphorus  cyanide  acts  strongly  on  amyl  alcohol, 
forming  amyl  phosphite  and  hydrocyanic  acid  (Wehrhane  a.  Hiibner,  Ann.  Ch.  Pharm. 
cxxxii.  283). 

10.  With  chlorine  ditmfphide,  S*C1*,  amyl  alcohol  mixes  to  a  yellow  liquid  which 
evolves  hydrochloric  acid  and  sulphurous  oxide,  and  when  heated  deposits  sulphur, 
gives  off  amyl  chloride,  then  becomes  carbonised  and  gives  off  stinking  sulphuretted 
products.  With  excess  of  amyl  alcohol,  the  products  are  chloride,  sulphite,  and 
sulphydrate  of  amyl  (Carius  a.  Fries,  Ann.  Ch.  Pharm.  cix.  1) : 

C*H»«0  +    S«C1«    -    C*H'«8    +    SOCl* 

Amyl  Chlorine  Amyl  Thionyl 

alcoliol.      dituliriilde.    ralphydrabe.  chloride, 
and 

4C*H»«S  +  3S0CI'  =  S«  +  4HC1  +  (C»H")'SO»  +  2C»H"Cl 
Amy  I  Thionyl  Amjl  Amyl 

imlphydrate.     chloride.  sulphite.  chloiide. 

With  sulphur  dichhride,  SCI*  (a  mixture  of  chlorine  disulphide  and  sulphur  tetra- 
chloride, V.  535),  amyl  alcohol  forms  hydrochloric  acid,  sulphurous  oxide,  amyl 
chloride,  and  chlorine  disulphide  (Carius  a.  Fries) : 

2C*H«0  +  SC1«  =»  2HC1  +  S0«  +  2C»H"a. 
With  thionyl  chloride^  amyl  alcohol  forms  hydrochloric  add  and   amyl  sulphite 
(Curius,  Ann.  Ch.  Pharm.  cxi.  98). 

1 1.  Amyl  alcohol  distilled  with  sine  chloride  gives  off,  in  addition  to  amylene  and 
amyl  hydride,  other  hydrocarbons  homologous  with  these,  varying  in  boiling  point 
from  below  60°  to  above  400®,  and  leaves  an  undistillable  carbonaceous  residue 
(Wurtz).  If  the  distillation  be  interrupted  at  140^-160®,  the  residue  contains 
triamylene  and  tetramylene  (Ba,u&r,  Zeitschr.  Ch.  Pharm.  1861,  p.  645).  On  distilling 
amyl  alcohol  for  24  hours  with  14  pts.  of  recently  fused  and  pulverised  sine  chloride, 
separating  the  portion  of  the  oily  distillate  which  boils  below  50®  and  contains 
amylene  and  amyl  hydride,  treating  the  portions  of  higher  boiling  point  once  more 
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vith  zinc  chloride,  and  farther  with  sodium,  to  remove  analtered  amyl  alcohol,  a 
liquid  is  obtained  which  yields  by  fractional  distillation,  (a)  between  60^  and  70^, 
hexylene  and  hexyl  hydride ;  (b)  between  80^  and  85^,  heptylene  and  heptyl  hydride ; 
(r)  between  120^  and  130<*,  octylene  and  octyl  hydride ;  (d)  between  ISd'^  and  }iiO^ 
nonylene  and  nonylhydride ;  (e)  diamvlene  and  diamylhydride ;  and,  Ustly,  thick  rily 
hydrocarbons  boiling  above  400^.  The  greater  number  of  these  hydiocarbons  are 
however  formed,  not  from  the  amyl  alcohol  itself,  but  from  small  quantities  of  other 
alcohols  mixed  with  it  (Wurtx,  BtUL  Soe.  Ckim.  1863,  p.  461 ;  Ann,  Ck.  Pkarm, 
cxxviii.  316). 

12.  Amyl  alcohol  boiled  with  solution  oi  pUitinic  ehhride  yields  amylene  platinoso* 
chloride,  2((?H*MICl).Pt  Cl«  +  2aq.,  together  with  valeraldehyde  and  chlorinated 
products  (Bimbaum,  Ann.  Ch.  Pharm.  cxlv.  67). 

13.  When  10  pts.  amvl  alcohol  are  added  to  2  pts.  mercury  dissolved  in  12  pts. 
mitrie  add^  a  briui  reaction  takes  place  and  oxalic  acid  is  formed,  but  no  product 
analogous  to  fulminating  mercury ;  the  cooled  liquid  deposits  crystals  of  a  double 
Milt  of  mercuroos  oxalate  and  mercnric  nitrate  (v.  Gilm,  JakreBb.  1868,  p.  402). 

14.  When  amyl  alcohol  is  heated  with  ethyl  acetate  (a),  iodide  (/S),  or  oxalate  (7), 
there  is  formed,  by  double  decomposition  between  the  amyl  alcohol  and  a  portion  of 
these  elhsxB :  a.  Amyl  acetate  and  ethvl  alcohol ;  /3.  Amyl  iodide,  ethyl  alcohol,  and 
«ihyl-amyl  oxide ;  7.  Amyl  oxalate  and  othyl-amyl  oxalate  (Friedel  a.  Crafts,  Ann,  Ch, 
Pkierm.  cxzx.  198  ;  czxxi.  56). 

Sodimm  AmyiaU  or  Amylene-eodium  Hudraie.  OH"NaO. — The  ciystalline  body 
produced  by  the  action  of  sodium  on  amyl  alcohol  (i.  206)  is  commonly  regarded  as 

tiodium  amylate,      ^  >  O,  derived  from  amyl  alcohol,        hC^*   ^^  substitution  of 

sodium  for  the  typie  hydrogen.  But  from  recent  investigations  by  Wanklyn  {Phil. 
May.  [4]  xxxvii.  117,  176),  it  appears  that  this  crystalline  body,  when  dried  at  100^, 
has  the  oompoeib'on  C*H"Na0.3C*H"0,  that  is,  1  mol.  sodium  amylate  with  3  mol. 
amyl  alcohol,  and  that  when  heated  to  about  200°  it  gives  off  the  whole  of  the  amylic 
alcohol,  leaving  pure  or  absolute  sodium  amylate,  OH"NaO.  This  same  compound 
may  be  obtained  by  the  action  of  amyl  alcohol  on  sodium  ethylate : 

C«H*NaO  +  OH"0H  «  C»H*(OH)  +  C»H"NaO. 

Moreover,  from  numerous  considerations  relating  to  the  constitution  and  chemical 
fiinctions  of  sodium  compounds,  Wanklyn  infers  that  sodium  is  not  univalent,  » 

oommonly  supposed,  but  trivalent,  sodium  hydrate  consisting  of  Na"  <  q.,    sodium 

a^tote  of  Na"'J^-P*^,  &c    (See  Sodium.) 

In  accordance  with  this  view,  sodium  amylate,  C*H"NaO,  must  be  regarded  as 
a  mylene-sodium  hydrate,  and  represented  by  the  formula 

A 


Na 


\ 


or 


Na" 


H 


H 


Na 


ii" 


Na' 


0 
C»H»0 

in   like  manner. 


Amylene-sodium  hydrate  treated  with  ethyl  vakrate  is  converted  into  amylene- 
nodium  valerate  and  ethyl  alcohol : 

C»H"  i  C*H'» 

H 

Na** 

Amylene  sodium  acetate,   r— — * rr^i   is    obtained 

^  C»H'»— OC«H*0 

This  salt,  or  ether,  is  isomeric  with  sodium  oenan  thy  late,  C'H*'NaO',  and  the  valerate 

above  mentioned  with  sodium  rutate  or  caprate,  G*'H"NaO*.     These  ethers  react 

with  wai€r  in  such  a  manner  as  to  yield  an  ordinary  salt  of  the  acid  whoso  radicle 

they  contain,  together  with  amyl  alcohol ;  e.g., 

I 
O 

IC«H«0 

Amyl  Sodium  acetate, 

alcohol. 


Na 


+     HK)     =     C*H»«0     +     Na 


IS 


C^H'O 


▲mjrlene-Mditim 
acetate. 


may  be  regarded  in  like  manner  as  Tl' 
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All  these  reactions  have  been  more  closely  studied  with  the  ethylene  sodium 
compounds  (q.v.). 

Sodium  amylate  treated  with  chloro/arm  yields  sodium  chloride  and  a  triamylic 
ether,  analogous  in  constitution  to  the  tri-alooholic  glycerides  (Williamson  a.  Kay, 
Chem,  Soc,  Qu.  J.  vii.  224) : 

CHC1«  +  3C*H"NaO  =  3NaCl  +  (c*^i)«|^'- 
Thallium  Amylate,  C^H^TIO,  described  amongst  thallium  compounds  (▼.  757). 

I 

o     • 

H 

Compound  of  Amyl  Moohol  with  Stannic  Chloride, — When  anhydrous  stannic 
chloride  is  poured,  with  careful  exclusion  of  air,  into  pure  amyl  alcohol  cooled  to 
Ijetween  — 10^  and  -  17^f  a  nearly  colourless  mass  is  formed,  consisting  of  the  amyl 
alcoholate  of  stannic  chloride,  SnCl'.2OII*^0.  This  compound  forms  colour- 
luss  tabular  cr^-stals,  which  deliquesce  rapidly  on  exposure  to  the  air,  and  are  instantly 
decomposed  by  water  into  stannous  chloride,  hydrochloric  add,  and  amyl  alcohoL  It 
dissolres  in  benzol,  chloroform,  and  carbon  bisulphide,  and  may  be  recrystallisod 
from  these  solutions  over  sulphuric  acid  in  a  vacuum,  though  not  without  partial 
decomposition.  Heated  to  lOU®  in  a  sealed  tube  and  then  distilled,  it  yields,  together 
with  a  yellow  liquid,  white  feathery  crystals  of  the  hydrate  of  stannic  chloride, 
SnC1^3H*0,  described  by  Casselmann  (v.  808).  The  yellow  liquid,  after  washing 
with  dilute  alkali,  yields  by  fractional  distillation,  from  40°  to  100*^,  moderately  pure 
amylene;  from  100°  to  170®,  chiefly  amylene  chloride,  C*H>«Cl' ;  and  from  170*  to 
400°,  polymerides  of  amylene,  mixed  with  a  small  quantity  of  chlorinated  amylenes. 
The  decomposition  of  the  amyl-alcoholate  of  stannic  chloride  by  heat  may  therefore 
be  represented  essentially  by  the  following  equation : 

2(SnCl*.2C»H"0)  -  8nCl«.3H«0  +  SnOT-HK)  +  3C»H»«  +  C»H»*C1« 

(Bauer  a.  Klein,  Zeitschr.f.  Chem.  [2]  iv.  379). 

Primary  Amylic  HalM  Ethers. 

Amyl  Bromide,  OH'^Br,  is  best  prepared  by  saturating  amyl  alcohol  with 
gaseous  hydrobromic  acid,  mixing  the  saturated  solution  with  an  equal  volume  of  the 
aqueous  acid  of  sp.  gr.  about  1*5,  and  digesting  slowly  at  the  heat  of  the  water-bath, 
either  in  a  flask  with  a  vertical  condensing  tube,  or  in  a  closed  vessel.  The  amyl 
bromide  which  rises  to  the  surface  must  be  decanted,  washed  with  water,  and  distilled 
from  under  a  solution  of  sodium  carbonate.  The  distillate  consists  of  water  and  the 
bromide,  which  has  then  to  be  dried  over  calcium  chloride  and  fractionally  distilled. 
If  the  amyl  alcohol  was  pure,  the  bromide  boils  quite  constantly;  if  not,  it 
fractionates  very  easily.  The  pure  bromide  boils  at  121°  (at  118*7°  according  to 
Mendelejef,  Jahreeb,  1860,  p.  7),  and  has  a  sp.  gr.  of  1*217  at  16°  (1*058  at  0°, 
Pierre;  1*2059  at  15*7°,  Mendelejef).  It  is  very  strongly  attacked  by  sodium  at 
temperatures  near  its  boiling  point  (Chapman  a.  Smith,  Chem.  Soc.  J.  [2]  vii.  198). 

Amyl  Chloride,  G*H"C1,  is  produced  by  treating  90  pts.  amyl  alcohol  with  200 
pts.  brown  chloride  of  sulphur  (a  mixture  of  S«CP  with  SCI*,  v.  585).  The  action  is 
very  violent  at  first,  hydrochlonc  acid  and  sulphurous  oxide  being  given  off,  for  the 
complete  removal  of  which  the  mixture  must  be  heated  to  101°.  At  110°  amyl 
chloride  distils  over,  amounting,  after  washing  with  weak  soda-ley,  drying,  and 
rectifying,  to  100  pts.  (Carius  a.  Fries,  Ann.  Ch.  Pharm.  cix.  1). 

Boiling  point  101*75°  under  pressure  of  752*4  mm.  (Pierre,  Jahreeb.  1851,  p.  51) ; 
98°  (Rossi,  ^««.  Ch.  Pharm.  cxxxiii.  176) ;  corr.  100*9°,  under  pressure  of  745*6  mm. 
(Kopp;  Carius  a.  Fries).  Sp.  gr.  0*8625  at  251°;  0*8859  at  0°  (Kopp,  JoAroft.  1856, 
p.  36) ;  0-8958  at  0°  (Pierre)  ;  0*8744  at  15*7  (Mendelejef.  ihid.  1860,  p.  7). 

Amyl  chloride  is  very  slowly  decomposed  by  water  at  100°  into  hyorocnloric  acid 
and  amyl  alcohol  (Butlerow,  Ann.  Ch.  Pharm.  cxliv.  34).  Chlorine  passed  through  it 
converts  it  into  carbon  trichloride,  C*C1*  (Gerhard,  Aid.  cxxii.  363).  With  strong 
stt/pAt«rie  00^2  it  yields  hydrochloric  and  amyl-sidphuric  acids  (Oppenheim,  J.  pr.  Chem. 
cii.  339).  With  alcoholic  ootash  it  forms  ethyl-amyl  oxide  (Beboul  a.  Trudiot,  Compt. 
rend.  Ixiv.  1243).  Heatea  with  sodium  acetate  or  bemoate,  it  forms  amyl  acetate  or 
benzoate,  together  with  a  small  quantity  of  amylene  (Berthelot,  Ann,  Ck.  Pharm. 
cxxvii.  69). 

When  chlorine  is  passed  in  difiused  daylight  and  at  ordinaiv  temperatures 
through  amyl  hydride  from  American  petroleum,  a  mixture  of  chlonnated  products 
is  formed,  from  which  by  fractional  distillation  an  amyl  chloride  may  be  separated 
boiling  at  98°-103°.    This  chloride,  treated  with  sulphydrate  and  monoeulphidc  of 
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potawinm,  ftiid  with  alcoholic  ammonia,  yields  amyl-compounds ;  bat  with  alcoholic 
poUah  it  yields  a  laige  quantity  of  amylene  (Pelouze  a.  Cahours,  Ann,  Ch,  PAy«.  [4] 
i.  13):  from  this  it  appears  probable  that  a  secondary  amyl  chloride  is  formed 
simoltaneonsly  with  the  primary  chloride. 

Amjfl  Iodide.  C*H"L — Produced,  together  with  ethyl  alcohol,  by  heating  amyl 
alcohol  with  ethyl  iodide ;  the  decomposition,  however,  is  only  partial ;  and,  on  the  other 
hand,  ethyl  alcoaol  and  amyl  iodide  react  partially,  producing  amyl  alcohol  and  ethyl 
iodide  (Fnedel  a.  CrafU,  Aim.  Ch,  Pkarm,  czxx.  198). 

Acoovding  to  Grimm  (J.  wr.  Chem,  Ixii.  385),  the  directions  usually  given  for  the 
preparation  of  this  oomponna  prescribe  too  large  a  proportion  of  amyl  alcohol.  Grinun 
uses  6  parts  iodine  to  4  parts  amyl  alcohol.  The  fUcohol  mixed  with  4  to  5  per  cent 
water  is  saturated  with  iodine ;  Uie  decanted  solution  is  heated  to  60^  and  decolorised 
vith  phosphorus,  then  decanted  from  the  phosphorus,  and  poured  back  on  the 
andissolved  iodine,  ag&in  decolorised  with  phosphorus,  and  so  on,  till  the  whole  of  the 
iodioe  is  used  up.  l^e  fuming  liquid  is  distilled  after  24  hours,  the  distillate  shaken 
op  with  water  and  iodine,  as  long  as  the  colour  of  the  iodine  is  thereby  destroyed, 
then  washed,  dried,  and  rectified,  the  pure  amyl  iodide  pcwaing  over  at  149^. 

Spw  gr.  Boiling  point  (oonr.)  OtHerrera 

1*5087  at  15-8''  )  (Mendelejef  {Compt.    rend. 

(referred  to  water  at  4^  ( J     1.62). 

1*4387  at  22-3» 

1  4678  at  0*  .  147*2<>  to  147*7**  (bar.  740-2'>  mm.)  Kopp  (Jakntb,  1853,  p.  37). 

1-4938  at  20<>       ....         149<' •  .        Grimm. 

Beadwrne. — Amyl  iodide  is  slowly  oxidised  to  valeric  acid  by  a  5  per  cent,  aqueous 
soliitioD  of  potoMMum  dichromaU  and  tmlphuric  acid  (Chapman  a.  Tnorp,  Chem,  8oe. 
J.  [2]  iv.  477).  Heated  with  moist  sUver  oxide  to  100^,  it  forms,  silver  iodide  and 
Mnyl  alcohol,  together  with  small  quantities  of  amyl  oxide  and  amylene  (Wurtz,  Ann. 

a.  J%f  [3]  zlTi.  228). 
When  2  at.  silver  cyanide  and  1  at  amyl  iodide  are  heated  together  to  the  boiling 

Soint  of  the  latter,  a  very  violent  action  takes  place,  equal  volumes  of  amylene  and 
ydrogranic  acid  being  given  off,  and  a  black  mass  remaining,  which  consists  of  silver 
iodide  and  a  compound  of  silver  cyanide  with  amyl  cyanide,  and  when  further 
heated  gives  off  hydrocyanic  acid,  amylene,  and  amyl  cyanide  (Hofmann,  Zeiteekr.f, 
Ckm.  [2]  iii.  665). 

For  the  reactions  of  amyl  iodide  with  sodium,  see  i.  202 ;  with  sodium  ethylate 
and  methylate,  i.  205 ;  with  zinc,  iv.  219 ;  with  sodium  stannide,  v.  835  ;  with  sodium 
plmnlMde,  iii.  560 ;  with  sodium  amalgam  in  presence  of  acetic  ether,  iii.  924 ;  with 
caeodyl,  i.  411  ;  with  ethyl  oxalate,  amyl  oxalate,  jcc.,  and  zinc,  iv.  278. 

SeeoBdaarr  Anyl  Alettbola.  The  secondary  alcohol  G«H'*.CHOH  or  G*H>«.HH> 
admits  of  the  three  following  modifications : 


C 


C, 


fCH(CH«)«  /CH«CH» 

CH*         •  ^   CH»CH« 

H  ^H 

lOH  (oh 

Propyl-metliyl              Isopropyl-mefchyl  Diethyl 

carUiioL                        csrUnoL  carUnoL 


^CH»CH«CH» 

CH» 

H 
I  OH 


The  tint  two  of  these  are  actually  known. 

PaoPTL-XBTHTX.  Cabbinol  IS  produccd :  1.  By  combining  ethyl-allyl, 
C'H^C*H',  with  hydriodic  acid,  and  distilling  the  resulting  secondary  amyl  iodide, 
C*H^.HI,  with  silver  oxide  and  water,  or,  better,  by  converting  the  iodide  into  the 
eorneponding  acetate,  C^Hi'.H.CH'O*,  by  means  of  silver-acetate,  and  distilling  the 
purified  acetate  at  120°  with  very  strong  potash-ley  and  sticks  of  potash.  The 
panage  from  the  ethyl-allyl  through  the  iodide  to  the  alcohol  may  be  represented  by 
the  fcdkwing  structural  formuls : — 


'  CH«                      CH« 

CH" 

1  0H«                       CH« 

CH« 

1                             1 
.  CH«                      CH« 

CH« 

CH                        CHI 

CH.OH 

I  CH«                       CH»H 

CH» 

Bttayl-allyl.                     Seoondary 

SeomdAry  amyl 

amyl  iodido. 

alcohol. 

(Wmti.Zei<ic*r./.  Ci 

kem.  [2]  iv.  490). 
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fC»H' 
C{CH» 
lo' 


2.  hy  (Icconi posing  propyl-methyl  ketone  (obtained  by  distilling  a  mixture  of 
cnleium  butyrato  and  acetate)  with  sodium  amalgam  and  water  (Friedcl,  ibid.  y. 
486). 

/C»H» 

H«       =      C.  ^' 

(oh. 

Propyl-mcthyl  carbinol  has  an  odour  like  that  of  ordinary  aroyl  alcohol,  but 
lf>SB  pungent ;  sp.  gr.  -■  0*8249  —  0'8260  at  0°  ;  boiling  point  120^  under  a  prrssure  of 
769  mm.  (Wurtz),  120° -128**  (Friedel) ;  insoluble  in  water;  oxidised  by  potas- 
Blum  ptrtnanganate,  yielding  a  neutral  liquid  which  unites  with  acid  sodium  sulphite, 
and  when  separated  from  that  combination  boils  at  103®,  and  exhibits  nearly  the 
composition  of  propyl-methyl  ketone,  C^H'*0.  Acetic  and  propionic  acids  arc  likewise 
produced  in  the  oxidation.  The  alcohol  treated  with  chromic  acid  does  not  yield 
cur1x>n  dioxide  (Wurtc).  Treat4)d  with  iodine  and  pAoaphorus,  it  yields  the  corre- 
ft))onding  iodide,  C*H'*.HI,  which  when  decomposed  by  silver  aioetate,  yields  amylene, 
to^jothor  with  tlie  corresponding  amylic  acetate,  C*H*«.H.C*H*0'. 

IsoPRoPYL-MBTHTL  Cardinol,        ^   q^,>CHOH,  or  Amtlienb   Huno- 

HYDDATB,  C*H**.HH),  discovered  by  Wurtz  {Ann.  Ch.  Pkya,  [4^  iii.  137),  is  produced 
by  combining  amylone  (from  ordinary  amyl  alcohol)  with  hydnodic  acid,  adding  the 
resulting  hydriodide  by  small  quantities  at  a  time  to  an  equivalent  quantity  of  moist 
silver  oxide  in  a  vessel  surrounded  with  ice,  then  leaving  the  mixture  to  itself  for  a 
wliile,  and  diHtilling.  The  alcohol  then  passes  over  with  the  water ;  afterwards  the 
boiling  point  rises  to  about  16C®,  and  above  that  temperature  the  corresponding 
ether,  C*H".H(OC^Ui*),  passes  over.  Ordinary  amylene  hydriodide  is  decomposed  by 
silver  oxide  much  more  easily  than  the  isomeric  compound  ethyl-allyl  hydrioaide. 

The  passage  from  amyleno  through  the  iodide  to  the  alcohol  is  represented  by  the 
following  formula : 

H'C        CH*  HH3        CH"  H«C        CH> 

\/        \/        \/ 

CH  CH  CH 

CH  CHI  CH.OH 

CH«  CH«.H  CH» 

Amyleno.  Iodide.  Alcohol. 

iHopropyUmethyl  carbinol  is  a  light.,  colourless,  veiy  mobile  liquid,  boiling  at  105° 
(l)ar.  768  mm.)  (Wurti),  at  108°  (Kolbe),  i.e.  from  12°  to  15°  lower  than  methyl- 
pmpyl  carbinol.  Heated  for  some  hours  to  200°,  it  splits  up  into  amyleno 
and  water.  It  absorbs  kydrwdio  acid  rapidly  and  with  rise  of  temperature,  forming 
water  and  amylene  hydriodide;  with  5romttM  it  forms  chiefly  amylene  dibromide; 
with  chlorine^  amvlene  dichloride  and  hydrochloride.  When  shaken  up  with  sulphuric 
acid^  it  becomes  hot  and  yellow,  and  is  converted,  not  into  amylsulphuric  acid,  like 
the  primary  alcohol,  but  into  amylene  and  hydrocarbons  polymeric  therewith.  With 
sodium  it  forms  soihum  nmylenate,  C*H»*.Na(OH)  [probably  identical  with  Wanklyn*8 
hydrate  of  amylene-sodium,  p.  1091,  which  when  treated  with  amylene  hydriodide 
reproduces  the  secondary  alcohol  ana  amylene : 


^'*^'ioH    *  C*H"|^  ==  Nal  +  C»H»*  +  C*H"} 


H 
OH. 


When   oxidised  hy  potoMum  dichromaU  and  sulphuric  acid,  it  gives  off  carbon 

dioxide,  volatile  acios,  chiefly  acetic  acid,  a  mixture  of  ketones,  &c. ;  withpotoMium 

ptrmanganate,  the  same  products  (Wurtz).    According  to  Kolbe  (Ann,  Ch.  Pkarm. 

cxxxii.  102  ;  jahmh.  1864,  p.  602),  the  oxidation  is  of  a  more  definite  character.     On 

gradually  pouring  the  alcohol  into  a  hot  aqueous  solution   of  2  pts.   potassium 

dichromate  mixed  with  3  pts.  sulphuric  acid,  there  distils  over,  together  with  acetic 

acid,  a  fruity-smelling  oil,  which  is  a  mixture  of  the  unaltered  alcohol  with  a  ketone, 

C*H**0,  convertible  by  further  oxidation  into  acetic  and  carbonic  acidiB.    This  body  is 

<CH* 
doubtless  isopropyl-methyl  ketone,  or  methyl-isobutyiyl,  CO]^S/ptri\« 
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Secondary  Am^io  Etken, 

ThflM  etlien,  as  well  as  the  ooneeponding  alooliols,  an  distinffniahed  from  the 
uinuuy  aniylic  eompoiinds  by  the  ikcibty  with  which  they  aro  nemred  into  amylene 
(or  isoamyleQe)  and  the  eoxreepondiiig  adds.  They  may  in  faet  be  nguded  as 
amylene  emnpoonds  intermediate  in  composition  between  the  primary  amyl 
eomponnds  and  the  am^lene-glyoolic  compounds.  (See  Alcohols,  p.  66.)  The 
ehlorids,  bromide,  and  iodide  are  formed  hy  direct  combination  of  amylene  or 
isoamylene  with  the  haloid  adds. 

Propyl'MBtkyi-earbinyl  Acttate  or  Iso^amyltn^  Aeetat€t 

^|CH(C«H«0')  -  C»H»H(C»HH)«), 

is  prepared  by  adding  the  conesnonding  iodide  to  an  eqniTalent  quantity  of  silver 
acetate  sospended  in  ether,  dietillin^  after  24  hours,  agitating  the  distdlate  with 
aqneoos  soainm  carbonate,  drying  with  calcium  chloride,  and  rectifying.  It  is  a 
oolonxieei  liquid,  having  a  pleasant  aromatic  odour,  but  not  smelling  of  pears  like 
ordinaiy  amyl  acetate.  Sp.  gr.  09222  at  0^  Boils  at  183''-186°.  Decomposed  with 
d^Benlty  by  caustic  potash,  yielding  propylmethyl-carbinol  (Wurts). 


hofTOfffl'methyl-earbinyl  Acetate  or  Amylene  Acetate^ 

^^^|CH(C«HH)«)  -  C»H»».H(C«H»0«). 

Pkoduced  by  the  action  of  amylene  hydriodide  on  silver  acetate.  Colourless  liquid, 
li^iter  than  water,  boiling  at  125^.  When  kept  for  some  time  at  200^,  it  is  resolved 
into  acetic  acid  and  amylene  (Wurtc). 

Itopropyl-methyl-earbinyl  Amylate,  C>»H"0  -  ^^1|CH(0C»H»>)»  or 

DUmylene  Hydrate  »  (C*H'*)'.HH),  is  obtained,  as  above  mentioned,  together 
with  the  correBponding  alcohol,  by  the  action  of  moist  silver  oxide  on  the  hydriodide, 
but  in  variable  quantity.  It  is  an  aromatic  liquid,  differing  in  odour  firom  its 
isomeride,  primazy  amylic  oxide,  and  boiliiijg  at  160^-1 65**  (the  primary  ether  boils  at 
176°).  Sp.  gr.  -■  0*876  at  0^.  Insoluble  in  water.  Resolved  by  heat  into  amylene 
and  amylene  monohydrate;  by  gaseous  hydriodic  add  into  water  and  amylene 
hydriodide  (WurU). 

liopropyl-methyl-carbinyl  Ethylate,   ^^^i | CH(OC«H»)  ;      Ethylene- 

amylene  Hydrate  or  Amylene  Ethylate,  ^i^i^lEH).— Formed    by    heating 

an^iene  hydrobromide  with  excess  of  alcoholic  potash  (amylene  being  however  the 
priadpal  woduet),  and  separated  by  washing  with  water  and  rectification,  finally  over 
•odium.  Boils  at  102^-103^  under  a  pressure  of  742  mm.  (the  isomeric  ethyl-amyl 
ether,  (C^*)(C^H")0,  at  112°),  and  has  a  sp.  gr.  of  0759  at  21<'.  Heated  with 
hydrobromic  add,  it  yields  primaiy  and  secondary  amylic  bromides  (Reboul  a. 
Tnchot,  Compt.  rend.  Ixiv.  1248). 

Itopropyl-metkyl-earbinyl  Bemoate  or  Amylene  Benzoate, 

^^|[CH(C»H»0«)  -  C«H".H(C»H»0«), 

nvpared  like  the  acetate,  is  a  colouriess,  rather  mobile  liquid,  soluble  in  water, 
Mviug  a  slight  benaoic  odour,  and  a  faint  but  disagreeable  taste.  Sp.  gr.  1*007  at  0°. 
BoUs  at  about  240°  (Wurtc). 

Isopropyl-metkyl'earbinyl  Bromide  or  Amylene  Hydrobromide: 

I  ^gi|cHBr  -  C»H».HBr. 

Pivpared  like  the  hydrochloride,  which  it  also  resembles  in  its  properties.  Sp.  gr- 
1-227  at  0^.  Boils  at  118^  (oonr.).  Its  vapour-density  at  diiferent  temperatnreii 
exhibiU  variations  similar  to  those  of  the  hydriodide  (p,  116)  as  shown  by  tha 
followiiig  Dnmben,  determined  by  Wurts : 

•  The  symbol  pcnv  U  beie  oaeci  m  oo  at>laeTiation  of  OH(OH")*. 
Sap,  I 
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Temp. 
(ooRQCted) 

I630  . 

158-8  . 

160-5  . 

165 

171-2  . 

1781  . 

182-3  . 

185-5  . 


V.D. 

5-37 
5-18 
5-82 
5-14 
516 
5-18 
515 
5-12 


Temp, 
(corrected) 
198-2° 
195-2 
205-2 
215 

225 

236-5 
248 


V.D. 

4-84 
4-66 
4-39 
412 
69 
68 
3-83 
3-30 


Temp, 
(corrected) 

262-5° 

272 

295 

305-3 

314 

319-2 

360 


V.D. 

309 
3-11 
319 
319 
2-98 
2-88 
2-81 


Now  the  calculated  Yapoor-density  of  the  compound,  referred  to  air,  is 


60  ♦  11  -h  80 
2 

X  0*0693  —  5*23.  Hence  the  compound  exhibits  a  normal  yapour-density  as  hish 
as  about  185°,  or  72°  above  its  boiling  point;  but  above  that  tempeiatore  the 
vapour-density  diminishes,  rapidly  between  198°  and  250°,  and  at  360°  it  is  reduced 
to  little  more  than  the  half  of  the  calculated  density,  showing  that  the  compound  is 
resolved  at  these  high  temperatures  into  a  mixture  of  amylene  and  hydiobromie 
acid.  At  the  same  temperatures  hydrobromic  acid  vapour  and  amylene  may  be 
mixed  together  without  uniting,  the  mixture  not  being  attended  by  any  pevoeptible 
increase  of  heat.  If  mixed  at  215°-225°,  they  combine  to  a  small  amount,  producing 
a  rise  of  temperature  amounting  to  0*5° ;  if  mixed  between  120°  and  130°,  they 
combine  in  larger  proportion,  producing  a  rise  of  4°  to  6° ;  and  if  mixed  at  40°,  they 
unite  immediately,  producing  a  considerable  rise  of  temperature.  All  these  phenomena 
show  that  the  anomaly  in  the  vapour-density  of  this  and  of  similar  compounds  at 
high  temperatures  is  due  to  dissociation  (Wurts,  Comp^.  rend,  Ix.  728 ;  Izv.  1182). 

Isopropyl-methyl-carbinyl    Chloride,    or  Amylene   Hydrochloride^ 

^^^^1|CHC1    »    OH^rHa.— Produced  by  the  direct  combination  of   amylene 

vapour  and  hydrochloric  acid  gas,  the  action  being  attended  with  evolution  of  heat ;  also 
by  dissolving  amylene  at  ordinary  temperatures  in  4  vols,  absolute  alcohol  saturated 
with  hydrochloric  acid  gas,  and  distilling  off  the  upper  layer  of  liquid  after  24  houn 
(Berthelot,  Chmpt,  rend,  Ivi.  700).  fi  is  a  colourless  mobile  liquid,  having  an 
ethereal  odour,  boiling  at  about  90°.  Sp.  cr.  »  0*883  at  0°.  VapoiuMlensity  at 
193°  a  8*58  (calc  for  a  two-volume  condensation,  8*688);  but  at  a  somewhat 
hiffher  temperature  dissociation  occurs,  and  at  290°  the  density  of  the  vapofur  is 
reduced  to  that  of  a  mixture  of  amylene  and  hydrochloric  ada,  namely,  to  1*808. 
The  amylene  and  hjirdrochlorio  aeid  reoombine  in  great  port  on  cooling  f  Wuitz). 
Amylene  hydrochloride  treated  with  aqueous  potash  yields  amylene  hyorate  or 
isopropyl-methyl  carbinol  and  amylene ;  with  eoaium  bensoate  it  yields  amylene  and 
a  large  quantity  of  isopropyl-methyl  benzoate ;  with  eodium  acetate,  amylene  in  rather 
large  quantity,  and  the  conesponding  acetate  (Berthelot). 

leopropyl'methyl'Carhinyl  Cymnaie,  or  Amylene  Cyanate, 

^^1|CH(0CN)  -  C»H»«.HCNO, 

obtained  by  treating  amylene  hydriodide  with  recently  prepared  and  cooled  silver  cyanate, 
is  a  liquid  boiling  between  100°  and  120°,  and  having  an  irritating  odour.  In  contact 
with  ammonia,  it  forms  secondary  amyl-urea,  C*Hi^NK>eC0N*H*(CH')(OH*) 
[primary  amyl-urea  being  -  CON«H»(0»H").  This  compound  crystalbaes  in 
splendid  needles,  and  when  treated  with  very  strong  aqueous  potash  yields  carbon 
dioxide,  ammonia,  and  secondary  amylamine  or  iso-amylamioe  (p.  116). 
By  f/HUer  or  caustic  potash,  amylene  cyanate  is  converted  into  a  mass  of  cmtals, 
consisting  of  secondary  diamyl-urea,  C"H««N*0  =  CON«H(CH»XC*H»XC»H") 
[primary  diamyl-urea  being  CON*H*(C*H")>]  (Wurts). 

Propyl-methyl  Carbinyl  Iodide,  q^ACBI,  or  Iso-amylene  Hydri- 
odide, C*H**.HI,  is  produced  by  heating  ethyl-allyl  (isoamylene)  with  hydriodie 
acid,  or  by  the  action  of  iodine  and  phosphorus  on  propyl-methyl  carbinol  (p.  112). 
It  has  a  sp.  gr.  of  1*637  at  0°  and  1*6219  at  11°.    Boils  at  129°  (Wurti). 

Isopropyl-methyl-earbinyl  Iodide,  ^^hIJcHI,  or  Amylene  Hydri- 
odide,  OWMU  vt  produced  by  heating   ordinary   amylene    with    concentrated 
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lijdriodic  add.  It  boils  st  130°  under  the  ovdinaiy  atmoe^erie  preesure  (primarf 
amjl  iodide  at  140°),  and  at  60''~56^  in  a  Tacunm.  8p.  fpr,  »  1*622  at  0°.  Its 
▼aponr^lennty,  even  at  temperatures  but  little  abore  its  boiling  point,  falls  below 
ib»  calculated  number,  indicating  a  conmieneement  of  deoomposition,  and  at  higher 
temperatorBS  the  rapoor-dMudtf  approachea  oontinnaUy  to  that  of  a  mixture  of 
amylene  and  hydriodic  acid ;  thus : 

TtemMntOTB  Vspoar-dflDiity 

Air  B  I,  Hydrogni  *>  t« 
160°        ....    6-7S  82-7 

210°        ....    406  67*3 

262°        ....    4*88  68-2 

Half  the  moleenlar  vwght  of  the  compoand  G>H»I  is  ^0  +  H  -*•  127  _  ^ 

"With  todium,  amylene  hydriodide  yields  cliiefly  amylene  and  hydrogen.  With 
aUver^tcetaU  mixed  with  ether,  a  brisk  reaction  takes  place,  even  at  0°,  the  liqoid 
becoming  hot,  and  yielding  seoondaxy  amyl  acetate,  together  with  amylene  and  aeetio 
acid: 

and 

Hoist  ulcer  oxide  acts  in  a  similar  manner,  forming  silver  iodide,  secondary  amyl 
alcohol,  amylene,  and  water.  Aqueous  ammomia  heated  with  the  hydriodide  to  100° 
in  a  dosed  tabe  displaces  the  amylene,  and  foims  only  a  small  quanti^  of  the 
hydriodide  of  an  organic  bsse,  which  yields  a  platinochloride  crystallising  in  golden 
yellow  scales.    Jleokoiio  potaeh  liberates  amylene  (Wnrts). 


"I 


or    atHjrMUaattijn  owblnoi.     O^C>H*  - 

I  OH 
(CH»>«(0»H»).COH  (Pbpoif,  Mm,  Ck.  Pharm.  cxlr.  292).-A  mixture  of  1  mol. 
^S!!KX???LS~,  ^  moL  nno-mathyl  yidds  needle-shaped  crystals  of  the  compound 
(CT*f(C»H»).CCl,  item  which  by  decomposition  with  water  the  tertiary  alcohol  is 
obtained,  the  reaction  being  precisely  analogous  to  that  by  which  tertiary  butyl 
alcohol  is  mpmA  from  dnc-methyl  and  acetyl  chloride  (p.  66).  The  alcohol  is 
separated  b^  distillation  and  addition  of  a  strong  solution  of  potaisium  carbonate 
ahaken  up  with  a  concentrated  solution  of  add  sodium  sulphite,  and  dried  with  fosed 
potash  and  caustae  baryta.  It  boils  between  986°  and  102°.  smells ywry  much  like 
trimethyl  carbinol,  does  not  solidify  at  -17°,  merely  becoming  more  Tisdd  and 
syrupy.  By  oxidation  with  potassium  dichromate  and  dilute  sul^orie  add  it  yields 
nothing  but  acetic  add. 


^Ji^S^  »ra»l»»  or  quiWTAjrj.  C»H".— This  saturated  hydrocarbon,  ths 
fifth  of  the  paraffin  or  mamh-gas  series,  OH«-+»,  is  found  in  American  petroleum,  of 
whidi  It  constitutes  the  portion  boiling  at  30°  (Pelouae  a.  Cahours) :  it  is  also  found 
in  Boghead  naphtha  (C.  Gr.  Williams,  Chem.  8oe,  J.  xv.  180),  and  in  light  coal-tar 
ofl  obtained  from  Wigan  cannel-coal  (Schorlemmer,  Und,  419).  It  is  produced  •  a.  Br 
the  action  of  water  on  rinc-amyl :  r  '        j 

Zn(C»H")«  +  2H«0  «  ZnH*0<  +  20H". 

A  By  heating  equal  volumes  of  amjd  iodide  and  water  to  140°  in  a  sealed  tube  with 
eieess  of  zinc  (Frankland,  Jnn,  Ck.  Fharm.  Ixxiy.  47) : 

20^»»I  +  HH>  +  Zn«  =  ZnI«.ZnO  +  2C»H". 
7.  Together  with  amylene  and  its  polymerides  by  heating  amyl  alcohol  with  sine 
dkmde.— 8.  Together  with  amylene,  as  a  product  of  the  deoomposition  of  diamyl.  in 
the  action  of  sine  on  dry  amyl  iodide : 

GMH»  -  C»H»»  +  0»H»». 
The  mixture  of  amyl  hydride  and  amylene  formed  in  these  and  other  reactions  may  be 
1*»*gd  by  means  of  fuming  sulphuric  add,  which  dissolyes  the  amylene,  but  not  the 
amyl  hydride. 

Amyl  hydride  fiom  American  petroleum  has  a  sp.  gr.  0-628  at  18°  and  boils  at  80° 
(Pelouae  a.  Oahooxs) ;  sp.  gr,  0'6268  at  ir»,  boiling  point  34°  (Schorlemmer,  iVoc. 
Boy.  Soe.  xr.  181).    Amyl  hydride  readily  absorbs  cJUorine,  forming  (together  with 
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more  highly  chlorinated  products)  amyl  chloride,  OH**Cl,  boiling  at  102°,  lika 
that  obtained  from  amyl  alcohol  (Pelouze  a.  Cahours).  By  prolonged  action  of  the 
chlorine  a  thickish  liquid  is  obtained,  which  begins  to  boil  at  180°,  and  yields  between 
230°  and  240°  a  liquid  having  the  composition  C*H*C1*,  and  conyerted  by  alcoholic 
potash  into  trichlonutnylene,  OH'Cl'  (Bauer,  Campt.  rend.  li.  672). 


SmUPBOXZBa.  C»H"SO  »  (C'H")*SO.— Produced  by  carefully 
dropping  amyl  sulphide,  (C*H^')'S,  into  fuming  nitric  acid,  and  precipitating  the 
solution  with  water.  It  then  separates  as  a  light  yellow  oil,  solidifying,  when  washed 
with  sodium  carbonate,  to  a  crystalline  mass,  which  may  be  washed  with  water  and 
recrystallised  from  ether.  On  leaving  the  Btill  coloured  crystals  to  drain  in  a  funnel, 
the  coloured  portion  runs  away,  and  the  purer  compound  remains.  It  forms  stellate 
groups  of  needles  melting  at  37°-38°,  insoluble  in  water,  easily  soluble  in  strong 
sulpnuric  and  in  fuming  nitric  acid,  from  which  solutions  it  is  precipitated  by  water ; 
easily  soluble  also  in  alcohol  and  in  ether.  It  gives  off  acid  vapours  at  100°,  and  ia 
decomposed  by  distillation,  evolving  stinking  sulphuretted  products ;  is  completely 
oxidised  by  heating  with  chromic  acid,  iodic  acid,  and  other  oxidising  agents ;  reduced 
by  zinc  and  dilute  sulphuric  acid  to  amyl  monosulphide.  Hydriodic  acid  deoomposee 
it  at  ordinary  temperatures,  and  more  readily  when  heated,  with  separation  of  iodine, 
and  formation  of  a  brown  oil  insoluble  in  water.  Not  altered  by  ethyl  iodide,  amyl 
iodide,  or  sine-ethyl  (Saytseff,  Ann,  Ch,  Pharm.  cxxxix.  864). 


Ordinary  amylamine,  C*H*'N,  being  derived  from  the  amylic 
alcohol  of  fermentation,  contains  the  radicle  isobutyl  CH'CH(CH*)*,  and  is  ropreeented 
by  the  formula 


fCH»CH(CH»)« 

CJH»  or      N^ 

NH« 


(CH«CH«CH(CH«)« 
H 
H. 


It  is  produced,  together  with  formic  acid,  by  the  action  of  acids — hydrochloric  acid  for 
example — on  amyl  cyanide  (Hof^nann,  Jakretb,  1867f  p.  364) : 

C»H"CN  +  2HK)  -  C»H"N  +  CH«0«. 

According  to  Limpricht  (Bull.  Soc.  Chim,  [2]  viii.  368),  a  mixture  of  amvl  cyanate 
and  cyanurate,  decomposed  by  potash,  forms  an  oily  and  a  watery  layer,  the  former 
consisting  of  amyl  alcohol,  the  latter  of  a  mixture  of  amylamine,  diamylamine,  and 
triamylamine. 

'CH(CH»)> 

CH» 

or 


Secondary  Amylamine  ot  It  o  amy  I  amine.  C^H^'N  »  C 


H 
\NH« 


(CH(CH»)[CH(CH«)«] 
N  j  H  .— ThU  base,  discovered  by  Wurta  {BuU.  Soc.  CMm.  [2]  vii. 

248),  is  produced  by  heating  secondary  amyl  urea  (p.  113)  in  a  flask  of  very  hard 
glasE  with  strong  potash  mixed  with  solid  potassium  hydrate,  decanting  the  liquid 
which  takes  the  place  of  the  crystals  of  the  urea,  and  distilling  it  over  caustic  baryta. 
The  isoamylamine  then  distils  over  at  78*6°.  Its  density  at  0°  is  0766.  It  has  an 
ammoniacal  odour,  precipitates  cupric  salts,  but  does  not  I^Bdissolve  the  precipitated 
cupric  hydrate.  Ita  vapour  strongly  heated  in  contact  with  baryta  yields  combuatiblo 
gases  and  a  small  quantity  of  barium  cyanide.  Bromine  in  contact  with  excess  of  the 
concentrated  solution  of  this  base  forms  a  hydrobromide  of  the  base  and  a  heavy  yellow 
brominated  liquid,  C»H»«BrN,  which  cannot  be  distilled.  The  i^drockloHde,  0»H»«N.HCI , 
crystallises  in  efflorescent  scales,  and  may  be  obtained  in  rather  large  quadratic 
octohedrons  by  pouring  ether  into  the  concentrated  alcoholic  solution.  The  platino- 
chloride^  20*H"KCl.PtCl*,  is  very  soluble  in  water  and  in  alcohol,  and  forms  fine 
crystala,  derived  from  a  monoclinic  prism.  The  auroehloride,  C»H"KJLuCl»,  forms 
large  yellow  crystals,  also  belonging  to  the  monoclinic  system. 


JLmwiMKM  or  QUlHTJUnk  C»H".— This  hydrocarbon,  originaUy  obtained 
by  dehydrating  amyl  alcohol  with  rinc  chloride,  is  also  produced :  in  the  decomposition 
of  amyl  chloride  by  melting  potash,  or  by  passing  the  vapour  of  that  compound  over 
lime  heated  to  dull  redness : 

2C»H"a  -f  CaO  »  CaCl«  +  H«0  +  2C»H'* ; 
111  the  decomposition  of  amyl  iodide  by  zinc  amalgam  in  sealed  tubes ;  of  amylene 
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liydntfe  or  secondary  amyl  alcohol  by  heat ;  of  amylene  hydriodide  by  moist  silrer 
oxide,  ammonia,  silrer  acetate,  &c.  (p.  116);  of  amylene  dibromide,  by  copper  and 
vatcr  under  certain  drenmstances ;  in  the  dry  distillation  of  amyl  sulphates,  acetates, 
and  botyrates,  also  of  oleic  add,  resin,  Boghead  coal,  and  other  ozganic  bodies. 

To  prepare  amylene,  1  pt  of  fused  zinc  chloride  is  drenched  with  |  pt.  amyl  alcohol, 
and  the  hqnid,  alter  sereral  days'  contact  and  frequent  agitation,  is  oistilled,  the  action 
beginning  at  7(P-80^,  and  the  distillation  being  continued  till  the  temperature  rises 
to  18<P-140^  and  the  liquid  begins  to  froth.  The  distillate  contains  amylene,  water, 
mndeeompQsed  amyl  alcohol,  and  polymerides  of  amylene ;  it  is  redistilled  in  the  water- 
bath,  and  the  distillate  is  dehydrated,  and  rectified  orer  sodium.  The  residue  contains 
di-,  tri-,  and  tetra-amylene  (Bauer,  Wien.  Akad.  Ber.  xliy.  [2]  87  ;  Jahretb,  1861,  p. 
659).    See  also  Linnemann  (Ann.  Ck,  Pkarm.  cxliii.  850). 

Amylene  boils  at  n^  to  84<>.  Sp.  gr.  -  0*66277  at  Q9 ;  0*6549  at  l(P  (Buff,  Ann. 
Ck.  PkoTM.  8uppl.  iT.  148). 

Iso^amfUne  or  Ethyl-aUyl,  C^H'.CH*,  a  hydrocarbon  isomeric  with  the 
amylene  alx>Te  described,  is  produced  by  the  action  of  zine-ethyl  on  allyl-iodide : 

Zn(C«H»)«  +  2C«H»I  -  Znl»  +  20Hw 
"Wlien  a  mixtore  of  1  mol.  sine-ethyl  and  2  mol.  allyl-iodide  is  heated  to  100^  in  a 
npalw^  tube,  a  Tiolent  action  takes  place,  sine  iodide  separates  out,  and  on  opening  the 
tube  a  laxge  quantity  of  gas  esca^,  whilst  the  iodide  is  saturated  with  a  liquid.  On 
distilling  off  this  liquid,  neating  it  for  some  days  in  a  sealed  tube  with  potassium^  and 
then  anqeetingitto  fractional  distillation,  allyl  passes  oyer  first,  forming  the  prindpal 
prodnct,  then  between  25^  and  82^  chiefly  amyl  hydride,  and  between  32®  and  89^  ethyl- 
ailyl  or  iso-amylene  mixed  with  amyl  hydride.  These  two  hydrocarbons  are  separated 
by  treatment  with  bromine  and  distillation,  the  amyl  hydride,  which  does  not  unite 
writh  the  bromine^  passing  off  at  a  comparatiyely  low  temperature,  the  bromisoamylene 
at  about  175<'  (Wurta,  Ann.  CK  Pkarm.  czxiii.  202). 

The  constitution  of  iso-amylene  is  shown  by  its  mode  of  formation ;  ordinaiy 
smylene  has  not  been  formed  synthetically,  but  its  fonnation  fh>m  primary  amyl 
mlfiohol,  and  its  conyersion  into  secondaiy  amyl  alcohol  or  methyl-isopropyl  carbinol 
(p.  1 12)  show  that  it  has  the  constitution  of  yinyl-isopropyl :  CH'.C^H'. 

H»C        CH»  CH» 

CH  CH« 

CH  CH« 

CH«  CH 

I 

CH* 
Tlnyl-iiopropjl  Bthyl-allyl 

or  ■myiane.  or  Jfo-amylone. 

Amylene  differs  Vj  2  at.  hydrogen  from  the  saturated  hydrocarbon  C*H",  and  is 
capable  of  uniting  directly  wiui  2  at.  bromine,  chlorine,  and  other  univalent  radidea, 
also  with  1  moL  HCl,  HBr,  &c,  and  thereby  forming  saturated  compounds  of  the  type 
C*H>*.  It  is  therefore  a  diatomic  or  biyalent  radicle  ;  but,  like  most  other  radicles  of 
this  class,  it  possesses  considerable  stability  in  the  free  state,  and  is  capable  of  giying 
vp  a  portion  of  its  hydrogen  in  exchange  for  other  radides,  thereby  forming  substitution- 
products  of  its  own  ty^,  e^.  C*H*C1,  C*H"Br,  &c. ;  and  these  again  can  take  up  CI', 
br*,  HCl,  ftc,  also  forming  saturated  compounds.  On  the  other  hand,  amylene  bromide, 
OH^Br*,  heated  with  alcoholic  potash,  gives  up  2  mol.  hydrobromic  acid,  and  is 
Tednced  toquintine  oryaleryfene,  CH',  which  is  a  quadriyalent  radide capable 
of  forming  saturated  compounds,  like  C^H*Br*,  and  unsaturated  (biyalent)  compounds, 
like  CH'Br* ;  moreoyer,  this  last-mentioned  compound  is  reduced  by  treatment  with 
alcoholic  potash  toqnintoneoryalylen'e,  C*H',  which  is  a  sexvalent  radicle  (y.  982). 

TIm  following  reactions  relate  chiefly  to  ordinary  amylene ;  those  of  iso-amylene,  so 
far  as  they  have  been  studied,  are  analogous : — 

1.  Amylene  is  not  altered  at  800®,  but  decomposes  partially  when  heated  in  a  glass 
yeasel  to  the  softening  point  of  the  glass,  yieldinff  traces  of  acetylene  and  tar,  also 
hydioearbona  of  the  series  C*^",  yis.  propylene  and  butylene,  and  ethers  belonging  to 
the  series  0*H**^'  (Berthelot,  Ann.  Ck.  PM/s.  [4]  ix.  442).  Acetylene  is  also  formed 
in  the  imperfect  combustion  of  amylene  (Berthelot). 

2.  Amylene  is  not  decomposed  by  heating  to  300®  with  aqueous  gine  ehioHde,  but 
Aised  sine-chloride  at  100®  converts  it  partially  into  diamylene  and  other  polymeridea 
(Bauer,  Berthelot). 


118  AMYLENE. 

3.  Stronc  $ulpkmrie  acid  acts  in  a  similar  manner,  but  more  quickly  (Bauer),  the 
liquid  diTi£ng  into  two  portions,  the  lower  of  which  contains  an  add  isomeric  with 
amylsulphuric  aeid,  and  another  corresponding  to  isethionic  acid  (Berthelot^  Ann.  Ch, 
Pkarm,  czxriii.  311).    At  100°  part  of  the  amylene  is  carbonised  (Bauer). 

4.  Amylene  heated  with  a  solution  containing  4  to  8  per  cent,  potauium  diekromate 
and  a  sufficient  quantity  of  ndpkmrie  acid  is  oxidised  to  acetic  and  carbonic  adds 
(Chapman  a.  Thorp).  Wurts  obtained  from  amylene  by  this  mode  of  oxidation  the' 
same  products  as  from  amylene  hydrate  (p.  112).  PUoMtUmjoernumgaxiaU  %isAb  in  the 
same  manner  as  the  chromic  acid  mixture  (Chapman  a.  lliorp).  Truchot  (Compi. 
rend.  Ixiii.  274)  obtained  formic,  acetic,  and  propionic  adds;  he  also  observed  an 
odour  of  butyric  add.  According  to  Berthelot  {Cawat.  rend.  bav.  86),  a  cold  solution 
of  potassium  permanganate  produces  volatile  ados,  oxalic,  malonic,  suodnic,  and 
perhaps  pyrotaitaric  acid.  Wnen  amylene  is  left  for  a  week  in  contact  with  a  highly 
concentrated  solution  of  k^rogm  dioxide  in  hydrochloric  add,  amylene  hydrochloride 
is  produced,  and  may  be  extracted  by  ether.  The  remaining  liquid,  when  freed  from 
hydrochloric  acid  by  silrer  oxide  and  concentrated,  forms  a  bitter  syrup,  which  when 
treated  with  chlorine  bisulphide,  yields  amylene  hydrochloride,  and  therefore  contains 
hydrated  oxide  of  amylene  (Carius,  Aim.  Ck.  Pkarm.  cxxix.  167).  Bespecting  the 
action  of  f^miing  nitric  acid  and  nitrogen  tetroxide  on  amylene,  see  i.  206,  209. 

6.  With  hvmine^  amylene  foms  chiefly  amylene  bromide,  C^H^'Br*,  likewise 
bromamylene  bromide,  C*H*Br.Br'  (Beboul,  Compt.  rend.  Iviii.  105-8). 

6.  Amylene  cooled  at  first  to  -15°,  and  afternrds  gently  heated,  quickly  absorbs 
ekiorinet  with  slight  evolution  of  hydrochloric  add,  and  Uie  product,  washed  with 
dilute  alkali  and  ouied  by  ealdum  chloride,  yields  on  fractional  distillation  the  follow- 
ing compounds :  1.  Ch  lor  amylene,  C*H*C1,  of  sp.  gr.  0*9992  at  0°,  and  boiling  at 
90*^-95°  (in  small  quantity).— 2.  Amylene  dichloride,  C»H»C1\  of  sp.  gr,  1-2219 
at  0°,  boiling  at  145°  (m  larger  quantity). — 8.  Chloramylene  dfichloride, 
C*H*C1.C1',  by  cooling  of  the  portion  which  goes  over  between  160°  and  190<^ :  white 
feathery  crystals  purifiable  by  sublimation. — 4.  Diehloramylene  chloride, 
C*£PCl'.a',  a  limpid  Uquid  of  sp.  gr.  24292,  boiling  at  220°.280» ;  pro^ieed  in 
oonsiderable  quantity  by  the  action  of  ehlorine  on  amylene  at  100° ;  not  completely 
dechlorinated  even  by  heating  with  alcoholic  potash  to  120°-130°  (Baner,  ZeiUekr.f, 
CMem.  1866,  pp.  880, 667). 

7.  Stannie  eUoride  heated  with  excess  of  amylene  to  100°  in  a  sealed  tube,  is 
reduced  to  stannous  chloride,  and  converts  a  portion  of  the  amylene,  partly  into  chlor^ 
amylene,  partly  into  amylene  dichloride.  T1m9  excess  of  amylene  is  at  the  same  time 
converted  into  polymeric  modifications  (Bauer  a.  Kldn,  ZeiUckr.  f.  Chem.  [2]  iv. 
880). 

8.  Amylene  unites  with  h^fdroeldcrie  and  ijfdnAromie  acids  less  readiW  than 
propylene  (Berthelot,  OomfU.  rend.  xliv.  1350) ;  also  with  hydriodic  add  (Wurts). 
According  to  Morkownikoff  (ZeUeckr.  f.  Ckem.  [2]  ii.  602),  it  absorbs  hydrobromic 
and  hydriodic  adds  as  rapidly  as  water,  hydrochloric  add  leas  quickly ;  unites  also 
with  hydrocvanic  add. 

9.  It  combines  readily  with  ijfpoeilarous  acid^  ClOH,  forming  amylenic  chlorhydrin, 
C*Hi*.Cl(OH)  (Carina,  p.  121).  On  agitating  it  with  iodine,  mercuric  oxide,  and 
water,  hypoiodous  add  is  produced,  which  converts  the  amylene  into  amylenic 
iodhydrin,  C»H«M(OH)  fLippmann,  p.  121). 

10.  With  carbonjfi  chloride  (phosgene)  amylene  becomes  hot  and  forms  white 
fumes,  condensing  to  a  jmngent  hquid,  which  is  not  decomposed  by  contact  with  water 
for  several  days.     This^  liquid  yields  by  distillation  amylene  and  diehloramylene. 


Pharm.  cxxix.  81). 

11.  Withphoeokorua  jtentaekloride,  amylene  becomes  heated,  and  converted,  without 
evolution  of  h^rdrochloric  acid,  into  a  nearly  dry  mass  containing  phosphortms  add. 


12.  Cifonogen  iodide  heated  with  excess  of  amylene,  decomposes  it,  forming  brown 
products  (Brlenmeyer,  ZeUechr.  Ch.  Pharm.  1865,  p.  545). 
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,  COMPOVinM  OF  41ffTLB2fB, 

Tlifl  tdditire  oompounds  of  axnylene  may  be  diTided  into  two  noops,  ris., 
«.  Thoae  fonned  by  addition  of  1  molecme  of  a  faaloSd  add,  fiCl,  HBr,  ftc,  and 
oUmi  fonwi  therefiom  by  snbstitntion  of  hydzoxyl,  OH,  acetyl,  OC*HK),  &e.,  fbr 
the  haknd  element.    These  are  the  seoondary  amylic  oompoonds,  diaoorered  by  Wnzts, 
•*. 
AmylflRg  Hydrochloride^  or  Hethyl-itoprojnrl-carbinyl  Chloride  .    G*H>*.HC1 
Amyleue  Mbnohydrate,  or  Methyl-ieopropyl  Carbinol         .        .    OH*".H0H 
Amykw  Xono-acetate  or  Methyi-ieopiopyl-earbinyl  Acetate       .    OH>*.H0CHH) 
^^  hare  already  been  described,  together  with  the  oonesponding  methTl-propyl 
ttttpooodi derived  ficom  iso-amylene  or  ethyl-allyl,  nndsr  Avtl  Aijoomms  and  Brnsa 
(pp.  111-114). 

A  Oompoonds  formed  by  addition  of  2  at  bromine,  dklorine,  or  other  nniyalent 
^^ihletf  or  I  at.  oxygen,  snlphnr,  or  other  biralent  radicles,  to  1  mol.  amylene :  these 
Mrs  the  amylene-glycolic  oomponnds,  e.g., 

AmyieneDiehloride G*H>*C1* 

Amylene  Hydrato-chloride  or  (  mxi9  S  ^ 

Amylenic  Chlorhydrin  (  '  *        '  ^^    JOH 

Amylene  Bihydrate  or  t  r«TTie/nTT\t 

Amylenic  Glycol  {  C»H'*(OH)« 

Amylene  Aeetato-chloride  or  >  ntiri*  ( ^ 

Amylenic  Acetochlorhydrin  \ ^  ^    j  OC«H"0 

Amylene  Diacetate C»H"(0(?H«0)« 

Amylene  Oxide G*H>«0 

Sererd  of  these  oomponnda  are  described  in  toL  i- pp.  208, 209;  the  following  haye 
been  more  recently  diaooTered,  or  further  inTestigated! 


C^H'^Br*. — Produced  by  the  action  of  bromine  on 
amylene  (Oahoors,  Compt,  rend.  xxxi.  291),  or  on  unylene  monohydrate  (Wnrts). 
To  prepare  it,  bromine  is  added  in  a  fine  stream  to  amylene  till  the  oolonr  remains 
consent  The  prodnet,  after  washing  with  dilute  potash,  then  with  water,  and  drying, 
passes  orar  on  distillation,  mostly  between  170®  and  180®,  bnt  .not  without  loss  at 
aydrobromie  add,  so  that  it  is  best  to  interrapt  the  distillation  at  100® ;  the  reddnal 
impoie  bnmiide  may  then  be  need  for  the  preparation  of  amylene  glycol  (Wnits,  Ann* 
Ck.  Piys.  [3]  Ir.  468). 

Anjdene  bromide  is  oonyerted  by  alcoholic  potash,  chiefly  into  monobromamylena 

(Cahous),  bnt  a  Tary  small  portion  is  conTcrted  by  loss  of  Br*  into  amylene,  and 

another  small  portion  by  loss  of  H'Br'  into  Talerylene,  C^H*  (Kebonl,  Ann.  Ck. 

Pharm.  ezxxiii.  84).    With  sUtfer-aeeeate  it  forms  amylene  diacetate  (Wuita).    An 

aleoholic  eolation  of  potasemm  aeetaie  acts  npon  it  at  100^  only  after  addition  of 

(ladal  acetic  add,  and  eyen  then  bnt  slowly,  forming  chiefly  bromamylene,  C*H*Br, 

with  a  small  quantity  of  amylene  diacetate  (Bauer,  ISull.  8oc.  CMm,  1860,  p.  148). 

'WithaxiimM  eO^laU  it  yields  bromamylene  and  amyl  alcohol ;  with  einc^  eoaium,  or 

^oteMhHDi,  bromamylene,  amylene,  and  hydrogen  (Bauer).  Treated  with  silver  oxalate 

toder  petroleum,  it  yields  amylene,  carbon  dioxide,  and  dlTwr  bromide : 

C»H»»Br«  +  C«Ag«0«  -  C»H»«  +  2C0«  +  2AgBr 

(Gfdflvkinslgr,  A»n.  Ck.  Pharm,  cxi.  262). 

DerivaHves  <^  Amylene  IHlmmiie. 

Menobromamylene,  0»H»Br,  formed  by  heating  amylene  dibromide  with  alcoholic 
potash,  is  a  colourless  mobile  liquid  taming  brown  on  exposore  to  the  air,  boiling  at 
100^-110°  (Bauer,  Ann.  Ck.  fiarm.  exx.  167;  S^eUeokr.  Ch.  Pharm.  1861,  p.  690); 
It  117®-118^ ;  sp.  gr.  1*22  at  19®  (Linnemann,  Aim.  Ch.  Pharm.  cxliii.  861).  It  unites 
vith  2  at  bromine,  forming  C*H*Br.Br*,  and  with  chlorine,  forming  the  eompoond 
C'H'Br.Cl*  in  white  crystals,  but  many  other  products  are  formed  at  the  same  time 
(Bauer).  Aleohdie  peiaeh  at  140®  abstracU  UBr,  and  forms  yalerTlene^  0*H' 
(Bebool).  Bromamylene  distilled  with  tUver  eyanale  yields  a  compound  which  forma 
with  ammonia  cmtals  of  a  m  y  l-u  r  e  a  (Cahours  a.  Hofmann,  Ainn.  Ck.  Pharm.  civ.  809). 
ZJMc-ethjfl  heatea  with  bromamylene  to  130®  for  96  hours  forms  a  small  quantity  of 
sne  bnmiide,  a  gas,  and  a  few  drops  of  a  liquid  boiling  below  40®,  probably  amylene 
(Wots,  ihid.  cxxiii.  202).  Oleyinsky  (ZeUackr.  Ch.  Pharm.  1861,  p.  674)  obtained  ^ 
light  liqnid  haying  an  alliaceous  odoar  and  boiling  at  70®~80®. 
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Bromamylene  Dihromide.  OH'Br'  »  CH*Br.Br*. — On  dropping  bromine 
into  bromamylene,  the  liquid  soldifiee,  with  hissing  and  evolution  of  heat,  to  a  red-broim 
mass,  which  may  be  purified  by  ptessuie  and  reoystallisation  ^m  ether  (Bauer,  loc. 
eU.y  This  oompouna  is  also  formed,  together  with  amylene  dibiomide,  on  treating 
amylene  with  bromine  (Beboul,  Compt.  rend,  Iviii.  1068).  It  forms  white  needles 
having  the  odour  and  taste  of  campnor.  When  heated  it  sublimes,  with  partial 
decomposition,  but  without  fiision. 

Treated   with  aleoMolie  potash,  it   yields   bromamylene,   C*H*Br,   dibrom- 

amy  lene,  C'H'Br*,  and  an  ethylate,  ^^^l|o,  which  boils  at  177®-180<>,  and  is 
capable  of  taking  up  2  at.  bromine.    The  body  thus  formed,       Qm  [  O,  is  oonverted 

by  alcoholic  potash  into  another  ethylate,   nsH»(^*  "^  ^V^^  lighter   than  water, 

boiling  at  125^-180^,  and  uniting  with  bromine,  iodine,  and  concentrated  haloid  adds 
(Reboul). 
The  alcoholic  solution  of  bromamylene  dihromide  heated  with  aher  aoetate  yields 

the   diacetate  /o^H'Brv!^'  ^^'^  when  saponified  by  fused   and  pulverised 

potassium  hydrate,  yields  bromamylene  dihydrate,  or  bromamylene  glycol, 

^^H*l^'  and  this  last  body  heated  to  100<*  in  a  sealed  tube  with  potash  yields 

amylic  glycerin.  ^^^^,|o»  (Bauer,  ZtiUchr.  Ck.  Pkarm,  1861,  p.  678). 


OH>*.(C»H»0«)«,  produced  by  the  action  of  silver 
benaoate  on  amylene  dihromide,  forms  l&xgo  colourless  shining  laminae,  soluble  in 
alcohol  and  ether,  melting  at  128^  (Meyer,  Cow^,  rend.  liz.  444). 

AmytoM  IMetalortao.  C»H'*a*  (Guthrie,  Chem,  Soe.  Qu,  J.  ziv.  128 ;  Bauer, 
ZtiUei^,/.  Chem,  [2]  iv.  880,  667). — 1.  A  mixture  of  phosphoros  pentachloride  and 
amylene  fbrms  a  nearly  drv  mass,  tnm  which  water,  after  twelve  hours'  standing, 
separates  amjrlene  dicmoride  as  an  oily  layer,  while  hydrochloric  and  phosphorous 
acids  remain  in  solution.  The  amylene  dichloride  is  purified  by  washing,  drying,  and 
rectification  (Guthrie). — ^2.  The  dichloride  mav  also  be  prepaivd  by  passing  chlorine 
through  amylene,  cooled  at  first  to  —16®,  and  then  gradually  heated  to  the  boiling 
point  of  the  resulting  liouid.  The  product,  washed  with  all^ne  water,  dried,  and 
subjected  to  fhutional  distillation,  fives  off  between  90®  and  06®,  monochloramylene, 
and  at  about  146®  amylene  dichloride,  which  at  higher  tempcratores  becomes  mixed 
with  more  highly  chlorinated  products  (Bauer,  p.  118). — 8.  It  is  formed,  together 
with  polymerides  of  amj^ene,  by  the  action  of  stannic  chloride  on  amylene  and  on 
amyl  aleohcd  (Bauer  a.  Klein,  p.  118). 

Amylene  dichloride  is  a  liquid  of  sp.  gr.  1*058  at  9®  (Guthrie) ;  1*2219  at  0® 
(Bauer).    Boils  at  141®-147®  (Guthrie) ;  at  146®  (Bauer). 
When  valeraldehyde  is  heated  with  rather  more  than  an  equivalent  quantity  of 

Shosphorus  pentachloride,  and  the  product  is  mixed  with  water,  washed,  dried,  and 
istiUed,  thero  passes  over  a  light  mobile  oil  consisting  of  an  isomeride  of  amylene 
dichloride.  This  compound  has  a  sp.  gr.  of  1*06  at  24®,  and  boils  at  130®.  It  is 
insoluble  in  water,  soluble  in  alcohol  and  ether,  and  is  decomposed  by  alcoholic  potash 
(Ebersbach,  Ann,  Ch.  Pharm,  cvi.  266). 

Chloramylene,  C*H*C1,  is  formed,  together  with  other  chlorine-compounds 
(p.  118),  by  the  action  of  chlorine  on  amylene.  It  boils  at  90®-96®,  has  a  sp.  gr.  of 
0*9992  at  0® ;  vapour^ensity  -  8*82  (calc.  8*62)  (Bauer). 

Chloramylene  Dichloride^  C*IPC1.C1*,  is  produced,  together  with  chloramylene 
and  amylene  dichloride,  hj  the  action  of  chlorine  upon  amylene,  and  constitutes  the 
portion  of  the  product  which  boils  between  160®  ana  190^.  This  distillate  yields  on 
eooling  white  feathery  crystals,  which  may  be  purified  by  pressure  and  sublimation. 
The  mother-liquor  exhibits  the  same  proportion  of  chlorine  as  the  crystals,  and 
therefore  perhaps  contains  an  isomeric  compound  (Bauer,  J,  pr.  Chem.  c  42). 

Diehloramyleng  Dichloride.  G*H*G1*  »  C*H*C1*.C1*.— Ftodueed  lyy  prolottged 
treatment  of  amyl  hydride  with  chlorine,  and  separated  firom  the  very  viscid  product 
by  fintetional  distillation,  passing  over  between  230®  and  260®,  but  19  decomposed  by 
repeated  distillation.  It  is  a  thick,  heavy,  colourless  liquid  decomposed  by  alcoholic, 
potash,  with  formation  of  trichloramylene.  Soluble  in  alcohol  and  ether,  insoluble  in 
crater  (Bauer,  Jahreeh.  1860,  |k  406). 

A  compound  isomeric  or  identieal  with  this  is  formed,  together  with  amylene 
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dicUaride  and  other  prodncts,  by  the  action  of  chlorine  on  amylene,  and  passes  over 
on  fractional  distillation  between  220^  and  280**.  It  is  a  transparent  oolonrless 
liquid,  of  sp.  gr.  1*4292  at  0^ ;  decomposes  ^aitially  on  distillation.  Alcoholic  potash 
•epantes  from  it  a  large  qnantity  of  potassium  chloride,  bnt  does  not  form  a  non- 
cUorinated  and  distiUable  product  even  at  180^  (Baner,  J,  pr.  Chem,  c.  48). 

TrieWoramylene,  OH'Cl',  is  produced  by  treating  dichloramylene  dichloride 

vith  alcoholic  potash,  and  boils  at  about  200^  (Bauer). 

f  ni 

AnyUnie  Chlorhydrin,  ^H**  Jq^i  described  at  p.  208,  vol.  i.,  as  produced  by 

the  action  of  hydrochloric  addon  amylene  glycol,  is  aim  readily  fonded  by  direct  addition 
of  hypochlorous  acid,  ClOH,  to  amylene.  A  solution  of  hypochlorous  acid  of  1  or  2 
p.  &  CIHO  (containing  also  mercuric  oxychloride  and  excess  of  mercuric  oxide)  is 
gradually  mixed  in  a  glass  vessel  having  a  sround  stopper,  with  amylene  in  the  pro- 
portion of  rather  more  than  1  molecule  of  uie  latter  to  2  at.  chlorine.  As  soon  as 
the  odour  of  the  add  reanes  to  be  perceptible,  the  aqueous  solution  of  the  amylenie 
chloriiydrin  is  filtered,  freed  from  dissolved  mercuxy  by  hydrogen  sulphide,  then 
neotxalised  with  sodium  carbonate,  and  shaken  up  with  ether.  The  ethereal  solution 
dehydrated  with  potassium  carbonate,  and  freed  from  ether  by  evaporation  over  the 
water-bath,  leaves  the  amylenie  chlorhydrin  as  a  colourless  liqmd,  whidi  may  be 
father  purified  by  standing  over  oil  of  vitriol,  and  one  subsequent  distillation.  It 
has  a  powerfnl  odour,  like  that  of  valeric  add,  is  heavier  than  water,  and  soluble 
therein,  and  is  predpitated  from  the  aquaous  soli^tion  by  salts.  It  distils  easily  with 
aqoeoos  vapour,  hoik,  i^ien  quite  pure  at  155°,  and  has  a  vapour  density  of  4'218 
(cale.  4*245).  It  dissolves  mercuric  chloride  in  considerable  quantity,  and  cannot  be 
lepanted  by  distillation  from  this  solution  without  decomposition,  inasmuch  as 
merenroiis  chloride  is  produced  on  heating  the  liquid  (also  from  the  aqueous  solution). 
Bv  potaeh  it  is  resoIVed  into  potassium  chloride  and  amylene  oxide  (Carius,  Ann.  CL 
item.  ozvi.  195). 

Amyltmie  lodAvdrins. — ^When  amylene  is  shaken  up  with  iodine  and  mercuric 
oiide,  mocoric  iodioe  and  hypoiodous  acid,  HIO,  are  forme(^  which  latter  combines 
directly  with  the  amylene,  forming  an  iodhydrin,  which  is  heavier  than  water,  is 
deeoDpQsed  by  distillation,  and  when  treated  with  silver  acetate  yields  acetic  acid, 
silver  iodide,  and  amylene  oxide.  When  iodine,  mercuric  oxide,  and  amylene  are 
introdnoed  into  absolute  alcohol,  the  iodine  disappears,  forming  mercuric  iodide  and 
aereral  iodhydrins  which  cannot  be  distilled  except  in  a  vacuum.    An  iodhydrin  thus 

prepared  was  found  to  coatain  ^    q,  J^  [  t  >  another,  which  could  not  be  distilled, 

gare,  with  silver  acetate,  a  mixture  of  amylenie  acetates,  from  which,  by  fractional 
difltiUation,  Um  following  compounds  were  separated : 


A :  boiling  at  ISO''.  B :  boiling  at  165^, 

^^'*|0»  OH"  JO 

C«HK)  C*H»  \C*BH) 


C»H» 

Hie  body  B,  which  was  formed  in  the  largest  quantity,  yielded,  by  heating  with 
bjdriodic  acid  to  150°,  the  iodides  of  ethyl  and  amyl  (Lippmann,  Zeitdchr.  Ch,  Pharm, 
1867,  p.  17). 

Amyline  lodoeyanide,  OH'MCv,  is  obtained  in  an  impure  state,  by  adding 
amylene  drop  bv  drop  to  cyanogen  iodide.  It  is  a  brown  liquid,  which  distils  over 
with  water,  and  ma^  be  decolorised  by  acid  sodium  sulphite.  With  alcoholic  potash 
at  the  boiling  heat  it  yields  ammonia  and  leucic  acid,  or  an  isomer  thereof: 

C»H>«JCN  +  2K0H  +  HK)  -  KI  +  NH»  +  C«H"KO» 
Amykne  PoCsMlcim 

lodoeyaaide.  Inicate. 

(CHenmeyer,  Zeilsekr,  Ch.  Pkarm,  vi.  545). 

Amylene  Bisulphide,  C^H'^S*,  is  produced  by  boiling  diamylene  sulphochloride 
for  Bone  hours  with  zinc-granules  in  a  fiask  provided  with  a  reflex  conoenser.  On 
<lis(illii^  off  the  greater  part  of  the  alcohol,  and  washing  the  reddue  with  water,  the 
hisolphide  rises  to  the  surface  as  an  oil,  which  may  be  £ried  and  rectified.  The  pure 
eompouid  is  a  colourless  oil,  having  a  sp.  gr.  of  0'9Q7  at  13^,  and  boiling  at  about 
2W*  (Guthri^  Chem,  Soe,  Qu,  J,  xiv.  128). 

Amylene  8ulphoearbonate,  C*H**CS",  obtained  by  the  action  of  an  alcoholic 
*>lstion  of  amylene  bromide  on  sodium  sulphocarbonate,  is  a  somewhat  viscid  liquid 
of  mora  or  less  yellow-brown  colour,  and  sp.  gr.  »  1'073  (Husemann,  JahreA,  1862, 
P-4a4). 
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U  yO&TXSUC.  DiamyUne,  C*«H^  (Balard,  Ann,  CHvi.  Pkyt. 
[3]  zii.  820  ;  Bauer,  Rip.  Chim.pur€,  1862,  p.  3 ;  BuU.  8oc.  Chim.  1863,  p.  332  ;  1867, 
Till.  341 ;  Berthelot,  6%tmM  otyoJitgiM  fondee  sur  la  SyntA^,  ii.  700 ;  and  Compt. 
rend.  Ivi.  1242).  —  This  body,  representing  a  doable  molecule  of  amylene,  iras 
discoyered  by  Balaxd,  who  named  it  paramylene.  It  is  produced,  together  with 
other  hydrocarbons,  by  the  action  of  strong  sulphuric  acid  or  sine  chloride  on  amyl 
alcohol,  or  on  amylene.  It  also  occurs  amongst  the  products  of  the  action  of  sine* 
ethyl  on  allyl  iodide.  It  is  a  liquid  having  a  sp.  gr.  of  0*7777  at  0°,  and  boiling  at 
166®. 

When  bramins  is  added  to  a  cooled  ethereal  solution  of  diamylene,  a  bromide, 
C**U**Br',  is  obtained,  very  easily  decomposed  by  heat.  On  adding  the  ethereal 
solution  of  this  bromide  by  small  portions  to  dry  silver  acetate  mixed  with  acetic 
acid,  and  heating  the  mixture  in  the  water-bath,  a  mixture  of  the  acetin  and  diaeetin 
of  diamylenic  glycol  is  obtained,  vis., 

^  ^jOH  ^^   |0C«HH) 

Aoetin.  Disoetiii. 

When  the  acetate  thus  obtained  by  distillation  is  heated  with  pulTerised  potassiom 
hydrate,  it  yields  diamylene  oxide,  C^'H'H)  (isomeric  with  capric  aldehyde),  in  the  form 
of  a  light  liquid  boiling  at  170^-180^  and  having  a  vapour-density  of  6*861  (calc. 
5*401).  This  oxide  is  insoluble  in  water^  soluble  in  alcohol  and  ether,  reduces 
ammoniacal  silver  nitrate,  and  has  an  odour  of  me  (Bauer).  When  diamylene  cooled  to 
—  1 7®  is  treated  with  a  current  of  ciUortiM,  the  temperatiue  being  gradually  raised  to 
11°  and  ultimately  to  140°,  the  liquid,  which  had  at  first  turned  brown,  becomes 
colourless,  and  when  washed  with  alkaline  water  and  distilled,  yields  at  2i40°-250° 
chlorinated  diamylene  chloride,  C'*H**C1.C1*,  soluble  in  alcohol  and  ether,  and  having 
a  density  of  1*1638  at  0°.  This  chloride  heated  in  closed  vessels  with  alcoholic  potash 
yields  chlororutylene,  C>*H*'C1,  and  if  the  action  of  the  potash  be  repeated  on  Uiis 
body,  potassium  chloride  is  again  separated,  indicating  the  formation  of  the  com- 
pound G>»H>«  (Bauer). 

Diamylene  directly  treated  with  brwnine  forms  an  unstable  oil,  C^'H^'Br^r*.  By 
oxidation  with  potaatium  diekromaU  and  nUpkmrie  aeid^  it  yields  a  ffreen  oxygenated 
non-acid  oil,  boiling  between  130°  and  200°,  an  acid  product  containing  acetic  acid 
and  an  oily  acid,  and  a  tarry  residue,  which  appears  to  contain  an  acid  boiling 
between  216°  and  226°  (Walz,  ZeiUckr/f,  Ckgm,  [2J  iv.  816). 

Diamylene  disulpko-diekloride,  C**H**S*C1*. — ^This  compound,  obtsined  by 
treating  chlorine  disulphide  with  excess  of  amylene,  was  disoove^  by  Guthrie,  and 
is  described  in  vol.  i.  p.  200  as  dmUpkockloride  ofamvlene.  The  formula  there  given 
contains  an  uneven  number  of  univalent  atoms,  and  should  therefore  be  doubled. 

The  compound  chars  when  heated,  giving  off  hydrochloric  acid,  sulphydric  acid, 
and  other  sulphuretted  products.  The  alcoholic  solution  heated  with  simc  forms 
amylene  bisulphide,  OH'*S' ;  if  an  acid  is  present,  sulphur  is  likewise  removed. 
Fuming  nitric  ocui  attacks  it  violently,  forming  sulphuric,  hydrochloric,  oxalic,  and  a 
sulpho-acid ;  and  by  incomplete  action,  a  heavy  green  oil  agreeing  approximately  with 
the  formula  C"H"S(NO»)*. 


C'«H»*Cyn3«,  a  liquid  having  a  sp.  gr.  of  107  at  18°.  With  alcoholic  pataenum 
sidphoeyanaU  it  yields  diamylene  tetrathiodicyanide,  (?*H**Cy'S*,  a  liquid  of 
sp.  gr.  1-16  at  13°  (Guthrie,  Cham,  Soe.  </.  xiii.  86 ;  xiv.  128). 

Triamylene,  (C^H**)*,  is  produced,  together  with  several  other  products,  by 
heating  amyl  alconol  or  amylene  with  cine  diloride  (v.  117).  On  removing  the  pro- 
ducts which  distil  below  160°,  and  dissolving  the  resiaue  in  water,  an  oil  rises  to  the 
surface  which  when  distilled  yields  triamylene  between  240°  and  260°,  and  tetramylene 
between  390°  and  400°.    Both  these  products  must  be  rectified  over  sodium. 

Triamylene  is  a  colourless  oil  having  an  odour  of  turpentine,  a  sp.  gr.  of  0*8189, 
and  boiling  at  248°.  Vapour-density  «-  7*6  (caic.  7*4^.  It  is  insoluble  in  water, 
soluble  in  alcohol,  but  not  in  all  proportions,  insoluble  in  ether.  Bums  with  a  white 
sooty  flame.  Reacts  with  bromine  like  diamylene.  The  bromide,  C**H**Br',  acts 
violently  on  silver  acetate  even  at  — 16°,  producing  triamylene  acetate,  C**H**.(CH>0')% 
which  is  decomposed  by  potash,  yielding  potassium  acetate,  water,  and  benj^ene, 
C»»H"  (Bauer,  Wien.  Akad.  Ber,  xUv.  [2J  87;  Jahrub.  1861,  p.  669;  Ann,  C% 
Pharm.  cxxxvii.  249).    Triamylene  bromide  is  also  converted  into  benylone  by  heating 
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to  100°  wkh  Alcoholic  potftth:  C>«H**Br'  +  2K0H  «  2KBr  +  fflK)  ^  C*«H».  The 
formation  of  benylene  from  triamylene  is  similar  to  that  of  ru^lene  from  diamyleno 
(Bfuuor  a.  Versoa,  Zntmskr.f,  Ckem,  [2]  iv.  601). 

TetrmmyUn€,  (C»H«r.— DisooTowd  by  Balard  {J»b.  Ch,  Fhfs,  [3]  sii.  820), 
who  named  it  metamiiene.  It  is  formed  simnltaneooslj  with  triamylene  in  the  re- 
aitioiis  abore  mentioDed,  and  purified  by  veetifieation  in  a  Tacaum.  It  is  a  thick 
brownish  oil,  having  a  s^.  gr.  (^  0-871  at  0°,  and  boiHng  between  390^  and  400^. 
BissolTes  with  difl&cnlty  in  alcohol,  more  easily  in  ether  (&ner). 

AM»«nT&  mUMtWMMMm,  \^[^'    ^^^  sulpheth^aU  or  Etk^  sulpk- 

amyliUe. — ^This  compound,  prepared  by  the  action  of  amyl  alcohol  on  ethyl  disulpho- 
phoephate  (ii.  548),  was  fonnd  by  Carins  to  boil  at  132^-132'5®.  Linnemann  prepaid  it 
by  the  action  of  amyl  iodide  on  potassium  sulphide  in  alcoholic  solution,  and  £>und  it 
to  boil  between  180^  and  U(^.  According  to  Saytzeff  ^ZdtMhr,/.  Chem.  [2]  vi.  105), 
it  boils  at  158^-159^,  whether  prepared  by  the  heating  amyl  chloride  with  sodium 
tnlphetfaybite  (mereaptide)  or  ethyl  iodide  with  sodium  sulphamylate.  It  is  oxidised 
b^  nitric  add  to  arayl-ethyl  sulphozide,  (C*H'*X0*H*)SO,  a  thick,  yellowish, 
cily  liquid,  whidi  is  not  distillable  without  decomposition,  and  solidifies  in  a  freezing 
mistueto  a  oystalline  mass,  melting  eyen  below  0^.  By  sine  and  dilute  sulphuric 
add  the  snlphoxide  is  reduced  to  amyl-ethyl  sulphide  (Saytaeff,  Ann.  Ck,  Pharm, 
354). 

See  Mbtkuuuc  Acid,  iii.  984. 


A  constituent  of  ariwl-a-brea  resin  (i.  354),  and  probably  also  of 
eleni  resin  (ii.  483). 


A  wood  of  unknown  botanical  origin,  lately  imported  into 
Enrope  from  Mexico,  and  said  to  yield  preparations  useful  in  pulmonary  disorders. 
The  Mik  and  wood  Tield  to  alcohol  and  cold  water  only  a  small  quantity  of  extractire 
matter,  together  with  iron-greening  tannin.  The  aqueous  decoction  yields  on  standing 
a  laige  quanti^  of  fialrium  oxalate,  which  is  deposited  in  the  parenchyma  cells,  and 
nay  likewise  be  isolated  by  agitating  the  bast  with  ether.  The  wood  leaves  2*9  p.  c, 
the  bastabont  20  p.  e.  ash,  consisting  almost  wholly  of  caldum  carbonate  (A  Buchner, 
Ckem,  Ce»tr.  1861,  p.  447).  The  wood  is  said  also  to  contain  a  volatile  oil  which 
unites  with  add  sodium  sulphite,  a  tannic  acid  resembling  catechutannic  add,  eallic 
aeid,  a  yellowish  resin,  arabm,  uncxystallisable  sugar,  grape-sugar,  a  tasteless  volatile 
body  wnieh  exystallises  in  warty  masses,  and  a  bitter  substance  crystallisine  in  white 
needles  which  does  not  predpitate  platinic  chloride  or  phosphomolybdic  acid  {Jaknab. 
1831,  p.  771). 

^^^^— ^****  Pasteur's  name  for  those  infusoria  which  live,  or  at  least  act 
as  fiBrmenta,  only  when  excluded  firom  the  air :  they  are  also  called  symic  ferments 
(from  (fifof,  7***^) ;  ^^  ^^  other  hand,  those  which,  like  Monas  and  jBacUrium,  require 
the  presence  of  oxygen,  are  called  A  erobies  or  Asymie  ferments. 


Dirintegration  of  InttdnbU  Suhttanees. — ^The 
erixnaiy  method  of  treating  substances  insoluble  in  water  and  adds,  by  ftision  with 
an  alksiine  carbonate  in  a  platinum  or  porcelain  crucible,  involves  the  risk  either  of 
destroying  the  platinum  vessel  by  the  action  of  reducible  metals  which  may  possibly 
be  present,  or  of  contaminating  we  Aised  mass  with  silica  and  alumina  derived  from 
the  porcelain  erudble ;  moreover,  with  an  ordinary  gas-burner  or  blowpipe  it  is  not 
easy  to  raise  a  poreelain  erudble  to  the  hig^  temperature  required  for  the  ftision. 
These  inconveniences  may  be  avoided  by  a  method  introduced  by  Bloxam  (Chem.  Boc. 
J.  [2]  iii.  226),  which  consists  in  causing  the  heat  to  be  applied  iiuide  the  mass  to  be 
fbsel  For  this  purpose  the  substance  under  examination  is  intimately  mixed  with 
2  pts.  sodium  carbonate  and  14  pts.  of  a  mixture  composed  of  1  pt.  finely  pulverised 
chsreoal  and  6  pts.  saltpetre ;  the  mixture  is  placed  in  a  thin  porcelain  dish  or  clean 
iron  tny,  and  set  on  fire  with  a  glowing  slip  of  wood.  The  deflagration  is  completed 
in  two  or  three  seconds,  and  a  well-fhsed  mass  remains,  which  is  easily  detachea  from 
the  cooled  dish,  and  may  then  be  boiled,  first  with  water,  and  then  with  acids  for  the 
eitaetion  of  the  soluble  constituents.  This  method  is  effectual  for  the  disintegration  of 
qwrta^aod,  pipfr-elay,  fluor-spar,  and  indeed  of  all  insoluble  substances,  except  chrome- 
iron  ore.  Biarinm  sulphate  (heavy  spar)  is  so  completely  decomposed  by  it  that  the 
process  may  be  advantageously  applied  to  the  preparation  of  soluble  barium  salts. 
Tin-etone,  ftint-glaas,  crown-glass,  silver  chloride,  lead  sulphate,  and  cryolite  are  als ) 
perfectly  deeomposed,  felspar  only  partially.  In  cases  when  it  is  not  desired  to  search 
ior  eai|Miate8,  the  disintegration  may  also  be  advantageously  effected  by  deflagrating  a 
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mixture  of  1  pt.  of  the  insoluble  substance  with  4  pta.  sodium  carbonate,  4  pts.  salt- 
petre, and  10  pts.  of  finely  pulverised  gunpowder. 

To  search  for  alkalis,  the  insoluble  substance  is  deflagrated  with  seven  times  its 
weight  of  a  mixture  of  1  pt  sulphur  and  6  pt«.  barium  nitrate  in  a  porcelain  crucible ; 
the  cooled  mass  is  well  boiled  with  water ;  and  the  filtrate,  after  being  freed  from  the 
dissolved  baryta,  is  examined  for  alkalis  in  the  usual  way.  Flint-glass,  felspar  and 
cryolite  thus  treated  give  up  the  whole  of  their  alkali. 

W.  Clarke  (Sill.  Am,  J,  [2]  xlv.  173)  disintegrates  refractory  minerals,  snch  as 
chrome-iron  ore,  rutile,  &c.,  by  mixing  them,  finely  pulverised,  with  3  pts.  sodium 
fluoride  in  a  platinum  crucible,  covering  the  mixture  with  a  layer  of  acid  potassium 
sulphate  (12  pts.)  and  heating  the  crucible  over  a  Bunsen's  lamp  till  the  mixture 
attains  a  state  of  tranquil  f^ion.  The  fused  product  is  almost  always  perfectly 
soluble  in  water,  especially  if  it  be  moistened  after  cooling  with  sulphuric  acid,  and 
heated  again.  When  the  presence  of  alumina  does  not  interfere  with  the  analysis, 
ciyolite  may  be  used  instead  of  sodium  fluoride.  The  author  prepares  sodium  fluoride 
by  boiling  ciyolite  with  caustic  soda  in  an  iron  vessel,  washes  the  gelatinous  sodium 
fluoride  thereby  separated  with  cold  water,  and  purifies  it  by  crystallisation. 

Schonn  (Zeitschr.f.  Chem.  [2]  v.  664  ;  vi.  279)  decomposes  insoluble  substances  by 
fusing  them  in  a  steel  crucible  with  potassium  or  sodium.  For  the  detection  of  iron, 
however,  a  separate  portion  must  be  fused  in  a  glass  tube. 

Qwdiiative  Analysis  of  MetaUie  Solutions  containing  only  the  more  ordinary  metals 
vnihout  the  use  of  Hydrogen  Sulphide  or  Ammonium  Sulphide  (Zottnow,  Poag,  Ann, 
cxxx.  324). — 1.  Lead,  silver,  and  mercurosum  are  precipitated  hy  hydroehlorie 
acid,  and  the  chlorides  are  separated  in  the  usual  way. 

2.  The  filtrate  is  treated  with  sulphuric  acid,  which  throws  down  lead,  calcium 
(in  part),  strontium,  and  barium.  Calcium  sulphate  is  extracted  from  the  precipitate 
by  water ;  the  small  quantity  of  lead  sulphate  may  be  dissolved  out  by  ammonium 
tartrate;  and  the  strontium  and  barium  sulphates  may  be  separatea  by  known 
methods. 

3.  One-fourth  of  the  liquid  filtered  from  the  precipitated  sulphates  is  treated  with 
barium  hydrate,  the  liquid  boiled,  and  the  vapour  tasted  for  ammonia;  on 
precipitating  the  excess  of  barium  by  ammonium  carbonate,  then  evaporating  the 
filtered  solution,  and  calcining,  a  residue  is  obtained  containing  the  fixed  alkalis. 

4.  The  remaining  portion  of  the  liquid  filtered  from  the  sulphates  is  treated  with 
tine  in  a  fiask  fitted  with  a  gas-delivery-tube,  drawn  out  at  the  end,  and  the  cTolved 
hydrogen  is  tested  for  arsenic  and  antimony.  The  zinc  at  the  same  time 
precipitates  tin,  antimony,  mercury,  copper,  cadmium,  and  bismuth  [also 
gold,  platinum,  and  the  allied  metals],  in  the  metallic  state ;  this  precipitation  is 
much  facilitated  by  placing  a  piece  of  platinum  foil  in  contact  with  the  zinc  The 
precipitated  metals,  after  being  washed,  are  treated  with  nitric  acid,  which  dissolves 
them  all,  except  tin  and  antimony,  which  are  converted  into  stannic  and  antimonic 
acids  [and  gold,  platinum,  &;c.,  which  remain  in  the  metallic  state].  One  portion  of 
the  resulting  solution  is  tested  for  mercury  with  stannous  chloride ;  the  rest  is  boiled 
with  soda ;  and  the  resulting  precipitate  is  treated,  after  washing,  with  ammonia  and 
sal-ammoniac,  which  dissolves  copper  and  cadmium,  and  leavesbismuth  in  the  state 
of  hydrate.  The  ammoniacal  filtrate  contains  copper  and  cadmium,  which  are  easily 
recognised,  the  former  by  potassium  ferrocyanido,  the  latter  by  caustic  soda. 

5.  The  solution  containing  the  metals  not  precipitated  by  zinc  is  oxidised  with 
nitric  acid.  Iron  may  then  be  recognised  by  treating  one  portion  of  the  liquid  with 
potassium  sulphocyanate.  Another  portion  is  neutralised  by  ammonia,  and  shaken  up 
with  barium  carbonate,  which  precipitates  chromium  and  aluminium  as  hydrates: 
the  precipitate  is  boiled  with  soda,  a  small  quantity  of  potassium  permanganate  being 
added  to  oxidise  the  chromic  hydrate ;  and  the  filtered  solution  ia  examined  for 
chromic  acid  and  alumina  in  the  usual  way.  (If  the  liquid  contains  phosphoric  or 
boric  acid,  ferric  chloride  is  added  before  precipitating  with  barium  carbonate.) 

6.  The  solution  filtered  from  the  barium  carbonate  is  treated  with  sulphuric  acid  to 
remove  dissolved  barium,  then  treated  with  ammonium  carbonate,  which  precipitates 
manganese,  together  with  any  remaining  portion  of  lime;  the  filtrate  still  retains 
magnesium,  nickel,  and  cobalt.  The  magnesium  is  precipitated  by  sodium 
phosphate ;  the  filtrate  is  evaporated  to  dryness ;  the  residue  dissolved  in  hydro- 
chloric acid ;  the  cobalt  precipitated  by  potassium  nitrite  and  acetic  acid ;  and  the 
nickel  from  the  filtrate  by  soda. 

7.  To  search  for  zinc,  the  solution  separated  from  the  chlorides  and  sulphates 
(1,  2)  IB  boiled  with  caustic  soda ;  the  filtrate  is  treated  with  ammonium  chloride  and 
carbonate  as  long  as  ammonia  continues  to  escape ;  and  the  liquid  again  filtered  is 
examined  for  zinc  with  potassium  ferrocynnide. 
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J.  Thomson  {Zeitsehr.  anal,  Ckem,  vi.  183)  reoommendB  the  following  method  for 
the  qnalitathre  Bepaistion  of  the  metals  which  are  not  precipitated  by  hydrogen 
sulplude  from  aolution  in  hydrochloric  acid  (iron,  aluminium,  chrominm,  zinc,  nichel, 
oofaalt*  manganese,  barium,  strontium,  calcium,  and  magnesium).  The  solution, 
containing  excess  of  hydrochloric  acid,  and  heated  with  nitric  acid  or  potassium 
ehlonte,  is  first  mixed  with  dilute  sulphuric  acid,  which  separates  barium  and 
strontium  aa  sulfates.  The  filtrate,  mixed  with  a  laige  quantity  of  sodium  acetate, 
yields,  on  addition  of  sodium  phosphate  (containing  £ree  acetic  acid)  in  the  cold,  a 
nredpitate  containing  nothing  but  ferric  and  aluminic  phosphates.  From  the  filtrate, 
hydrogen  sulphide  throws  down  the  zinc,  and  after  approximate  saturation  with 
Bodinm  carbonate,  also  the  cobalt  and  nickel.  The  solution,  sgain  filtered,  is  boiled 
with  sodium  hypochlorite,  whereby  manganese  dioxide  is  precipitated  (together  with 
lime  and  magnesia),  while  chromic  acid  remains  dissolved.  The  precipitated 
manganfwe  dioxide  is  freed  from  lime  and  magnesia  by  dilute  acetic  add. 

h^ktenee  of  Fixed  Orffanie  StUntance8  an  the  Precipitation  of  MetaUie  Oxides  from 
Saline  SohUUmB  by  Mkalis. — ^The  following  results  have  been  obtained  by  H.  Grotlie 
{J.pr.  CSkem,  xdi.  175): — 1.  The  alterations  produced  in  the  reactions  of  difierent 
metallie  solutions  with  alkalis  by  the  presence  of  fixed  organic  bodies  exhibit  great 
diTersities,  scarcely  any  two  metallic  bodies  being  similiuiy  aifected,  so  that  these 
alterations  do  not  afibrd  properties  characteristic  of  groups  of  metallic  oxides,  but 
rather  of  indiTidual  oxides. — 2.  Of  non-volatile  organic  substances,  citric  add  acts 
most  strongly  in  modifying  these  reactions ;  then  follows  tartaric  add ;  then  sugar, 
starch,  and  gpm,  which,  however,  act  but  feebly,  and  require  to  be  added  in  large 
excess. — S.  The  precipitating  action  of  ammonia  is  diminished  by  these  bodies  much 
mtae  than  that  of  sodium  carbonate. — 4.  Solutions  which  aro  not  predpitated  in 
piesenoe  of  fixed  organic  bodies  by  alkaline  hydrates  or  carbonates  aro  for  the  most 
part  predpitated  by  alkaline  orthophosphates,  pyrophosphates,  arsenates,  and  borates. 
— 5.  Sodium  orthophosphate  may  be  used  as  a  reagent  in  nearly  all  cases  in  which 
the  predpitation  of  a  metallic  oxide  is  hindered  by  the  presence  of  non-volatile 
cnganie  substances. 

The  table  on  the  following  page  exhibits  the  reactions  of  the  moro  important 
metallic  salts  with  ammonia,  and  with  carbonate,  borate,  phosphate,  pyrophosphate, 
arsenate,  and  borate  of  sodium,  in  presence  of  tartaric  acid,  citric  acid,  and  sugar: 
'p.' denotes  perfect  predpitation;  *i.'  imperfect  precipitation;  a  dash,  no  predpi* 
tatran. 


nrOBCMlVIO,  Vr  FXAICB  BSACTIOITB.  (Bunsen,  Ann, 
Ck,  Pkarm.  ^xxxviii.  257;  P^^*  Mag.  [4]  xxxii.  81.)— Almost  all  the  reactions  which 
can  be  performed  by  means  of  the  blowpipe  may  be  accomplished  with  far  greater 
esse  and  precision  in  the  fiame  of  the  non-luminous  gas-lamp.  This  flame,  moreover, 
possesses  several  peculiarities  which  ronder  it  available  for  reactions  by  which  the 
smallest  tnees  of  many  substances  occurring  mixed  together  can  be  detected  with 
certainty  when  the  blowpipe  and  even  still  moro  delicate  methods  fail. 

I.  Thb  SiBrcruBB  of  thb  Nok-i.uxino178  Gas-flaicb. 

The  gas-lamp  with  non-luminous  flame  used  for  these  reactions  is  ropresented  in 
flg.  1,  and  must  be  made,  exactly  to  scale,  3|  times  as  large  as  Uie  drawing. 
It  must  be  furnished  with  a  cap  at  a  for  closing  and  opening  the  draught-holes,  so  as 
to  regulate  the  supply  of  air  for  every  dimension  of  the  flame.  The  conical  chimney 
dddd  (fig.  2)  must  also  bo  made  of  such  a  size  that  the  flame  bums  perfectly 
steady,  fig.  2  represents  this  flame  of  half  its  natural  size.  It  is  composed  of  the 
following  three  chief  divisions : — A  The  dark  anu,  a  a  a,  containing  the  cold  unbumt 
^8  mized  with  about  62  per  cent  of  atmospheric  air.  B.  The  fiame-manUe,  ac  ab, 
formed  of  the  burning  coal-gas  mixed  with  air.  C.  l%e  luminotu  pointy  aba,  not 
seen  when  the  lamp  is  burning  with  the  draught-holes  open,  but  obtained  of  the  size 
required  lor  the  reactions  by  closing  these  holes  up  to  a  certain  point. 
The  following  six  points  in  the  flame  aro  used  in  the  reactions : — 
1.  The  baee  of  the  fame  lies  at  a ;  its  temperature  is  comparatively  very  low,  as  here 
the  homing  gas  is  cooled  by  the  upwara  curront  of  cold  air,  and  much  heat  is 
absorbed  by  the  oold  end  of  the  metal  tube.  If  mixtures  of  flame-colouring  substances 
are  held  in  this  nirt  of  the  flame,  it  is  often  possible  to  vaporise  the  most  volatile 
eoostitoent,  and  thus  in  the  flrst  few  moments  to  obtain  tints  which  cannot  be  observed 
at  hifi^er  temperatures,  because  they  tiien  become  masked  by  colours  produced  by  the 
voIatdisatioD  of  the  remaining  substances. 
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Table  of  Prccipitatitm  referred  to  an  p.  125. 
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o/fanim  li«  st  A,  somewbat&boTe  the  flntthinl  of  the  flame 


wher*  tfao 
highest  tern- 


B  wall  u  for  &I1  proceoMe  of  fa«ion  at  high 


laiger  portion 
7  fm  aUthoM 


of  (ubdtwice,  for  loavting 


ToUtile  oxidatkiD-piodoet*,  aitd  geneimll 
tumnrdr  high  tsmpentare  ia  not  need 

i.  Tit  Imetr  rtdiiciitg  fimn  liee  at  t,  on  the  interior  edge  of  the  mantle  next  to  the 
dukeentnl  nne.  Aa  the  leduciog  gaMs  at  thie  point  sie  mixed  with  unbnmt 
atimplierie  oijgen,  manr  eubetantXB  remain  here  unaltered  vhjeh  become  deoxidieed 
en  opoeiini  to  the  upper  ndncing  Same.  Thig  point  of  the  flame  girea,  thenfore, 
TBI;  nlsaljle  rewtiona  which  cannot  be  obtained  with  the  lilowpipe.  It  ia  eepeciall? 
anuhUa  tot  redoctiona  on  gharecal,  aod  in  beads  of  fnaed  aalta, 

<.  7W  Bftpv  paAwtef  fiamt  ia  formed  bj  the  liuniiiona  point  i),  prodnced  orer  the 
d«fc  Booa  wben  th*  •dnuMkin  of  air  ii  Icmened  by  the  gradnal  eloaing  of  the 
dn^t-bolea  (fi^.  1,  a).  If  thia  InmiDoua  point  ia  made  loo  Uuge,  it  will  be  found 
''   '  '    ' irandheldtherebecomeecoTBredwithBfllmDf lamp- 


that  •  teat-tabe  uied  willl  cold  wi 


r  ledneiog  flame.    It  ia  eopeeiBllj  k\ 
•x>  collect  uien  in  th*  Uttn  of  filma. 
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II.  Method  of  Ezaioxatiom  ux  thb  various  pabtb  of  thb  Fuuol 

A.  Behaviour  of  the  EZementa  at  High  Temperatures. — This  is  one  of  the  most  im- 
portant reactions  which  can  be  employed  for  the  detection  and  separation  of  substances. 
The  possibility  of  producing,  with  the  flame  of  the  lamp  alone,  a  temperature  as  high 
as  or  higher  than  that  of  the  blowpipe,  depends  upon  the  condition  th&t  the  radiating 
surface  of  the  heated  body  be  made  as  small  as  possible.  The  arrangement  for 
bringing  the  substances  into  the  flame  must  therefore  be  on  a  rery  small  scale.  The 
platinum  wire  upon  which  the  substance  is  heated  must  scarcely  exceed  the  thickness 
of  a  horsehair,  and  one  decimetre  in  length  of  the  wire  must  not  weigh  more  than 
0034  grm.  It  is  impossible  to  obtain  the  results  hereafter  detailed  if  a  thicker  wire 
than  this  is  employeo.  Substances  which  act  upon  platinum,  or  which  will  not  adhere 
to  the  moistened  surface  of  the  metal,  are  held  in  the  flame  npon  a  thin  thread  of 
asbestos,  of  which  a  hundred  may  be  obtained  from  one  splinter  of  the  mineml. 
These  threads  must  not  exceed  in  thickness  one-fourth  of  that  of  an  ordinary  lucifer- 
match.  Decrepitating  substances  are  ground  to  the  flnest  powder  on  a  porcelain  plate 
with  an  elastic  knife-blade,  and  drawn  up  on  to  a  moistened  strip  of  one  square 
centimetre  of  filter-paper.  If  the  paper  is  then  burnt,  being  held  with  the  platinum 
forceps,  or,  better,  between  two  rings  of  fine  platinum  wire,  the  sample  remains  as  a 
coherent  crust,  which  now  may  without  difficulty  be  heated  in  the  flame. 

If  the  substance  requires  to  be  heated  in  the  flame  for  a  long  time,  the  holder 
(fig.  3)  is  used.  The  arm  a  is  fastened  to  the  carrier  A,  so  fixed  on  the  stand  by  a 
spring  (as  seen  at  B)  that  it  can  be  moved  both  horisontally  and  vertically.  The 
glass  tube  (fig.  4)  is  held  on  this  arm  a,  and  the  fine  platinum  wire  fused  on  to  the 
tube  thus  held  in  the  flame.  The  splinters  of  asbestos  are  stuck  into  the  glass  tube 
b,  which  slips  into  the  holder,  and  may  then  be  moved  with  the  carrier  A.  The  carrier 
B  carries  a  spring-clamp  for  holding  test-tubes  which  have  to  be  heated  for  a  con- 
siderable time  in  a  particular  part  of  the  flame.  The  little  turntable  C  contains  nine 
upright  supports  to  hold  the  wire  tubes  (flg.  4)  employed  in  the  experiments.  By 
means  of  tnose  arrangements  a  particle  of  the  substance  under  examination  is  brought 
into  the  flame,  and  its  behaviour  in  the  coldest  and  hottest  parts  of  the  flame  is 
ascertained,  the  substance  being  examined  with  a  lens  after  each  change  of  tem- 
perature. 

The  following  six  different  temperatures  can  be  obtained  in  the  flame,  and  these 
points  may  be  judged  of  by  observing  the  tints  attained  by  the  thin  platinum 

wire: — 

1.  Below  a  red  heat  2.  Commencing  red  heat  3.  Bed  heat  4.  Commencing 
white  heat    5.  White  heat     6.  Strong  white  heat 

It  is  scarcely  necessaiy  to  remark  that  these  different  temperatures  must  not  be 
ascertained  by  the  glow  of  the  substances  themselves,  as  the  luminosity  of  different 
bodies  depends  not  only  upon  the  temperature,  but  also  mainly  upon  their  specific 
power  of  emission. 

The  following  phenomena  are  observed  when  a  sample  of  a  substance  is  heated : — 

1.  EnUtsion  of  Light. — The  emissive  power  of  substances  is  ascertained  by  placing 
them  on  the  platinum  wire  in  the  hottest  part  of  the  flame.  The  sample  is  of  weak 
emissive  power  yrhect  it  is  less  luminous  than  the  platinum  wire,  of  a  mean  emissive 
power  when  both  appear  about  equally  luminous,  and  of  strong  emissive  power  when 
the  intensity  of  the  light  which  it  emits  is  greater  than  that  from  the  platinum.  Most 
solid  bodies  emit  a  white  light,  others  (as,  for  instance,  erbia)  oolomred  light 

Some  bodies,  such  as  many  osmium,  carbon,  and  molybdenum  compounds,  volatilise 
and  separate  out  finely  divided  solid  matter,  which  renders  the  flame  luminous. 
Ghises  and  vapours  always  exhibit  a  smaller  power  of  emission  than  fused  substances, 
and  these  generally  less  than  solid  bodies.  The  form  of  the  substance  under  examina- 
tion must  always  be  noted,  as  the  emissive  power  depends  upon  the  nature  of  the 
surface ;  thus  compact  alumina,  obtained  by  slowly  heating  the  hydrate,  possesses 
only  a  moderate  emissive  power,  whereas  the  porous  oxide  prepared  by  quick  ignition 
of  the  sulphate  possesses  a  high  power  of  emission. 

2.  7%0  rndting  point  is  determined  by  using  the  six  different  temperatures  already 
mentioned.  At  every  increase  of  temperature  the  bead  is  examined  with  the  lens  to 
see  whether  the  volume  is  decreased  or  increased,  whether  bubbles  are  given  off  on 
molting,  whether,  on  cooling,  the  bead  is  transpcuvnt,  and  what  changes  of  colour  it 
undeigoes  during  the  action  of  the  heat  or  on  afterwards  cooling. 

3.  The  vclatility  is  ascertained  by  allowing  equally  heavy  beads  of  the  substance, 
placed  on  a  platinum  wire,  to  evaporate  in  the  zone  of  fusion,  and  observing  the  time, 
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br  means  of  a  metronome,  which  the  bead  takes  to  Tolatllise.  The  point  at  which  the 
vfaole  of  the  sabstanoe  is  converted  into  Taponr  can  be  ascertained  with  great  accuracy, 
often  to  a  fraction  of  a  second,  by  the  sudden  disappearance  of  the  coloiation  of  the 
flame.  Tie  platinum  wire  upon  which  the  substance  is  weighed  is  protected  from  the 
moisture  of  the  air  by  insertion  in  a  tube.  If  we  know  the  weight  of  the  tube  and 
wire,  the  right  weight  of  substance  can  easily  be  attached,  either  by  volatilising  a 
portion  othj  fomng  some  more  substance  on  to  the  bead,  and  thus  making  it  lighter  or 
neaTier.  The  experiments  are  best  made  with  one  centigramme  of  substance.  The 
position  in  the  flame  wheve  the  highest  oonstant  temperature  exists  can  be  found  by 

Fio.  8. 


Fio.4. 


■Kmng  a  fine  platinum  wire,  fixed  on  a  stand  and  bent  at  its  point  at  a  right  angle, 
ibmly  about  the  aone  of  ftuion,  and  noting  the  point  where  it  glows  most  intensely.  The 
btsds  to  be  volatilised  are  then  most  carefolly  brought  into  the  flame  at  the  same 
<)istaaee  from  the  point  of  this  wira  Care  must  also  be  taken  that  die  dimensions  of 
the  flame  do  not  undeigo  change  from  alterations  in  the  pressure  of  the  gas  whilst  the 
aperimeats  am  going  on.  As  a  measure  of  rolatili^,  it  is  oonrenient  to  take  the 
time  needed  to  evaporate  one  centigramme  of  sodiumHchloride.  If  we  call  this  time 
^t  and  the  time  of  volatilisation  of  the  same  weight  of  another  substance  t\  the 
vobtali^  of  this  aubstanee,  compared  with  that  of  common  salt,  is 

The  following  examples  are  taken  from  experiments  of  Dr.  Hurtzig,  to  which  are 
Mlded  the  cUondee  of  cmsium  and  ru>»idium : — 
^1^.  K 
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Time  of  evapormtiAD 

VoUliU^ 

Sodium  chloride 84*25 

1000 

Sodium  solphato 

.     12670 

0066 

Lithium  carbonate 

736-6 

0124 

Fotaasium  sulphate    . 

665-2 

0127 

3odium  carbonate 

6320 

0133 

Potassium  carbonate  . 

2720 

0-310 

Lithium  chloride 

lU'O 

0-739 

Potassium  chloride 

65*4 

1-288 

Sodium  chloride . 

48-8 

1-727 

Potassium  bromide 

410 

2055 

Bubidium  chloride 

38-6 

2183 

Sodium  iodide     . 

35-7 

2-360 

Caesium  chloride 

31-3 

2-717 

Potassium  iodide 

29*8 

2-828 

It  must  not  be  forgotten  that  the  relations  of  these  numbers  are  altered  if  the 
temperature  of  evaporation  and  the  weight  of  the  substance  are  changed. 

4.  Flame  Cotoration. — Many  substances  which  volatilise  in  the  flame  may  be 
detected  by  the  peculiar  kinds  of  light  which  their  glowing  gaaes  emit.  These 
colorations  appear  in  the  upper  oxidising  flame  when  the  substance  causing  them  is 
placed  in  the  upper  reducing  flame.  Mixtures  of  various  flame-colouring  substances 
are  tested  in  the  lowest  and  coldest  part  of  the  flame ;  and  here  it  is  often  possible  to 
obtain  for  a  few  moments  the  peculiar  luminosity  of  the  most  volatile  of  the  substances 
unaccompanied  by  that  of  the  less  volatile  constituents. 

B.  Oxidation  and  Reduction  of  Substancee. — In  ordev  to  recognise  substances  by  the 
phenomena  exhibited  in  their  oxidation  and  reduction,  and  to  obtain  them  in  a  fit 
state  for  further  examination,  the  following  methods  are  employed : — 

1.  Reduction  in  glase  tubes  is  especially  employed  for  the  detection  of  meicory,  and 
for  the  separation  of  sulphur,  selenium,  phosphorus,  &c.,  when  in  combination  with 
sodium  or  magnesium.  A  stock  of  veiy  thin  glass  tubes  is  prepared,  each  2  to  4 
millims.  in  width  and  3  centims.  in  length :  forty  of  these  are  easily  made  out  of  one 
ordinary-sized  tost-tube,  by  softening  the  glass  before  the  blowpipe,  and  then  drawing 
it  out  until  the  requisite  size  of  tube  is  obtained.  This  long  tube  is  then  cut  up  with 
a  diamond  into  pieces  6  to  8  centims.  long,  each  of  which  is  again  divided  into  two 
over  the  lamp,  and  the  closed  ends  are  neatly  rounded.  The  sample  having  been  finely 
powdered  with  a  knife-blade  on  a  porcelain  plate,  is  treated  in  a  tube  either  by  itself, 
or  with  a  mixture  of  carbon  and  soda,  or  with  sodium  or  magnesium.  A  piece  of 
magnesium  wire  a  few  millims.  in  length  is  for  this  purpose  pushed  down  into  the 
powdered  sample  contained  in  the  glass  tube ;  and  the  sodium  is  carefully  freed  from 
rock-oil  and  rolled  out  between  ue  fingers  to  a  small  cylinder,  which  is  then 
surrounded  by  the  powdered  substance.  The  best  form  of  carbon  is  the  soot  from 
turpentine,  which  Ims  been  deposited  upon  the  outside  of  a  basin  filled  with  cold 
water.  As  soon  as  the  small  tube  containing  the  perfectly  dry  sample  has  been 
heated  to  the  point  of  fusion  of  the  glass,  when  generally  an  ignition  inside  the  tube 
is  noticed,  it  is  allowed  to  cool  and  then  placed  upon  the  porcelain  plate,  covered  with 
a  piece  of  paper,  and  crushed  to  powder  with  the  knife,  for  the  purpose  of  further 
examining  the  products  of  reduction. 

2.  Reduction  on  Splinters  of  Charcoal. — In  this  way  the  metal  can  be  obtained  in 
small  globules,  or  as  a  p)rous  mass,  from  quantities  often  less  than  a  milligramme  of 
the  sample. 

A  transparent  crystal  of  sodium  carbonate  is  brought  near  to  the  outside  of  the 
flame,  and  a  common  wooden  Incifer-match  is  nibbed  over  two-thixds  of  its  length 
with  the  drops  of  fused  salt.  If  the  match  is  then  turned  upon  its  axis  throu^  the 
flame,  the  carbonised  wood  becomes  surrounded  with  a  crust  of  solid  sodium  carbonate, 
which,  on  heating  in  the  zone  of  fusion,  melts  and  is  absorbed  by  the  carbon.  A 
splinter  of  charccNil  is  thus  obtained,  which  is  prevented  from  burning  by  its  glaze 
of  soda.  A  mixture  of  the  substance  is  then  made  with  the  knife  upon  the  hand  with 
one  drop  of  the  melted  soda-ciystal,  and  a  portion  of  this,  of  the  size  of  a  mnataid- 
seed,  is  placed  upon  the  point  of  the  splinter.  As  soon  as  this  has  been  melted  in  the 
lower  oxidising  flame,  it  is  passed  through  a  part  of  the  dark  interior  zone  to  the 
hotter  portion  of  the  lower  reducing  flame.  Tne  point  at  which  the  leduction  occurs 
is  easily  seen  by  the  violent  effervescence  of  the  soda ;  and  this  is  after  a  time  stopped 
by  bringing  the  splinter  into  the  dark  zone.  In  order  to  isolate  the  reduced  metal,  the 
end  of  the  splinter  is  broken  off  and  rubbed  up  with  a  few  drops  of  water  in  a  small 
agate  mortar,  when  the  metallic  particles  are  generally  visible  without  removal  of  the 
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carbon.  For  fnxther  ozaminatioD,  the  carbon  and  ioda  can  be  ea»iljr  removed  by 
eovenU  caiefid  washings,  and  the  particles  transferred  to  a  small  piece  of  curved  glass 
cut  out  from  an  old  flask/  in  which  they  are  sgain  washed  by  decantation,  the  bust 
drops  of  irater  remoyed  by  suction  with  a  piece  of  filter-pnper,  and  the  metallic 
particles  dried  at  a  moderate  heat.  A  few  tenths  of  a  milligramme  of  the  metal  is 
generally  sufficient  to  yield  a  solution  with  which  all  the  characteristic  precipitations 
can  he  accomplished,  the  reagents  being  contained  in  capillary  glass  threads,  dropped 
into  the  eolation  by  the  miUjgiamme,  and  the  effect  thus  produced  ascertained  by 
examination  with  a  lens.  Lx>n,  cobalt,  and  nickel,  which  do  not  fuse  to  globules  on 
the  splinter,  are  withdrawn  from  the  agate  mortar  by  means  of  the  point  of  a  magnetised 
blade,  washed  with  water,  and  dried  high  above  the  flame  on  the  point  of  the  knife. 
If  the  blade  be  then  tightly  drawn  between  the  upper  nart  of  the  thumb  and  the  lower 
part  of  the  first  finger,  and  if  the  jwint  of  the  blaoe  be  then  approached  to  the 
metallic  particles  on  the  finger,  they  jump  from  the  hand  to  the  blade,  forming  a 
brush-like  bundle  which  can  be  conveniently  examined  by  the  lens,  and  by  touching 
with  a  melted  borax-bead  can  be  transferred  in  suitable  quantities.  The  portion  of 
metal  remaining  on  the  knife  is  rubbed  on  to  a  small  piece  of  filter-paper,  a  drop  of 
acid  added,  and  the  paper  warmed  over  the  flame  to  as  to  allow  the  metal  to  dissolve ; 
this  solution  can  then  be  further  examined  with  various  reagents. 

3.  Films  upon  Porctiain, — Those  volatile  elements  which  are  reduced  by  carbon  and 
hyilrogen  can  be  deposited  from  their  compounds  as  films  on  porcelain  either  in  the 
elementary  state  or  as  oxides.  Such  films  can  be  very  easily  converted  into  iodides, 
sulphides,  and  other  compounds,  and  thus  may  be  made  to  serve  as  most  valuable 
and  characteristic  tests.  The  films  are  composed  in  the  centre  of  a  thicker  layer, 
which  gradually  becomes  thinner  on  all  sides  until  the  merest  tinge  is  reached ;  it  is 
therefore  necessary  to  distinguish  between  *  thick'  and  *thin'  parts  of  the  films, 
^jth  exhibit  in  their  variation  of  thickness  all  the  tints  of  colour  characteristic  of  the 
NulMttanoe  under  different  circumstances  of  division.  One-tenth  up  to  one  milligramme 
is  in  many  cases  sufficient  for  these  reactions.  Many  surpass  Marsh's  arsenic  test  in 
delicacy  and  certainty,  and  approach  in  this  respect  the  spectrum-analytical  methods. 

The  foUfvwing  films  can  be  obtained : — 

a.  Metallic  films  are  prepared  by  holding  in  one  hand  a  particle  of  the  substance  on 
an  asbestos-thread  in  the  upper  reducing  £ime,  which  must  not  be  too  large,  whilst 
with  the  other  hand  a  glased  porcelain  basin,  1  to  2  decimetres  in  diameter,  filled 
with  cold  water,  is  held  close  above  the  asbestos-thread  in  the  upper  reducing  flame. 
The  metals  separate  out  as  dead  black  or  brilliantly  black  films  of  varying  thickness. 
Even  lead,  tin,  cadmium,  and  zinc  yield  in  this  way  films  of  reduced  metal  which  by 
mere  inspection  cannot  be  distinguished  from  the  soot  separated  out  on  the  porcelain 
by  a  smcdky  flame.  By  means  of  a  glass  rod,  these  films  can  be  touched  with  a  drop 
of  dilute  nitric  acid  containing  about  20  per  cent  of  real  acid ;  and  the  various  degrees 
of  solubility  of  the  films  serves  as  a  distinguishing  characteristic. 

b.  Oxide  films  are  obtained  by  holding  the  porcelain  basin  filled  with  water  in  the 
tcpper  osriditing  floTne^  the  rest  of  the  operation  being  the  same  as  in  the  production  of 
the  metallic  films.  If  only  a  very  small  quantity  of  the  sample  can  be  employed,  care 
must  be  tstken  to  lessen  the  size  of  the  flame,  in  order  that  the  volatile  products  may 
not  be  spread  over  too  large  a  surface  of  jiorcelain. 

The  film  of  oxide  is  examined  as  follows :  a.  The  colour  of  the  thick  and  thin  film 
is  carefully  observed. — /3.  The  reducing  action  or  otherwise  of  a  drop  of  stannous 
chloride  is  noted. — y.  If  no  reduction  occurs,  caustic  soda  is  added  to  the  stannous 
chloride  until  the  precipitated  hydrate  redissolves,  and  then  it  is  to  be  observed 
whether  a  reduction  occurs. — 9.  A  drop  of  perfectly  neutral  silver  nitrate  is  rubbed 
over  the  film  with  a  glass  rod,  and  a  current  of  ammoniacal  air  is  blown  over  the 
surface  from  a  small  wash-bottle  containing  ammonia  solution,  and  having  the  mouth- 
tube  dipping  under  the  liquid  and  the  exit-tube  cut  off  close  below  the  cork.  If  a 
precipitate  is  formed,  the  cohmr  is  observed,  and  the  solubility  or  alteration,  if  any, 
noticed  which  occurs  when  the  current  of  alkaline  air  is  continued,  or  when  a  drop  of 
ammonia  liquor  is  added. 

e.  Iodide  films  are  obtained  from  the  oxide  films  by  breathing  on  the  latter  upon 
the  cold  basin,  which  is  then  placed  upon  a  wide-mouthed  well-stoppered  glass 
containing  fuming  hyflriodic  acia  and  phosphorous  acid  derived  from  the  gradual 
deliquescence  of  phosphorous  iodide.  When  the  mixture  no  longer  fumes,  owing  to 
absorption  of  moisture,  it  is  easy  to  render  it  again  fuming  by  adding  a  little 
anhjxuons  phosphoric  acid.  Other  films,  often  containing  both  iodides  of  a  metal, 
and  therefore  frequently  less  tegular  in  colour  and  appearance,  may  be  easily  obtained 

•  Watch- glasses  cnck  much  too  rcsdilr  to  be  used  for  each  experiincnts. 
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by  smoking  the  oxide  film  with  a  flame  of  alcohol  containing  iodide  in  soliition,  placeil 
upon  a  bundle  of  asbestos-threads  and  held  under  the  basin.  If  any  iodine  be 
condensed  on  the  basin  with  the  hydriodic  acid,  it  can  easily  be  remored  by  gentle 
warming  and  blowing. 

The  examination  of  the  film  is  conducted  as  follows :  a.  The  solubility  of  the  film 
is  examined  simply  by  breathing  upon  it  when  the  basin  is  cooled ;  the  colour  then 
either  changes  or  entirely  disappears,  the  film  being  dissolyed  in  the  moisture  of  the 
breath.  If  the  basin  be  gently  warmed,  or  if  it  be  blown  upon  for  some  distance,  the 
film  again  becomes  visible  by  the  eTAporation  of  the  moisture  in  the  current  of  air. — 
0.  The  ammonia  compound  of  the  iodide  is  formed  by  blowing  ammoniacal  air  upon 
it  and  noticing  whether  the  colour  of  the  thick  and  thin  films  alters  quickly,  slowly, 
or  not  at  all.  The  different  colours  reappear  at  once  if  the  basin  be  held  for  a  few 
moments  oyer  an  open  bottle  containing  fuming  hydrochloric  add. — y.  The  iodide 
filmB  generally  gire  the  same  reactions  as  the  oxide  films  with  silver  nitrate  and 
ammonia,  with  stannous  chloride,  and  with  caustic  soda. 

d.  The  sulphide  film  is  most  easily  obtained  from  the  iodide  film  by  blowing  upon 
it  a  current  of  air  saturated  with  ammonium  sulphide,  and  removing  the  excess  of 
sulphide  by  gently  warming  the  porcelain.  It  is  advisable  to  breathe  on  the  film 
from  time  to  time  whilst  the  current  of  sulphuretted  air  is  being  blown  on  the  basin. 
The  experiments  to  be  made  with  this  film  are :  a.  The  solubility  or  insolubility 
in  water  is  ascertained  by  breathing  on  it,  or  by  adding  a  drop  of  water.  The 
sulphides  often  possess  the  same  colour  as  the  iodide  films;  they  may,  however, 
generally  be  distinguished  by  their  insolubility  on  breathing. — fi.  The  solubility  of 
the  sulphide  in  ammonium  sulphide  is  asceitained  by  blowing  or  dropping. 

4.  Films  on  Test-tubes. — Under  certain  circumstances  it  is  advisable  not  to  collect 
the  film  on  rorcelain,  but  upon  the  outside  of  a  laige  test-tube;  this  method  is 
especially  userl  when  it  is  needed  to  collect  laiger  quantities  of  the  reduction  film  for 
the  purposes  of  further  examination.  The  fine  asbestos-thread  with  the  sample  of 
substance  is  held  on  the  glass  tube  before  the  lamp  so  that  it  is  placed  at  the  height 
of  the  middle  of  the  upper  reducing  flame,  and  the  test-tube  fixed  so  that  the  lowest 
point  is  just  above  the  end  of  the  asbestos'thread.  If  the  lamp  be  now  pushed  under 
the  test-tube,  the  substance  and  the  asbestos-thread  are  in  the  reducing  flame.  By 
repeating  this  operation  the  film  can  be  obtained  of  any  wished-fbr  thidmess ;  some 
pieces  of  marble  are  in  this  case  placed  in  the  test-tuoe,  to  prevent  the  water  from 
being  thrown  out  of  the  tube  by  percussive  boiling. 

III.    TrB  RBAOnOMS  OF  THB  EuDONTB. 

The  elements,  which  can  easily  be  recognised  by  their  fiame  reactions,  are  arranged 
in  the  following  groups  and  subgroups  according  to«their  behaviour  in  the  reducing 
and  oxidising  fiames : — 

A.  Elements  reducible  to  metal  and  deposited  in  films : 

1.  Films  scarcely  soluble  in  com  dilute  nitric  acid — tellurium,  selenium, 
antimony,  arsenic. 

2.  Films  slowly  and  difficultly  soluble  in  cold  dilute  nitric  acid— bismuth, 
mercury,  thallium. 

3.  Films  instantly  soluble  in  cold  dilute  nitric  acid — cadmium,  zinc,  indium. 

B.  Elements  reducible  to  the  metallic  state,  giving  no  film : 

1.  Not  fusible  to  a  metallic  bead. 

a.  Magnetic— iron,  nickel,  cobalt. 

b.  Non-magnetic — palladium,  platinum,  rhodium,  iridium. 

2.  Fusible  to  metallic  beads — copper,  tin,  silver,  gold. 

^  C.  Elements  most  easily  separated  and  recognised  as  compounds  —  tungsten, 
titanium,  tantalum  and  niobium,  silicon,  chromium,  vanadium,  manganese,  uranium, 
sulphur,  phosjphoruB. 

In  the  special  descriptions  of  the  fiame-reactions,  the  following  abbreviations  will 
be  used :  Fl.  c.  flame-coloration  ;  VI.,  volatilisation  ;  R.  f.,  reduction-film ;  M.  f., 
metallic-film ;  0.  f.,  oxide-film ;  I.  f.,  iodide-film  ;  8.  f.,  sulphur  film ;  Ch.  spt, 
charcoal  splinter  with  soda. 

1.  Tdlurium  compounds.— Fl.  c. :  In  the  upper  reducing  flame  pale  blue,  whilst 
the  upper  oxidising  flame  appears  green.  VI.  unaccompanied  by  any  smell.  R  f. 
black,  thinnest  part  blackish  brown,  dead  or  bright;  heated  with  concentrated 
sidphuric  acid  gives  splendid  carmine-red  colour.  0.  f.  white,  invisible  or  nearly  so ; 
stannous  chloride  colours  it  black  from  reduce^l  tellurium  ;  silver  nitrate,  af^er 
blowing  with  ammoniacal  air,  yellowish-white.     I.  f.  blackish-brown,  thinnest  part 
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brown ;  dinppeaza  momentarily  on  breathing  on  it,  bnt  not  when  slightly  warmed ; 
Teappears  on  exposure  to  hydrochloric  add ;  blackened  by  stannona  diloride.  S.  f. 
bbickiah-brown  to  black;  does  not  disappear  by  breathing;  soluble  in  sulphuretted 
air ;  reappears  on  warming  or  by  dry  blowing.  C!h.  sp.  3rieldB  a  sodium-telluridel 
which,  when  moistened,  leaves  a  blade  mark  on  a  silver  coin ;  and  if  the  sample 
contains  much  tellurium,  gives  off  a  smell  of  telluretted  hydrogen  when  moistened 
with  hydrochloric  acid. 

2.  &iemmm  compounds. — FL  c  the  bright  blue  of  the  corn-flower.  Vl.  bums, 
giving  off  the  peculiar  putrid  smell  of  selenium.  R.  f.  brick-red  to  cherry-red, 
sometimes  dead,  sometimes  bright;  heated  with  strong  sulphuric  acid,  gives  an 
olive-green  solution.  O.  f.  white ;  on  addition  of  stannous  chloride,  brick-red  Arom 
libeiated  selenium;  the  red  colour  becomes  darker  on  addition  of  caustic  soda; 
silver-nitrate  gives  a  white  not  easily  visible  coloration,  which  disappears  in  a 
current  of  ammoniacal  air.  I.  f.  brown,  contains  some  reduced  selenium,  and  hence 
cannot  be  completely  removed  either  by  blowing  with  ammoniacal  air  or  by  breathing. 
Sl  f.  yellow  to  orange-red,  insoluble  in  water,  soluble  in  ammonium-sulphide.  Ab 
the  sulphide  is  jnepared  from  the  iodide,  it  also  contains  free  selenium,  and  does  not 
give  very  dear  reactions.  Ch«  sp.  gives  sodium-selenide,  produdng  a  black  mark  on 
a  silver  coin  when  moistened,  and  giving  rise,  if  the  quantity  be  not  too  small,  when 
tondied  with  hydrochloric  add,  to  led  selenium  and  a  smell  of  seleniuretted  hydrogen. 

3.  Antimouj^  compound*, — ^FL  c.  by  treatment  in  the  upper  redudng  flame,  pale 
green,  unaooompanied  by  smell.      VI.  black,  sometimes  dead,  sometimes  bright. 

0.  f.  white;  moistened  with  perfectly  neutral  silver* nitrate  solution  and  then  blown 
cm  by  ammoniacal  air,  it  gives  a  black  spot  which  does  not  disappear  in  ammonia. 
It  is  unaltered  by  stannous  chloride,  either  with  'or  without  caustic  soda.  I.  f. 
orange-red,  disappearing  by  breathing,  and  reappearing  by  blowing  or  warming; 
blown  on  with  ammoniacal  air  it  disappears,  but  does  not  return  ;  generally  it  gives 
the  same  reactions  as  the  oxide.  8.  f.  orange-red ;  the  film  is  difficult  to  blow  away 
with  sulphide  of  ammonium;  returns  on  blowing  with  air;  insoluble  in  water. 
Ch.  sp.  gives  no  black  stain  on  silver,  but  yields  a  white  brittle  metallic  bead. 

4.  JnaUc  compounds, — Fl.  c.  in  upper  redudng  flame  pale  blue,  giving  the  well- 
kaown  arsenical  smell.  Vl.  black,  dead  or  brilliant,  thin  film  brown.  O.  f.  white ; 
tooehed  with  perfectly  neutral  silvep*nitrate  and  then  blown  with  ammoniacal 
air,  it  gives  a  canary-yellow  predpitate,  soluble  in  ammonia.  Together  with  the 
lemon-yellow  predpitate,  a  brick-red  one  of  silver-araenate  occurs  when  the  fihn 
haa  previously  been  treated  with  bromine  vapour.  Stannous  chloride  with  or 
without  soda  produora  no  change.  I.  f.  deep  yellow ;  disappears  transiently  on 
breathing,  permanently  in  ammoniacal  air ;  reappears  unalterod  after  the  action  of 
hydrochloric  add.  S.  f.  lemon-yellow,  disappears  easily  on  blowing  with  ammonium- 
aolphide,  and  reappears  on  warming  or  blowing ;  insoluble  in  water,  and  does  not 
disappear  on  breathing.    Ch.  sp.  yields  no  metallic  bead. 

5.  BinnUk  compounds. — Fl.  c.  bluish,  not  characteristic.  R.  f.  black,  dead  or 
brilliant;  thin  portion  of  film  brownish  black.  O.  f.  light  yellow;  unaltered  by 
silver-nitrate  with  or  without  ammonia ;  gives  no  reaction  with  stannous  chloride,  but 
yields  black  predpitate  of  bismuth  suboxide  on  addition  of  caustic  soda.  I.  f.  very 
characteristic  and  remarkable  for  the  number  of  tints  which  it  assumes  ;  the  thick 
part  is  of  a  brown  or  blackish-brown  colour,  with  a  shade  of  lavender-blue ;  the  thin 
Him  varies  fiom  fleeh-ooloured  to  light  pink ;  it  easily  disappears  on  breathing,  and 
appean  agun  on  blowing ;  in  a  stream  of  ammoniacal  air  it  passes  from  pink  to 
orange,  and  on  blowing  or  warming  it  again  attains  a  chestnut>brown  colour ;  it 
resembles  the  oxide-fllm  in  its  behaviour  to  stannous  chloride  and  caustic  soda. 
8.  f .  of  a  bnmt-umber  colour,  the  thin  parts  of  a  lighter  coffee-brown  colour ;  does 
not  disappear  on  blowing,  and  is  not  soluble  in  ammonium-sulphide.  Ch.  sp. 
metallic  bead,  yielding,  when  rubbed  in  the  mortar,  bright  shining  yellowish  splinters 
of  metal  soluble  in  nitric  add.  The  solution  gives,  with  stannous  chloride  and 
caustic  soda,  black  bismuth  suboxide. 

6.  Mereufy  compounds. — ^M.  f.  mouse-grey,  non-coherent,  and  spreads  over  the 
vhole  badn.  To  obtain  small  traces  of  mercury  in  the  reduced  state,  the  sample  is 
nixed  with  soda  and  saltpetre  and  filled  into  a  thin  test-tube  fi  to  6  millims.  wide 
and  10  to  20  millims.  long.  This  is  held  by  a  platinum  wiro  in  the  fiame,  whilst  the 
bottom  of  the  basin  filled  with  cold  water  is  placed  close  above  the  open  end  of  the 
tube.  If  the  quantity  of  mercury  is  considerable,  the  metal  collects  in  the  form  of 
■mall  globules  which  can  be  seen  with  a  lens,  and  collected  into  larger  drops  by 
wiping  the  bisin  with  a  piece  of  moistened  filter-paper.      0.  f.  not  obtainable. 

1.  f.  obtained  by  breathing  on  the  metallic  film  and  then  pladng  it  over  a  vessel 
oontaining  moist  bromine.    It  first  becomes  black  and  then  disappears,  but  not  until 
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after  some  time,  as  mercuric  bromide  is  formed.  If  the  basin  be  now  plaeed  above 
a  vessel  of  fuming  hydriodic  acid,  n  very  characteristic  carmine-oolonzed  film  of 
meitniric  iodide  is  produced:  this  is  often  accompanied  by  meicorous  iodide;  but 
neither  of  these  disappears  on  breathing,  or  when  blown  with  ammoniacal  air. 
S.  f.  black,  not  altered  by  breathing  or  by  blowing  with  ammonium-sulphide. 
Ch.  sp.  no  reaction. 

7.  Thallium  compnunds.  —  F.  c  bright  grass-green.  M.  f.  black ;  thin  parts 
coffee-coloured.  O.  f.  colourless ;  with  stannous  chloride  and  soda,  as  well  as  with 
silver-nitrate  with  or  without  ammonia,  no  alteration.  I.  f.  lemon-vellow,  does  not 
disappear  on  breathing,  or  on  blowing  with  ammoniacal  air,  or  on  addition  of  liquid 
ammonia.  S.  f.  formed  from  the  oxide,  black,  and  the  thin  parts  bluish-grey ; 
insoluble  in  liquid  ammoniimi-sulphide.  Ch.  sp.  reduced  to  a  white  ductile  bead, 
which  quickly  oxidises  in  the  air,  and  is  acted  upon  by  hydrochloric  acid  with 
difficulty.  In  addition  to  the  foregoing,  there  are  two  metals,  viz.  tin  and  molybdenum, 
which  may  be  classed  under  the  group  A  2.  These  two  metals,  however,  cannot  be 
reduced  from  all  their  compounds,  and  the  reduction  never  takes  place  easily,  owing 
to  their  slight  volatility ;  so  that  it  will  be  better  to  class  them  under  the  groups  B  2, 
B  1,  6,  as  Uiey  can  be  best  distinguished  by  the  reactions  which  are  characteristic  of 
these  groups. 

8.  Lead  compounds. — Fl.  c  pale  blue.  R.  f.  black,  dead  or  brilliant.  O.  f. 
bright  yellow-ochre  coloured ;  no  coloration  with  stannous  chloride  and  caustic  soda, 
or  with  silver-nitrate  or  ammonia.  I.  f.  orange-  to  lemon-yellow,  insoluble  on 
breathing  or  on  moistening;  disappears  on  blowing  with  ammoniacal  air,  and 
appears  again  on  warming.  S.  f.  brownish-red  to  black ;  not  altered  by  blowing  or 
moistening  with  ammonium-sulphide.  Ch.  sp.  grey,  very  soft  ductile  metallic  bead, 
soon  tarnishing,  and  slowly  but  completely  soluble  in  nitric  acid. 

9.  Cadmium  eonmounds, — ^M.  f.  olack ;  the  thin  parts  brown.  O.  f.  biownish- 
black,  shading  off  through  brown  to  a  white  invisible  film  of  suboxide,  which  is  not 
altered  by  stannoua  chloride  either  alone  or  with  soda,  but  gives  with  silver^nitrate  a 
characteristic  blackish-blue  coloration  of  reduced  metal ;  does  not  alter  by  ammonia. 
I.  f.  wbite,  not  changed  by  ammonia.  S.  f.  lemon-yellow,  insoluble  in  sulphide 
ammonium.     Ch.  sp.,  imperfect  reduction  to  a  silver-white  ductile  bead. 

10.  Zinc  compounds, — R.  f.  black,  in  the  thin  parts  brown.  0.  f.  white,  and 
therefore  invisible.  To  test  it,  a  square  centimetre  of  filter-paper  moistened  with 
nitric  add  is  rubbed  over  the  surface  and  then  rolled  up  on  two  rinn  of  fine  platinum 
wire,  8  millims.  in  diameter,  and  burnt.  If  the  paper  is  burnt  in  the  upper  oxidising 
flame  at  as  low  a  temperature  as  possible,  the  ash  forms  a  small  solid  mass  about  a 
square  millimetre  in  area,  which  can  be  ignited  without  fusion,  and  becomes  yellow 
on  gently  heating,  appearing,  however,  white  on  cooling.  If  this  be  moistened  with 
a  few  milligrammes  of  a  very  dilute  cobalt  solution  and  ignited,  it  appears  of  a 
beautiful  green  colour  on  cooling.  I.  f.  white,  not  easily  recognisable  either  by 
itself  or  a^r  blowing  with  ammoniacal  air.  S.  f.  also  white,  not  easily  recognised 
either  with  or  without  blowing  with  ammonium-sulphide.  J%e  reduction  of  the  metal 
cannot  be  accomplished,  owing  to  the  volatility  of  nnc. 

11.  Indium  compounds, — 1^.  c.  intense,  and  pure  indigo-colour.  M.  f.  black,  the 
thin  parts  brown,  either  dead  or  brilliant ;  instantly  disappears  in  presence  of  nitric 
acid.  O.  f.  yellowish-white,  scarcely  visible ;  gives  no  reaction  with  stannous 
chloride  and  silver  solution.  I.  f.  also  yellowish-white,  not  visible  either  with  or 
without  ammonia,  if  present  in  small  quantities  only.  S.  f.  also  yellowish-white, 
difficult  to  see;  unaltered  by  ammonium-sulphide.  Ch.  sp.;  reduction  difficult; 
gives  silver-white  ductile  globules  slowly  soluble  in  hydrochloric  add. 

12.  Iron  compounds, — Ch.  sp.,  no  metallic  bead  or  ductile  lustrous  particles ;  the 
finely  divided  metal  forms  a  black  brush  on  the  end  of  the  magnetised  knife-blade ; 
this,  when  rubbed  off  on  paper  and  dissolved  in  a  drop  of  aqua  regia,  yields  a 
yellow  spot  when  warmed  over  the  fiame,  which,  when  moistened  with  potassium- 
fenocyanide,  gives  a  deep  coloration  of  prussian-blue.  The  yellow  spot  moistened 
with  caustic  soda  and  then  held  for  a  few  moments  in  a  vessel  with  bmmine-vapour 
gives,  on  a  second  addition  of  soda,  no  coloration  of  a  higher  oxide.  Borax  bead, — 
In  the  oxidising  flame,  when  hot,  yellow  to  brownish-rod;  when  cold,  yellow  to 
brownish-yellow ;  reducing  flame  bottle-green. 

18.  Nickd  compounds, — Ch.  sp. :  On  pulverising  the  charcoal  the  metal  is  obtuned 
in  white,  lustrous,  ductile  partides,  fopning  a  brush  on  the  magnetised  blade.  The 
metal  dissolved  in  nitric  add  on  paper  gives  a  green  solution,  which  on  moistening 
with  soda,  exposure  to  bromine-vapour,  and  subsequent  addition  of  soda,  |^ves  a 
blackish-brown  spot  of  nickel-sesquioxide.  The  ash  of  the  paper,  ttom  which  the 
excess  of  soda  has  been  washed  out,  can  be  used  for  the  borax-bead  test. 
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B<vrax  hmad, — Ozidising  flume  greyish-brown  or  dirty-violet  Upper  reducing 
flame  grej  from  reduced  nickel,  which  often  collects  to  a  spongy  mass  of  metal,  ren- 
dering the  bead  colourless. 

14.  CtAaU  eampcunds, — ^By  pulyerising  the  charcoal,  as  with  nickel,  white  ductile 
Instrous  metallic  particles  are  obtained,  which  form  a  brush  on  the  magnetic  blade. 
The  melal,  rubboi  off  on  paper,  gives  a  red  solution  when  moistened  with  nitric 
acid;  this  yields  a  green  colour  on  addition  of  hydrochloric  acid  and  drying,  which 
disappears  again  on  moistening.  The  paper  moistened  with  soda,  brought  into 
bromine-vapour  and  again  moistened  with  soda,  jrields  a  blackish-brown  spot  of 
eobalt-oesquioxide.  This  reaction  is  plainly  seen  with  a  few  tenths  of  a  milligramme 
of  metal.  The  paper  can  also  be  us«l,  after  washing  out  the  soda  and  burning,  for 
the  coloration  of  the  borax  bead. 

Bcmx  head. — ^In  the  oxidising  flame  a  bright-blue  bead,  unaltered  in  the  lower 
reducing  flame.  The  bead  when  held  for  some  time  in  the  most  powerful  upper 
vedudng  flame,  becomes  colourless,  owing  to  the  separation  of  metaUie  cobalt :  this 
separation  takes  place  more  rapidly  in  presence  of  platinum-ammonium-chloride, 
when  an  alloy  of  mckel  and  platinum  is  formed. 

15.  ^otiadvum  -wmpaundt, — 2n  the  uwper  axidiskiff  flams  these  compounds,  heated 
on  a  flue  platinum  wire  with  9oda,  yield  a  grey  mass  resembling  spongy  platinum ; 
this  yields  on  trituration  silver-white  lustrous  particles,  the  red  solution  of  which 
in  nitric  add  forms,  with  a  drop  of  mercuric  cyanide,  when  blown  upon  by  ammoniacal 
air,  a  white  precipitate  soluble  in  excess  of  ammonia.  The  solution  is  coloured  blue, 
g^reen,  and  brown  by  stannous  chloride,  according  to  the  <^uantitv  of  the  reagent  added. 

16.  Hainmm  compounds  yield  in  the  oxidiemg  flame  with  soda  a  greyspon^  mass, 
givipg  on  trituration  white,  ductile,  lustrous  particles.  These  are  insoluble  m  either 
nitric  or  hydrochloric  add  alone,  but  dissolve  in  a  mixture  of  these  adds,  forming,  if 
the  i^Atinum  is  pure,  a  light-yellow  solution,  which  is  of  a  darker  colour  if  rhodium, 
iridium,  or  palladium  is  present.  The  solution  in  nitro-muriatic  add  gives  with 
mcreorie  cyanide  and  ammonia,  not  a  white  predpitate,  but  a  light-yellow  crystalline 
predxtttate  of  platinum-ammonium'chlaride.  Stannous  chloride  colours  platinum 
eomponnds  yellowish-brown. 

17.  Indium  eompounds  are  likewise  reduced  to  metal  when  heated  with  soda  in  the 
upper  reducing  flame,  yielding  a  grey  non-lustrous  powder,  which  is  not  the  least 
duictile,  and  is  insoluble  even  in  aqua  regia. 

18.  JSiodium  oon^xmnde  can  be  distinguished  firom  those  of  iridium  only  by  the 
fact  that  the  metallic  powder,  insoluble  in  aqua  regia,  when  fused  with  hydropotassic 
sulphate,  is  partially  oxidised,  giving  a  rose-coloured  solution. 

19.  Otmium  confounds  give,  in  the  oxidising  flame,  fumes  of  volatile  osmic  acid, 
poeseasing  an  acrid  chlorine-like  smell  and  attadking  the  eyes  powerfully. 

20.  GM  eompounde. — ^Traces  of  gold  mixed  wiu  large  quantities  of  matrix,  can 
be  coDcentiAbed  and  detected  only  by  the  old  gold-test*  In  other  cases,  however,  a 
few  tenths  of  a  milligramme  can  be  detected  by  reduction  with  soda  on  a  charcoal 
splinter.  The  yellow  lustrous  ductile  globules  Uius  obtained  can  be  flattened  out  to 
larger  golden  particles ;  these  do  not  dissolve  in  nitric  or  hydrochloric  acid,  but  are 
pretty  easily  ussolved  in  aqua  regia,  yielding  a  light-yellow  solution,  which,  if  it  is 
absorbed  by  a  small  niece  of  filter-paper,  yields  the  purple  of  Cassius  when  moistened 
with  stannous  chloride. 

21.  Silver  eompotmde. — ^If  silver  occurs  only  in  traces  in  slags  or  complex  ores,  it 
can  only  be  detected  by  the  well-known  method  of  cupellation.t  If«  however,  the  silver 
eompoiuid  is  not  mixed  with  a  very  large  amount  of  foreign  matter,  it  can  be  detected 
in  very  minute  quantities  by  reduction  with  soda  on  the  charcoal  splinter.  The  white 
ductile  beads  duwc^ve  easily  on  wanning  in  dilute  nitric  add,  and  yield  silver-chloiide 
with  hydrochloric  add,  which  can  then  rea^lily  be  recognised  by  its  behaviour  with 
nitric  add  and  ammonia.  Less  than  one-tenth  of  a  milligramme  of  silver  can  thus 
be  odly  detected  with  certainty. 

22.  Copper  eomfotmds  yield  on  the  ekareoal  eplmttr  foith  eoda  a  ductile  lustrous 
metallic  bead,  easily  recognisable  by  its  red  copper  colour,  and  by  the  reaction  of  its 
nitric  add  solution  with  potassium  ferrocyanide.  With  Borax  on  Platinwn  Wire.— 
Blue  bead,  not  altered  to  cuprous  oxide  when  heated  in  the  lower  reducing  flame 
alone,  but  on  addition  of  very  little  tin-salt,  forms  a  reddish-brown  bead.  If  this 
bead  be  freouently  oxidised  and  reduced  in  the  flame,  a  ruby-red  transparent  bead  is 
obtained ;  this  occurs  most  readily  when  the  bead  is  allowed  to  oxidise  ver^  slowly. 

23.  Tin  componnde. — On  the  ehareoai  eplinterthe  tin  compounds  are  easily  reduced 
to  white  lustrous  ductile  metallic  beads.    The  flattened  paitides  transferred  to  the 

•  C.  F.  Flattner'a  FnMeritmsi,  beaiiMltet  v.  Th.  Rlchter,  1865,  i>.  Ml. 

t  iNrf.  p.  U9.  • 
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curved  glass  dissolYe  slowly  in  hydrochloric  acid  ;  and  the  solution,  Then  absorbed 
by  piper,  gives  a  red  precipitate  with  selcnious,  and  a  black  precipitate  with  tellurous 
lie ia  dissolved  in  hydrochloric  acid.  If  to  the  solution  a  trace  of  bismuth-nitrate  be  added, 
an  oxce8s  of  soda  gives  a  black  precipitate  of  bismuthous  oxide.  The  metal  acted  on 
by  nitric  acid  yields  a  white  powder  of  insoluble  stannic  acid.  A  bora*  bead,  containing 
enough  copper-oxide  to  render  it  faintly  blue,  serves  as  a  delicate  test  to  ascertain  with 
certainty  the  presence  of  a  trace  of  a  tm  compound,  as  the  bead  placed  in  the  lower  re- 
ducing flHme,  as  explained  above,  turns  reddish-brown,  or  forms  a  clear  ruby-red  glass. 

24.  Molybdenum  compounds. — On  a  charcoal  e/dinter  vnth  soda  molybdenum  is 
reduced,  though  with  great  difficulty,  to  a  grey  powder.  In  the  same  way  some 
molybdenum  compounds  give  in  the  upper  reducing  flame  a  film  on  porcelain  which 
it  is  very  difficult  to  obtain.  Molybdenum  is  best  detected  as  follows.  The  sample, 
finely  pulverised  with  the  knife  on  the  porcelain  plate,  is  mixed  on  the  hand  with 
soda,  obtained  in  a  pasty  state  by  melting  a  crystal.  The  mixture  is  then  transferred 
to  H  spiral  of  fine  platinum  wire  and  fused  in  the  flame ;  the  liquid  fused  mass  is  then 
knocked  off  the  wire  and  allowed  to  fall  upon  the  plate,  when  it  is  digested  with  two 
or  three  drops  of  water,  and  the  clear  supernatant  liquid  absorbed  by  three  or  four 
strips  of  filter-paper  a  few  millimetres  in  breadth,  a.  One  of  these  strips,  on  moist- 
ening with  hydrochloric  acid,  docs  not  change  colour,  but  on  addition  of  a  drop  of 
potAssium-ferrocyanide  it  is  coloured  reddish-brown,  fi.  If  one  of  the  strips  be 
gradually  moistened  with  a  few  milligrammes  of  stannous  chloride,  it  is  coloured  blue 
either  at  once  or  on  gently  heating ;  if  the  tint  be  yellow  or  light  brown,  a  few  drops 
of  soda  solution  must  be  added  bv  a  capillanr  tube  until  the  bine  colour  appears. 
y.  A  drop  of  ammonium-sulphide  added  to  the  third  strip  produces  a  brown  coloration ; 
and  on  addition  of  hydrochloric  acid  a  brown  precipitate  is  formed,  the  paper,  at  the 
circumference  of  the  drop,  often  beinc  coloured  blue.  9.  The  yellow  phosphate 
precipitate  produced  by  tne  nitric  acid  solution  of  ammonium-molybdate  can  also 
be  readily  obtained.  The  borax  bead  is  not  very  characteristic ;  in  the  oxidising 
flame  it  is  colourless,  and  in  presence  of  much  molybdenum  it  becomes  opaque  ;  in 
the  reducing  flame  it  is  dark  from  reduced  molybdenum. 

25.  Tungsten  compounds. — The  reduction  of  tungsten  can  likewise  be  made  on  the 
charcoal  splinter  with  soda,  but  this  method  is  not  available  for  the  detection  of  the 
metal.  Tne  tungsten  compounds  aro  therefore  best  examined  in  the  mode  described 
under  molybdenum,  by  absorbing  the  liquid  obtained  by  fusion  with  soda  on  some 
strips  of  filter-paper,  a.  One  strip  is  moistened  with  hydrochloric  acid ;  it  remains 
white,  but  on  heating  turns  yellow ;  moistened  with  ferrocyanide  it  is  unaltered. 
fi.  A  second  strip,  touched  with  stannous  chloride,  is  coloured  blue  in  the  cold  or  on 
heating,  y.  A  drop  of  ammonium-sulphide  causes  no  precipitate  either  by  itself  or 
after  addition  of  hydrochloric  acid ;  the  paper  becomes,  howeyer,  blue-  or  greenish- 
coloured,  especially  on  warming. 

26.  Titanium  compounds  give  with  microcosmic  salt  in  the  oxidising  flame  a 
colourless  bead  which  turns  of  a  pale  amethystine  colour  in  the  reducing  flame.  On 
addition  of  ferrous  sulphate  the  bead  assumes  in  the  reducing  flame  the  peculiar 
red  colour  of  venous  blood,  whilst  in  the  oxidising  flame  the  light-brown  colour 
of  ferric  oxide  can  be  obtained  at  pleasure.  The  titanium  compounds  form  with 
soda  a  bead  which  at  first  efibrvesees,  and  is  colourless  and  transparent  while  hot^ 
but  becomes  opique  on  cooling.  If  to  the  hot  bead  stannous  chloride  be  added,  and  if 
it  then  be  heated  in  the  lower  reducing  fiame,  a  grey  mass  is  formed,  which  dissolves 
on  heating  in  hydrochloric  acid,  yielding  a  pale-amethystine-ooloured  solution. 

27  &  28.  Tantalum  and  Niobium  compounds  exhibit  the  same  reactions  as 
titinium. 

29.  Silica  compounds. — a.  Treated  with  soda  in  the  oxidising  flame,  the  silicates 
dissolve  with  more  or  less  effervescence.  The  mass  treated  whiM  hot  with  stannous 
chloride  and  fused  does  not  yield  a  trace  of  blue  colour  on  solution  in  warm  hydro- 
chloric acid ;  and  the  silicates  may  thus  be  distinguished  from  the  compounds  of 
titanic,  tantalic,  or  niobic  acids.  The  blood-red  colour  obtained  with  ferric  oxide 
from  these  acids  is  also  not  yielded  by  silicates.  G-elatinous  silica  separates  out  when 
the  fdsed  mass  is  carefiilly  treated  with  water  and  acetic  acid  on  the  lamp-plate. 
Fine  particles  of  any  silicate  yield,  on  fusion  in  a  bead  of  microcosmic  salt,  a  mass  of 
gelatinous  silica  when  fused,  which  on  pooling  forms  a  solid  opaque  mass  swimming  in 
the  transparent  bead. 

30.  Chrommm  compounds. — a.  In  the  spiral  of  platinum  toire  vnth  soda  the 
chromium  compounds  give,  when  fused  with  rex)eated  additions  of  nitn,  a  yellow 
mass,  which,  when  pulverised  on  the  plate  and  treated  with  water,  yields  a  light 
yellow  solution  exhibiting  the  well-known  reactions  of  chromic  acid. 

31.  Vanadium  compounds  (a)  treated  with  nitro  and  soda  in  the  pktinum  spiral 
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jiald  a  bri^t  yellov  mass,  the  solution  of  which,  on  addition  of  silver  nitrate  and 
andiileation  with  acetic  add,  yields  a  yellow  precipitate.  The  fused  mass  when 
evaporated  with  aqua  regia  gives  a  yellow  insteaa  of  a  green  solution,  which  becomes 
blue  on  addition  of  stannous  chloride.  If  the  mass  contains  much  vanadium,  the 
aolution  gives  a  vellowish-brown-  colour  or  precipitate  on  addition  of  an  excess  of  cold 
concentrated  hydrochloric  acid. 

32.  Manganese  compounds  give  an  amethystine-coloured  bead  in  the  oxidising, 
and  a  colourlees  bead  in  the  reducing  flame ;  with  soda  and  a  little  nitre,  a  green 
bead,  the  green  aqneoua  solution  of  which  turns  red  on  addition  of  acetic  acid,  and 
thee  oiten  becomes  colourless,  with  separation  of  brown  flocculi. 

38.  UraniuM  compounda  ^ve  in  the  oxidising  flame  a  yellow  bead,  which 
beoomee  green  in  tfie  reducing  flame,  especially  on  addition  of  stannous  dhloride. 
These  eoloors  closely  resemble  those  of  the  iron  com^iounds,  but  may  easily 
be  distingniahed,  at  least  if  no  other  colouring  metaUic  oxide  is  present,  by 
the  fact  that  the  uranium  bead,  when  incandescent,  emits  a  bluish-green  light 
analogous  to  that  which  the  uranium  compounds  exhibit  when  fluorescing.  Beads 
of  lud-oxide,  stannic  oxide,  and  a  few  other  substances  exhibit  a  similar 
phenomenon  when  incandeeoenty  but  they  none  of  them  yield,  like  the  uranium 
oompounds,  a  coloured  bead  on  cooling.  Insoluble  uranium  compounds  may  be 
decompoeed  by  gentle  heating  on  the  platinum  spiral  with  add  potassium  sulpnate. 
On  powdoing  the  melted  substance  with  a  few  partides  of  sodium  carbonate,  abswbing 
the  moistened  mass  with  filter-paper,  and  adding  a  drop  of  potassium  fezxocyanide, 
a  brown  spit  it  formed. 

34.  PkasphoruM  compounds. — ^The  presence  of  phosphorus  may  eadly  be  detected, 
even  when  mixed  with  large  quantities  of  other  substances,  as  follows : — The  sample 
having  been  ignited,  is  rubbed  fine  on  the  porcelain  plate,  and  introduced  into  a 
small  glass  tube  of  the  thickness  of  a  straw ;  into  this  tube,  whidi  is  closed  at  the 
bottom,  a  piece  of  magnesium  wire,  about  one-fourth  of  an  inch  in  length,  is  placed  so 
that  it  is  covered  by  the  powder.  On  heating  the  tube,  magnesium-phosphide  is 
formed  with  incandescence.  The  black  contents  of  the  tube  powdered  on  uie  plate 
give,  on  moistening  with  water,  the  highly  characteristic  smell  of  phosphuretted 
hydrogen.  A  piece  of  sodium  can  be  equally  well  used  if  magnesium  cannot  be 
pioenred.  If  it  has  been  ascertained  that  the  sample  does  not  yield  any  film  on 
poreelatn  in  the  upper  oxidising  flame,  the  phosphates  may  be  recognised  by  heating 
on  platinum  with  borax  and  a  thin  piece  of  iron  wire  in  the  hottest  part  of  the  reducing 
flame,  when  a  bright  molten  bead  of  iron-phosphide  is  obtained  which  can  be  extracted 
with  the  magnetised  knife  on  crushing  the  bead  under  paper. 

85.  Snipktir  compovnds  give  with  soda  on  the  cnarcoal  splinter  a  fused  mass, 
which  leaves  a  black  stain  when  brought  on  to  moistened  silver.  As  selenium 
and  tellurium  give  rise  to  the  same  reaction,  the  absence  of  these  substances  must 
first  be  ascertained  by  seeing  that  no  film  of  selenium  or  tellurium  is  deposited  on 
pareelain.  In  the  case  of  metallic  sulphides,  and  not  of  sulphates,  the  simple 
ig;nitJon  of  the  sample  in  the  flame  is  sufficient  to  produce  the  peculiar  smell  of  burn- 
ing; sulphur. 

The  following  examples*  are  given  to  illustrate  the  value  of  these  methods  in 
analysis : — 

1.  A  ndxtmre  of  the  Sulphides  of  Arsenic,  Antimony,  and  Tin. — ^If  in  a  mixture  of 
these  three  sulphides  containing  only  traces  of  antimony  and  tin,  they  are  separated 
aooording  to  the  ordinary  rules  of  qualitative  analysis,  by  dissolving  in  alkaline 
sulphides  and  reprecipitation  with  adds,  the  detection  of  these  two  metals  by  the 
re^uUr  tests  is  extremely  uncertain  and  troublesome.  By  the  following  method, 
however,  thdr  d^ection  is  rendered  easy  and  certain  when  the  proportion  of  tin  is  only 
a  few  thousandths,  and  that  of  the  antimony  only  a  few  hunoredths,  of  the  total 
weight  of  the  mixture. 

Three  deeigmmmes  of  the  sulphides  are  roasted  on  a  curved  piece  of  glass,  small 
etioagh  to  be  altogether  surrounded  by  the  flame,  and  the  residue,  weighing  only  a  few 
milligrammes,  is  scraped  together  with  a  knife.  The  moistened  mass  is  then  collected 
on  the  end  of  a  threaa  of  asbestos,  and  a  strong  metallic  film  obtained  on  the  test-tube 
(see  p.  132).  In  order  to  prevent  the  deposition  of  any  carbon  with  the  metals, 
vhich  would  act  injuriously  m  the  subsequent  operations,  the  upper  redudng  flame  is 
made  so  small  that  the  luminous  point  is  only  just  visible.  The  film  is  next  dissolved 
in  a  drop  or  two  of  nitric  acid,  and  the  solution  is  evaporated  below  its  boiling-point 
by  gently  wanning  and  blowing,  so  as  to  obtain  the  solid  residue  in  as  small  a  space 
as  possible.  A  drop  of  neutral  silver  solution  is  now  brought  on  to  the  residue  at  the 
SMment  when  it  becomes  solid ;  and  on  blowing  with  ammoniacal  air,  a  characteriBtic 
black  stain  is  formed,  whilst  the  reaction  of  arsenic  is  also  generally  noticed.    In 
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TaUe  of  VolaHU  EUmenU  wkiek 


Metallic  film. 


Te 


Black ;   thin 
part  brown. 


Se 


Cherry-red; 
thin  part 
brick-red. 


Sb 


Black ;   thin 
part  brown. 


As 


Black;   thin 
part  brown. 


Bi 


Black;  thin 
part  brown. 


Hg 


Grey  non-co- 
horent  thin 
film. 


Tl 


Black;   thin 
part  brown. 


Pb 


Black;   thin 
part  brown. 


Cd 


Black ;   thin 
part  brown. 


Zn 


Black ;   thin 
part  brown. 


Oxide-film. 


White. 


White. 


White. 


White. 


Yellowish 
white. 


White. 


Yellow-ochre 
colour. 


Blackish 

brown;  thin 

part  white. 


White. 


Sn 


Black ;   thin 
part  brown. 


Yellowish 
white. 


Oxide-fllm 

with  Btannons 

chloride. 


Black. 


Brick-red. 


White. 


White. 


White. 


White. 


White. 


White. 


White. 


White. 


Ozide-fltan  with 
stannous  ch1o> 
ride  and  soda. 


Black. 


Oxide-fllm  with 

silTer-nitrate  and 

ammonia. 


Yellowish  white. 


Black. 


White. 


White. 


White. 


Black. 


White. 


White. 


White. 


White. 


White. 


Black ;    insoluble 
in  ammonia. 


Lemon-yellow  or 
reddish  brown ; 
soluble  in  am- 
monia. 


White. 


White. 


White. 


White;  in  the  thin 
parte  turns  bluish 
black. 


White. 


White. 


FLAME  REACTIONS. 


Id9 


can  U  reduced  as  Films, 


lodlde-film. 

lodtde-fflm 
with  ammonia. 

SDlphlde-fUm. 

SolphJde-inm 
nfaunFSiilplilde. 

1 

Brown ;  disappears 
for    a     time     on 
breathing. 

Disappears 
altogether 
on  blowing. 

BUckto 

blackish 

brown. 

Disappears 
for  a  time. 

Elements  whoee 

reduction- films 

l  are  scarcely  dis- 

solyed  in  dilute 

nitric  acid. 

Brown ;     does    not 
wholly    disappear 
on  breathing. 

Does  not  dis- 
appear   on 
blowing. 

Yellow  to 
orange. 

Orange,  and 
then  disap- 
pears for  a 
time. 

Orange-red  to  yel- 
low ;     disappears 
on  breathing. 

Disappears 
altogether 
on  blowing. 

■ 

Orange. 

1 

Disappears 
for  a  time. 

Orange-yellow ;  dis- 
appears for  a  time 
on  breathing. 

Disappears 
altogether 
on  blowing. 

1 

Lemon-oo- 
loured. 

Does  not 
disappear. 

1 

Bluish-brown ;  thin 
parts  pink ;  disap- 
pears for  a  time  on 
breathing. 

Pink  to 
orange; 
chestnut-co- 
loured when 
blowing. 

• 

Burnt  -  um- 
ber -  colour 
to      coffee- 
coloured. 

Does  not 
disappear. 

Elements  whose 
reduction  -films 
are  with  diffi- 
culty dissolyed 
in  dilute  nitric 
acid. 

• 

Carmine  -  coloured 
and  lemon-yellow ; 
does  not  disappear 
on  breathing. 

Disappears 
for  a   time 
on  blowing. 

Black. 

Does  not 
disappear. 

Lemon-yellow;  does 
not  disappear  on 
breathing. 

Does  not  dis- 
appear   on 
blowing. 

Blm^k;   thin 
parts  bluisli 

Does  not 
disappear. 

Orange  -  yellow    to 
lemon-colour;  does 
not   disappear  on 
breathing. 

Disappears 
for  a  time 
on  blowing. 

Brownish  red 
tobUck. 

Does  not 
disappear. 

t 
1 

Elements  whose 
reduction- films 

'  are      instantly 
dissolved  in  di- 
lute nitric  acid. 

White. 

White. 

Lemon- 
coloured. 

Does  not 
disappear. 

White. 

White. 

White. 

Does  not 
disappear. 

1 

Yellowish  whito. 

Yellowish 
white. 

White. 

Does  not 
disappear. 
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orrler  U>  detect  tin,  a  few  scarce! j  risible  particles  of  the  roasted  sulphides  are  fused 
on  a  borax  bead  which  has  been  rery  slightly  tinted  with  eapric  oxide.  If  tha 
bead  is  now  brought  into  the  lower  reducing  flame,  it  assumes  a  rubj-red  colour  from 
re«iuced  cuprous  oxide.  If  the  oxide  be  present  in  too  lai]^  a  quantity,  the  bead  can 
be  obtained  transparent  by  the  process  described  under  the  reactions  of  the  copper 
compounds.  This  reaction  can  be  obtained  only  in  the  lower  reducing  flame  of  the 
non-luminous  gas-lamp,  as  in  the  ordinary  blowpipe-flame  the  cnpric  oxide  is  reduced 
to  cuprous  oxide  without  the  presence  of  tin-salt. 

2.  Black  Tellurium^  eontaiming  THluriMm,  Selenium,  Antwumy,  Lead,  Gold,  and 
Sulphur, — After  the  sulphur  has  been  detected  by  the  smell  on  masting,  the  metallic 
film  is  obtained  on  a  test-tube,  which  is  then  placed  inside  a  wider  and  shorter  tube 
containing  a  few  drops  of  concentrated  sulphuric  acid,  so  that  the  metallic  film  is 
surrounded  by  the  acid.  If  the  temperature  be  now  gradually  raised,  the  presence  of 
tellurium  is  at  once  ascertained  by  the  formation  of  a  bright  carmine-colour.  If  the 
temperature  be  still  further  raised,  the  tellurium  oxidises,  and  the  oliye-green  colour 
of  selenium  becomes  visible ;  the  cooled  solution,  on  dilution  with  water,  then  no 
longer  exhibits  the  black  precipitate  of  tellurium,  but  is  coloured  yellowish  red  from 
the  selenium.  If  this  substance  is  present  in  small  traces  only,  it  can  be  best  detected 
by  looking  down  the  length  of  the  test-tube  upon  a  sheet  of  white  paper.  As 
common  commercial  sulphuric  acid  not  unfrequently  contains  traces  of  selenium,  it  is 
well  to  make  a  blank  experiment  to  assure  one  s  self  of  its  absence.  The  antdmony  is 
detected  exactly  as  described  in  the  preceding  example.  To  detect  the  lead  and  gold, 
a  sample  is  reduced  on  the  charcoal  splinter,  the  beads  of  the  alloy  are  washed  into  a 
curyed  glass,  and  the  flattened  and  dried  metallic  particles  treated  with  pretty  strons 
nitric  acid  as  long  as  anything  dissolres.  The  acid  is  then  evaporated  oi^  and 
the  soluble  portion  of  the  residue  dissolved  in  a  drop  or  two  of  water.  The  solution 
is  then  brought  on  to  a  second  curved  glass  b^  means  of  a  capillaiy  pipette,  and  the 
characteristic  precipitate  of  lead  sulphate  obtained  by  addition  of  a  few  milligrammes 
of  sulphuric  acid.  The  gold,  left  undissolved  as  a  brown  powder,  is  completely  washed 
by  frequent  addition  of  water  and  removal  of  the  same  with  the  capillarv  pipette. 
A  portion  of  the  dried  particles  of  gold  fused  on  a  charcoal  splinter  witn  soda,  yields 
in  the  mortar  bright  golden  yellow  particles,  which  may  be  dissolved  in  aqua  regia 
and  tested  with  stannous  chloride. 


rA&TBIB  or  CMkSaB.  Williamson  a.  Russell  {C^kem,  Soe.  J.  [2\  ii.  238) 
have  described  a  modification  of  their  apparatus  *for  gas-analysis  (i.  274),  in  whidi 
the  gases  are  subjected  to  the  action  of  reagents  in  a  '  laboratorv-vessel '  separate  &om 
the  eudiometer,  as  in  the  apparatus  devised  by  Begnault  and  by  Frankland  a.  Ward 
(i.  276).  This  addition  permits  the  use  of  liquid  reagents,  which  act  much  more 
quickly  than  the  solid  absorbents  used  in  the  former  apparatus  and  in  Bunsen's 
original  method.  The  transference  of  the  gas  between  the  eudiometer  and  the 
lalraratory-vessel  is,  however,  effected  by  an  arrangement  free  from  the  fragility  and 
liability  to  leakage  which  constitute  the  chief  inconveniences  attending  me  use  of 
Regnault's  and  of  Frankland  a.  Ward's  apparatus.  The  eudiometer  tube  is  surrounded 
by  a  cylinder  of  water,  as  in  the  apparatus  just  mentioned.  For  the  detailed  descrip- 
tion of  the  apparatus  and  the  mode  of  using  it,  we  must  refer  to  the  original  memoir, 
as  it  scarcely  admits  of  abbreviation. 

Russell  (Chem.  Soe,  J.  12]  vi.  128)  has  lately  contrived  a  simpler  form  of  apparatus, 
which  permits  the  use  of  liquid  reagents  in  the  eudiometer  itself,  and  thus  does  away 
with  the  complication  of  the  laboratory-tube.    This  apparatus  is  represented  in  the 
foUowinjg  diagrams.    The  mercury-trough  is  made  of  gutta-percha ;  the  form  of  it  is 
shown  in  figs.  6  and  6.    Fig.  6  is  a  horiaontal  section,  and  fig.  6  a  section  through 
A  B.    The  larger  part  of  the  trough  is  circular ;  in  this  part  stands  the  glass  cylinder 
which  contains  the  water,  and  in  the  centre  are  the  eudiometer  and  pressure-tube. 
The  form  of  the  well  in  which  these  tubes  are  raised  or  lowered  is  represented  at  c; 
it  is  2}  indies  long,  1|  broad.    The  well  for  the  pressure-tube  is  14  inches  deep 
measured  from  the  bottom  of  the  trough,  and  that  for  the  eudiometer  19  inches. 
These  are  shown  in  fig.  6,  b  and  f.    The  sides  of  the  trough  are  3^  inches  high.    The 
smaller  part  of  the  trough  which  is  without  the  glass  cylinder  is  shown  in  fig.  6. 
Along  the  bottom  of  this  part  there  is  a  channel  i  inch  wide,  which  runs  into  thb  well. 
The  depth  of  this  channel  starting  from  the  end  of  the  bottom  of  the  trough  at  b 
gradually  increases  till  it  reaches  Sie  well,  where  it  is  1}  inch  deep :  o  H,  fig.  6.     The 
circular  part,  of  the  trough  is  Sf  inches  in  diameter,  and  the  total  length  through  ▲  b 
6}  inches.    The  above  dimensions  are  all  inside  measurements.    The  thickness  of  the 
gutta-percha  is  half  an  indi. 

The  pressure-tube  is  simply  a  straight  piece  of  tubing  of  about  the  same  diameter 
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I'll 


u  Ihc  «n[UDinet<«.  fig.  7  reprennte  the  whole  sppuatut.  The  glua  cjlindci  is 
onicted  fef  the  rake  of  clenrnMB,  aIoo  Uie  eudiometer,  but  the  damp  intended  to  hold 
it  IB  tbnvTi  in  the  figure. 

Thg  liquid  leageat  ia  intradnnd  into  the  eudiometer  bj  means  of  b  email  07111^, 
reedilj  nude  from  a  piece  of  tnbing  about  8  or  9  inches  long,  and  Ith  ioeh  internal 
diameter ;  one  end  of  it  is  bent  round  eo  a<  to  give  it  the  form  of  a  hook,  and  di»wu 
out;  into  the  cAher  end  a  piston  fit<.  mode  from  a  piece  of  itont  steel  wire,  one  end  of  it 
being  reoghened  oraacrew  turned  on  it;  And  ronnd  this  cotton  wool  is  tightl;  wrapped 


Fia.  5. 


Fia.  J, 


IL 


till  it  jnri:  fits  the  tube.  Id  order  to  hare  a  meosnre  of  the  quantjtf  of  Uqoid  to  be 
iatiudiHMd  into  the  endiomaler.  it  is  convenient  to  moke  five  or  eii  marka  on  the 
Aaight  end  of  the  sjringe  with  a  file,  a  qnarter  of  an  inch  apurt.  When  the  liquid 
ii  le  be  introdncsd.  a  dot  with  a  piece  of  chalk  is  made  on  the  piHtoa.  and  it  is  Uien 
puhed  down  till  this  chalk  dot  reaches  the  mnrk  correaponding  to  the  volume  of 
iii]vid  to  be  iiqected. 
The  next  thing  to  be  done  is  to  lemoTe  this  liquid  reagent  without  altering  the  bulk 
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of  gas  in  the  eudiometer,  for  this  purpose,  it  is  necessary  to  find  some  body  which 
can  absorb  a  certain  amount  of  liquid,  but  ^\l  not  carry  air  with  it  when  introduced 
into  the  eudiometer,  or  abstract  gas  on  being  withdrawn.  Wet  cotton  wool  is  found 
to  have  the  required  properties.  It  is  used  in  this  way :  a  piece  of  steel  wire,  size 
No.  9  or  10,  has  one  end  bent  into  a  loop,  and  some  cotton  wool  is  twisted  tightly 
round  it ;  this  mass  of  wool  should  be  about  j  inch  in  diameter  and  J  inch  long.  It 
is  placed  in  a  basin  of  water,  and  thoroughly  kneaded  and  squeezed  for  some  time ; 
this  treatment  wets  the  whole  mass  of  cotton  wool  and  expels  all  the  air  adhering 
to  it. 

This  ball  of  cotton  on  the  steel  wire  might  of  course  be  introduced  into  the  eudio- 
meter in  the  same  way  as  Bunsen  introduces  his  solid  reagents ;  but  it  is  found  much 
more  convenient,  especially  where  it  is  important  to  have  the  mercury-trough  small, 
to  use  what  may  be  called  a  guide-tube.  This  is  merely  a  piece  of  fine  glass  tubing 
about  8  or  9  inches  in  length,  and  bent  into  a  curve  at  one  end.  The  steel  wire  is 
introduced  at  this  end  and  pulled  through  till  the  cotton  ball  prevents  its  going 
further.  Held  in  this  way  the  ball  is  easily  introduced  or  withdrawn  from  the 
eudiometer,  and  that  without  dipping  the  fingers  into  the  mercury.  The  ball  being 
now  held  in  the  tube  and  thoroughly  saturated  with  water,  is  lifted  from  the  basin 
and  plunged  below  the  surface  of  the  mercury  in  the  trough ;  it  is  then  squeezed 
between  the  finger  and  thumb,  so  as  to  expel  a  considerable  portion  of  water,  but  still 
to  leave  it  very  wet.  The  guide  tube  is  now  introduced  into  the  canal  d,  fig.  5,  of  the 
trough,  and  pushed  down  it  so  that  the  curved  end  with  the  ball  comes  within  the 
tall  glass  cylinder.  In  order  to  introduce  the  ball  into  the  eudiometer,  the  eudiometer 
is  raised  so  that  the  open  end  of  it  is  a  little  above  the  well  in  the  trough ;  a  mark  on 
the  cylinder,  or  on  one  of  the  supports,  will  indicate  the  point  to  which  tlie  top  of  the 
eudiometer  must  be  raised  in  order  that  the  open  end  of  it  may  be  in  the  right 
position.  When  it  is  thus  raised,  it  is  easy  to  hook  the  cotton  bidl  projecting  from 
the  guide-tube  into  the  eudiometer;  then  on  pushing  the  wire,  the  ball  rises  in  the 
tube  and  is  completely  under  control.  It  is  well  to  apply  a  very  little  grease  to  the 
wire,  and  if  by  any  chance  it  should  become  bent,  it  must  of  course  be  discarded.  To 
withdraw  the  reagent,  the  eudiometer  is  raised  and  the  cotton  ball  introduced  as  above 
described ;  it  is  pushed  up  till  the  top  of  it  comes  in  contact  with  the  reagent,  which 
is  then  quickly  taken  up  by  the  cotton  wool  and  the  meniscus  left  free  from  liquid. 
The  ball  is  now  pulled  below  the  surface  of  the  mercury :  this  should  be  done  with  a 
jerk,  to  prevent  any  gas  adhering  to  it,  and  withdrawn  from  the  trough.  The  other 
manipulations  with  this  apparatus  are  the  same  as  with  that  of  Williamson  and 
Kussell,  described  in  voL  i.  p.  274. 

Russell  has  also  described  a  method  of  accurately  determining,  by  means  of  the 
apparatus  just  described,  the  volume  of  gas  given  on  in  any  chemical  reaction,  and 
consequently  of  applying  such  measurements  to  various  cases  of  quantitative  analysis, 
such  as  the  analysis  of  carbonates,  the  valuation  of  manganese  peroxide  and  certain 
other  oxides,  by  treatment  with  a  mixture  of  sulphuric  and  oxalic  acids,  &c 

The  measuring  tube  used  in  these  determinations  is  about  29  inches  long,  and 
rather  more  than  three-quarters  of  an  inch  in  internal  diameter.  It  is  bent  at  right 
angles  near  the  upper  end,  which  is  left  open,  and  connected  by  a  caoutchouc  tube 
with  a  small  flask,  into  which  the  reacting  substances  are  introduced.  The  connection 
between  the  tube  and  the  flask  can  be  closed  at  pleasure  by  pressing  the  flexible  tube 
with  a  spring  clamp.  The  difference  between  the  volume  of  air  in  the  tube  and  flask 
before  and  aft«r  tne  reaction,  gives,  aft»r  proper  correction,  the  quantity  of  gas 
produced.  For  details  of  manipulation  we  must  refer  to  the  original  memoir  (Chem, 
8o€.  J.  [2]  vi.  310). 

Another  apparatus  for  quantitative  analysis  bv  measurement  of  the  gases  evolved 
in  reactions,  *  &a8-volumotnsche  Analyse,*  chiefly  m  agricultural  and  techno-chemical 
investigations,  is  described  by  Fr.  Schulze  (Zeitschr.  and.  Chem.  ii.  289 ;  Jahresb. 
1863,  p.  661). 

Apparatus  for  measuring  the  gases  absorbed  in  water,  and  given  off  on  mixing 
with  alcohol  and  heating,  are  described  by  Bobierre  (Covipt.  rend.  Ivi.  313 ;  and 
Robinet,  Ann.  Ch.  Phys.  [3]  Uviii.  177 ;  Jahresb.  1863,  p.  665). 


omOAWZO.  Gloez  {Ann.  Ch.  Pkya.  [3]  Ixviii.  394)  describes 
an  apparatus  for  the  analysis  of  oiganic  bodies,  differing  from  that  in  general  use 
chiefly  by  the  substitution  of  iron  combustion-tubes  for  those  of  glass.  The  iron 
tube,  11 6  metre  long  and  0*020  to  0'222  in  diameter,  is  lined  throoghont  with  a  layer 
of  oxide  by  heating  it  to  redness  and  passing  steam  through  it,  and  is  laM  in  a 
furnace  of  such  a  length  that  about  0*2  metre  of  the  tube  projects  at  each  end.  In 
the  middle  part  of  the  tube  is  placed  granulated  cupric  oxide,  kept  in  its  place  by 
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emptor  foil;  and  into  each  end  is  inserted  a  eemi-cylindrical  tray  of  iron  plate, 
attached  to  a  wire  for  drawing  it  out.  The  tray  at  the  anterior  end,  which  is  0*2 
metze  long,  aerres  for  the  reception  of  varioua  substances,  according  to  the  nature  of 
the  body  to  be  analysed ;  thus,  for  azotised  bodies,  it  is  filled  with  metallic  copper ; 
for  sobstanoes  containing  chlorine  or  sulphur,  with  lead  chromate;  for  difficultly 
combustible  subetanoes,  with  cupric  oxide ;  in  other  cases  it  is  dispensed  with.  The 
posterior  tny,  0*8  metre  long,  is  filled  to  three-fourths  with  cupric  oxide  or  lead 
chromate.  The  tube  thus  fitted  up  is  heated  to  redness ;  a  slow  stream  of  dry  air  is 
passed  thioogh  it  to  as  completely  to  desiccate  its  contents ;  and  the  cupric  oxide  in 
the  hinder  tray  (after  cooling,  either  in  the  tube  itself,  or  in  a  separate  arrangement) 
is  quickly  mixea  in  an  iron  capsule  with  the  substance  to  be  analysed.  The  front 
end  of  the  tube  is  next  connected  by  corks  with  the  apparatus  for  absorbing  water 
and  carbonic  add ;  the  tray  containing  the  substance  is  put  into  its  place,  and  the 
combustion  is  completed  as  usual,  a  slow  stream  of  air,  previously  freed  with  the 
utmost  care  from  water  and  carbonic  acid,  being  passed  through  the  tube  during  the 
whole  of  the  combustion.  The  end  of  the  combustion  is  ascertained  by  comparing 
the  numbers  of  air-bubbles  which  enter  and  leare  the  potash-bulbs.  The  same 
apparatus,  with  a  particular  arrangement  for  passing  carbonic  acid  through  the  tube, 
may  -atrre  also  for  the  estimation  of  nitrogen. 

A  method  of  ozsanic  anah^sis  founded  on  gas-measurements,  and  resembling  that 
originally  employed  by  Oay-l»u88ae  and  Thenurd  (i.  226),  is  described  by  "Ft.  [£hulze 
{Zeitsckr,  ox^.  CJkem.  v.  289 ;  Bull.  Soe,  Ckim.  [2]  viii.  263).  The  organic  substance 
(weighing  at  meet  0*010  to  0*012  grm.),  mixea  with  a  known  weight  of  pofassivm 
eAlonOf,  is  burnt  at  a  low  red  heat  in  a  Tacuous  combustion-tube,  and  the  gaseous 
products  of  the  combustion  are  transferred  to  a  eudiometer  and  analysed,  the  entire 
volmne  being  first  measured,  and  the  carbon  dioxide  then  determined  by  absorption. 
The  carbon  dioxide  occupies  the  same  volume  as  the  ojnrgen  contained  in  it; 
consequently  after  the  combustion  of  carbohydrates  (OH'^O")  with  potassium 
chlorate  the  volume  of  oxygen  in  the  eudiometer  oorresponds  exactly  to  the 
Q^gen  contained  in  the  chlorate;  if  the  measured  volume  of  gas  is  larger  than 
this,  the  oTgante  substance  must  have  contained  a  quantity  of  oxygen  larger  than 
that  required  to  bum  the  hydrogen  contained  in  it ;  if  smaller,  the  substance  analysed 
most  be  richer  in  hydrogen  than  a  carbohydrate. 

Ladenbuig  (Attn.  Ck.  Fharm.  cxxxv.  1)  has  described  a  method  of  organic  analysis 
in  which,  as  in  the  method  of  Gay-Lussac  and  Th^nard,  the  carbon  is  estimated 
directly  by  the  quantity  of  carbon  dioxide  produced,  and  the  total  quantity  of  oxygen 
consumed  in  the  combustion  is  likewise  determined,  so  that  the  difference  between 
this  and  the  quantity  required  for  the  combustion  of  the  carbon  gives  the  quantity 
which  hA8  combined  with  hydrogen,  whence  also  the  amount  of  the  hydrogen  itself 
may  be  calculated.  The  oxidising  agent  is  a  mixture  of  silver  iodate  with  strong 
salphurie  acid.  This  mixture,  when  heated  alone,  even  to  300^,  does  not  give  off 
either  iodine  or  oxygen ;  but  when  it  is  heated  in  contact  with  an  organic  substance, 
Carlton  dioxide  and  water  are  formed  by  reduction  of  the  iodic  acid,  whilst  the 
hydriodic  acid  formed  at  the  same  time,  together  with  free  iodine,  reacts  on  the  iodic 
acid,  necessarily  present  in  large  excess  as  silver  salt,  in  such  a  mannner  as  to 
pruduoe  iodine  and  water  (without  formation  of  sulphurous  acid) : 

IHO«  +  SHI  -  3I«  +  3H«0. 

The  process  is  as  follows : — ^The  substance  to  be  analysed  is  weighed  in  a  small  glass 
bulb,  which  is  introduced,  together  with  concentrated  sulphuric  acid  and  a  known 
quantity  (exeees)  of  silver  io<Mte,  into  a  strong  glass  tube,  which  is  drawn  out  and 
sealed.  The  bulb  having  been  broken  by  a  slight  blow,  the  tube  is  heated  for  an 
hour  or  two  in  an  air-b^h  to  170^-200°,  and  weighed  after  cooling.  The  tube  is 
then  opened  by  heating  its  apex  to  redness,  and  t^he  carbon  dioxide  resulting  from 
the  reactioa  is  completely  removed  by  warming  the  tube  to  60°  at  most,  then 
exhansttng  with  a  syringe,  and  passing  a  stream  of  dry  air  through  it.  On  again 
weshiqg  the  tube  the  loss  of  weight  gives  the  amount  of  carbon  dioxide.  The  tube 
is  then  cat  into  small  pieces,  and  the  contents,  having  been  carefully  rinsed  out,  are 
digested  with  water  in  a  closed  flask,  till  the  bladLish  colour  of  the  precipitate 
(arising  firom  a  little  free  iodine^  has  passed  into  a  yellowish-white.  The  mixture 
of  silver  iodide  and  iodate,  having  been  thorou^lv  waslied  bv  repeated  decantation 
with  water,  is  dissolved  in  potassium  iodide,  and  the  liberated  iodine  is  determined 
volaiiietricaUy  in  the  dilute  liquid  by  means  of  sulphurous  acid,  starch,  and  normal 
solution  of  iodine,  after  the  WBsh*water  of  the  silver  salt  diluted  with  sulphurous 
add  (and  eontaiiiing  a  little  iodic  add),  has  been  added  to  it.  From  the  quantity  of 
'-**-    thus  detcnnined,  the  weight  of  silver  iodate  still  present  is  calculated,  and 
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thence  alao  the  amount  which  has  been  reduced ;  and  this  finally  giros  the  quantity 
of  oxygen  which  has  been  oonsomed  in  the  oxidation  of  the  substance.    Lastly,  the 
equation 
■  9A  »  s  +  2>  -  i<, 

*■  in  which  a  denotes  the  weight  of  substance  burned,  D  the  oxygen  consumed,  and  A 

i  the  carbon  dioxide  produced,  giyes  the  quantity  h  of  the  hydrogen, 

i  C.  a.  Wheeler  iBiU.  Am,  J.   [2]  xli.   38)  has    described  a   process  for  the 

I  simultaneous  determination    of   nitrogen,  carbon,  and  hydrogen,  oonsisting 

essentially  of  a  combination  of  the  process  of  ultimate  analysis  in  a  current  of 
oxygen  with  Maxwell  Simpson*s  method  of  estimating  nitrogen  (i.  243).  The 
combustion-tube,  from  2  to  2^  feet  long,  is  filled  with  the  following  substances  :— 
1.  A  mixture  of  potassium  colorate  and  cuprie  oxide.^2.  A  layer  of  pure  capric 
oxide. — 3.  A  mixture  of  cuprie  oxide  with  an  exactly  weighed  quantity  (about  0*5  grm.) 
of  pure  lead  oxalate. — 4.  Pure  cuprie  oxide.— -6.  The  mixture  of  the  oig&nic 
substance  with  cuprie  oxide. — 6.  Pure  cuprie  oxide.-^7*  Metallic  copper.  The 
combustion-tube  is  connected  in  the  usual  manner  with  a  calcium  chloride  tube  and  a 
potash  apparatus  (terminating  in  a  tube  which  contains  solid  potash),  and  the  Utter 
with  a  Bunsen*s  mercurial  gasometer  (ii.  808).  The  process  is  commenced  by  heating 
the  potassium  chlorate  before  connecting  the  apparatus  with  the  gasometer,  so  as  to 
replace  the  air  by  oxygen  ;  the  oxygen  is  then  expelled  by  heating  the  lead  oxalate, 
which  erolres  carbon  dioxide,  and  then  the  metallic  copper  is  heated,  the  gas- 
delivery  tube  being  at  the  same  time  connected  with  the  gasometer.  The  combustion 
is  then  cairied  on  in  the  usual  way,  and  when  it  is  completed,  oxygen  is  again 
OTolYed  by  heating  the  rest  of  the  potassium  chlorate.  The  nitrogen  in  the  gaseous 
mixture  collected  in  the  gasometer  is  then  determined  eudiometrically.  The  quantity 
of  carbon  dioxide  evolyed  firom  the  lead  oxalate  is  of  course  deducted  £n>m  the 
weight  of  the  potash  apparatus  after  combustion.  A  series  of  experiments  made 
with  all  sorts  of  nitrogen  compounds  for  the  purpose  of  testing  this  process  gare 
very  exact  results. 

Baumhauer  (Archives  nUrlandauea^  i.  179;  ZeUsckr.   anal.  Chem.  v.   141)  has 

Serfected  the  apparatus  formerly  described  by  him  (i.  239)  for  the  simultaneone 
etermination  of  carbon,  hydrogen,  and  oxygen,  as  follows : — ^A  combustion-tube 
70  to  80  centim.  long  and  open  at  both  ends  is  filled  with  the  following  substances, 
beginning  from  the  anterior  extremity :    1.  A  layer  of  copper-turnings  20  centim. 
i  lonff. — 2.  A  layer  20  centim.  long  of  fragments  of  porcelain  preyiousl^  washed  with 

hydrochloric  acid  and  ignited. — 3.  A  layer  25  centim.  long  of  strongly  ignited  coaree- 
grained  cuprie  oxide  (between  plugs  of  asbestos). — 4.  The  substance  to  be  analysed, 
contained  in  a  boat  of  porcelain  or  platinum,  or,  in  the  case  of  rolatile  substances,  in  a 
gloss  bulb,  which  is  pushed  into  the  tube  by  means  of  a  glass  rod,  to  within  5  centim. 
of  the  cuprie  oxide ;  difficultly  ooifibustible  substances  are  preriously  mixed  in  the  boat 
with  the  cuprie  oxide. — 5.  At  a  distance  of  6  or  7  centim.  behind  the  substance  is 
>  E!^^^  ^  second  boat,  containing  a  weighed  quantity  (a  few  grms.)  of  silver  iodate. 

The  posterior  end  of  the  combustion-tube  (containing  the  silver  iodate)  com- 
municates— ^by  means  of  a  tube  containing  ignited  copper-turnings,  a  XJ-tube  filled  with 
pumice-stone  soaked  in  sulphuric  acid,  and  a  second  U-tube  containing  caldum 
chloride  and  soda-lime— with  two  gasometers,  one  containing  pure  nitrogen,  the  other 
hydrogen.  Before  attaching  the  apparatus  for  absorbingthe  water  and  carbon  dioxide, 
the  anterior  part  of  the  tube  containing  the  copper-turnings  is  heated,  and  a  slow 
stream  of  hydrogen  is  passed  through  it,  till  the  surface  of  the  metal  is  completely 
deoxidised.  The  hydrogen  is  then  displaced  by  nitrogen,  and  the  part  of  the  tube 
containing  the  porcelain  boat  and  the  cuprie  oxide  is  heated  in  a  continuous  slow 
stream  of  the  gas,  the  calcium  chloride  tube  and  the  potash  apparatus  being  at  the 
same  time  attached.  When  the  whole  apparatus  is  filled  with  nitrogen,  and  the 
potash-ley  is  also  saturated  with  that  gas,  the  absorption  apparatus  are  detached 
and  weighed,  then  again  attached,  and  the  substance  is  carefully  heated,  the  strasm 
of  gas  ^ing  continually  kept  up.  As  soon  as  the  organic  substance  is  completely 
burned,  or  at  least  completely  carlwnised,  the  silver  iodate  is  gradually  heated,  wnereby 
the  still  remaining  carbon  is  burned,  and  the  copper  reduced  from  the  cuprie  oxide  is 
reoxidised,  the  excess  of  oinrgen  being  retained  by  the  copper-turnings.  After  the 
complete  decomposition  of  the  silver  iodate,  the  stream  of  nitrogen  is  kept  up  for  some 
time,  and  then  tne  absorption  apparatus  ara  weighed.  In  the  next  place,  still  without 
interrupting  the  stream  of  nitrogen,  the  copper-turnings  alone  are  heated  to  redness 
^the  fire  being  removed  ftom.  the  other  parts  of  the  tube),  and  when  the  cuprie  oxide 
i  IS  quite  cold,  a  weighed  calcium  chloride  tube  is  attached,  and  a  stream  of  nydrogen 

I  is  passed  through  Uie  apparatus.    The  excess  of  oxj-gen  of  ike  silver  iodate,  which 
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lukd  been  token  up  by  the  oopper-tumings,  is  thereby  oonrerted  inti)  water  (b),  and  the 
wei^t  of  thieirater  gives  the  quantity  of  oxygen  contained  in  tho  silver  iodato  beyond 
that vhich  was  required  for  the  complete  combustion  of  the  oiganic  substance.  If 
the  boat  be  now  removed  frcm.  the  oombustion-tube,  the  latter  is  ready  for  another 
analysis. 

As  an  eiample  of  the  calculation  and  of  the  dsgree  of  exactness  attained,  we  may 
take  an  analysis  of  oxalic  acid. 

SitbttaMces  tued :  Oxalic  acid  0*462  grm.  ;  silver  iodate  1*256  gnu.  (yielding  on 
the  average  16'92  per  cent,  oxygen),  therefore  1*25  gxin.  yielding  0*2126  gim. 

QfumHtUB  obtamtd, 

Garbon-dioxide  0*448  containing  C  01208  and  0  0*3222 
Water    (a)        0090        „  H  0010     „    0  0*0800 

Water    (6)        01495      „  „    O  01 330 

0*5352 
Deduct  for  O  from  lAgO'     ....        0;2125 

Remains  for  O  from  the  oxalic  acid      .        .        0*3227 
Hence  in  100  parts 

Carbon.        Hydrogen.       Oj^gen.  TotaL 

Foond  .        .        .     26*73  2*21  71*39  100*33 

GUcnlated  C>H*0«     26'6e  2*23  7M1  10000 

For  the  simultaneous  determination  of  nitrogen,  there  is  attached  to  the  potash 
apparatus  a  tube  a,  open  above  and  below,  and  divided  into  centimetres :  this  is 
cotmeeted  by  a  strong  caoutchouc  tube  with  a  second  glass  tube  6,  of  as  nearly  as 
possible  the  same  dimensions.  On  pouring  mercury  through  the  latter,  it  is  possible, 
by  raising  or  depressing  6,  to  bring  the  mercury  in  the  tube  into  any  required  position. 
The  whole  beiug  prepared-  for  the  analysis  as  in  the  former  case,  the  tube  a  is  con- 
nected with  the  potash  apparatus,  after  it  has  been  raised  to  such  a  height  that  a  is 
completely  filled  with  mercury.  The  supi^y  of  nitrogen  gas  is  then  cut  off,  and  the 
tube  b  is  depressed  so  far  that  the  mercury  in  it  stands  about  200  mm.  lower  than  in 
« ;  the  whole  is  then  left  to  cool,  and  the  height  of  the  mercury  is  observed,  as  well  as 
the  pressure  and  temperature.  The  mercury  is  then  brought  to  the  same  level  in  a 
and  6,  and  this  level  is  read  off.  The  combustion  is  now  carried  on  in  the  manner 
above  described,  excepting  that  no  nitrogen  is  passed  through  the  tube,  and,  when 
the  evolution  of  nitrogen  firom  the  snbstance  has  ceesed,  the  apparatus  is  left  to  cool, 
the  height  of  the  mercury  is  read  off,  and  in  this  way  the  amount  of  nitrogen  is 
ascertained.  The  gas  apparatus  are  then  removed,  and  the  combustion  is  terminated, 
as  above  described,  by  heating  the  silver  iodate.  Baumhauer  recommends,  howeverr 
that  the  nitrogen  shall  when  possible  be  determined  in  a  separate  portion  of  the 
subetanoe. 

For  Kaumen^'s  method  of  determining  the  oxygen  in  organic  compounds,  see 
ZeU9ckr,  anal.  Ckem.  i.  487. 

According  to  Wanklyn^  a.  FVank  (PkU,  Mag.  [41  xxvi.  664),  organic  substances 
when  ignit^  in  a  stream  of  hydrogen  give  up  part  (if  not  the  whole)  of  their  oxygen 
in  the  form  of  water,  a  reaction  which  affords  a  means  of  detecting  the  presence  of 
osygen  in  organic  compounds. 

A.  Mitscherlich  {Popg,  Ann,  cxxx.  536 ;  ZeUsckr,  a»al,  Chem,  vi.  136)  has  devised  a 
new  method  of  organic  analysis,  which  serves,  amongst  other  purposes,  for  the  direct 
estimation  of  oxygen.  Two  forms  of  process  are  employed,  the  combustion  being 
made  in  a  cnnent  of  chlorine,  or  of  oxygen,  aceoraing  to  the  elements  to  be 


1.  When  any  organic  substance  is  heated  to  redness  in  an  atmosphere  of  chlorine 
tne  from  oi^rj^,  the  hydrogen  is  wholly  converted  into  hydrochloric  acid,  and  may 
be  estimated  in  that  form,  while  the  oxygen  of  the  organic  body  unites  with  its 
eailxm,  or  with  charcoal  added  thereto,  forming  monoxide  and  dioxide  of  carbon,  from 
the  weight  of  which  the  oivgen  in  the  organic  substance  may  be  calculated. 

Thm  combustion  is  performed  in  a  porcelain  tube  0*6  met.  long  and  0  mm.  in 
internal  diameter,  half  filled  with  charcoal.  If  the  substance  to  be  analysed  is  not 
vtcdatile  below  150^,  it  is  enclosed  in  a  glass  tube  open  at  both  ends  and  introduced 
into  the  porcelain  tube;  if  volatile  below  150^,  it  is  placed  in  a  glass  apparatus  of 
peculiar  oonstmctaon.  Gaseous  substances  are  enclosed  in  a  graduated  jar  immersed  in 
water,  and  are  paned  into  the  combustion-tube  by  a  tube  attached  laterally  to  that 
which  coineys  the  chlorine. 

&rp.  L 
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The  gases  produced  by  the  combustion  are  p<i8sed  into  absorption-bulbs  of  peculiar 
construction,  called  *  Mitscherlich's  bulbs.'  The  hydrochloric  acid  resulting  from  the 
combustion  of  the  hydrogen  is  absorbed  by  a  concentrated  solution  of  lead  nitrate, 
which,  according  to  the  author,  does  not  absorb  free  chlorine.  The  carbon  dioxide  is 
absorbed  by  potash,  but  it  must  be  preriously  freed  from  chlorine  by  passing  the 
gases  through  an  alcoholic  solution  of  stannous  chloride  or  ferrous  sulphate.  The 
carbon  monoxide  is  absorbed  by  passing  it  through  a  series  of  bulbs  filled  with  a 
solution  of  cuprous  chloride  and  hydrochloric  acid. 

2.  For  the  determination  of  carbon,  sulphur,  the  halogen  elements,  and 
nitrogen,  the  oiganic  substance  is  heated  in  a  current  of  hydrogen,  and  the  mixture  of 
hydrogen  with  the  vaporised  body,  or  its  product  of  decomposition,  is  burnt  in  a  current 
of  oxygen.  The  combustion-tube  is  of  hani  glass,  and  is  composed  of  a  horizontal  branch 
200  mm.  long,  a  downward  bend  of  130  mm.,  a  second  horizontal  branch  250  mm.  long, 
and  a  second  bend  directed  upwards  and  drawn  out  to  a  narrow  neck,  to  which  the 
absorption-apparatus  are  attached.  The  lower  horisontal  bianch  is  half  filled  with 
sulphuric  acid,  heated  moderately  towards  the  end  of  the  process,  to  absorb  the  water 
generated  in  the  combustion.  Tlus  lower  branch  is  divided  into  two  parts  by  a  curvature 
directed  upwards.  When  the  organic  substance  contains  sulphur,  the  part  next  to  the 
organic  body  is  filled  with  a  mixture  of  chloride  and  sulphite  of  calcium.  The  sulphuric 
add,  which  is  always  formed,  together  with  sulphurous  acid,  eliminates  from  this  mixture 
an  equivalent  quantity  of  sulphurous  acid.  The  oxygen  which  maintains  the  combustion 
is  introduced  by  a  lateral  branch  of  the  tube. 

The  carbon  dioxide  is  ablorbed  by  potash.  There  likewise  remains  in  the  tube 
containing  the  organic  substance  a  residue  which  is  regarded  as  pore  carbon  and  is  to 
be  weighed  as  such.  [Is  it  ^uite  free  from  hydrogen  ?]  The  sulphurous  acid  itf 
absorbed  by  a  saturate  solution  of  potassium  chiomate.  Hydrochloric  acid  and 
bromine  are  absorbed  by  lead-nitrate  contained  in  a  bulb-apparatus  to  which  is 
attached  a  tube,  filled  half  with  mercuric  oxide  and  half  with  calcium  chloride. 
Iodine  is  weighed  in  the  free  state  in  another  tube.*  Nitrogen  is  collected  at  the 
end  of  the  apparatus  after  being  freed  from  the  excess  of  oxygen  by  passing  through 
a  tube  containing  fragments  of  phosphorus. 

Mitscherlich  also  describes  a  method  of  estimating  hydrogen  in  a  substance  containing 
sulphur,  vis.  by  volatilising  it  in  a  stream  of  carbon  monoxide  and  burning  it  with 
excess  of  oxygen.  The  analyses  made  according  to  these  methods  yielded  very  exact 
results,  but  the  processes  are  perhaps  too  complicated  to  supersede  those  in  general 
tise. 

In  a  subsequent  communication  (Deutsche  Chem,  CreMaeht^fi,  i.  46 ;  BM,  8oc, 
Chim,  12]  x.  378)  Mitscherlich  describes  a  simplified  method,  by  which  the 
carbon,  nydro^n,  and  oxygen  may  be  estimated  in  a  single  operation.  In  this  method 
the  chlorine  is  supplied  by  potaidum  ^slaUnoehloride,  a  substance  which  gives  up  ita 
chlorine  when  heated  with  oiganic  bodies. 

The  substance  to  be  analysed  is  introduced  into  a  porcelain  tube  filled  with  a 
mixture  of  pumice-stone  and  potassium  platinochloride  (containing  about  8  grms.  of 
platinum) ;  the  air  of  the  apparatus  is  expelled  by  a  current  of  nitJ*ogen  gas ;  and  the 
tube  is  heated  to  redness.  Water  is  absorbed  by  phosphoric  oxide,  hydrochloric  acid 
by  lead  nitrate,  free  chlorine  by  stannous  chloride,  and  carbon  dioxide  by  potash 
[is  not  carbon  monoxide  also  sometimes  formed  ?]  ;  the  products  of  the  combustion 
still  remaining  in  the  tube  are  driven  into  the  absorbing  apparatus  by  a  current  of 
nitrogen  ;  the  whole  is  left  to  cool ;  and  the  absorption  apparatus  are  weighed. 

The  porcelain  tube  is  then  again  heated  to  redness,  and  a  stream  of  oxygen  is 
passed  through  it,  whereby  the  remainder  of  the  carbon  is  converted  into  carbon 
dioxide,  which  is  absorbed  in  the  same  apparatus.  To  avoid  any  loss  of  carbon 
arising  from  the  formation  of  a  solid  difficultly  oxidable  chloride,  a  glass  tube 
containing  cupric  oxide  is  introduced  into  the  porcelain  tube,  and  the  vapours  of  the 
chlorinated  body  are  passed  over  this  oxide,  which  bums  the  carbon  completely.. 

Finally,  there  remains  in  the  combustion-tube  a  mixture  of  pumice-stene,  metallic 
platinum,  and  potassium  chloride ;  and  the  tube  may  be  rendered  fit  for  a  fresh 
analysis  by  passing  a  current  of  chlorine  through  it. 

Very  volatile  substances  and  gases  are  introduced  into  the  tube  in  the  manner 
described  in  connection  with  the  earlier  form  of  the  process,  by  the  aid  of  a  stream 
of  nitrogen. 

Estimation  of  nitrogen. — ^Frankland  found  some  years  ago  {PkU,  Trans. 
cxlvii.  63)  that  in  estimating  nitrogen  by  Dumas'  method,  a  certain  quantity  of  the 
nitrogen  sometimes  passes  on  as  nitrogen  dioxide,  even  when  a  considerable  quantity 
of  metaUic  copper  is  placed  in  the  anterior  part  of  the  combustion-tube,  so  that  it 
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DwesBaiy  to  estimate  the  Yolume  of  the  dioxide  by  means  of  solution  of 
fezTODS  solj^iate,  and  to  deduct  half  its  Tolume  from  the  observed  amount  of  the 
Biixad  gases.  But  firom  experimente  recently  made  by  W.  Thorp  {CAem.  Soc.  [2] 
iv.  359)  ia  Frankland's  labraatozy,  it  appears  that  when  the  metallic  copper  is  heated 
to  bright  redness,  and  the  gaseous  products  of  combustion  are  passed  over  it  at  a 
■Doderate  rate,  the  whole  of  the  nitrqgen  is  evolved  in  the  firee  state ;  whereas  if  the 
copper  is  heated  only  to  dull  redness,  or  if  the  gases  pass  over  it  too  quickly,  part  of 
tbe  nitrogen  will  escape  as  dioxide.  The  presence  of  a  large  quantity  of  aqueous 
vapour  ^ipears  to  interfere  with  the  complete  reduction  of  the  oxides  of  nitrogen,  so 
that  in  the  analysis  of  asotised  bodies  containing  much  hydrogen,  pert  of  the 
nitrogen  may  escape  reduction,  even  under  conditions  otherwise  the  most  fiivonrable  ; 
but  the  proportion  of  the  nitrogen  which  thus  escapes  reduction  does  not  exceed 
S'76  p.  c ;  and  in  an  actual  analysis,  even  if  the  subsUtnce  burned  contained  20  p.  c. 
of  nitrogen,  the  error  would  be  only  0*75  p.  c.,  which  would  not  very  materially 
affixi  the  results. 

As  the  metallic  copper  used  in  the  analysis  of  asotised  bodies  becomes  oxidised 
when  the  combustion  is  performed  in  a  stream  of  o^gen,  Stoin  recommends  the 
use  of  silver  in  place  of  it,  that  metal  having  also  the  advantage  of  retaining  any 
dlarine  that  the  organic  substance  may  contain.  Becent  experiments  by  £.  Calberla 
have  shown  that  the  silver  completely  reduces  the  nitrogen  dioxide  to  £ree  nitrogen, 
and  does  not  exert  the  slightest  decomposing  action  on  carbon  dioxide  (BulL  Soc, 
€JkmL  [2]  X.  382). 

J.  T.  Brown  {Ckem,  Soe.  J.  [2]  iii.  211)  has  given  a  table  to  facilitate  the 
calculation  of  the  resnlte  of  nitrogen  determinations  by  Dumas'  method.    It  gives 

the  values  of  the  feaction  ,- !^ll?^?^^_    for  aU  values  of  T  from  0°  to  80®, 

(1    +   0'00367T)760 

the  numerator  being  the  weight  of  a  cubic  centimetre  of  nitrogen  at  0^  and  760^. 

For  example,  to  find  the  weight  of  53  cc  nitipgen  at  15®,  and  under  a  pressure  of 

743-3  mm.,  we  should  have 

000000156665  x  53  x  743*3  -  0*061718  grm. 


Table  for  iJU  ealetdatiot 

.^/    0-0012562 

"'  (1  +  000367T)760' 

T 

T 

0® 

000000165289 

16® 

000000156121 

1 

164685 

17 

155582 

2 

164085 

18 

155047 

3 

163489 

19 

154515 

4 

162898 

20 

163986 

6 

162311 

21 

153462 

6 

161728 

22 

152941 

7 

161149 

23 

152423 

8 

160574 

24 

151909 

9 

160004 

25 

151398 

10 

159438 

26 

150891 

n 

158875 

27 

150387 

« 

12 

158317 

28 

149887 

13 

157762 

29 

149389 

14 

157211 

30 

148896 

15 

156665 

_ 


For  the  estimation  of  nitrogen  in  substances  ^manureS)  for  example)  of  which  at 
least  25  U>  30  grms.  may  be  t^,  Ch.  Mene  (ZeUtekr,  anal,  Chem.  vi.  461)  uses  an 
earthen  retort  &ed  with  lumps  of  potassium  hydrate,  and  provided  with  a  safety- 
tube.  The  substance,  moisteuM  with  strong  soda-ley,  is  intxoauced  into  the  retort  in 
the  form  of  small  pellete,  and  the  retort  is  heated  to  low  redness,  beginning  at  the 
upper  part.  The  ammonia  must  be  collected  in  hydrochloric  acid  and  weighed  as 
ammonium  platinochloride,  inasmuch  as  the  empyieumatic  products  would  interfere 
with  ibe  volumetric  estimation. 

Bcspscting  Schloesing's  method  of  determining  the  nitrogen  of  organic  compounds 
in  the  seme  operation  with  the  carbon  and  oxygen,  see  ZeiUohr,  anal.  Chain,  vii.  269 ; 

Jairetb.  1867,  p.  859. 

l2 


148  ANALYSIS,  ORGANIC. 

Analysis  of  Compounds  containina  Chlorine  or  Bromine. — Gorap-Besanee 
{Zeitschr.  anal.  Chem,  i.  488)  finds  that  in  the  combustion  of  bromin&ted  oiganie 
compounds  by  the  ordinary  method,  the  quantity  of  carbon  may  come  out  considerably 
too  low  (as  much  as  10  p.  c.).  This  result  he  attributes  to  the  formation  of  a  fusible 
copper  bromide,  which  envelops  portions  of  unburnt  carbon  and  protects  them  from 
oxidation.  To  ensure  the  perfect  combustion  of  the  carbon  in  such  bodies,  he 
recommends  the  following  process.  At  the  posterior  end  of  the  combustion-tube, 
which  is  drawn  out  to  a  long  bayonet-point,  is  placed  a  layer  of  cnpric  oxide 
3  inches  long ;  then  an  asbestos  plug ;  next  follows  a  porcelain  boat  containing  a 
mixture  of  the  organic  substance  with  ignited  lead  oxide,  and  separated  by  a  second 
asbestos  plug  from  the  granulated  cupric  oxide  with  which  the  rest  of  Uie  tube  is 
nearly  filled,  the  anterior  extremity  being  however  occupied  as  usual  by  a  layer  of 
lead  chromate  or  copper-turnings.  The  anterior  portions  of  cupric  oxide  are  heated 
first,  then  the  posterior  portions ;  afterwards  heat  is  applied  very  gradually  and 
carefully  to  the  boat ;  and  when  the  dry  distillation  is  finished  the  combustion  is 
completed  in  a  stream  of  oxygen,  care  being  taken  not  to  heat  the  boat  too  strongly  or 
to  continue  the  stream  of  oxygen  too  long,  as  otherwise  bromide  of  copper  (or  of 
lead)  may  be  carried  over  into  the  calcium  chloride  tube. 

I^ut  (Zeitschr.  anal.  Chem.  ii.  242)  recommends  that,  in  the  analysis  of  organic 
compounds  containing  chlorine,  bromine,  or  iodine,  by  means  of  cupric  oxide 
and  oxygen,  a  roll  of  silver  leaf  6  inches  long  should  be  placed  in  front  of  the 
metallic  copper.  The  silver  will  retain  the  whole  of  the  chlorine,  bromine,  or  iodine, 
even  when  oxygen  is  passed  over  it,  and  may  be  used  many  times  before  its  surfince 
requires  to  be  renewed  by  reduction  in  a  stream  of  hydrogen. 

For  the  detection  of  iodine,  bromine,  or  chlorine  in  organic  compounds, 
Erlenmeyer  (2^ifschr.  Ch.  Phamt.  1864,  p.  638)  decomposes  a  small  quantity  of  the 
compound  in  a  test-tube,  the  bottom  of  which  is  heated  to  low  redness ;  the  presence 
of  either  of  these  elements  may  then  be  recognised  by  the  colour  and  reaction  of  its 
vupour.  Liquid  compounds  may  be  conveniently  examined  for  these  elements  by 
introducing  a  few  drops  of  the  liquid  into  the  long  neck  of  a  glass  bulb ;  on  gently 
warming  the  bulb,  and  holding  it  with  its  neck  directed  downwards,  the  liquid  is 
driven  out,  and  may  be  directed  on  to  the  heated  portion  of  the  test-tube,  where  it 
will  be  decomposed. 

For  the  estimation  of  chlorine  (simultaneously  with  carbon  and  hydrogen), 
G.  M.  Warren  (Sill.  Am.  J.  [2]  xlii.  156)  places  in  the  anterior  part  of  the 
combustion*  tube  a  mixture  of  cupric  oxide  (precipitated  and  ignited)  with  asbestos, 
to  moderate  the  rapidity  of  the  combustion.  To  prevent  the  volatilisation  of  cupric 
chloride,  the  part  of  the  tube  where  this  mixture  is  placed  is  heated  to  x)nly  260^,  in 
an  air-bath  of  iron  plate.  When  the  combustion  is  completed,  the  cupric  oxide  is 
dissolved  in  dilute  nitric  acid,  and  the  chlorine  precipitated  with  silver  nitrate. 

In  organic  compounds  containing  a  considerable  proportion  of  hydrogen,  the 
amount  of  chlorine,  bromine,  or  iodine,  may,  according  to  Garius  (Ann.  Ch.  Fharm, 
cxxxvi.  129),  be  ver^  exactly  determined  by  heating  the  compound  with  nitric  acid 
and  silver  nitrate  in  a  sealed  tube  (i.  247),  in  the  manner  described  below  in  the 
case  of  sulphur  compounds;  but  the  chlorine  compounds  of  the  aromatic  bodies, 
chlorobenzene  for  example,  are  but  slowly  and  incompletely  decomposed  by  this 
treatment.  An  exact  estimation  of  chlorine  in  such  compounds  may  however  be 
obtained  by  heating  them  to  about  200^  with  a  mixture  of  potassium  dichromate, 
silver  nitrate,  and  nitric  acid.  The  silver  chromate  usually  mixed  with  the  resulting 
silver  chloride  may  be  removed  by  diluting  tie  contents  of  the  tube  with  a 
considerable  quantity  of  water  and  digesting  with  alcohol.  In  iodine  compounds  the 
resulting  iodic  acid  must  be  reduced  by  sulphurous  add. 

Estimation  of  Sulphur  and  Phosphorus. — Carius  (loc.  cit.)  in  1860  described 
a  method  of  estimating  sulphur  in  oiganic  compounds  by  heating  them  in  sealed 
tubes  with  nitric  acid  (i.  247Y  This  method  he  has  now  modified  (Ann.  Ch.  Pharm, 
cxxxvi.  129)  by  using,  instead  of  pure  nitric  acid  (which  often  renders  it  necessary 
to  evaporate  the  liquid  after  neutralisation  with  sodium  carbonate,  and  fuse  the 
residue),  a  mixture  of  nitric  acid  with  potassium  dichromate,  in  such  proportion 
that  the  chromate — ^which,  in  oxidising  the  oi^nic  substance,  forms  potassium 
nitrate  and  chromic  nitrate — shall  be  present  only  in  slight  excess.  From  3  to  4 
pts.  nitric  acid  of  sp.  gr.  1*4  are  sufficient  for  evety  1  pt.  of  the  required  potassium 
chromate.  The  mode  of  conducting  the  process  is  as  follows.  From  0*1 6  to  0*40 
grm.  of  the  organic  substance  is  sealed  up  together  with  the  smallest  possible  quan- 
tity of  air  in  a  small  glass  bulb,  the  two  ends  of  which  are  about  a  millimetre  wide, 
very  thin  in  the  glass,  and  bent  sidewaj-s.  The  bulb  thus  prepared  is  introduced  into 


ANALYSIS,  ORGANIC.  149 

a  tabe  of  glan,  10  to  12  miUim.  vide,  zoandl^  sealed  at  one  end,  and  about  half  filled 
with  the  mixture  of  nitric  acid  and  potassium  chxomate.  The  glass  tube  is  then 
drawn  out  at  the  upper  end  to  a  thick-walled  capiUaiy  tube ;  the  liquid  is  heated 
to  the  boiling  point ;  and  when  all  the  air  is  ezpell«l  the  capiliaiy  tube  is  sealed. 
Altar  cooling,  it  is  shaken  till  the  ends  of  the  bulb  are  so  £Bjr  broken  as  to  form  at 
each  end  an  aperture  abont  a  millim.  wide,  by  which  the  acid  liquid  can  easily  enter 
into  the  tube.  The  glass  tube  is  then  introduced  into  an  iron  tube,  which  is  closed 
at  one  end,  laid  in  an  inclined  position  in  an  iron  box  seiring  as  an  air-bath,  and 
hieated  therein  by  a  gas-flame  to  120^-140**.  To  open  the  tabe  at  the  end  of  the 
operation,  it  is  left  to  cool  completely ;  the  liquid  collected  near  the  point  is  driTen 
back  by  careful  heating ;  and  the  extreme  point  is  heated  to  redness,  whereupon  the 
gtka&B  escape  qnietly.  The  tnbe  is  then  cut  off  below  the  narrow  part,  and  the  liquid 
containing  all  the  non-gaseous  products  of  the  reaction  is  collected. 

The  resulting  bluft'green  liquid  is  diluted  with  8  or  10  Tolumes  of  water,  and  heated 
for  an  hour  with  5  to  10  cc  alcohol  to  zednce  the  chromic  acid,  after  which  the  sulphuric 
acid  is  precipitated  by  barium  chloride. 

R.  Otto  {ZcUaekr.  /.  Ckem,  [2]  iii.  604)  estimates  sulphur  in  oiganic  compounds 
by  combustion  with  precipitated  eitprie  ehromate.  The  fore  part  of  the  tube  must 
not  be  too  stronglT  heated ;  the  combustion  should  be  made  slowly ;  and  the  tube 
must  be  wide  enoqgh  to  preyent  the  cuprio  ehromate  from  being  driyen  out  of  it  by 
the  escaping  gases.  When  the  combustion  is  finished,  the  contents  of  the  tube  are 
digested  with,  hydrochloric  add  mixed  with  alcohol  to  reduce  the  chromic  acid ;  the 
liquid  is  filteted ;  and  the  sulphuric  acid  contained  in  it  is  precipitated  by  barium 
chloride. 

For  the  estimation  of  phosphorus  in  compounds  which,  like  oxide  of  triethyU 
phosphine,  are  not  completely  oxidised  by  nitsnc  acid  alone,  Carius  (loe.  eii.)  heats  the 
mbfit&noe  to  180^,  with  a  slight  excess  (about  {th  more  than  is  required  for  complete 
oxidation)  of  silyer  iodate  and  pure  hydrogen  sulphate  (about  2  yol.  to  1  yol.  of  the 
iodate).  The  contents  of  the  tube  are  then  difiused  through  cold  water ;  the  filtrate 
is  heated  with  a  little  sulphurous  acid;  and  in  the  liquid,  again  filtered  and 
ervapoiated,  the  phosphoric  add  is  predpitated  in  the  ormnary  way  as  ammonio> 
Tnsgnesisn  phosphate. 

Salts  of  Organic  Aeids, — ^For  the  analysis  of  the  potassium,  sodium,  and 
berium  salts  of  organic  acids,  the  following  process  is  recommended  by  Cloez  (Bull. 
Soc.  Ckim.  (^2]  i.  250).  A  known  weight  of  the  salt  is  mixed  with  at  least  3  pts.  of 
r«eently  igmted  tungsUe  oxide^*  and  the  mixture  is  burned  in  a  tared  porcelain  boat, 
by  means  of  the  preyionsly  described  apparatus  of  Cloez  for  organic  analysis  with 
cuprie  oxide  and  a  stream  of  air  (p.  142).  In  this  manner  the  carbon  and  hydrogen 
are  deteimined  as  usual,  and  the  increase  in  weight  of  the  porcelain  boat  after  the 
ooanbustion  giyes  at  the  same  time  the  quantity  of  the  base  (as  oxide).  Trial  experi- 
ments made  with  sodium  acetate,  potassium  tartrate,  and  barium  myristate  yielded 
fairly  accurate  results. 

For  the  more  exact  determination  of  the  carbon  in  the  alkaline  salts  of  oiganic 
acids,  C.  Scfaaller  {Bull,  Boo.  Chkn.  [2]  ii.  93)  mixes  the  salt  with  an  equal  weight  of 
silica,  and  then  with  cuprie  oxide.  Antimonic  oxide  was  long  ago  recommended  for 
the  same  purpose  by  Bumas  a.  Piria.  Schaller  estimates  the  amount  of  alkali  in  the 
salts  of  oiganic  adds  by  igniting  the  salt  with  half  its  weight  of  silica,  and  wdghing 
the  residual  alkaline  silicate. 

Mercury 'Compounda. — For  the  anal3r8is  of  oiganic  meicuiy-compounds,  and  of 
other  mercuiy  salts,  Frankland  a.  Buppa  recommend  the  following  process.  The  oom- 
iMistion  is  made  with  cuprie  oxide,  air,  and  oxygen,  in  a  tube  which  is  drawn  out  in  two 
places  near  the  anterior  extremity,  bent  in  a  U-shape  to  receiye  mercuiy  and  water, 
and  then  connected  with  a  sulphuric  acid  tube  and  a  potash-appaiatus.  When  the 
oombustion  is  finished,  and  air  is  being  passed  through  the  tube,  Uie  meicury  collected 
in  the  drawn-out  part  is  driyen  by  heat  into  the  XJ-tube ;  the  latter  is  then  melted 
ott,  and  connecteo,  instead  of  the  potash-apparatus,  with  a  second  sulphuric  acid  tube ; 
and  the  water  is  transferred  to  the  first  sulphuric  acid  tube  by  means  of  a  yacuum 
fomied  by  the  air-pump.  The  separation  of  water  from  mercury  by  means  of  a  stream 
of  air  at  ordinaiy  temperatures  is  tedious  and  inexact ;  and  if  heat  is  applied,  a 
portion  of  the  mercuiy  is  always  driyen  oyer  into  the  sulphuric  acid  tube. 

Vroodauite  Analysis  M*  Orgaate  oompmuids  by  aumlted  OxldatloD. 

Chapman  a.  Thorp  {Chem.  Soc.  J.  [2]  iy.  477)  haye  shown  that  the  products  formed 

•  Clocs  preiisres  the  taBgitle  oxide,  (WO*),  t^  mixing  the  bot  aqneoat  tolntioBS  of  100  pts.  com- 
'  ajttMimd  sodinm  tongitate  and  AO  pte.  iFal-ammonlac,  WMhing  the  ■epanted  ammoniton 
with  ooU  water,  and  igniting  it  in  an  opeaTeaBBU 
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by  a  Tegolatad  oxidation  of  organic  oomponnds  may  yield  important  data  for  the 
determination  of  their  molecnlar  structure,  and  therefore  for  the  investigation  and 
characterisation  of  cases  of  isomerism.  From  experiments  on  bodies  of  the  fiittj 
series  they  conclude  that  complex  organic  molecules  may  be  separated,  by  oxidation 
restrained  within  determinate  limits,  into  molecules  of  simpler  stractore  and  much 
more  difficult  to  oxidise,  which  may  be  regarded  as  the  proximate  oonstitoents  of  the 
original  more  complex  molecules. 

The  oxidising  agents  used  conoist  of  solutions  of  potassium  dichromate  mixed  with 
the  quantity  of  sulphuric  acid  required  to  produce  acid  potassium  sulphate  and  chromic 
sulphate,  and  containing  3,  5,  or  8  p.  c  potassium  dicnromate.  The  substances  to  be 
oxidised  are  heated  wiUi  these  solutions  in  sealed  tubes ;  the  contents  of  the  tubes 
are  afterwards  diluted  with  water  and  distilled ;  and  the  acid  contained  in  the  dis- 
tillate is  either  immediately  converted  into  a  barium  salt  (for  the  saturation  of  the 
higher  members  of  the  fatty  acid  series,  barium  hydrate  is  better  than  the  carbonate), 
or  (to  separate  different  acids  that  may  be  present)  it  is  saturated  with  potash-ley, 
and  the  volatile  acid  is  distilled  off  fractionally,  niter  the  successive  adaition  of  a 
quantity  of  titrated  sulphuric  acid  sufficient  to  saturate  one-third  of  the  potash  present 
(i.  250). 

To  remove  all  doubt  as  to  the  applicability  of  this  method.  Chapman  a.  Thorp  have 
demonstrated,  in  the  first  instance,  that  acetic  acid,  propionic  add  (preparea  from 
ethyl-cyanide),  valeric  acid,  and  caproic  acid  (whether  prepared  from  amyl  cyanide 
or  from  the  ketone  obtained  in  the  distillation  of  potassium  rieinoleate),  are  not  at  all 
attacked,  or  only  in  traces  (with  formation  of  a  small  quantity  of  carbon  dioxide),  by  - 
subjection  for  twenty-four  hours  to  the  action  of  the  3,  5,  or  8  p.  c  chromic  acid  mix- 
ture at  100° ;  and  consequently  that  these  acids,  when  they  occur  as  products  of 
oxidation,  remain  unaltered  in  the  mixture.  At  180^,  however,  they  ondeigo,  more 
or  less  easily,  a  mors  thorough  oxidation,  which  may  be  fiftdlitated  by  the  use  of  a 
larger  excess  of  strong  sulphuric  acid,  bv  the  presence  of  free  chromic  add,  or  of  a 
small  quantity  of  manganese  dioxide,  but  never  takes  plaoe  if  phosphoric  acid  is 
added  instead  of  sulphuric  Dilute  solutions  of  permanganic  add  appear  to  act  like 
the  chromic  acid  mixture,  inasmuch  as  they  do  not  act  on  acetic  or  propionic  acid 
even  at  the  boiling  heat  (and  but  slowly  on  formic  acid  at  ordinary  temperatnres  in 
presence  of  sulphuric  add) ;  concentrated  solutions,  however,  decompose  these  adds 
with  facility. 

Those  oxidation-nroducta  which  are  formed  under  the  influence  of  a  suffident 
quantity  of  the  oxidising  mixture,  and  of  exhaustive  action,  are  designated  as  proxi" 
mate ;  those  obtained  with  an  insufficient  quantity  of  the  oxidising  agent,  or  when  it 
is  not  allowed  to  act  for  a  sufficient  time,  are  called  mediaU  products. 

The  results  obtained  with  certain  compounds  by  the  above  process,  when  the  oxida- 
tion was  normal  and  complete  (the  mixture  of  Uie  substance  witli  the  chromic  add 
solution  being  usually  heated  to  80^  or  90^,  never  above  100^),  may  be  represented 
by  the  following  equations : 

AleohoU. 

Ethyl  Alcohol,  C«H«0  +  0«  «  C«H*0«   +  HK) 
Amyl  Alcohol,  C»H"0  +  0«  -  C»H»*0«  +  H«0 

Compound  Ethers,  obtained  hy  the  action  of  an  Iodide  on  the  corresponding 

Potassiuni'Salt. 

Ethyl  Acetate,     C»H«(C«H»)0«   +  0«  =  2C«H*0«» 

Methyl  Acetate,  C*H«(CH»)0«     +  0»  =  C«H*0«  +  C0«  +  EH>f 

Amyl  AceUto.     C«H«(C»H")0«  +  0«  =  C»H'»0«  +  C«H*0»} 

Amyl  Valerate,    C»H»(C*H")0«  +  0»  «  2C*H"0«t 

Amyl  Nitrite,      C»H»»NO«  +  0«  «  C*H»»0«  +  HNO* 

Ethyl  Nitrate,     C«H»NO«  +  0»  «  C«H*0«  +  HNO« 

Methyl  Nitrate,  CH«NO«  +  0«  «  C0«  +  HNO«       +  H«0 

• 

Iodides, 

Ethyl  Iodide,       2C*H»I  +  0»   =  2C«H*0«    +  H*0    +  P 

Amyl  Iodide,       2C»H"I  +  0»    =  20*H>«0«  +  HH)    +  I« 

Isopropyl  Iodide.  2CH(CH«)»I    +  O"  «  2(?H<0«   +  2C0«  +  8H«0  +  P 

•  The  same  prodncta  were  likewise  obtained  with  permaogaoto  add,  both  at  ordtnaiy  and  at 
higher  temperatnm. 

t  Formio  aeid  in  mudl  quantity  was  detected  in  the  distillate. 

X  The  oxidation  takes  plaoe  slowly,  bat  oompletely,  with  a  snfllclent  exeon  of  the  dilate  (5  p.  e.) 
chromio  acid  aolnUon  ;  with  a  very  oonoentimted  aolntion  of  diromio  acid  the  oxidation  goes  farther* 
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Aminet. 

EthylMiine,  C«H>.NH«  +  0«  =  Cm*0*    +  NH« 

Propylamine,        C^».NH«  +  0«  =  C«H«0«    +  NH« 

Amylamine,  C»H".NH«  +  0»  «  C»H'«0«  +  NH*» 

Ethylamylamine,  C»H".C»H».NH  +  0*  =  C*H»»0*  +  C«H<0»  +  NH*. 

HpdrocarbotUf  OH*". 

Ethylene,      (?H*   +  ()•  -  2C0«        +  2H«0t 

Amylene,      C»H»»  +  0'  «  2C«H*0«  +  C0«        +  H«0} 

fi  Hcxylene,  C^»«  +  0»  -  C«H«0»    +  C«H«0«  +  C0»  +  H»0}. 

From  eUiyl  aleobol  there  were  obtained,  as  intennediato  products,  aldehyde  and 
ethyl  acetate ;  from  amyl  alcohol,  yalezaldehyde  and  amyl  Talerate ;  fh>m  amyl  ace- 
tate,  valetaldehyde. 

Mannite  and  glycerin,  when  heated  with  potaflsitun  hydrate,  yield  the  same  products 
as  the  hydrocarbons  obtained  by  acting  upon  them  with  hydriodic  acid  and  decompoA- 
ing  the  lesulting  iodides  with  alcoholic  potash.  (Hannite  yields  propionic,  acetic,  and 
formic  adds ;  glycerin  yields  acetic  and  formic  acids.)  It  therefore  appears  remark- 
able that  the  chromic  acid  mixture  oxidises  both  these  bodies  with  violent  reaction, 
fo  acetic  and  carbonic  acids,  and  that  mannite  is  decomposed  by  an  acidulated  solution 
of  poCasshim  permanganate  at  a  gentle  heat,  according  to  the  equation : 

C^^K)*  +  0»  =  6CH«0*  +  HH). 

Respecting  the  products  of  oxidation  of  the  dtatomic  hydrocarbons,  results  difieront 
from  those  abore  detailed  have  been  obtained  by  Tmchot  (Compt.  rend.  Ixiii.  274). 
According  to  this  chemist,  ethylene  and  its  homologues  yield  by  oxidation  with  potas- 
sium permanganate,  the  fatty  acid  immediately  lower  in  the  series  than  the  hydrocarbon 
itself.  Thus  when  a  solution  of  potassium  permanganate  is  poured  into  a  bottle  filled 
with  ethylene  and  standing  in  cold  water  (the  solution  containing  12  to  14  grms.  of  the 
crystallised  salt  to  1  litre  of  ethylene  gas)  the  liquid  is  coDipletelv  decolorised,  and 
yields — after  the  manganic  oxide  has  been  remored  by  filtration,  ana  the  concentrated 
scarcely  alkaline  filtrate  distilled  with  tartaric  add — nothing  but  formic  acid  with  more 
or  less  carbon  dioxide — no  acetic  acid.  Propylene  similarly  treated  is  converted  into 
formic  and  acetic  adds ;  amylene  yields  acetic,  propionic,  and  butyric,  together  with 
a  small  quantity  of  formic  acid. 

These  results  have  to  a  certain  extent  been  confirmed  by  Chapman  a.  Thorp.  They 
find,  however,  that  the  higher  adds  are  produced  only  when  an  alkaline  oxidising 
agent  is  employed,  and  t^t  even  in  this  case  they  may  be  resolved  by  prolonged 
oxidation  into  carbonic  and  acetic  acids.  Hence  they  regard  Truchot's  results  as 
relating  only  to  imperfect  oxidation,  or  perhaps  as  obtained  by  operating  on  mixtures 
of  isomeric  hydrocarbons. 

The  reactions  above  described  are  sufficiently  exact  for  the  quantitative  esti- 
mation of  the  several  groups  of  carbon-compounds  into  which  a  complex  molecule  is 
thereby  resolved.  For  this  application  of  the  process  of  limited  oxidation,  which  has 
been  worked  out  by  Chapman  a.  Sfaiith  {Chem,  Soc,  J.  [2]  v.  173 ;  Jahresb,  1867,  p. 
338),  it  is  suffident  to  know— ' 

1.  The  qiiMitity  of  carbon  dioxide  produced.  ^ 

2.  That  of  the  oiganic  acids  or  neutral  volatile  bodies  formed. 

3.  The  quantity  dT  oxygen  required  for  the  oxidation. 
The  methods  adopted  in  these  determinations  are  as  follows : 

1.  Carhvn  2>ioxu^«.— ^The  substance  to  be  oxidised  (0'2  to  0*5  grm.)  is  introduced 
into  a  flask  having  a  tube  soldered  laterally  to  "its  neck,  whereby  it  is  connected  with 
a  Will  and  Varrentrapp's  bulb-apparatus  (containing*  strong  sulphuriiC  acid  for 
absorbing  the  vapours),  and  then  with  a  potash-apparatus  and  potash-tube.  Into  tfie 
stopper  of  the  flask  is  fixed  a  bulb-pipette  provided  with  a  stopcock  and.  containing^ 
the  required  quantity  of  the  chromic  add  solution  (100  grms.  potassium  'dichromate 
and  126  grms.  cpnoentrated  sulphuric  add  in  1,000  cc,  160  c.c.  of  this  solution  being 

*  Hie  ozidatkm  sncceeded  best  when  the  sabstance  wm  first  heated  to  lV*-Wfi  for  half  an  hoar 
vitfa  coDoentrAted  chioniic  add  eolation,  and  tbU  mixtnre  after  dUntioa  wm  heated  in  the  water- 


t  This  componnd  wm  oxidised  only  by  a  concentrated  solatlon  of  chromic  acid ;  formic  acid  wm 
Bflt  to  md  amc«ig  the  prodacta. 

X  The  rapid  erolntlon  of  carbon  dioxide  rendered  it  ncoessary  to  open  the  tabe  and  dose  It  ogaiQ^ 
dninf  the  expRriment. 


•• 

y 
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sufficient  for  the  purpose).  The  weight  of  the  filled  potash-apparatus  having  been 
determined,  the  cnromic  acid  solution  is  allowed  to  run  into  ue  flask ;  the  flask  is 
heated  in  the  water-bath  after  the  pipette  has  been  closed ;  and  the  evolution  of  car- 
bon dioxide  and  the  termination  of  the  experiment  are  regulated  as  in  a  combustion 
analysis,  the  vessel  containing  the  sulphuric  acid  being  at  the  same  time  careftilly 
kept  cool.  The  carbon  dioxide  may  also  be  estimated,  though  less  conveniently,  by 
loss. 

2.  Volatile  Adda  or  Neutral  Compounds. — The  weighed  substance  is  heated  in  a 
closed  tube  to  100°  for  about  an  hour  and  a  half,  with  a  10  p.  c  dichromate  solution  ; 
the  contents  of  the  tube  are  emptied  out  into  a  flask,  treated  with  sine  to  reduce  the 
chromic  acid  still  present,  and  distilled  several  times  to  dryness,  with  repeated  addition 
of  water ;  the  united  distillates  are  saturated  with  barium  carbonate ;  the  solution  is 
evaporated;  and  the  weight  of  the  barium  salt  dried  at  150^  is  determined.  The 
nature  of  the  acid  is  inodcated  by  the  determination  of  the  barium,  and,  after  the 
separation  of  that  element,  by  partial  saturation  and  distillation.  Keutnil  volatile 
substances  insoluble  in  water  and  in  saline  solutions  may  be  separated  by  distillation, 
receiving  the  distillate  in  potash-ley,  and  saturating  it  with  carbonic  acid. 

3.  To  determine  the  oxygen  coneumedt  the  oxidised  liquid  is  heated  to  boiling  with 
excess  of  potash-ley ;  the  precipitate  of  chromic  oxide  (which  still  retains  potash, 
even  after  careful  washing)  is  ciried,  ignited,  boiled  with  strong  sulphuric  acid  and  a 
little  alcohol,  and  again  precipitated  by  ammonia. 

As,  however,  the  accuracy  of  this  method  is  somewhat  impaired  by  the  uncertainty 
relating  to  the  atomic  weight  of  chromium.  Chapman,  in  a  subsequent  communication 
{Chem.  8oe.  J.  [2]  v.  227 )>  recommends  the  employment  of  a  known  weiffht  of 
potassium  dichromate,  and  the  determination  of  the  excess  of  chromic  add  still 
remaining  after  the  oxidation.  Two  equal  portions  of  the  dichromate  solution  are 
taken.  One  of  them  is  decomposed  directly  with  excess  of  oxalic  acid  and  dilute 
sulphuric  acid ;  and  the  carbon  dioxide  eliminated  is  estimated  in  the  manner  above 
,  described,  the  liquid  being  finally  heated  to  the  boiling  point  and  kept  there  for  a  few 

seconds.  (Percussive  ebullition  may  be  prevented  by  throwing  in  a  few  fiagments  of 
tobacco-pipe  stems.) 

A  second  portion  of  the  solution  is  .made  to  act  upon  a  known  weight  of  the  organic 
substance,  and  the  mixture  is  then  treated  in  the  same  manner  with  oxalic  acid  and 
dilute  sulphuric  acid.  The  difference  in  the  quantities  of  carbon  dioxide  in  the  two 
estimations  corresponds  to  the  oxygen  consumed  by  the  organic  body,  which  oxygen 
(since  the  formation  of  88  pts.  carbon  dioxide  from  oxalic  acid  requires  16  pts.  oxygen) 
is  calculated  therefrom  by  multiplying  by  A. 

The  following  examples  may  serve  to  exhibit  the  utility  and  scope  of  this  method : 

1.  Lactic  acid  is  oxidised  by  chromic  acid  in  such  a  manner  that  J  of  its  carbon  is 
converted  into  carbon  dioxide,  and  the  remaining  S>  fint  into  aldehyde  (on  heating  in 
the  water-bath),  then  into  acetic  acid  (on  heating  under  pressure) : 

C»H«0»  +  0«  =  C»HH)«  +  C0«  +  H«0. 

Barium  lactate  gave  776  and  7'69  p.  c.  carbon  as  carbon  dioxide,  and  80'64  p.  e.  pure 

barium  acetate : 

Found  Calo. 

Cinformofcarboxyl(CHO«)         .        .        .      7*72  7*62 

C  in  the  acetyl  compound        ....    15*21  15*24 

2.  Diethoxalio  acid,  C^"0*,  is  resolved  by  oxidation  into  carbon  dioxide  and 
propione,  C*H»»0 : 

C«H>*0«  +  O  =  C0«  +  C»H»»0  +  HH). 

Foand  Caku 

C  in  form  of  carboxyl 9*093  9*091 

Propione 65*7  65*15 

8.  Projpione  heated  in  a  sealed  tube  with  the  oxidising  liquid  yields  propionic  and 
aoetio  acids : 

C»H>»0  +  0«  -  C»H*0«  +  C«HH>». 

Fonad  Oslo. 

100  pts.  propionic  consumed  of  oxygen      .      57*83  55'8    pts. 

and  yielded  barium  acetate  and  propionate    810*5  812*8     „ 
y*s»-                          The  barium  in  this  mixture  amounted  to  .      50*94  50*93  p.  c 

JHethoxalie  acid  contains  therefore  altogether,  in  accordance  with  the  formula 
synthetically  established  by  Frankland  a.  Duppa : 
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Foond  Galo. 

C  in  fonn  of  earbozyl         «...      9*09  9*09  p.  c 

C  in  the  propylic  form         ....    27'29  27*27 

C  in  the  ethylic  form 18*20  18*18 

The  determination  of  the  quantity  of  oxygen  oouramed  in  snch  reaetions  iras  found 
by  Chapman,  folloving  the  aeeond  method,  to  yield  the  following  reeulta : 

L  For  the  oonTersion  of  butyric  ether  into  butyric  and  acetic  acids. — II.  Of  propione 
into  propionic  and  acetic  adds. — III.  Of  diethoxalic  acid  into  carbon  dioxide,  pro- 
pionic add,  and  acetic  acid :  the  organic  substance  being  in  each  case  heated  in  a 
Mftled  tube  with  a  sulphuric  add  solution  containing  7  p.  c  potassium  dichromate : 

I.  IL  ni. 

Oj^g^n  found        •        .        .    27*71  65*90  48*66  p.  c 

„       calculated .  .    27*68  66*81  48*48   „ 

WfMUamte  AmajBto  of  Vegetable  Ttaeiiee  (Fr&my  a.  Terrell,  Bull,  8oe, 
dum.  [2]  z.  487). — ^This  branch  of  analysis  presents  peculiar  difficulties,  arising 
psitly  from  the  great  similarity  between  the  several  proximate  constituents  of 
Tegetable  tissue,  and  secondly  from  the  insolubility  of  these  constituents  in  all  the 
neutial  liquids,  such  as  water,  alcohol,  ether,  &c.,  which  are  commonly  used  in 
proziBiste  analysis.  Fr^my  and  Terreil,  howerer,  by  the  use  of  more  powerful  reagents, 
such  as  the  mineral  adds,  alkalis,  chlorine,  &c,  have  succeeded  in  obtaining  a  more 
complete  analysis  of  several  vegetable  tissues  than  any  that  have  hitherto  been  made. 

As  an  example,  they  give  the  analysis  of  oak-wood.  This  they  find  to  consist  of 
three  parts,  vis.  (1)  The  Ugnwus  euHele,  which  is  quite  insoluble  in  hydrated  sulphuric 
add,  S0*.2H*0  or  S0*H*:HH),  insoluble  also  in  potash,  but  is  dissolved  by  chlorine- 
water  and  nitric  add,  after  being  first  transformed  into  a  yellow  add.  This  substance, 
which  bean  eondderable  resemblance  to  the  cuticle  of  leaves,  appears  to  form  the 
cutaneous  covering  of  the  fibres  and  cells  of  the  wood ;  when  separated  from  the  other 
eoDStituents  by  means  of  sulphuric  acid,  it  retains  perfectly  the  structure  of  the  ligneous 
tissue,  so  that  when  examined  by  the  microscope  it  looks  like  the  wood  itself,  of  which 
however  it  forms  only  about  one-fi[fth. — (2)  The  incnuting  matter  (Payen^  which  probably 
eiiats  in  the  interior  of  the  fibres  and  cells.  It  is  soluble  in  sulphuric  acid,  which  it 
blackens,  but  insoluble  in  chlorine-water.  It  is  not  howerer  a  definite  substance,  but 
a  mixture  of  three  others,  one  of  which  is  soluble  in  boiling  water,  a  second  soluble  in 
alkalis,  and  a  third,  which  becomes  soluble  in  potash,  after  being  treated  with 
chlorine. — (3)  The  dltUone  substance^  which,  when  pure,  dissolves  wiuout  coloration 
in  ationg  sulphuric  acid,  produdng  a  liquid  which  is  not  predpitated  by  water ;  it  is 
attacked  with  difficulty  by  chlorine-water  and  nitric  acid. 

Quantitative  Analysis. — a.  To  determine  the  eellulonc  iubstanCt  1  gnu.  of 
sawdust  dried  at  130^  is  placed  for  36  hours  in  a  vessel  filled  with  chlorine-water, 
which  disaolves  the  ligneous  cuUde  and  part  of  the  incrusting  matter,  leaving 
the  eellulodc  substance  nuxed  with  another  part  of  the  incrusting  matter,  which  is 
eonrerted  by  the  chlorine  into  an  acid  soluble  in  potash.  Hence  by  treating  the 
reddue  with  an  alkaline  solution,  washing  it  with  acid,  then  with  water,  and  drying 
at  130°,  the  eellulodc  substance  is  obtained  quite  pure.  In  this  manner  it  is  found 
that  oak-wood  contains  40  p.  c  and  ash-wood  39  p.  c.  of  cellulosic  substance.— /3.  To 
determine  the  lianecus  etUiaef  1  grm.  of  sawdust  is  treated  for  36  hours  with  sulphuric 
acid  of  strength  corresponding  to  the  formula  S0*H*.3H*0  (or  in  some  cases  to 
80'H*J[*0),  which  completely  dissolves  the  cellulosic  and  incrusting  substances, 
while  the  entide  remains  suspended  in  the  liquid.  The  residue  is  washed  with  pure 
water,  and  with  alkaline  water,  and  dried.    Oak-wood  is  thus  found  to  contain  40 

I  c  of  ligneoius  entide,  ash-wood  only  17  P-  c — y.  The  incnuting  matter  is  estimated 

y  difference,  and  further  decomposed  as  alwve  described. 
The  total  result  in  the  case  of  oak-wood  is  as  follows : 


£ 


Ligneous  cuticle  •        •    20 

Cellnlodc  substance        •        .    40 


Matter  soluble  in  water.        .     10 


matter    .  .40 


Body  soluble  in  alkalis  .  16 

Body  transformed  into  an  acid 
by  moist  chlorine       .        .16 

CO*  Acidimetrff  and  Alkalimetry. — ^For  the  volu- 
Bketric  analjns  of  adds,  Grandeau  {J.  Pharm.  [3]  xzxiv.  209)  recommends  the  use 
of  pure  ealeium  earhonate  in  such  a  manner  as  to  obviate  the  necessity  of  preparing 
a  normal  solution  of  potash  or  soda.  A  known  volume  (about  100  c.c)  of  the 
acid  to  be  tested  is  diluted  to  a  litre ;  2*6  grms.  of  pure  dry  calcium  carbonate  are 
introduced  into  a  wide-necked  fiask ;  dilute  add  is  added  by  separate  portions  of 


I 
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10  C.C.  till  the  calcium  carbonate  is  quite  dissolved;  and  then  a  few  drops  of 
litmus  tincture  are  added.  In  another  flask,  a  Tolume  of  the  same,  and  equal  to  that 
above  employed,  is  also  mixed  with  a  few  drops  of  litmus  tincture,  and  the  two 
liquids  are  saturated  with  dilute  soda  or  potash-ley,  the  volumes  of  the  alkaline  liquid 
used  for  the  purpose  being  noted.  The  difference  of  the  Tolume«  of  the  alkaline 
liquid  added  in  the  two  cases  contains  a  quantity  of  alkali  equivalent  to  the  calcium 
carbonate  which  has  saturated  a  portion  of  the  acid  (the  volume  of  which  is  therefore 
known),  whence  also  the  quantity  of  acid  equivalent  to  the  lime,  and  the  entire 
quantity  of  acid,  may  be  calculated. 

Mohr  (Lehrbuoh  der  TUrirTnethode)  recommends  the  use  of  oxtdic  aeid^  CHK)^.2HK), 
for  the  preparation  of  a  normal  acid  solution  instead  of  sulphuric  acid,  because  it  is 
unalterable  in  the  air,  being  neither  deliquescent  nor  efflorescent ;  and  may  be  obtained 
nearly  pure  in  commerce,  and  completely  purified  by  treating  it  with  a  quantity  of 
water  insufficient  to  dissolve  it  entirely,  then  filtering,  crystallising,  and  draining  the 
crystals.  To  prepare  the  standard  solution,  taki>  ^  =  63  grms.  or  1  equivalent  ia 
grams  of  the  crystallised  acid ;  place  it  in  a  gauged  litre  bottle  fillea  two-thirds 
with  distilled  water,  giving  the  vessel  a  rotatory  movement  to  facilitate  the  dissolution ; 
and  fill  it  up  to  the  gauge-mark  with  distilled  water.  If  the  temperature  of  the  air 
is  15^,  each  cubic  centimetre  will  contain  0'06S  grms.  or  y^  of  an  equivalent  of  the 
ciystallised  acid. 

Pincus  (J^pr.  Chem,  Izzvi.  171)  recommends  normal  »itrie  acid  titrated  by  means 
of  calcium  carbonate,  nearly  in  the  manner  described  by  Grandeau.  Pure  dilute 
nitric  acid  and  potash-ley  (free  from  carbonic  acid)  are  prepared  of  such  strengths 
that  equal  volumes  of  the  two  saturate  one  another  completely.  A  weighed  quantity 
(about  1  grm.)  of  coarsely  pulverised  Iceland  spar  is  then  dissolved  at  a  gentle 
heat  in  a  measured  quantity  (in  excess)  of  the  acid  (which  has  been  made  of  equal 
value  with  the  potash),  and  the  excess  of  acid  is  then  determined  by  titrating 
back  Again  with  tne  potash-ley.  This  gives  the  volume  of  acid  equivalent  to  the 
dissolved  lime,  and  thence  it  is  easy  to  calculate  how  much  water  must  be  added  to 
the  original  acid,  as  also  to  the  potash-ley,  in  order  that  1  cubic  centimetre  of  it  may 
correspond  to  j^  of  an  equivalent  of  any  other  acid  or  base.  When  the  nitric  acid 
has  once  been  tnus  correctly  titrated,  and  the  potash-solution  accordingly,  it  is  easy, 
by  means  of  the  latter,  to  titrate  sulphuric,  oxalic,  or  any  other  acid  with  perfect  accuracy, 

Langer  and  Wawnikiewicz  {Ann.  Ch.  Pharm.  cxvii.  236)  have  tested  a  process, 
suggested  by  Bunsen,  for  appl^ng  the  standard  solutions  commonly  used  for  the 
titration  of  free  acids  and  alkalis,  to  the  estimation  of  all  acids  when  in  combination 
with  bases  which  are  separable  completely  and  without  contamination  by  caustic  or 
carbonated  alkalis.  If  the  salt  which  is  to  be  examined  for  its  amount  of  acid  be 
mixed  with  an  excess  of  titrated  alkali -solution  till  the  base  is  completely  precipitated, 
and  the  amount  of  alkali  in  the  liquid  filtered  from  the  precipitate  oe  then  determined, 
the  quantity  of  acid  which  was  united  with  the  base  in  the  salt  under  examination 
mav  thence  be  found.  A  weighed  quantity  of  the  salt  is  dissolved  in  water,  mixed 
with  the  titrated  alkali,  till  a  strong  alkaline  reaction  is  produced,  and,  after  stirring, 
a  definite  volume  is  filtered  off  from  the  known  total  volume,  and  the  filtrate  is  titrated 
for  its  amount  of  free  alkali.  At  a  proper  degree  of  dilution,  the  uncertainty  arising 
from  the  circumstance  that  the  liquids  do  not  occupy  exactly  the  same  volume  before 
and  after  mixture  falls  within  the  limits  of  the  other  errors  of  observation.  Experi- 
ments with  various  pure  nitrates  and  sulphates  gave  very  exact  results.  With  some 
salts  it  was  found  necessaiy  to  heat  the  alkaline  liquid;  in  the  case  of  bismuth 
nitrate,  exact  results  are  obtained  only  when  sodium  carbonate  is  used,  and  the  liquid 
supersaturated  therewith  is  boiled  for  half  an  hour. 

Woloott  Gibbs  {SiU.  Am.  J.  [2]  ^iv.  207)  has  generalised  the  method  proposed  by 
H.  Rose  for  the  estimation  of  nitric  acid  in  certain  nitrates,  which  consists  m  preci- 
pitating the  metal  by  hydrogen  sulphide  and  titrating  the  acid  thus  set  free.  All 
salts  c<)ntaining  non-volatile  acids  and  metals  easily  precipitable  by  hydrogen  sulphide 
may  be  analysed  in  the  same  manner.  The  precipitation  should  be  made  at  boiling 
heat,  and  when  it  is  complete,  the  precipitate  is  washed  on  a  filter,  and  a  determinate 
quantity  of  the  filtrate  is  titrated  by  means  of  a  norm^  alkaline  solution. 

Titration  of  Compound  SlfA^rs.— Berthelot  and  P^n  de  St.  Gilles  (Instii.  1862, 
p.  110)  test  the  purity  of  compound  ethers  by  heating  them  in  sealed  tubes  fur 
24  hours  with  a  known  volume  (in  excess)  of  standard  baryta-water.  The  quantity 
of  acid  in  the  ether  is  then  determined  by  titration  of  the  excess  of  baryta  with 
standard  sulphuric  acid. 

Wanklyn  (CA«m.  Soc.  J.  [2]  v:  170)  decomposes  compound  ethers  with  a  standard 
solution  of  alcoholic  potash,  eontaining  about  6  per  cent,  potassium  hydrate,  prepared 
by  dissolving  potash  in  pure  alcohol  of  about   85  per  cent.    The  digestion  of  the 
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«Clier  with  tba  alcoholic  potash  m  performed  in  a  long*necfced  flaak,  and  is  for  the 
BKMt  pait  aooompliehad  with  great  ease  and  rapidity.  Thb  complete  dieappearanee  of 
the  nnell  of  the  eompoond  ether  is  in  many  caeas  a  good  criterion  of  the  completion  of 
the  readjon.  The  qnantit^  of  acid  in  the  ether  ia  then  determined  aa  in  Berthelot*8 
method,  by  titxating  the  residnal  potash  with  standard  sulphnrie  add.  This  method 
gires  Toy  exact  reialta,  aa  the  following  experiments  will  show : 

100  pta.jMntnUie  of  potMriam : 

Theory. 


Bthyl  Bensoate         .        .  26*77  26*78  26*06 

Ethyl  Boiyiate  .        .        .        84*10  38*98  83*70 

Ediyl  Valerate  .        .  80*16  80*77  30*08 

C(C«H»)«OH 

Ethyl  Diethoxalate  i  24*20  24*44 

COOC*H» 
TUraiion  of  AlhalMi.—Y.  F.  Mayer  {R^,  CHm,  ajm,  t.  102)  describes  a  process 
for  the  Tolmnetric  estimation  of  organic  bases  founded  on  their  precipitability  by 
potaano-meicoric  iodide.  The  standard  solntion  contains  in  the  litre  18*646  grms. 
(t^  eq.)  mercuric  chloride  and  49*8  grms.  potassium  iodide ;  it  is  to  be  added  to  the 
solution  to  be  tested  (not  the  reyerse),  ana  yields  distinct  precipitates  with  various 
bases  to  the  degrees  of  dilution  shown  in  the  following  table : 

Mmphine  «  •    2,600  Nareotine  .  »  •  ]  Qninine  .    .  125,000 

Atropine.  .  .    7,000  Broeine     .  .  .  ^60,000        Strychnine  .  160,000 

Cbnine    .  .  •       800  Quinidine .  •  ,  j 

Nicotine  .  .  .  26,000  Cinchonine  •  ,    76,000 

The  formation  of  the  precipitates  is  hindered  by  the  presence  of  alcohol,  ammonia, 
or  acetic  add,  but  not  by  eztractiTe  matters.  For  greater  accuracy,  the  excess  of  the 
predpitant  added  should  be  determined  by  a  normal  silver  solution. 

VcUtmgtHt  AnutUftiB  depending  ou  Ahaorption  of  Oxygen, — Mittencwey  {J,  ft,  Ckem. 
xd.  81)  describes  a  process  for  the  rolumetric  estimation  of  tannic  add,  gallic  acid, 
iron,  manganese,  and  other  substances,  depending  on  the  measurement  of  the  quantity 
fxf  oxygen  absoo^bed  by  these  substances  in  presence  of  alkalis.  The  vessel  used  for 
the  purpose  is  a  half-litre  bottle,  having  a  stopper  of  cork  or  caoutchouc,  through 
whurn  passen  a  glass  tube  bent  towards  the  inner  surface  of  the  bottle.  With  this 
tube  ia  connected,  by  a  caoutchouc  tube  which  can  be  closed  by  a  spring  clamp,  a 
second  g^ass  tube,  bent  in  the  same  direction  as  the  first,  and  somewhat  narrowed 
towards  the  end.  In  performing  an  analyns,  the  botUe,  filled  with  160  to  200  c.c.  of 
the  alkaline  liquid  and  with  renewed  air,  is  shaken  for  a  minute  or  two — avoiding 
all  change  of  temperature — and  the  point  of  the  outer  tube  is  then  immersed  in 
water  (eontained  in  a  beaker  glass  and  standing  at  the  same  level  as  the  liquid  in 
the  bottle),  till  on  opening  the  spring  clamp,  no  more  water  passes  over  into  the 
bottle.  The  wdght  of  water  which  thus  passes  over  gives,  with  due  regard  to  piessuro 
and  temperatnre,  the  volume  of  oxygen  absorbed :  1  grm.  of  tannic  add  or  0*7  grm.  of 
gaUie  acid  dissolved  in  200  c.c  cSf  3  to  6  per  cent,  potash-ley  (or  of  2  to  8  per  cent. 
aod»-ley)  absorbs  176  ex.  oxygen ;  with  more  concentrated  solutions  the  absorption 
ia  less  eomplete.  Gallic  add  abeori)s  oxygen  much  more  rapidly  than  tannic  add. 
lion  and  manganese  compounds  (for  which  latter,  however,  the  particular  oxide 
Ibmed  has  not  been  determined)  are  introduced  into  the  vessel  m  the  forms  of 
dissolved  lenons  or  manganous  salt,  together  with  a  little  solid  caustic  potash. 

Volvmetric  AfuUytU  without  Weighing. — ^The  problem  proposed  by  Mohr  {Ann,  Ch. 
JPftcnH.  cxvi.  128),  '  To  carry  out  analytical  weight-determinatson,  trithoiU  the  uae 
ofmdgkU^  with  solutions  of  unknown  strength,  ana  the  strength  of  which  is  moreover 
not  to  be  determined,*  has  been  solved  by  Pauli,  Hillier,  and  Dietrich  [ihii,  cxvii. 
386 ;  JakreA.  1860,  p.  612).    The  general  prindple  of  the  solution  is  as  follows : 

Equal  quantities  of  the  pure  and  impure  substance  to  be  titrated  are  weighed  out, 
and  measured  volumetrically  with  the  same  liquid,  any  given  number  of  cubic 
centimetres  of  which  will  of  course  give  100  per  cent,  for  the  pure  substance,  and  a 
pfoportionally  smaller  quantity  for  the  impure  substance.  The  pure  substance  may 
alao  be  n^aeed  by  another  of  dmilar  chemical  activity  (e.^.  manganese  dioxide  by 
potassium  dichromate  or  iodine,  sodium  carbonate  by  calcium  carbonate,  &c.).  It 
then  only  remains  to  compare  by  calculation  the  (known)  quantitative  difference  of 
action  exerted  by  the  two  substances  to  be  titrated  on  the  measuring  liquid. 

AWflTnMTrai  A  variety  of  dolerite  occurring  at  Steinheim,  near  HanaUj 
inftemediate  in  character  between  crystalline  dolerite  and  compact-  basalt.  For 
ajaaljBes  see  Jakresh,  1865,  p.  921 ;  1866,  p.  973. 


1 56  AN  AMIDES— ANETHOL. 


„^ This  name  is  applied  by  Baeyer  (Ann.  Ch.  Pharm.  Suppl.  t.  79) 

to  compounds  depired  from  amides  by  abstraction  of  ammonia,  jnst  as  anhydrides  are 
formed  from  acids  by  abstraction  of  water ;  thus : 

Orthocarbonic  acid,  C(HO)*  Carbotetramide,  C(NH«)*! 

First  Anhydride,      C(HO)*0         First  Anamide  (Guanidine),     C(NH«)«NH 

^  fC(NH)« 

Second  Anhydride,   CO*  Second  Anamide  (Cyanide),  \      or 

tCN(NH») 

AVATA8S.  This  form  of  titanic  oxide  has  been  found  to  occur  in  an  oolitic 
iron  ore  from  the  coal-beds  of  Cleveland  (Wohler,  Jakresb.  1887,  p.  980). 

AVCKXHTJJi  M,  A  substance  obtained  from  the  root-bark  of  Anchieta  salutaris, 
and  supposed  to  be  the  medicinal  principle  of  that  bark.  It  is  extracted  by  leaving 
the  crushed  bark  in  contact  with  the  air  till  it  is  completely  fermented,  then  exhausting 
with  hydrochloric  acid,  and  precipitating  with  ammonia  from  the  filtered  solution.  It 
crystallises  in  straw-yellow  needles  without  odour,  having  a  nauseous  taste,  insoluble 
in  ether  and  in  cold  water,  slightly  soluble  in  boiling  water,  easily  in  alcohol,  forming 
a  slightly  alkaline  liquid.  Dilute  acids  neutralise  it,  forming  salts,  some  of  which  are 
er}'8tallisable  (Peckolt,  Arch.  Pharm.  [2]  xcvii.  271). 


This    mineral  is  found  accompanying    the  emeries  of   Chester 

County,  Pennsylvania.  Structure  fine-grained.  Fracture  conchoidal.  Hardness 
«  7-5.  Sp.  gr.  =  2-686.  Colour,  greenish-white.  Contains  6200  p.  c.  SiO», 
24-40  ATO»,  3-60  CaO,  0-70  MgO,  807  Na«0,  and  100  water («  9967)  (F.  Jackson, 
801.  Am.  J.  [2]  xlii.  107;  Bull.  8oc.  Chim.  [2]  viii.  420). 


.    r.    A  genus  of   grasses,  the  leaves    of   which    yield  several 

fragrant  volatile  oils.  Citronellaoil,  from  the  leaves  of  A.  SchtBnanthvSt  consists 
almost  wholly  of  an  oxygenated  oil  boiling  at  200^,  and  having  a  sp.  gr.  of  0*8741  at 
20°.  Lemon-grass  oil,  from  A.  Nardxia^  has  very  nearly  the  same  properties. 
Indian  geranium  oil  (probably  identical  with  East  Indian  grass  oil,  from 
A.  IwarancusOf  ii.  942)  contains  several  bodies  scarcely  separable  by  distillation. 
Eespecting  the  optical  properties  of  these  oils,  see  Oua,  Volatile,  iv.  186. 


COVnr  and  JUrBMOirXO  ACZB  are  produced,  according  to  O.  L. 
Erdmann  (Jakresb.  1868,  p.  612),  from  the  acrid  liquid  obtained  by  distillation  of 
Ranunculus  sceleratus.  S.  Dobraschinsky  (Jr.  Pharm.  [4]  i.  319)  prepares  anemonin 
by  distilling  the  fresh  flowering  herb  of  Anemone  pratenaU  with  water,  agitating  the 
distillate  with  J^th  pt.  of  chloroform,  and  dissolving  the  residue  of  the  chloroform 
extract  in  hot  alcohol ;  the  anemonin  then  separates  in  crystals. 

r.    See  the  next  article. 

or  AarZSB-CAXPBOS.  C^'H^O.— Kraut  and  Schlun  (ZeUeehr. 
Ch.  Pharm.  1863,  p.  369  ;  Jahresb.  1863,  p.  661)  have  examined  the  liquid  and  solid 
modifications  of  anethol  from  oil  of  anise  and  oil  of  fennel,  and  have  found  that  this 
body  is  optically  inactive  in  both  modifications,  from  whichever  soarce  it  may  be 
obtained ;  further,  that  anise  and  fennel  oils  are  mixtures  of  liquid  and  solid  ani^ol 
in  various  proportions,  but  that  fennel  oil  likewise  contains  a  hydrocarbon,  C'*H", 
which  turns  the  plane  of  polarisation  to  the  right ;  anise-oil,  which  does  not  contain 
this  hydrocarbon,  is  optically  inactive.  Solid  anethol  melts  at  21*1°,  boils  at  282^, 
and  has  a  sp.  gr.  of  0*989  at  28°.  Anisoin  (i.  298),  better  called  anethoin, 
may  be  obtained  by  the  action  of  stannic  chloride  or  of  strong  sulphuric  acid,  either 
on  solid  or  on  liquid  anethol,  also  from  metanethol  (most  conveniently  by  distilling 
anise-oil  with  strong  sulphuric  acid).  Anisoin  is  resolved  by  dry  distillation  into 
liquid  metanethol,  which  passes  over,  and  a  solid  modification,  ieanethol,  which 
zemains  behind. 

Metanethol  boils  at  232*6^,  has  a  sp.  gr.  of  0*9708  at  18°,  may  be  converted, 
as  above  mentioned,  into  anethoin,  and  by  heating  for  several  hours  to  320°,  partially 
into  isanethol. 

Isanetholisa  light-yellow,  viscid  mass,  resembling  Venice  turpentine;  it  does 
not  alter  at  380°,  dissolves  easily  in  ether,  less  easily  in  alcohol,  and  in  contact 
with  oil  of  vitriol  is  converted  into  anethoin. 

Anethol  heated  with  2  pts.  of  strong  h/driodie  acid  in  a  fiask  with  upright 
condensing  tube,  gives  off  methyl-iodide  amounting  to  about  60  p.  c  of  the  anethol 
used.    Hence  it  is  probable  that  anethol  is  the  methylic  ether  of  an  allyl-phenol,  and 

Q,^    (Ladenbnrg  a.  Leverkus,  Ann.  Ch,  Pharm, 

cxli.  260).  This  phenol,  C»H"0.  has  lately  been  obtained  by  Ladenbuig  by  prolonged 
heating  of  purified  anise-oil  with  potassium  hydrate.    (See  Akol.) 
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When  oil  of  anise,  or  the  oomponnd  C**H*K).HC1,  formed  by  direct  addition  of 
hydrochloric  acid  to  anethol  (i.  298),  is  treated  with  sodium  amalgam,  and  the 
product  is  subjected  to  fractional  distillation,  a  liquid  is  obtained  which  boils  between 
220°  and  224*^,  and  is  intermediate  in  composition  between  anethol  and  the  compound 
C**H*H),  containing  2  at.  hydrogen  more  (Ladenburg,  Deut.  Chem.  Geadisch.  1869, 
p.  371 ;  ZeUsekr.  J,  CAem.  [2]  v.  676). 

Anethol  Bromide^  CH^Br'O,  is  produced  by  adding  bromine  to  anethol  dissolved 
in  ether,  and  remains,  on  evaporating  the  ether,  as  a  crystalline  veiy  deliquescent 
mass,  which  gives  off  hydrobromic  acid.  By  reciystallisation  it  is  obtained  in 
needles  melting  at  about  15^  (Ladenburg,  loc.  cit.). 

Confound  of  AnetM  wUh  Quinine,  C;«H"0.2C>*H**N'0«.2HK).— CrystaUises 
from  a  hot  alcoholic  solution  of  6  pts,  quinine  and  1  pt.  anise-oil,  and  may  bo 
rendered  colourless  by  reciystallisation,  with  addition  of  animal  charcoal.  The  dry 
compound,  which  scarcely  smells  of  anise-oil,  gives  off  the  whole  of  its  water  and 
alcohol  at  100^-110^  without  fusion ;  it  is  decomposed  by  hydrochloric  acid,  but  not 
by  cold  water ;  crystallises  from  ether  in  monoclinic  prisms  and  tables,  from  alcohol 
mostly  in  acute  four-sided  double  pyramids,  having  all  their  summits  truncated 
(O.  Hesse,  Ann,  CK  Piarm,  cxziii.  382). 

Ckloranetkol,  C'*E"C10,  is  produced  by  leaving  anethol  in  contact  for  some 
hours  with  phosphorus  pentachloride,  and  treating  the  resulting  granular  mass  with 
water  (Kraut  a.  Schlun,  loe.  cit.) ;  also  by  the  action  of  the  pentechloride  on  oil  of 
anise  (Ladenbuzg).  It  is  a  somewhat  yellowish  liquid,  which  solidifies  at  low 
temperatures,  melts  at  —6°,  and  boils  at  257^.  giving  off  a  «mall  quantity  of 
hydrochloric  acid,  Sp.  gr.  M64  at  0**.  Heated  with  potash  it  gives  off  HCl,  and  is 
converted  into  a  liquid,  CH'*0,  which,  however,  is  difficult  to  obtain  quite  free 
from  chlorine.  This  liquid  has  an  unpleasant  odour,  is  insoluble  in  water,  boils  at 
240^-242^,  and  gives  no  precipitate  with  an  ammoniacal  solution  of  silver  or  copper. 
Chloranethol  is  not  attacked  by  potassium  acetate  even  at  high  temperatures,  but 
when  heated  to  250°  with  silver  acetate,  it  yields  a  distillate  partly  consisting  of 
anisic  acid  (Ladenburg,  ZeUwekr.  /.  Chem.  [2]  v.  575). 

CH(C»H«)'' 
JUrOSUO  JIOZII.    (?H*0*  s    I  (p.  41).  — This  acid    occurs   as    a 

COOH 
glyceride  in  croton  oil,  and  may  be  obtained  from  that  oil,  together  with  crotonic  acid, 
by  saponification  (ii.   1 12).      It  is  produced,  together  with  an  alcoholic  substance 
called  laserol,  by  heating  laserpitin  (v.  1091)  with  strong  potash-ley,  especially  in 
presence  of  alcohol : 

C**H»«0'  +  H«0  «  C"n"0«  +  2C*H"0« 
liiserpitin.  LaaeroL  Angello 

acid. 

The  angelic  acid  may  be  distilled  off  from  the  acidulated  product  with  water 
(Feldmann,  Ann.  Ch.  Pharm.  cxzxv.  236). 

Angelic  acid  heated  to  180^-200°  for  eight  hours  with  hydriodic  acid  and  red 
phosphorus  is  completely  converted  into  valeric  acid  (Ascher,  Zeitackr.  f.  Chem.  [2] 
vi.  217). 

SromaiiveUo  4Leid.  C^H"BrH)*  (Jaff(&,  Ann.  Ch.  Pharm.  czzxv.  291).— This 
acid  is  formed  on  gradually  mixing  1  pt.  of  angelic  acid,  well  cooled  under  water, 
with  2  pts.  of  bromine,  as  a  viscid  mass  which  crystallises  after  a  while,  and  may  be 
purified  by  conversion  into  a  potassium  salt  and  separation  with  hydrochloric  acid. 
It  then  forms  a  white  crystalline  mass,  which  melts  with  partial  decomposition  at 
76°,  and  dissolves  sparingly  in  water,  easily  in  alcohol  and  ether.  It  is  inodorous, 
has  an  acid  taste  and  reaction,  decomposes  carbonates,  and  forms  with  the  alkalis 
and  alkaline  earths  easily  soluble  salts,  with  the  heavy  metallic  oxides  easily 
decomposible  precipitates.  The  potasstum-saltf  CH'KBr^O',  forms  sweet-tasting 
crystalline  laminae,  and  decomposes  in  aqueous  solution  even  at  ordinary  temperatures, 
more  quickly  at  the  boiling  neat.  The  lead  and  silver  salts  form  white  precipitates 
which  decompose  'readily,  with  formation  of  metallic  bromide.  The  ethylie  ether, 
C?H'(C'H*)Br*0',  obtained  by  distilling  an  alcoholic  solution  of  the  potassium-salt 
with  sulphuric  acid,  is  a  yellowish  liquid  having  an  odour  of  peppermint,  and 
decomposing  partially  at  about  185°. 

Broroangelic  acid  is  an  addition-product,  not  a  substitution-product,  and  is  isomeric 
with  dibromovaloric  acid ;  in  fact,  angelic  acid  behaves  to  bromine  just  in  the  same 
manner  as  fumaric,  maleic,  and  the  pyrocitric  acids  (p.  48).  On  the  other  hand, 
angelic  acid  shows  little  or  no  tendency  to  pass  into  a  saturated  acid  by  taking  up 
nascent  hydrogen.  Its  lower  isomeride,  acrylic  acid,  C'H*0^,  is  conyerted  by  sodium 
amalgam  into  propionic  add,  C'H*0' ;  but  angelic  acid  when  thus  treated  does  not 


rasolyed  into  sodium  bTomine  and  angelic  acid ;  «h«n  hnUd  with  bjd 
•Baled  tubea,  it  ;ieldi  mecel}'  Usees  of  Talerit  add,  ncogniuble  bj  iU  odour. 
Potauium  Lromangelato  faeatod  with  wal«r  gives  off  cstboD  dioxide,  and  yield*  a 
brominated  oil,  C'H'Bt,  which  boils  with  parUal  decomposition  at  97" : 
■  CO*  +  KBr  +  CnrBr. 


This  oil  haa  a  pnngsnt  taar-eiciting  odooj,  and  (like  biomangelic  acid  ttmlf]  jjeldii. 
when  treated  with  eiuwa  of  potash,  a  gaa,  piobablj  quaitins  or  crDtonjlene,  C'H*, 
which  Bmslls  like  allylens,  botiis  with  a  bright  flame,  ia  absorbed  hj  wstor  and  bj 
bromine,  and  ie>  not  pcecipilatsd  by  ommoniaeal  ailver  solution.  The  ail  CH'Br  is 
deO>mpa«ed  by  ailTer  acetate,  yielding  silver  bromide,  and  probably  also  crotyl  acetata; 
it  unites  with  bromine,  producing  rise  of  temperature,  and  fanning  a  riscid  UOO' 
distillable  oil,  CH'Br*.  Henca  Uis  brominated  compound  CH'Br  behaTM  on  the 
one  hand  like  bromobutyleite,  and  on  the  other  liks  crotjl  bromide,  ths  homologns  of 
allyl  bromide  (Jaffi). 

AXZ&ZMm.  This  name  is  applied  sometimes  to  pore  phenylamine,  CH'N  or 
CH'.H'.N,  sometimes  to  the  mixture  of  phenylnmine  and  toluidine,  which  is  obtained 
by  reduction  of  commercial  nitrobeniol,  and  nsed  for  the  mann&ctnn  of  aniline-red. 
We  shall  here  use  it  in  the  latter  sense,  designating  ths  pore  base  C*B'N,  as  phenyl- 
amine  or  amidobeniene. 

JUanv/aciara  of  Anilint. — The  preparation  of  aniline  by  the  redndng  adjon  of 
ferrous  acetnto  on  nitrobeosol  is  shortly  deacribed  at  p.  421,  Tol.  it.  The  chief 
aharations  that  hare  been  mode  in  it  consist  in  the  reduction  of  the  propoftion  of 
ncetie  acid,  and  the  application  of  high  preasore  or  superheated  steam  for  the  distilla- 
tion. The  apparatus  nsed  consiats  o!  a  cast-iron  cylinder  (fig.  8),  having  a  eipadtj 
of  aliOQt  I,0OO  litres.    Jn  the  axis  of  this  cylinder  there  is  a  hollow  shaft  or  spindle  a 


carrying  u  stirrer  rf,  and  worked  by  bevelled  wheels,  to  which  motion  is  given  by  a  steam 
engine.  The  shaft  a  is  ground  to  an  elbow  i,  connectfld  with  the  atoam-msin  c,  and 
held  down  by  a  screw,  so  that  when  the  steam  is  turned  on,  it  posses  throngh  the 
hoUaw  elbow  down  the  shaft,  and  then  blows  out  at  the  bottom  i  among  the  products. 
In  this  manner  the  aniline  is  TolatJIised  and  inssea  with  the  steam  thningh  the  neck  s 
into  a  worm  not  shown  in  the  %urp,  by  which  it  is  condensed. 

To  start  the  operation,  10  kilogisms  of  acetic  acid  of  S°  Bm.  (sp.  ^.  1-060),  dlhited 
with  six  times  its  weight  of  water — or  rather  with  the  acid  hqmd  obtained  in  a 
previous  disUllation  of  anjlins — are  pomed  into  the  -veoel  through  an  aperture  at  the 
top:  30  kil<^.  of  pnlverised  cast  inn  and  12S  kilogs.  of  nitrabens>l  are  added  ;  and 
the  stirrer  is  set  in  motion.  The  temperature  quickl;  rises,  and  a  hiiik  reaction  lakes 
"njianied  by  disengagement  of  vapour  and  the  commencement  of  distiUation. 
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From  thiB  time  fresh  quantitieB  of  the  finely  divided  ixon  are  added  till  the  total 
quantity  amonnte  to  ISO  kilogs.  The  stirrar  is  kept  in  motion  during  the  whole 
openition»  and  should  not  be  stopped  till  an  hour  or  two  after  the  last  additions  of 
iron.  The  heat  produced  by  the  reaction  gives  rise  to  a  cxipious  distillation  of  acid 
water  and  nitrobensol,  together  with  traces  of  bensol.  These  products  collect  in  a 
receiver  placed  below  the  worm,  and  are  returned  to  the  cylinder  from  time  to  time. 
In  some  manuiaetorieB,  the  nitrobensol,  instead  of  being  introduced  all  at  once,  is 
made  to  flow  into  the  cylinder  in  a  continuous  fine  stream ;  in  this  case  the  whole  of 
the  iron  is  introduced  at  the  oommeneement  of  the  operation. 

At  the  end  of  the  reaction,  the  cylinder  contains  a  brown-red  mass  composed 
essentially  of  ferric  hydrate,  aniline,  acetic  add,  and  unaltered  iron.  To  extract  the 
aniline,  the  stirrer  having  been  kept  in  motion  for  an  hour  or  two  longer,  and  the 
mass  then  left  at  rest  for  some  hours,  steam  is  blown  through  the  shsit,  in  small 
quantities  at  first,  till  the  whole  mass  is  raised  to  the  boiling  point.  The  aniline  uid 
other  volatile  products  are  then  carried  forward  bv  the  steam,  and,  passing  out  by 
the  neck  «,  are  condensed  by  the  worm  and  collected  in  a  receiver  below. 

Some  manufacturers)  however,  prefer  distillation  over  the  open  fire.  In  this  case,  the 
cylinder  having  been  left  to  cool  alter  the  termination  of  the  reaction,  the  brown  semifluid 
mass  is  removed  by  the  laige  aperture  b  at  the  bottom,  and  distilled  without  previous 
neutralisation,  either  in  iron  flinders  like  gas-retorts,  or  in  small  cast-iron  alembics. 
This  mode  of  distillation  is  said  by  some  authorities  to  be  more  economical  than  that 
in  which  steam  is  used ;  also  to  give  for  the  most  part  a  more  abimdant  product, 
better  adapted  for  the  manu&cture  of  fosaniline.  Aniline  distilled  in  this  manner 
generally  contains  acetanilide. 

By  the  processes  above  described,  125  kilogs.  of  nitrobenzol  may  be  converted  into 
aniline  in  12  hours  in  each  cylinder  of  1,000  litres. 

The  erode  product  of  the  distillation  contains  water,  acetic  acid,  acetone,  bensol, 
and  aniline.  To  get  rid  of  the  adventitious  substances,  it  is  strongly  supersaturated 
with  alkali,  whereby  the  water  is  completely  separated,  and  the  oily  mixture  is 
decanted  and  rectified.  Acetone  then  passes  over  first,  then  benzol  (always  a  sign  of 
bod  prepaiation),  and  lastly,  from  180^  to  230^,  the  aniline.  A  second  rectification, 
generally  between  180^  and  210^,  yields  it  in  the  state  in  which  it  is  found  in 
commerce.  Some  manufad^uxers  mix  the  aniline  before  rectification  with  quicklime, 
which  retains  all  the  acetic  acid  and  the  water. 

The  residues  left  after  the  second  distillation  are  called  '  queues  d*aniline ; '  they 
have  been  examined  by  Hofmann,  who  has  obtained  from  them  the  bases  paraniline, 
tolylene-diamine,  and  xenylamine  or  martylamine  (iv.  852 ;  v.  872,  1054). 


COZMfntBm  The  manu&ctuM  and  applications  of  these  ooloum 
have  reoerred  considerable  extensions  since  the  account  of  them  in  voL  iv.  pp.  466-473, 
was  written.    Wa  proceed  to  notice  the  more  important  of  these  extensions. 

ilftlltiw  Blatfk.  Lauth's  method  of  obtaining,  this  colour  (iv.  466)  has  been 
minified  by  Camille  Eoechlin,  the  altei^tion  consisting  in  replacing  the  hydrochloride 
of  aniline  by  the  tartrate,  a  salt  which  does  not  injure  even  the  most  delicate  tissues, 
and  has  also  the  advantage  of  not  attacking  the  mordants  with  which  it  is  mixed  for 
printing.  The  tartrate  of  aniline  by  itself  would  not  be  capable  of  producing  aniline 
bUck;  but  in  presence  of  sal-ammoniac,  the  proportion  of  which  is  considerably 
increased  in  this  modified  process,  double  decomposition,  resulting  in  the  formation  of 
aniline  hydrochloride,'  gradoally  takes  place  upon  the  tissue. 

The  improved  process  consists  in  boiling  together  10  litres  of  water,  2  kilogs.  of 
starch,  2  kilogs.  of  roasted  starch,  2  kilogs.  of  aniline,  1  kilog.  of  sal-ammoniac,  and 
I  kilog.  of  potassium  chlorate ;  then  when  the  mixture  has  cooled,  and  immediatelv 
befoire  printing,  adding  1  kilog.  of  cupric  sulphide  and  2  kilogs.  of  tartaric  acia. 
The  cupric  sulphide  may  be  advantageously  prepared  by  dissolving  1  kilog.  of  flowers 
of  sulphur  wiUiout  the  aid  of  heat  in  4  litres  of  caustic  soda  of  38^  Bm.,  and  adding 
this  liquid  to  a  solution  of  6  kilogs.  of  cupric  sulphate  in  120  litres  of  water,  the 
solution  being  heated  to  120®. 

Various  other  processes  have  been  recently  published  for  the  pre^ration  of  aniline 
black,  but  hitherto  they  have  not  practically  replaced  the  process  with  cupric  sulphide. 
Higgin  of  Manchester  recommenos  the  use  of  the  arsenate,  tunffstate,  or  oxide  of 
chromium,  together  with  chlorate  of  potassium  and  hydrochloride  of  aniline  (BuU. 
Soe.  CUm.  \2\  vii.  93).  Ihere  is  also  an  aniline  black  called  '  Lucas  black,'  the 
composition  of  which  is  kept  secret ;  it  is  sold  in  the  form  of  a  paste  containing  all 
the  elements  necessary  for  the  production  of  the  black,  and  requiring  only  to  be 
thickened  and  printed  in  order  to  develop  the  colour.  Dullo  {lUftstr,  Crtwerbezeit. 
1866,  pu  161)  prepares  an  aniline  black  in  the  form  of  paste,  by  mixing  100  grms.  of  light 
anilina  (heavy  aniline  gives  brown  instead  of  black)  with  80  grms.  of  hydrochloric 
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acid,  10  grms.  of  manganese  dioxide,  and  1,000  grms.  of  water.  The  precipitate  is 
washed  by  decantation,  and  then  mixed  with  ammonia,  whereupon  its  colour  changes 
from  green  to  black,  and  if  the  absorption  of  oxygen  from  the  air  be  assisted  by  doe 
agitation,  the  colour  becomes  developed  throughout  the  entire  mass. 

The  composition  of  aniline  black  is  not  known,  neither  is  its  mode  of  formation 
thoroughly  understood ;  but  it  appears  to  depend  upon  oxidation  of  the  aniline  hy 
the  potassium  chlorate  and  the  cupric  sulphide,  which  being  suooessively  reduced  by 
the  aniline  and  reoxidised  by  contact  with  the  air,  act  as  carrierB  between  the  oxygen 
of  the  air  and  the  aniline.  The  sal-ammoniac,  the  presence  of  which  is  Teiy  useful,  if 
not  indispensable,  appears  to  act  by  dissolving  the  cuprous  compounds  as  they  are 
formed,  and  thereby  ^BMulitatinff  their  reooddaticxi. 

Aniline  black  is  much  valued  for  printing  on  calico,  on  account  of  its  brilliant  and 
permanence.  It  acquires  a  greenish  hue  by  long  exposure  to  light  and  air,  but  may 
be  brought  back  to  its  normal  colour  by  treatment  with  alkaline  solutions. 
It  has  not  hitherto  been  successfully  applied  in  practice  to  the  dyeing  of  silk 
and  wool,  but  the  difficulties  which  this  application  of  it  presents  will  puhaps  be 
overcome.  Lightfoot,  the  discoverer  of  aniline  black,  has  shown  that  it  may  bo 
fixed  on  wool  if  the  wool  has  been  previously  oxidised  with  chloride  of  lime  {Ckem. 
News,  1866,  p.  69) ;  and,  still  more  recently,  Jules  Persos  has  succeeded  in  dyeins 
wool  with  aniline  black  by  mordanting  it  with  a  mixture  of  potassium  bichromate  and 
cupric  sulphate,  and  then  passing  it  through  a  solution  of  aniline.  The  difficulty  of 
fixing  the  black  on  animal  fibres  appears  to  be  due  to  the  fiict  that  it  is  precipitated 
in  flocks  too  laige  to  penetrate  into  their  pores  {IHctumnaire  de  Ckimie,  i.  826). 

AnUine  Blue.  Of  all  the  blue  compounds  produced  by  the  reaction  of  the 
diffi)rent  reagents  upon  aniline,  the  only  one  that  has  come  into  practical  use  as  a  dye 
is  the  'bleu  de  Lyon,'  or  triphenyl-rosaniline,  obtained  by  heating  a  salt  of 
rosaniline  with  aniline  (iv.  472).  To  obtain  it  of  fine  quality,  it  is  found  necessary 
to  use  a  salt  of  rosaniline  containing  an  organic  acid.  The  mixture  which  is  found 
to  answer  best  consists  of  10  kilogs.  of  crystallised  rosaniline  acetate,  80  kilogs.  of 
aniline  (containing  but  little  toluidine,  and  therefore  boiling  at  a  low  temperature), 
1*5  kilog.  of  benzoic  add,  and  2*2  litres  of  caustic  soda  solution  of  38^  Bm.  (sp.  gr. 
1*333).  This  mixture  is  heated  in  an  enamelled  cast-iron  pot,  which  is  placed  over 
an  oil-bath  set  in  brickwork  and  closed  with  a  lid,  through  which  passes  an  escape- 
tube  connected  with  a  condensing  worm.  The  bath  is  heated  for  about  three  hours, 
the  temperature  being  gradually  raised  from  180^  to  210®.  At  first  the  red  colour  of 
the  mixture  changes  slowly,  but  afterwards  rapidlv ;  the  change  is  complete  when  a 
drop  of  the  mixture  spread  out  on  a  glass  ^late  with  a  little  hyorochloric  acid  appears 
of  a  pure  blue  colour  without  mixture  of  violet  by  candle  or  gas  light. 

The  following  process,  communicated  by  M.  Baidy  to  Wurts's  DieHotmaire  ds 
Chimie,  affords  the  means  of  preparing  at  the  same  time  a  fine  blue  and  a  fine  violet 
dye  {violet  imphnal). 

Rosaniline  hydrochloride  is  mixed  with  80  p.  c  of  its  weight  of  sodium  acetate ;  the 
mixture  is  evaporated  to  dryness ;  free  aniline  is  then  addea,  together  with  a  quantity 
of  crystallised  potassium  acetate  equal  to  10  p.  c  of  the  rosaniline  salt ;  and  the  mix- 
ture 18  heated  to  175®  till  the  whole  assumes  a  pure  blue  colour.  The  product  is  then 
removed  from  the  boiler  and  dissolved,  with  aid  of  heat,  in  one  and  a  half  times  its 
weight  of  strong  hydrochloric  acid.  The  blue  compound,  insoluble  under  Uiese  circum- 
stances, fioats  on  the  surface ;  it  is  collected,  washed  with  water,  and  treated  with  five 
times  its  weight  of  caustic  soda  at  32^ ;  and  the  mixture,  after  boiling  for  twenty 
minutes,  is  diluted  with  16  parts  of  boilinff  water  and  filtered.  The  base  uus  obtained 
is  purified  from  traces  of  mono-  and  aiphenyl-rosaniline  by  washing  with  tepid 
alcohol,  then  dissolved  in  its  own  weight  of  sulphtiric  acid  diluted  with  10  pts.  of 
water ;  the  liquid  is  boiled  for  ten  minutes  and  filtered ;  and  the  blue  deposit  left  on 
the  filter  is  washed. 

The  hydrochloric  acid  solution  is  diluted  with  a  quantity  of  water  equal  to  1|^  pt. 
of  the  weight  of  the  crude  blue,  whereby  a  precipitate  is  formed  consisting  of  di  - 
phonyl-rosaniline;  then  again  with  23  pts.  of  water,  which  throws  down  mono- 
phenyl-rosaniline.  The  mother-liquors  of  this  second  precipitate,  saturated  with 
lime  and  mixed  with  acetate  and  chloride  of  sodium,  yield  a  considerable  quantity  of 
veiy  pure  hydrochloride  of  rosaniline. 

Aniline  blue  is  insoluble  in  water,  and  this  circumstance  forms  a  great  drawback 
to  its  use,  inasmuch  as  when  employed  for  dyeing,  it  is  thrown  out  of  solution  in  the 
dye-bath,  and  then  mechanically  adheres  to  the  goods,  so  that  it  afterwsrds  rubs  off. 
It  may  indeed  be  kept  in  solution  by  the  use  of  lai^ge  quantities  of  alcohol,  but  this 
treatment  greatly  adds  to  its  cost. 
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Mr.  meholflon  haa,  howerer,  difloovered  ftn  eoonomical  method  of  tendering  this 
blue  perfectly  soluble  in  water,  namely  by  the  ose  of  strong  sulphuric  acid,  with  which 
it  appsara  to  form  a  sulphocongugated  acid,  analogous  to  sulphindigotie  acid.  The 
blue  18  first  boiled  with  dilute  sulphuric  acid,  to  remoTe  all  substances  soluble  therein, 
and  the  residue,  after  thorough  dryiiig,  is  treated  with  atrong  sulphuric  acid  of  66^ 
Bm.  (sp.  gr.  1-842),  which  dissolyes  it  The  solution  is  heated  to  150^  for  half  an 
hour,  tnen  diluted  with  4  Tolumes  of  water  and  filtered.  That  which  remaiqs  on  the 
filter  is  the  blue  in  its  soluble  modification,  but  rendered  insoluble  for  the  time  by  the 
ppseenee  of  the  sulphuric  acid.  It  is  washed  several  times  with  water,  cautiously 
when  the  acidity  of  the  water  becomes  considerably  reduced,  as  the  modified  blue, 
though  insoluble  in  the  dilute  acid,  is  easily  soluble  in  pure  water. 

An  improrement  on  the  mode  of  preparing  the  soluble  blue  has  been  made  by  Max 
Vogel  (Bmli.  8oe.  Ckim.  1866,  ii.  263),  who  heato  1  pt  of  the  insoluble  blue  to  liO^ 
for  six  houia  with  8  pts.  of  fuming  sulphuric  acid.  Leonhardt  obtains  a  peculiar 
modificatioD  of  aniline  blue  by  dissolving  it  in  alcohol  and  precipitatii^  with  watar* 
The  product  thus  formed  easily  difihses  through  water,  and  remains  suspeiided  in  a 
state  of  TSity  minute  division  which  greatly  fiicilitates  the  dyeing.  It  is  in  fact 
identical  in  eveiy  respect  with  that  which  is  produced  by  the  dyer  himself  in  the 
boiler,  but  its  preparation  in  a  chemical  manufiietory  aflbros  the  means  of  recovering 
the  alcohol,  which  would  otherwise  be  completely  lost  A  similar  result  is  obtained 
by  diasolviog  ordinary  aniline  blue,  without  the  aid  of  heat,  in  strong  sulphuric  acid 
aod  precipitating  with  water.  Under  these  circumstances  no  sulpho-acid  is  formed, 
but  merely  a  solution  analogous  to  that  of  aliaarin  in  sulphuric  acid  (Monnet  a. 
Broiy,  DicHommaire  de  Chm^^  i.  323). 

Soluble  aniline  blue  is  much  used  for  silk-dyeing,  but  \X  is  thought  not  to  be  so  fast 
as  the  nomial  compound.  A  modification  of  it,  known  oonmerdally  as  *  Nicholson's 
bloe,'  is  now  very  extensively  used  in  Great  Britain  fbr  wool-dyeing,  but  its  applica- 
tioD  does  not  appear  to  be  understood  in  Fh&nce  and  Germany. 

Another  soluble  aniline  blue,  called  '  bleu  de  Paris/  was  discovered  by  Fersos  de 
Liiynea  and  Salvkat  It  is  prepared  b^  heating  aniline  with  stannic  chloride  to  180® 
lor  thirty  hours.  It  is  generally  described  as  probably  identical  with  the  *  bleu  de 
Lyon,'  but  is  in  reality  quite  different,  being  easily  soluble  in  water,  and  crystallising 
finely  in  blue  needles  with  a  copper  reflex.  It  consists  of  the  hydrocloride  of  an 
ot]puiic  base,  which  is  precipitated  from  its  solution  by  alkalis  as  a  purplish-blue 
powder.  It  dyes  silk  readily  and  retains  its  blue  colour  by  artificial  light ;  but  it  ia 
difHealt  to  prepare  in  large  quantities,  and  has  never  been  introduced  commercially. 

Toluidine  blue  has  been  already  described  (iv.  472). 

Dipheny lamina  blue. — ^The  formation  of  compounds  having  a  fine  blue  colour, 
by  the  action  of  various  reagents  on  diphenylamine*  was  first  pointed  out  by  Hofmann 
(rv.  463) ;  bat  the  discovery  of  a  diphenylamine  blue  adapted  for  use  in  dyeing  is  due 
to  Oizaid  a.  Be  Laire  (BuU,  8oe.  Ckfrn.  [2]  vii.  360).  They  prepare  it  by  heating  to 
about  230®,  under  pressure  or  in  an  open  vessel  with  continual  reooudsnsation  of  the 
vapours,  a  mixture  of  1  mol.  of  pure  aniline  and  1}  moL  of  aniline  hydrochloride. 

Tbm  transformation  of  diphenylamine  into  a  blue  dye  may  be  em»cted  by  heating 
2  pta.  of  the  base  with  3  pts.  of  carbon  trichloride  to  about  160"^  for  several  hours. 
Hjrdrochlorie  aeid  and  cartwn  dichloride  are  then  evolved,  and  the  mass  is  converted 
into  a  bronze-«oloured  product,  which  must  be  washed  with  benaol  and  petroleum, 
aod  then  dissolved  ia  alcohol  or  wood-spirit ;  the  filtered  solutions,  precipitated  with 
twice  their  volume  of  hydrochloric  acid,  yield  the  blue  almost  pure  and  amounting  to 
40  p.  e.  of  the  diphenylamine  employed.  Another  process  consists  in  heating  diphenyl- 
aaune  to  110®-120®  for  three  to  five  hours  with  an  equal  weight  of  oxalic  acid;  but 
the  product  thus  obtained  is  not  very  abundant  (Brimmeyr,  Dingl.  pol,  J.  clxxxv.  49). 

Diphenylamine  blue  yields  very  pure  colours  in  dyeing.  Its  composition  is 
probid>ly  the  same  as  that  of  triphenyl-rosaniline : 

2C»«H»«N     +     C"H»«N     -     H»     =     C»H"N« 
Diplienylamine.      Dltolylamlne.  Triphonyl- 

roaaniline. 

It  can  be  produced  only  with  a  mixture  of  diphenylamine  and  ditolylamine. 
Pni«  diphenylamine  similarly  treated  yields  a  blackish  blue,  ditolylamine  a  maroon- 
hrown,  and  phanyl-toluidine  a  bluish-tiolet. 


1.  One  of  the   most  important  of  these  colouring  matters, 

spedally  designated  as 'aldehyde  green,*  was  discovered  in  a  remarkable  manner. 

'upwards  the  end  of  1861  Lauith  obtained  a  blue  colour  by  the  action  of  aldehyde 

OB  a  solution  of  a  rosaniline  salt  in  sulphuric  acid.    This  product  had  a  magnificent 

Sup.  M 


162  ANILINE   GREEN. 

blue  colour,  but  was  found  to  be  utterly  unstable,  and  therefore  uaeleBs  as  a  dye.  It 
was  however  ezperiinented  upon  by  Cherpin,  a  chemist  in  the  dye-works  of  M.  Us^bo, 
near  St.  Ouen ;  and  he,  finding  himself  unable  to  fix  it,  mentioned  his  difficulties  to  a 
photographic  friend,  who  recommended  him  to  tiy  hyposulphite  of  sodium,  as  that 
salt  WHS  always  used  for  *  fixing '  photographs !  Cherpin  followed  this  counsel,  but 
instead  of  fixing  his  blue,  he  found  that  it  was  changed  into  a  splendid  green  dye,  now 
known  as  *  aldehyde  green.' 

To  prepare  this  colouring  matter,  about  1}  pt  of  aldehyde  is  gradually  added  to  a 
cold  solution  of  magenta,  prepared  by  dissolving  1  pt.  of  the  latter  in  3  pts.  of  strong 
sulphuric  acid  and  1  pt.  of  water.  The  mixture  is  then  heated  in  a  water-bath  till  a 
drop  of  the  product  difiused  in  water  produces  a  fine  blue  coloration,  and  then  poured 
into  a  large  quantity  of  boiling  water  containing  three  or  four  times  as  much  sodium 
hyposulphite  as  the  magenta  employed.  After  boiling  for  a  short  time,  the  liquid  is 
filtered  off  from  a  greyish  insoluble  residue  which  forms.  The  filtrate  contains  the 
green.  This  process  being  a  very  simple  one,  many  dyers  now  prepare  the  green 
colouring  matter  as  they  require  it  It  may,  however,  be  precipitated  by  means  of 
tannin  or  sodium  acetate,  collected  on  filters,  and  drained  to  a  paste,  or,  if  necessaiy, 
dried.  It  is  found  in  the  market  in  both  these  forms.  Hirzel  {DeiUscke  Ltdtuirie 
Zeitung^  1864,  No.  31,  p.  307)  prepares  this  colour  bv  treating  a  solution  of  the 
aldehyde  blue  with  ammonium  sulphydrate  instead  of  the  hyposulphite,  heating  the 
mixture  till  it  turns  green,  then  filtering  and  treating  the  green  solution  as  above. 

The  composition  of  aldehyde  green  is  not  exactly  known ;  but,  according  to  Lauth,  it 
contains  sulphur  as  an  essential  constituent,  and  is  produced  whenever  a  solution  of 
aldehyde  blue  is  brought  in  contact  with  nascent  sulphur.  This  view  is  in  accord- 
ance with  results  recently  obtained  by  Hofmann.  According  to  E.  Lucius,  on  the 
contrary,  the  aldehyde  green  exists  ready  formed  in  an  add  solution  of  a  rosaniline 
salt  mixed  with  aldehyde ;  and  the  sodium  hyposulphite  acts  merely  by  removing  the 
blue  or  violet  substances  which  are  always  formed  at  the  same  time;  the  same 
separating  action  is  indeed  exerted,  not  onlv  by  hydrogen  sulphide  and  sulphurous  add, 
but  by  ammal  charcoal,  silica,  flowers  of  sulphur,  &c.  (PateiUSf  1864,  Nos.  200  and  301). 

Alaehyde  green  is  undoubtedly  the  salt  of  an  organic  base,  and  this  base  may  be 
separated  from  it  by  decomposing  an  aqueous  or  alcoholic  solution  with  soda  or 
anmionia,  most  readily  by  operating  on  the  product  predpitated  with  sodium  acetate. 
The  base  is  of  a  pale  green  colour,  like  chromic  hydrate ;  it  is  slightly  soluble  in 
alcohol,  and  the  solution  is  completely  altered  by  boiling.  It  dissolves  in  adds, 
forminff  bright  green  but  very  unstable  salts,  and  is  changed  to  the  normal  colour  of 
aldehyde  green  by  absorbing  carbonic  add  fiom  the  air. 

Aniline  green  is  principally  employed  in  silk  dyeing.  It  is  a  splendid  colour,  and 
very  brilliant  both  by  day  and  by  artifidal  light. 

2.  Oreen  produced  by  the  ethylaiion  or  methylation  o/Bosaniline  or  of  MethjfUmiUne 
violet, — ^This  green,  known  commercially  as  *  iodine  green,*  appears  to  have  been 
discovered  by  several  chemists  at  nearly  the  same  time.  Its  preparation,  which  has 
been  described  successively  by  Tillemans  of  Crefeld,  by  Lucius  {Jahre^b,  1864,  p. 
818),  by  Foirrier  a.  Chappat  (Btdl.  8oe.  Ckim.  [2]  vi.  604),  and  by  Wanklyn  a.  Fkraf 
{ibid,  vii.  269),  consists  in  subjecting  the  violets  of  triethyl-  or  trimethyl-rosaniline 
(Hofmann's  violet),  or  the  violets  of  methylaniline  to  the  action  of  an  excess  of 
alcoholic  iodide.  The  process  ^ven  by  the  last-mentioned  chemists  is  as  follows :  A 
mixture  of  equal  parts  of  rosaniline,  methyl  alcohol,  and  an  alcoholic  iodide  is  heated 
for  three  hours  to  110^;  and  the  product  of  the  reaction  is  washed  with  sodium 
carbonate,  which  dissolves  a  small  quantity  of  green  colouring  matter,  leaving  the 
greater  part  of  the  product  in  the  form  of  an  insoluble  salt,  which  is  in  fact  Hofinann's 
violet  This  latter  is  decomposed  by  a  caustic  alkali,  so  as  to  set  the  base  at  liberty ; 
and  this  base,  after  being  dried  and  pulverised,  is  again  subjected  to  the  action  of  the 
alcoholic  iodide ;  a  third  operation  carried  out  in  the  same  manner  converts  nearly  all 
the  violet  into  green.  The  product,  being  soluble  in  water  rendered  slightly  alkaline 
with  sodium  carbonate,  may  thus  be  easily  separated  from  the  foreign  matters  which 
accompany  it,  as  well  as  from  the  violet  salt  which  remains  unaltered. 

The  green  thus  obtained  with  methyl  iodide  has  a  very  fine  colour,  and,  like  the 
aldehyde  green,  preserves  its  character  by  artifidal  light  It  is  much  used  for  cotton 
and  Bilk  dyeing ;  its  colour  is  bluer  than  that  of  aldehyde  green,  and  it  is  therefore 
more  useful,  as  it  yields  with  picric  add  a  greater  variety  of  green  shades. 

Important  observations  on  the  manufeMsture  and  constitution  of '  iodine  green  *  have 
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procefis  the  iodide  is  preferred.*  The  reaction  takes  place  in  large  closed  boilers 
(aatodATee)  of  enamelled  wrought  or  cast  iron,  capable  of  sustaining  a  pressure  of  26 
atmospheres,  and  snrronnded  by  jackets  in  which  a  stream  of  boiling  water  circulates 
for  eight  or  ten  hours.  The  operation  is  then  completed  and  the  boiler  is  left  to  cool. 
It  then  contains  a  mixture  of  violet  and  green  colouring  matter  dissolved  in  methyl 
aloohol,  together  with  considerable  quantities  of  methyl  acetate  and  methyl  oxide, 
which  latter  escapes  with  violence  on  opening  the  boiler.  The  volatile  products 
having  been  removed  by  distillation,  the  residual  pasty  mass  of  colouring  matters  is 
poured  into  a  large  quantity  of  boiling  water,  whereby  the  green  is  completely 
dissolved,  while  the  violet  remains  undissolved,  with  the  exception  of  a  small  quantity 
held  in  solution  by  the  acid  set  free  during  the  reaction.  The  insoluble  violet  is 
separated  by  filtration,  and  the  small  quantity  dissolved  is  precipitated  by  addition  of 
common  salt,  after  the  free  acid  has  been  neutralised  by  sodium  carbonate.  To  hit 
the  exact  point  of  saturation  in  the  deep-coloured  liquid,  a  sample  is  filtered  from 
time  to  time,  and,  instead  of  litmus-paper,  a  thin  skein  of  silk  is  introduced  into  the 
filtered  liquid :  as  soon  as  the  silk  acquires  a  pure  green  colour  without  any  admixture 
of  violet,  the  addition  of  sodium  carbonate  may  be  discontinued,  the  precipitation  of 
the  violet  colour  being  then  complete.  The  liquid  when  quite  cold  is  finidly  passed 
through  a  sand  filter  to  remove  the  precipitated  violet ;  and  the  green  is  precipitated 
by  a  oold-satozated  solution  of  picric  acid.  The  picrate  of  iodine  green  thus  obtained, 
being  but  slightly  soluble  in  water,  is  rapidly  washed  therewith,  and,  after  evaporation, 
«old  to  the  dyers  in  the  form  of  |)aste.  The  violet  colouring  matters  obtained  in  the 
preceding  process  in  the  form  of  iodides  are  converted  into  the  corresponding  bases  by 
means  of  sodium  hydrate,  and  from  these  bases  further  quantities  of  iodine  green  may 
be  obtained  by  treatment  with  methyl  iodide. 

To  obtain  aystaUued  iodine  green^  the  coloured  product  of  the  reaction  is  poured 
into  a  quantity  of  water,  much  smaller  than  that  used  in  the  process  above  deecrib^, 
and  after  adoition  of  common  salt,  the  liquid  is.  mixed  with  a  larger  quantitvof 
sodium  carbonate,  in  order  to  ensure  the  complete  precipitation  of  the  violet.  The 
ftltrate  on  cooling  deposits  a  considerable  quantity  of  iodine  green  in  czystals,  which 
may  be  washed  once  or  twice  with  cold  water  to  remove  adhering  common  salt,  and 
tlieii  dried  at  the  temperature  of  the  air.  To  obtain  the  compound  quite  pure  and  in 
a  atate  fit  for  analysis,  the  crystals  are  dissolved  in  warm  absolute  alcohol,  and  the 
filtered  scdution  is  poiued  into  a  large  excess  of  absolutely  anhydrous  ether,  whereby 
a  shining  crystalline  precipitate  is  formed,  which  is  washed  on  a  filter  with  cold 
ether,  and,  after  evaporation  of  the  ether,  dried  over  sulphuric  add.  Lastlv,  the 
cxyatalline  precipitate  is  dissolved  in  warm  alcohol,  which  on  cooling  deposits  diemi- 
cally  pure  iodine  green  in  splendid  prisms,  having  the  peculiar  metallic  lustre  of  the 
wing-cases  of  cantharides.    When  mied  over  sulphuric  acid  they  consist  of 

Methyl-iodide  of  trimethyl-rosaniline,OH»«(CH»)«N»  I  ^^IJ  +  H'O. 

If  1^  in  a  vacuum  for  forty-eight  hours  they  give  off  ]  mol.  water,  and  if  left  still 
longer,  the  compound  undergoes  further  decomposition. 

The  corresponding  eUoride,  obtained  by  decomposuig  the  iodide  with  silver  chloride, 
dries  up  to  a  green  transparent  brittle  vitreous  mass.  The  solution  yields  with  plati- 
nie  chloride  a  brown  amorphous  precipitate  consisting  of  ih»  ^platinochlaridei 

C»H>«(CH»)»N«  I  cH»a^^^*- 

The  fhraUt  C"H»*(CH*)^»|  )Qgg<Qgg,>jjQ,(,Q,  separates  on  adding  picric  add  to 

the  aqueous  solution  of  the  iodide,  as  a  oark  green  predpitate,  which,  by  recrystallisation 
from  boiling  alcohol,  yields  the  salt  in  weU>defined  prisms,  yellowish  by  transmitted 
light,  and  shining  like  etched  copper  in  reflected  light. 

The  acetate  oystallises  in  slender  needles,  the  nitrate  in  prisms.    These  salts  are 

•  GoMideriiig  itae  comparatively  mull  equivslent  of  faromloe,  and  the  low  piioe  at  which  It  may 
DOW  be  obtaijaed  tram  the  Staasf urt  salt-works,  it  is  remarkable  that  so  few  attempts  should  hitherto 
Iwve  bfi»Ti  made  to  sahstitiite  it  for  iodine  in  manufacturing  proceasee.  So  fisr  as  the  preparation 
of  *«ni^M>  oolonzB  is  ooooerned,  the  chief  difficnlty  in  the  use  of  the  bromides  of  methyl  and  ethyl 
ariRS  from  their  low  boOing  points  (18^  and  14<>),  in  oonseqnenoe  of  which  large  qnantitiea  of  these 
coBpoonds  are  k»t.  This  dlfBcnlty  may,  howerer,  be  surmounted  by  using,  instead  of  theee  bromides 
%%m<\s  pcqiand,  a  mizture  of  methyl  or  ethyl  aloohol  with  amyl  bromide,  a  compound  easfly  prepaxnl, 
AMtA  boiling  at  ISO^.  In  the  flist  stage  of  the  reaction  whidi  then  takes  place,  amyl  alcohol  is  fonned, 
togetiier  with  methyl  or  ethyl  bcxnuule,  thus : 

<yH"Br  +  CBTOn  =  CH"OH  +  CH'Br ; 
and  the  bromide  of  methyl  or  ethyl  thus  obtained  brings  about  the  methylation  or  ethylation  of  the 
■riMiMi  base  neaity  as  well  as  the  pure  compounds  (Honmann  a.  Oiraid). 
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obtnined  by  treating  the  free  base  with  acetic  and  nitric  add.  A  oomponnd  of  the 
iodide  with  zinc  iodide,  obtained  by  precipitating  the  iodide  with  acetate  or  solphate 
of  zinc,  crystalliBes  from  hot  water  in  prisms  not  altered  at  100^.  A  solution  of 
tannin  precipitates  a  compound  which  has  not  been  analysed. 

TVanffarmaiions  of  Iodine  green, — The  green  crystals  of  the  iodide,  as  already 
observed,  undergo  a  gradual  change  when  left  in  a  yacuum.  If  crystals  which  have 
boen  thus  left  for  some  months  are  drenched  with  water,  they  partly  dissolve,  forming 
a  green  solution,  and  if  this  be  poured  off,  the  remaining  ciystals  dissolve  in  alcohol 
with  a  fine  violet  colour.  This  transformation  intri  a  violet  compound  takes  place  in  a 
few  hours  at  the  temperature  of  boiling  water,  and  instantly  at  180^-160^ ;  thus  the 
green  iodide  dissolves  with  splendid  violet  colour  in  boiling  aniline.    The  violet  oom- 

Sound  consists  of  metktfliodiae  of  irimethyl'roianiUme,  and  is  formed  firom  the  hydrated 
imethyUodide  by  loss  of  water  and  methyl  iodide : 

C»H"(CH»)»N»j^^Ij.HH)  »  C»»H"(CH»)»N».CH"I  +  HK)  +  CH«I. 
Oreen.  Violet. 

The  formation  of  the  violet  colouring  matter  from  the  green  iodide  likewise  takes 
place  when  a  solution  of  the  latter  in  m&thyl  alcohol  endoseid  in  a  sealed  tube  is  heated 
Ibr  two  or  three  houre  in  the  water-bath.  The  liquid  then  assumes  a  deep  violet-blue 
Colour,  and  deposits  long  cantharides-green  needles  of  the  compound 

C»*H>«(CH»)»N«.(Ctt*I)«, 

which  are  but  sparingly  soluble  in  alcohol  even  at  the  boiling  heat.  These  are  beet 
recrystallised  from  metallic  alcohol,  in  which  they  are  somewhat  more  soluble.  The 
same  compound  is  occasionally  formed  in  the  action  of  methyl  iodide  on  trimethyl- 
rosaniline.  Together  with  these  sparingly  soluble  crystals,  whose  solution  is  violet 
with  a  decided  tinge  of  blue,  there  is  also  formed  another  blue-violet  salt,  but  less 
decidedly  indining  to  blue.  This  salt  is  extremely  soluble  in  alcohol,  but  may  bo 
crystallised  by  slow  evaporation  of  the  alcoholic  solution.  It  is  identical  with  the 
violet  salt  above  mentioned  as  obtained  by  the  simple  action  of  heat  on  the  green 
iodide,  namely  C»H»«(CH«)«N«.CH»I. 

A  molecule  of  the  green  iodide  heated  in  methyl-alcoholic  solution  under  pressure 
undergoes  the  same  transformation  as  when  heated  in  an  open  vessel ;  but  the  sepa- 
rated molecule  of  methyl  iodide,  which  would  escape  into  the  air  if  it  were  not  eonfined, 
fixes  itself  upon  a  second  molecule  of  the  green  compound,  converting  it  into  the 
sparingly  soluble  violet  compound  with  8  mol.  methyl  iodide. 

The  green  and  violet  iodides  treated  with  alkalis  are  converted  into  the  ooirespond- 
ing  bams  (hydrates),  which  are  colourless.  The  base  corresponding  to  the  iodine 
green  may  also  be  obtained  by  decomposing  a  solution  of  the  picrate  in  ammoniacal 
alcohol  with  soda-ley. 

If  in  the  preparation  of  iodine  green,  either  the  proportions  of  the  materials,  or  the 
temperature,  or  the  time  of  heating,  differ  considerably  from  those  above  described 
(p.  162),  a  colourless  product  is  likewise  obtained,  which  may  be  separated  from  the 
coloured  products  formed  at  the  same  time  by  means  of  hot  alcohol,  in  which  it  is  nearly 
insoluble.  On  dissolving  it  in  water,  evaporating,  and  recrystallising  several  times 
from  dilute  alcohol,  this  compound  is  obtained  in  prismatic  crystals,  having  the  composi- 
tion of  trimethyliodideofpentametkylaledleucanUine:  C*«H>*(CH*)*N>.(CH*I)*  +HH). 
(See  LsucANiLiinE.) 

3.  A  third  kind  of  green,  known  commerdally  as  *  Perkin^s  green,'  resembles  the 
iodine  green  more  dosdy  than  the  aldehyde  green,  but  differs  from  it  in  solubilitv 
and  in  being  predpitated  by  sodium  carbonate.  It  contains  an  organic  base,  whicn 
is  nearly  colourless,  and  is  by  no  means  a  chemically  powerful  body.  Like  the  iodine 
green,  it  is  precipitated  b]r  picric  acid,  forming  a  picrate  which  crystallises  frtmi 
alcohol  in  small  prisms  having  a  golden  reflex. 

This  colour  is  now  much  used,  diiefly  for  calico-printing. 

Aniline  Maroons  and  BroWna.  These  colours,  like  the  aniline  yellows,  possess 
only  a  second-rate  industrial  importance.  Girard  a.  Be  Laire  obtain  a  maroon  b^ 
melting  4  pts.  of  aniline  hydrochloride,  projecting  into  the  fused  mass  1  pt.  of  rosani- 
line hydrochloride,  and  heating  the  mixture  to  240^ ;  it  then  quickly  dianges  from 
red  to  maroon.  The  colouring  matter  thus  obtained  is  soluble  in  water,  and  is  pre- 
dpitated therefirom  by  alkalis  and  alkaline  salts. 

A.  SchulU  prepares  a  fine  garnet  colour  by  passing  a  current  of  nitrous  vapours 
into  a  solution  of  soda  or  ammonia  holding  rosaniline  in  suspension.  The  dye  thus 
obtained  produces  on  wool,  silk,  and  cotton,  fine  shades  varying  from  puce  to  garnet. 

Horace  Koechlin  utilises  the  brown  substances  noticed  by  fiofmann  in  the  oxida- 
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at,  nlabla  in  alcohol  uid  in  nrong  ■ulphnric  add,  uid  ii  praeipitated  from  tlma 
tHa^  hj  WKter  {MoHitruT  jeisnf/.  I86S,  p.  262). 

~~iD  (JMBo'.jKil.  iT.  clnrii.  406)  dsaciiba  two  ytaaawm  ba  oblutiiiig  uuUne 
t.  (1)  Esating  I  pt.  of  [Hcric  acid  tf>  140°  with  3  pU.  of  uiiliiM  u  long  m 
■nnMHuacal  T^ionn  ua  diwngasad ;  duaolving  die  product  in  dilate  bjdiodllorie 
acid,  aod  pndpitAtiiig  with  cnoitic  agdA.  (2)  Halting  ■  MiDngaolatioD  of  sauDOniiim 
Aninnta  to  IM".  tagathar  with  aniline  tbnnate. 

Wiae  hfti  to  140°  a  mixtareof  I  pt  roBaniUna,  1  pt.  fonnic  acid,  aod  ^  pt.  aodinm 
imtatT.  and  thcrabj  obtaiiu  a  mbatance  which  diaaalroa  in  alcohol  with  a  luia  aearlat 
colnnr.  On  boating  thii  inbttaDce  with  thne  timei  itj  wnght  of  anilina,  it  ia  trana- 
tbnaed  into  a  product  bariiig  a  rich  brawn  aalonr  (£«ll.  Sue,  CUm,  18M  [31  ti.  431 ; 
Dictimnain  it  Chimit,  i.  SaS). 

AaniB*  MBki  alao  known  commeKiBllj  u  '  la&anine,'  ii  a  eoloaring  matter 
mndk  leddcK  thao  magBnta.  pndncad  bj  ozidaCion  of  aniline.  It  waa  diarovered  lome 
jawa  ago  I7  PnUn,  and  ia  now  emplond  to  a  limited  oitent  in  the  aita.  It  appears 
to  be  an  nganic  base  oompoaed  of  &*E"N'.  It  RiTaa  climana  nlaUona  with  acida, 
finaw  itjii*tl"— *■'-  aalta,  and  ita  naetioni  ibow  t£at  it  ia  doael?  nUtgd  to  manTaine 
(Mdn,  iVnMCa^t  </ (1(  Aoyaf  JiH<i(«Mm,  IBS9). 

AaOtaw  See  Fadmut,  Xagmta,  ie. — The  nae  of  anenic  acid  Ibr  the  prepaia* 
tioa  of  thu  cobNDhaa  near];  ■apaiaaded  all  otheis.  In  the  deacription  of  thii  proceaa 
pran  ia  voL  ir.  p.  40S,  it  u  aUted  that  IS  Ma.  of  the  dry  acid  of  oommaroe  are  Ut 
ba  heated  with  10  pt*.  of  aniline,  witli  er  wUkoul  addition  1^  water.  Experience  haa 
■howB,  hovem,  tlut  the  addition  of  water  ii  abaolntalj  aiKnmry  to  the  ncccaa  of 

loa  manubetma  of  maganta  ia  now  conducted  in  an  appaiatni  limilar  to  that 
miiiwiilHl  in  ig.  9.  Thii  ajmaratna  consiMa  of  a  Uisa  iron  pot,  a,  about  4  ft.  in 
diwneler,  nt  in  a  fomace  of  bnckwoik,  and  prorided  with  a  itirrer  worked  by  hand. 
All  t^  gaaring  for  thia  itinvr  ia  fixed  to  the  lid,  so  that  itirrer,  lid,  and  all  ma;  b« 


aailJDe  eonlaining  about  3S  per  cent,  of  toluidine.  and  a  nearlj  ntnrated  eolation 
ef  Manic  acid,  are  introdoced  into  tbia  apparatna,  and  well  mixed  b;  working  the 
itiitw;  the  jcopcntinn  of  the  materiala  ir  ■-  -'■"■•  •>•-  —'>-  -'  '  -f  .-:i;—  ■- 
I-to*  a  Tft  pareent.  eolation  of  ai — ' — '■■' 
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lighted.  After  the  product  has  been  heated  for  some  time,  water  begins  to  distil 
over,  then  aniline  ana  water,  and,  lastly,  nearly  pure  aniline. 

This  operation  requires  some  hours. for  completion,  and  this  is  determined  by 
inserting  an  iron  rod  from  time  to  time,  and  drawing  out  a  portion  of  the  product 
for  examination,  as  well  as  by  the  amount  of  aniline  which  distils  over.  When  the 
heating  has  been  completed,  a  steam-pipe  is  introduced  into  the  apparatus,  and 
steam  blown  through  the  fused  mass;  by  this  means  an  additional  quantity  of 
aniline  is  separated.  The  lid  is  then  liberateil  and  lifted,  with  the  stirrer,  from  the 
apparatus,  and  the  product  left  to  cool  before  it  is  removed.  A  more  elaborate  and 
larger  apparatus  is  sometimes  used,  which  possesses  considerable  advantages  over  the 
smaller  one.  The  iron  pot  is  larger,  and  is  provided  with  an  outlet  at  the  side,  which 
is  closed  during  the  operation,  and  the  shaft  of  the  stirrer  is  hollow  (as  in  the  aniline 
apparatus,  fig.  8),  and  worked  by  steam.  When  the  operation  of  heating  is  concluded, 
steam  is  blown  down  the  shaft,  and,  after  the  addition  of  water,  the  product  is  boiled 
and  run  out  of  the  outlet  in  the  side  of  the  pot ;  by  this  arrangement  it  is  unnecessary 
to  disconnect  the  lid  of  the  apparatus,  and  the  product  does  not  require  to  be 
removed  by  mechanical  means,  as  with  the  apparatus  previously  described. 

The  crude  product  obtained  by  heating  aniline  and  arsenic  acid  is  next  transferred 
to  vats,  boiled  with  water  and  filtered.  Common  salt  is  then  added,  which 
precipitates  the  crude  magenta:  this  is  collected  and  dissolved  in  boiling  water, 
again  filtered,  and  the  solution  on  cooling  deposits  the  colouring  matter  in  the 
crystalline  state.  This,  when  recrystallised,  constitutes  commercial  magenta  (Perkin's 
Ijecturea  on  Coal-tar  Colours), 

The  several  varieties  of  commercial  aniline  red  have  been  shown  by  Hofbann  to 
bo  salts  of  a  colourless  base,  rosaniline,  C**H"N*,  derived  from  1  mol.  of  phenylamine 
and  2  mols.  of  toluidine,  by  elimination  of  8  mols.  of  hydrogen : 

C~H"N»  «  C^^N  +  2C'H»N  -  8H«. 

(C^*r) 
For  its  rational  constitution,  Hofmann   gives  the  formula  2{C^H*)"IN*,    Crystal 

Used  rosaniline  is  C»H'»N».H*0. 

Rosenstiehl  has  shown  (Bull,  8oc.  industr.  de  MtUkouse,  1868,  p.  981 ;  Butt.  8oc, 
Chim,  [2]  xi.  267)  that  commercial  fuchsine  or  magenta  always  contains,  in  addition 
to  rosaniline,  another  red  colouring  matter,  isomeric  therewith.  The  formation  of  this 
new  colouring  matter  is  due  to  the  presence  of  pseudotoluidine  or  paratoluidine  in 
commercial  aniline,  a  fact  previously  demonstrated  by  Bosenstiehl  ^uU.  8oe.  Ckim. 
[2]  x.  192).  Rosaniline  prepared  from  a  mixture  of  pure  aniline  and  pure  normal 
toluidine,  and  pararosaniune  prepared  in  like  manner  from  aniline  and  paratoluidine, 
resemble  each  other  in  tinctorial- qualitv  and  power,  and  indeed  in  all  their  physical 
and  chemical  properties,  excepting  tLat  pararosaniline,  when  precipitated  by  an 
alkali  from  a  hot  solution,  remains  amorphous,  whereas  rosaniline  under  the  same 
circumstances  is  soon  converted  into  crystalline  scales ;  and  that  rosaniline  when 
subjected  to  the  reducing  action  of  hydriodic  acid  yields  aniline  and  toluidine, 
whereas  pararosaniline  similarly  treated  yields  aniline  and  paratoluidine. 

Moreover,  it  appears  from  recent  experiments  by  Coupier,  that  red  colouring 
matters,  very  closely  resembling  the  rosaniline  salts,  may  be  prepared  without  the 
simultaneous  action  of  aniline  and  toluidine,  in  fact,  from  nearly  pure  toluidine  or 
xylidine  without  the  aid  of  aniline  at  all ;  e.g.  by  heating  a  mixture  of  100  pts.  of 
Coupier's  toluidine  (which  is  liquid),  160  pts.  of  solution  of  arsenic  acid  (of  75  p.  c), 
and  35  pts.  hydrochloric  acid  to  160°-160®  for  three  or  four  hours;  or  67  pts. 
crystallised  toluidine,  95  pts.  nitrotoluene,  65  pts.  hydrochloric  acid,  and  7  pts.  of 
ferrous  chloride  to  190^  for  three  hours.  Xylidine  also  yields  red  colouring  matter 
when  subjected  to  similar  treatment. 

Toluidine  red  possesses  properties  analogous  to  those  of  aniline  red,  but  is 
distinguished  from  the  latter  by  the  bluer  tint  which  it  communicates  to  vegetable  or 
animal  fibres ;  by  its  moro  regular  transformation  into  derivatives  of  other  colours, 
especially  green  ;  by  its  greater  depth  of  colour ;  and  by  its  much  greater  solubility  in 
water.  It  is,  moreover,  obtained  in  greater  abundance  from  a  given  quantity  of 
material,  the  yield  amounting  to  40  p.  c.  of  the  material  employed,  whereas  that  of 
aniline  red  seldom  exceeds  30  p.  c.  The  addition  of  aniline  to  the  toluidine  actually 
diminishes  the  quantity  obtained,  the  diminution  being  directly  proportionate  to  the 
quantity  of  aniline  added.  Xylidine  red  yields  in  dyeing  more  violet  tints  than 
toluidine  red  {BuU.  8oc.  tndust,  de  Mulhouse,  avrii  et  mat  1866 ;  Bull,  8oe.  Chim. 
[2]  vi.  600  ;  Micmiteur  soient.  1866,  p.  599  ;  JHctionnaire  de  ChimU,  i.  819). 
Coupier  has  also  devised  a  process  for  the  manufacture  of  aniline  red  in  which  the 
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ue  of  ftiwnie  acid  is  aroided.  It  oonsists  in  heating  to  about  200^  a  mixtiire  of 
rare  aniline,  nitzotoluene,  hydrochloric  acid,  and  a  small  quantity  of  metallic  iron. 
The  nrodnct  is  pasty  and  qnickly  solidifies  to  a  friable  mass  resembling  orude 
foduana  (BmU.  Soe.  Ckim.  [2]  zi.  269). 


Of  these  dyes  there  are  serezal  varieties. 

1.  Manve  or  Aniline  purple,  the  first  discoTered  of  the  aniline  dyes.  It 
consists  of  the  sniphate  or  other  salt  of  maureine,  C^E**S*,  a  base  which  in  the 
free  state  has  a  Tiolet  colour,  and  forms  violet  solutions.  The  rational  formula  of 
this  base  has  not  been  determined ;  but  it  differs  from  roeaniline  in  not  requiring  for 
its  fonnation  the  naresence  of  toluidine;  in  fact,  Perkin  finds  that  it  may  be 
prepared  by  the  oxioation  of  pure  aniline  (phenylamine)  obtained  from  indigo.  The 
same  result  has  been  obtained  by  Schutzenberger. 

Aniline  purple  is  almost  always  prepared  by  oxidising  aniline  with  potassium 
bichromate  awl  sulphuric  acid,  the  process  originally  ^ven  by  Perkin.  A  patent 
has,  however,  been  taken  out  by  Dale  and  Caro  for  obtaimnff  it  by  treating  a  ^t  of 
aniline  with  cupric  chloride.  Another  mode  of  producing  it  is  to  heat  a  solution  of 
aniline  in  hydrochloric  add  with  chloride  of  lime.  When  aniline  hydrochloride  is 
treated  with  a  veiy  dilute  solution  of  chloride  of  lime,  not  in  excess,  a  blue  compound  is 
produced,  called  Runge's  blue ;  this  indeed  is  the  well-known  reaction  which  gave 
rise  to  the  name  Kyancl,  formerly  applied  to  aniline.  This  blue  is  veiy  unstable, 
bat  Peikin  has  lately  succeeded  in  obtaining  it  in  the  solid  state  by  treating  a  solution 
of  aniline  with  dilute  chloride  of  lime  and  adding  common  salt.  The  colouring 
matter  is  thereby  precipitated  in  an  impure  state ;  but  by  treating  it  with  cold  ether 
or  bensol,  a  lai^  quantity  of  brown  impurities  is  separated,  and  the  Bunge*s  blue 
is  left  in  the  solid  state.  It  dissolves  in  alcohol,  forming  a  blue  or  nearly  blue 
solution,  which,  however,  changes  spontaneously  into  mauve  in  a  day  or  two,  and 
quickly  on  boiling.    Silk  dyed  with  the  blue  likewise  assumes  a  mauve  colour  when 


In  France,  aniline  purple  is  sometimes  manufactured  bv  the  action  of  chloride  of 
lime  on  a  solution  of  aniline  in  hydrochloric  acid,  the  crude  product  being  purified  in 
the  same  manner  as  that  obtained  with  bichromate.  The  product  thus  obtained  is 
said  to  be  more  abundant  than  that  yielded  by  Perkin's  process ;  but  the  colour  is 
more  reddish  and  is  not  so  highly  valued. 

2.  Methylaniline  Violets. — These  dyes,  produced  by  the  oxidation  of  methyl- 
aniline  and  dimethylaniline,  were  discovered  by  C.  Lauth  {Rip,  Cfkfm.  app.  1861, 
p.  346),  and  the  methods  of  preparing  them  have  recently  been  improved  by  Poirrier 
and  Cbappat  {BvU,  8oe,  CUm,  [2]  vi.  502). 

The  preparation  of  methylaniline  on  the  large  scale  is  effected :  a.  By  heating  a 
mixture  of  aniline  hydrochloride  (100  pts.)  and  methyl  alcohol  (60  to  80  pts.)  to 
260^  or  300^  in  enamelled  iron  vessels,  for  three  or  four  hours.  The  product, 
eonflisting  for  the  most  part  of  methylaniline  hydrochloride,  is  decomposed  by  an 
aUcidi  and  purified  bv  aistillation.-»/3.  By  heatinff  to  300^  for  several  hours  a 
miztore  of  100  pts.  amline,  50  to  80  pts.  methyl  alcohol,  and  100  pts.  sal-ammoniac ; 
tha  product  is  methylaniline  itself. — y.  By  treating  aniline  wiUi  methyl  nitrate, 
either  in  the  cold  or  at  100^ ;  in  the  latter  case  the  reaction  is  very  quick. — 6.  By 
hffifcling  aniline  with  methyl  chloride,  either  in  an  open  vessel  or  under  pressure. 
The  product  of  either  of  these  reactions  is  usually  a  mixture  of  methylaniline  and 
dimethylaniline,  the  latter,  of  course,  increasing  with  the  quantity  of  methyl  alcohol 
CBiployed. 

The  methylated  derivatives  of  aniline  may  be  transformed  into  violet  or  blue- 
Ticket  oompounds,  by  the  action  of  various  reagents,  e.g.  by  stannic  chloride,  mercuric 
iodide,  iodine  chloride,  &e.  The  reaction  usuallj  takes  place  at  about  100®, 
prodoeing  colouring  matters  which  incline  to  blue  m  proportion  as  the  aniline  is 
nmre  methylated ;  and  in  any  case  a  violet  once  obtained  mav  be  rendered  bluer  by 
treatiBg  it  after  purification  with  an  alcoholic  iodide.  The  following  are  some  of  the 
procMses  recommended : — 

«.  Adding  6  to  6  pts.  of  stannic  chloride  by  small  successive  portions  to  1  pt  of 
meitfaylaniline ;  heating  the  mixture  to  100^  till  it  becomes  very  thick;  treating  the 
product  several  times  with  a  caustic  alkaU  to  remove  tin ;  and  purifying  the  resulting 
TioIet  by  the  methods  adopted  for  most  aniline  colours. — $.  The  stannic  chloride  may 
be  leplaeed  by  iodine  chloride  diluted  with  5  or  6  times  its  weight  of  water,  or  bv  a 
mixture  capable  of  producing  it:  100  pts.  of  methylaniline,  for  example,  being 
treated  wita  20  pts.  of  iodine  and  20  pts.  of  potassium  chlorate. — 7.  1  pt.  of 
methylaniline,  1}  pt.  mercuric  chloride,  and  1  pt.  potassium  chlorate.--6.  1  pt.  of 
nastJ^laniline^  3  pts.  of  mercuric  iodide,  and  1  pt.  of  potassium  chlorate. — c.  1  pt. 
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of  meth^^laniline,  and  8  to  4  pts.  of  benzene  hexchloride,  the  mixture  in  this  last  ease 
being  heated  to  ISO^'-IGO". 

The  violets  obtained  bj  these  several  reactions  are  soluble  in  water,  akohol,  and 
acetic  acid.  I'hey  are  fixed  upon  tissues  by  methods  similar  to  those  adopted  for 
other  aniline  colours.    Nothing  is  known  respecting  their  composition. 

3.  Mauvaniline  and  Violaniline.  These  compounds  are  formed,  together  with 
a  yellow  body,  chrysotoluidine,  in  the  preparation  of  rosaniline  by  the  oxidation  of 
aniline  with  arsenic  acid.  It  is  well  known  indeed  that  the  quantity  of  rosaniline 
obtained  by  this  process  does  not  amount  to  more  than  half  of  that  which  is  indicated 
by  theory,  the  second  half  of  the  aniline  being  converted  into  a  black  matter 
insoluble  in  water.  These  residues  were  for  some  time  regarded  as  useless  for  the  pnr> 
poses  of  the  dyer ;  but  the  recent  experiments  of  Paraf  (Bull,  Soe,  Ckim,  [2]  vii.  92) 
have  shown  that  they  may  be  made  to  yield  colouring  matters  available  in  dyeing 
and  calico-printing ;  and  these  researches  have  been  completed  by  Girard  and  Be 
Laire  {Und.  p.  366),  who  have  obtained  from  these  residues  the  bases  above 
mentioned. 

100  pts.  of  commercial  aniline  boiling  at  183^  to  188^  (containing  2  pts.  aniline  to 
1  pt.  toluidine)  are  heated  to  170^  for  five  hours  with  164  pts.  of  a  solution  of  arsenic 
acid  of  the  strength  of  70  p.  c  The  product  is  exhausted  with  water,  which  dissolves 
arsenate  of  rosaniline,  and  the  residue  contains  the  arsenates  of  mauvaniline, 
violaniline,  and  chrysotoluidine,  together  with  various  impurities.  The  mixture  of 
these  salts  is  decomposed  by  boiling  with  caustic  soda;  and  the  precipitated  bases  are 
treated  with  dilute  hydrochloric  acid,  which  dissolves  the  mauvaniline  and  chiysoto- 
Inidine,  leaving  the  violaniline  undissolved.  The  hydrrxshlorie  acid  solution  is  mixed 
with  common  salt,  which  precipitates  hydrochloride  of  mauyaniline,  while  the  chryso- 
toluidine salt  remains  in  solution.  The  mauvaniline  is  precipitated  from  the  solution 
of  the  hydrochloride  by  the  addition  of  an  alkali. 

Violaniline,  mauvaniline,  rosaniline,  and  chrysotoluidine  form  a  homologous  series, 
as  shown  by  the  following  formulae : 


VioUniline* 

2C*H'N 

Aniline. 

+ 

C«H»N      - 

Aniline.* 

8H« 

Hanvanlllne. 

2C^'N 
Aniline. 

+ 

C'H'N       - 
Tolnidlne. 

3H« 

C»H>»N«     - 
Bosonlllne. 

Aniline. 

C*H»N 
Tolnidlne. 

+ 
+ 

2C'H»N     - 

Tolnidlne. 

2CrH»N     - 
Tkdnidlne. 

8H* 

C«>H«N»     - 
Chrjwtolnidlne. 

8H« 

MauvanUine  is  insoluble  in  water,  soluble  in  alcohol,  ether,  and  beniol,  and  forms 
crystals  containing  C*'H*'N'.HK).  Its  salts  are  soluble  in  water,  forming  solutions 
of  a  fine  reddish-violet  tint,  which  they  likewise  impart  to  fabrics  in  dyeing. 

Violaniline  exhibits  similar  properties,  but  is  insoluble  in  ether  and  in  benaol. 
Its  salts  are  not  of  much  value  for  dyeing,  as  they  produce  merely  dull  bluish  violet 
colours. 

Mauvaniline  treated  with  aniline  yields  phenvlated  derivatives  analoeous  to  the 
phenyl-rosanilines ;  with  the  iodides  of  ethyl  and  methyl  it  also  forms  euylated  and 
methylated  derivatives  similar  to  those  obtained  in  like  manner  frrim  rosaniline. 

4.  Violets  derived  from  Soeaniline. — a.  Violet  imperial.  The  colouring 
matters  known  by  this  name  are  produced  by  heating  a  rosaniline  salt  with  a  quantity 
of  aniline  less  than  sufficient  to  form  aniline  blue.  They  were  at  first  regarded  as 
mixtures  of  aniline  blue  (triphenyl-rosaniline)  with  magenta,  but  Hofmann  has 
shown  that  they  are  definite  compounds,  viz.  monophenyl-rosaniline,  C**H"(CH')N*, 
and  diphenyl-rosaniline,  C*»H»*(C^»)«N*,  the  former  producing  reddish-violet,  the 
latter  bluish-violet  dyes.  A  method  of  obtaining  these  violet  compounds  simulta- 
neously with  aniline  blue  has  already  been  descril^  ^p.  160). 

/S.  HofmamnCe  Violets. — These  compounds,  consisting  of  triethyl-  and  trimethyl- 
rosaniline,  are  described  in  vol.  iv.  p.  471.  They  may  be  rendered  soluble  in  water  by 
liberating  the  base  by  means  of  a  boiling  solution  of  soda,  and  redissolving  it  in  an 
acid  (Duprev,  Bull.  Soe.  Ckim.  [2]  vii.  95). 

Picrate  of  triethyl-rosaniline  yields  in  dyeing  very  beautiM  green  tints  (Keiaser, 
Moniteur  scientif.  1867,  p.  636). 

y.  Violets  obtained  by  substitution  iff  other  radicles  for  the  hydrogen  of  rosamlime.'^ 
By  heating  6  pts.  of  magenta  dissolved  in  30  pts.  of  alcohol  of  90  p.  c.  with  4  pts. 
of  brominated  oil  of  turpentine  to  150®  in  a  closed  vessel  for  eight  hours,  Psrkin  has 
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joMftined  a  fine  Tiolet  dye  known  as  the  BriUmina  vioUt,  It  poaseoees  the  golden- 
graen  Inatxe  so  common  to  all  the  aniline  oolonn ;  is  easily  fusible,  amorphous,  and 
Teiy  sdnble  in  water.  It  is  yeiy  eztensiyely  employed  for  dyeing  and  printing,  and 
can  be  podnoed  of  any  shade  from  purple  to  a  blue  violet. 

WanUyn,  by  heating  equal  parts  of  rosaniline,  alcohol,  and  isopropyl  iodide  to  100^ 
in  a  closed  ressel,  obtains  a  yiolet  compound,  the  base  of  which  may  be  isolated  by 
boiling  with  an  alkali. 

Smith  and  Siaberg  {DaUicki  ^duttrie-Zeitung,  1866,  p.  488)  employ  for  the  same 
purpose  the  iodated  and  brominated  deriiratiTes  of  acetone. 

ikstly,  there  is  a  dye  called  DaUia  imphial,  of  a  very  pure  violet  colour  and  soluble 
in  water;  but  its  preparation  is  kept  secret. 


These  colours  have  not  yet  attained  any  considerable  import- 
ance in  djsing  or  printing.  Chrysaniline,  C*H>'N*,  is  described  in  toI.  it. 
p.  478. 

Chrysotolnidine.  CH*>K'.H*0. — ^The  formation  and  preparation  of  this  sub- 
stanee  nave  been  described  in  connection  with  mauTaniUne  (p.  168).  It  may  also  be 
obtained  by  heating  crystallised  toluidine,  or  the  crude  anilines  distiUing  between 
I960  and  206^,  with  carbon  trichloride.  It  is  separated  in  the  manner  already 
indicated;  the  process  'may  howeyer  be  simplified  by  repeated  treatment  with 
sine  and  hydrochloric  add,  whereby  the  rosaniline  is  separated  in  the  form  of 


ODysolohddine  treated  with  alcoholic  iodides  yields  fine  roseate  shades ;  with  aniline 
it  forms  maroon-coloured  products. 

Diaso-amidobenxene  and  Amido-diphenylimide.  C^H*'N*. —  These 
isomeric  compounds  are  both  produced  by  the  action  of  nitrous  add  on  an  alcoholic 
s(4«don  of  aniline,  the  former  at  ordinary,  the  latter  at  higher  temperatures : 

2C^»N  +  NO«H  -  C"H"N»  +  2H«0. 

IXaso^amidobensene  or  acodiphenyldiamine  is  described  at  p.  460,  yol.  iy.  Amido- 
d]|)lienylimide  is  identical  with  a  yellow  substance  which  Sdiiff  obtained  {Comgi,  rmd. 
In.  1234)  by  the  action  of  stannate  or  antimonate  of  sodium  on  a  salt  of  aniune.  It 
may  be  prepared  by  heating  to  100°,  10  pts.  of  water,  1  part  of  aniline  nitrate,  and 
8  pts.  of  sodinm  stannate,  then  gradually  adding  caustic  soda.  A  brisk  reaction  is 
thereby  set  up,  and  the  operation  may  be  reguded  as  terminated  when  the  liquid 
aasiuBies  a  red  colour  on  being  mixed  with  an  add.  It  is  then  left  to  cool,  the  stannic 
oxide  is  removed  by  means  of  hydrochloric  acid,  and  the  residue  is  purified  by  repeated 
SQlvtion  in  dilute  boiling  hydrochloric  acid  and  predpitation  with  ammonia. 

Axnidodiphenylimide  is  a  yellow  crystalline  powder.  All  its  solutions  when  slightly 
addalated  dye  silk  and  wool  of  a  deep  lemon-yellow  colour.  The  picrate  dies  wool 
with  a  colour  approaching  to  cochineal-red.  Jleated  with  aniline  it  yields  a  blue  dye. 
A  Tmy  remarkable  circumstance  connected  with  these  isomeric  aniline  yellows  is  that 
they  are  volatile  and  may  be  removed  from  tissues  by  the  mere  application  of  heat 
(l^rtins  a.  Griess,  BmU.  8oe.  CMm.  1866  [2]  vi.  168). 

Toluidine  treated  with  nitrous  add  or  with  sodium  stannate  yields  a  compound 
bomdlogoas  with  amidodiphenylimide  (Martins  a.  Gries). 

Jaeobsen  {DmUehe  hutugtrie'Zeiiung,  1866,  p.  468)  produoee  a  yellow  colouring 
matter  by  mixing  100  pts.  of  aniline  hydrochloride  with  400  pts.  of  water  and  40  pts. 
of  macnrous  nitrate.  After  24  hours,  the  mass  is  redissolved  in  boiling  water,  which 
on  cooling  deposits  the  product  in  a  state  of  purity. 

ZMottae. — ^This  name  is  given  by  Vogel  (J.  mr,  Chem.  xciv.  468)  to  a  yellow 
eolcmring  matter  which  he  obtains  by  the  action  or  nitrous  acid  on  aniline,  or  on  any 
of  tKe  colouring  matters  derived  f^om  it.  It  is  described  as  a  substance  having  a  fine 
yelVow  colour,  insoluble  in  water,  soluble  in  alcohol,  ether,  chloroform,  adds,  and 
allualis.  The  alkaline  solution  has  a  splendid  red  colour,  and  on  addition  of  add 
depodts  the  dnaline  with  its  original  yellow  tint.  Zinaline  is  moderately  stable,  not 
being  altered  by  oxidising  agents  or  by  sulphurous  add.  It  melts  below  100°,  and 
at  a  hi^er  temperature  gives  off  thick  yellow  vapours,  then  suddenly  takes  fire 
villi  a  slight  detmiation.    Vogel  assigns  to  it  the  formula  C**H"NH)*. 

tJsRs  OP  Amumi  Coloubs. — 1.  In  Dyeivg  and  Calico-printing, — The  aniline 
eokran  an  mostly  organic  bases  or  salts,  and  thereby  differ  essentiaUy  from  most  of 
tlie  vegetable  colouring  matters,  which  are  weak  adds.  Hence  considerable  difficulty 
St  first  foond  in  tneir  application  to  dyeing  and  printing,  because  they  would  not 
ibine  with  the  ordinary  mordants  used  for  the  colouring  matter  of  dye-wnods,  such 
alumina  and  oxide  of  tin.    These  observations  refer  to  the  dyeing  and  printing  of 
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vegetable  fibres,  and  not  to  silk  or  wool,  as  these  materials  absorb  the  aniline  colours 
without  the  intervention  of  a  mordant. 

In  silk-dyeing  the  principal  difficulty  experienced  in  applying  these  colours  was 
owing  to  their  great  affinity  for  the  fibre,  whicn  interferes  with  the  production  of  an 
even  colour,  especially  in  dyeing  light  shades.  After  a  tjme,  however,  it  was  found 
that  this  obstacle  could  be  overcome  by  dyeing  the  silk  in  a  weak  soap-lather  to  which 
the  colour  luul  been  added.  This  not  only  caused  the  dyeing  to  proceed  with  less 
rapidity,  but  also  kept  the  face  of  the  silk  in  good  condition.  Silk  dyed  by  this  pro- 
cess is  left  soft,  but  may  afterwards  be  rendered  hard  or  '  scroop '  by  rinsing  in  a  bath 
of  slightly  acidulated  water.  This  process  was  first  used  for  dyeing  silk  with  the 
mauve  or  aniline  purple.  It  has,  however,  been  since  found  suitable  for  nearly  all 
the  aniline  colours,  as  magenta,  Hofmann  and  Britannia  violets,  &c. 

The  process  oi  printing  silk  with  aniline  colours  is  comparatively  simple.  An  aqueous 
or  alcoholic  solution  of  the  colouring  matter  is  thickened  with  gum  Senegal,  printed 
on  with  blocks,  and  when  dry,  exposed  tr)  the  action  of  steam  for  about  half  an  hour. 
The  gum  is  then  washed  off,  and  the  goods  are  finished. 

A  discharge  style  may  be  produced  on  silk  dyed  with  magenta  by  printing  on  it  with 
powdered  zinc  mixed  with  gum.  The  rosaniline,  C*H"N',  is  thereby  converted  into 
leucaniline,  CH"N',  the  compounds  of  which  are  white.  The  same  process  may  be 
applied  to  any  of  the  coloured  derivatives  of  magenta.  Two  colours  may  in  like 
manner  be  produced  on  silk  (for  example,  a  green  ground  with  purple  spots)  by  taking 
silk  dyed  with  any  of  the  derivatives  of  magenta,  and  printing  it  with  the  discharge 
previously  mixed  with  the  colour  it  is  desired  to  introduce,  of  course  employing  a 
colouring  matter  which  is  not  affected  by  the  discharge,  as  aniline  purple,  aniline 
pink,  &c. 

The  dyeing  of  wool  with  aniline  colours  is  a  very  simple  process,  the  wool  being 
merely  worked  in  a  hot  aqueous  solution  of  the  desired  oolounnff  matter,  no  mordant 
being  required.  Acids  are  generally  found  to  be  injurious,  and  therefore  a  neutral 
bath  is  preferred,  the  operation  being  finished  by  bringing  the  temperature  nearly  up 
to  that  of  boiling  water.  With  NichnUoTCe  blue^  the  process  of  dyeing  is  different,  ana 
oonsists  of  two  distinct  operations,  the  wool  being  first  worked  in  an  alkaline  solution 
of  the  colour,  which  gives  it  a  kind  of  grey  or  slate  shade,  and  then  in  an  acid  bath, 
which  develops  the  colour. 

The  printing  of  wool  is  similar  to  that  of  silk,  the  colouring  matter  being  simply 
thickened  with  gum,  printed  on  the  goods,  steamed,  and  then  washed. 

For  dyeing  cotton, mordants  are  required.  The  ordinary  mordants,  such  as  alum, 
are  of  no  use,  for  the  reason  above  mentioned.  The  method  devised  by  Perkin  and 
Pullar,  depending  upon  the  insolubility  of  the  compounds  which  these  colours  form 
with  tannin,  is  described,  with  reference  to  aniline  purple,  in  the  article  DTSura 
(ii.  867).  The  cotton  is  first  soaked  in  a  decoction  of  sumach  or  other  tanning  agent,  then 
in  a  solution  of  sodium  stannate,  and  lastly  in  water  acidulated  with  sulphuric  acid. 
The  cotton  thus  prepared  contains  an  insoluble  compound  of  tin  and  tannin,  which 
possesses  a  great  affinity  for  aniline  purple  and  nearly  all  the  other  aniline  colours. 

For  printing  calico  with  aniline  colours,  the  method  now  almost  universally  em- 
ployed IS  that  of  Perkin  and  Schultz,  which  consists  in  printing  the  colouring  matter 
with  a  mordant  composed  of  a  solution  of  aluminium  arsenite  in  aluminium  acetate. 
On  steaming  the  clotn  printed  with  this  mixture  for  about  half  an  hour,  the  colour 
is  firmly  fixed  in  the  fibre.  After  steaming,  the  goods  are  generally  soaped  and  then 
finished.  One  of  the  great  advantages  of  this  process  is  that  it  can  be  worked  in 
patterns  with  a  great  variety  of  colours ;  it  is  also  suitable  for  nearly  all  the  aniline 
colours  as  well  as  the  mauve,  vielding  shades  of  great  brilliancy. 

The  application  of  anHine  tlaek  to  calico-printing  has  been  already  noticed  (p.  160 ; 
also  iv.  456). 

Other  uses  of  Aniline  Colours. — Although  the  chief  use  of  these  colours  is  for  dyeing 
and  calico-printing,  they  are,  nevertheless,  employed  in  the  form  of  lakes  in  several 
other  branches  of  industry,  as  in  lithography,  type-printing,  paper-staining,  &c 
These  lakes  are  usually  prepared  by  adding^  to  the  solution  of  the  colouring  matter 
mixed  with  alimd,  a  certain  quantity  of  tannin  or  benzoic  acid,  which  forms  Uierewith 
an  insoluble  compound ;  some  manu&cturers  likewise  add  soap. 

The  lakes  thus  prepared  are  now  used  to  a  large  extent  for  paper-staining.  They 
are  likewise  employed  in  lithography  and  type-printing ;  but  for  these  latter  purposes 
special  preparations  are  more  frequently  used.  Sometimes  the  lithographic  ink  or 
varnish  is  mixed  with  starch-powder  stained  with  an  alcoholic  solution  of  the  required 
aniline  colour ;  sometimes  the  varnish  is  mixed  with  the  dried  precipitate  obtained  by 
adding  water  to  a  mixture  of  an  aniline  colour  with  an  alcoholic  solution  of  resin ; 
sometimes  again  the  base  of  the  colouring  matter  is  dissolved  in  oleic  acid,  whereby  a 
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mixtiire  18  obtained  direetly  applicable  to  printing  or  lithograpliy  {Dingler^s  pciyt,  J, 
cljacx.l6d). 

Aniline  dyes  arc  likewise  used  for  oolonring  a  Tuietr  of  objects,  such  as  soaps, 
TinegBXB,  and  paxaflln,  for  staining  horn,  iToiy,  &g.  Metaods  of  staining  horn  and 
vond  with  these  colours  are  described  by  Stnbenbach  (BM.  8oe,  CMm,  [2]  xi.  96). 

The  peculiar  bronze  surface  produced  by  evaporating  a  solution  of  an  aniline  colour 
has  been  made  available  for  giving  such  a  brrmxe  surikce  to  various  articles  of  dress,  as 
Iwnnets,  flowers,  and  feathers ;  when  thus  used,  however,  the  colours  require  a  fixing 
agent,  otheswise  a  shower  of  rain  will  wash  them  out. 

.CZS.    See  Asodaxisic  Acid  (p.  172). 

OS.    See  Amithol  (p.  156). 

C"H'H)'. — ^A  body  formed,  together  with  acetic  acid  and  other 
products,  by  tbe  action  of  acetyl  chloride  on  anisic  aldehyde : 

2C»HH)«  +  C*H«OCl  «  HCl  +  2HH)  +  C"H>K)». 

The  miztora  heated  to  160^  for  twenty-four  hours  yields  a  black  mass,  from,  which 
water  and  ammonia  ettraet  a  small  quantity  of  anisic  acid.  The  anishumin,  which  is 
tbe  chief  product,  is  dark-ooloured,  insoluble  in  water,  anmionia,  soda-ley,  alcohol,  and 
ether  (A.  Bossel,  Zeiisekr.  f.  Ckem.  [2]  v.  653). 

JURBIC  AOIB.  C*HK)>.— Zeryas  {Ann,  Ck.  Pharm,  dii.  388)  prepaid  this 
acid  by  oxidising  anise  oil  with  chromic  acid,  namely  by  adding  1  pt.  of  anise  oil  and 
7  pts.  of  strong  sidphuric  add  to  a  solution  of  6  pts.  potassium  oichromate  in  9  pts. 
of  water  contained  m  a  capacious  vesseL  When  the  action  is  over,  cold  water  is 
added  and  the  predpitated  anisic  acid,  amounting  to  50  p.  c  of  the  oil,  is  oystallised 
from.  alcohoL  Ladenbuig  (ibid.  cxli.  241)  pours  1  pt.  of  anise  oil  into  a  solution  of 
5  pts.  potassium  chiomate  in  10  pts.  sulphuric  add  and  20  pts.  water,  heated  to  60®, 
filters  the  liquid  when  cold,  and  separates  the  anisic  add  from  the  chrome-alum 
formed  at  the  same  time  by  solution  in  ammonia ;  it  is  then  precipitated  from,  the 
ammoDium  salt  by  hydrochloric  add.  Anise  oil  thus  treated  yields  from  55  to  75 
p.  c  anisie  add.  Erdmann  (J.  pr,  Ckem,  Ixxi.  198)  has  obtained  anisic  acid 
(tog^ether  with  picric,  oxalic,  and  hydrocyanic  acids)  by  tne  oxidising  action  of  warm 
ni^e  add  on  carajuru  or  chica,  the  red  colouring  matter  of  Bi^nonia  Chioaji,  747). 

Anisic  add  has  the  constitution  of  methyl-paraoxybenzoic  acid,  C^*(CH')0' 

or   CfH*%QQQQt  and  may  be  converted  into  paraoxybeiiaoic  add  by  heating  with 

eoDcentzated  hydriodic  add  (iv.  858)  or  with  hydrochloric  add  (Graebe,  Ann,  Ch. 
Pkarm,  rxxxix.  134),  iodide  or  chloride  of  methyl  being  formed  at  the  same  time :  e.g. 

C"H»0«  +  ^Cl  =  (THW  +  CH«C1. 

GoBTsnely,  paraoxybensoic  add  may  be  converted  into  anidc  add :  a.  Bj  treating 
ethrl  naraoxybenxoate,  C'HXCH*)^  (a  dystalline  ether  prc^iared  by  passing 
hyozodiloric  add  gas  into  an  alcoholic  solution  of  the  add,  piedpitating  with  water, 
dzying  over  oil  of  vitriol,  and  distilling),  with  strong  soda-ley,  or  adding  sodium  to 
its  ethereal  solution,  whereby  it  is  converted  into  sodium-ethyl  paiaoxybensoate, 
C*H^a(C'H*)0',  and  heating  the  alcoholic  solution  of  this  sodium-ether  for  a  few 
bovrs  to  110^-120®  with  methyl  iodide.  Ethyl  anisate  is  then  formed  according  to 
the  equation: 

C^icSc^'  +  COT  -  Nal  +  C^'jg^H' 

SortiiuD-etbyl  Bthyl 

FiuM»grbeD«Mte.  Aniaate. 

From  this  ethylic  ether  the  acid  may  be  obtained  in  the  usual  wa^r  (Graebe,  loe,  cit.). 

0^  MoDopotassic  paraoxybensoate,  O'H^KO*,  obtained  by  neutralising  the  add  with 
the  theoretical  quantity  of  potassium  carbonate,  is  converted  into  the  dipotassic  salt 
CfH^H)*,  by  treatment  with  potassium  hydrate;  and  this  when  treated  with 
methyl  iodide  is  converted  into  the  methylic  ether  of  methyl-paraoxybenzoic  acid  or 
methyl  anisate : 

C^icO-K  +  2CHq  -  2KI  +  C^*j3g^. 

DipotaMlo  Methyl 

pazaozybenaonte,  aniiate. 

To  prepare  this  ether,  the  calculated  quantities  of  monopotassic  paraoxybenzoate, 
ftntsssium  hydrate,  and  methyl  iodide  are  heated  tegether  in  a  sealed  tube  to  120^. 
On  treating  the  contents  of  the  tube  with  water,  the  methyl  anisate  separates  as  an  oil 
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which  disMlres  in  ether,  and  separates  thorofrom  in  the  eiystalline  form.  This  ether 
boiled  for  a  long  time  with  strong  potash-ley,  dissolves  and  forms  potassiam  anisate, 
from  which  anisic  acid  (melting,  at  175^)  ma^  be  separated  by  hydrochloric  add.  By 
using  ethyl  iodide  instead  of  methyl  iodide  m  the  above  reaction,  and  proceeding  in 
Uie  same  way,  ethylparaozybenzoic  acid,  C'H'(G'H*)0',  the  next  higher 
homologne  of  anisic  ada,  may  be  obtained  (Ladenbnig,  Ann.  Ch.  Pharm,  czli.  241 ; 
Jakre^b,  1866,  p.  888).    See  Paraoxybbnioio  Acid  in  this  Yolume. 

y.  Anisic  add  is  also  produced  by  the  oxidation  of  the  methylic  ether  of  cresol, 
C*H\OCH*).CH'.  This  ether  is  prepared  by  treating  creeol  with  methylic  iodide 
and  a  little  methyl  alcohol  in  an  apparatus  so  arranged  that  the  condensed  vapours 
may  flow  back  again,  the  vessel  being  plunged  into  cold  water  if  the  action  becomes 
too  violent,  afterwards  gently  heated,  and  the  product  washed  with  water  and  caustic 
potash,  then  purified  by  distillation.  The  colourless  liquid  thus  obtained,  boiling  at 
174^,  is  converted  into  anisic  acid  by  heating  it  with  potassium  diehromate  and 
sulphuric  add  in  a  flask  with  upright  condensing  tube  (Komer,  Bull.  8oe.  diiw.  [2] 
X.  468.) 


(Engelhardt,  J.  pr.  Chem.  xxiv.  417.) — Anisic  acid  is  monobasic,  the 
formuln  of  its  salts  being  WOWO*  for  univalent  and  M"(C*H*0*)>  for  bivalent  metals. 
Anisates  corresponding  to  the  bimetallic  or  so-called  basic  salicylates  (v.  154)  have 
not  been  obtained,  excepting  in  the  case  of  the  lead-salt.  The  potasamm  »alt  KG'H'O' 
czystaUises  from  alcohol  of  70  p.  c.  in  thin  nacreous  lamins.  The  similarly 
prepared  sodium  salt  forms  shining  transparent  rhombic  laming^  2NaO^'0'.HK>, 
which,  by  prolonged  contact  with  the  moUier>liquor,  are  converted  into  eflSoreecent, 
apparently  monoclinic  crystals,  containing  NaC*H'0'.5H'0.  The  IfoHum  salt 
Bi'XC'H'O')'  crystallises  in  thick,  colourless,  shining  rhombic  plates ;  the  strontium 
salt  S]f"(C*H'0«y.H«0,  and  the  caldum  salt  Ca"(C«HW)«.H«0.  in  laminae  which  give 
off  their  water  at  140<'>170<'.  The  maanesium  salt  MgXO*H'0*)*.4H<0  dissolves 
easily  in  water  and  in  alcohol,  and  crystaUises  from  the  latter  in  stellate  groups  of 
flexible  needles.  The  normal  lead  soli  Pb"(C"H'0')*.HK)  is  obtained  by  predpitating 
ammonium  anisate  with  lead-acetate,  as  a  heavy  white  powder,  which  crystallises  from 
hot  water  in  shining  lamins,  fusing,  with  loss  of  water,  between  80°  and  90°.  A 
boiling  solution  of  this  salt  yields  with  basic  lead  acetate,  a  salt  containing 
2Fb''(>H'0'.H*0,  which  becomes  anhydrous  at  140^.  The  greenish  blue  precipitate 
thrown  down  by  anisate  of  sodium  or  ammonium  from  a  euprie  salt  is  a  mixture  of 
anisic  add  with  a  basic  salt  (Zervas).  According  to  ScYuff  (jahresb.  1862,  p.  204),  a 
bUickish-fl^n  diammoetqfrieonium  anisate,  (N*GuUm*H«)(C*H'0*)*.2H*0,  is  obtained 
by  dissolving  euprie  anisate  in  ammonia  and  leaving  the  solution  to  evaporate  in  an 
atmosphero  of  ammonia. 


NiTBAinsAns.— The  potassium  salt  KC*H*(NO*)0'.H*0  crystallises  ttom  alcohol 


saU  Ca"[C«H«(N0«)0«]».4H«0  when  reHsrystallised  from  water  forms  microscopic 
flexible  needles.  The  lead  salt  Fb''[C*H«(NO<)0«]*  crystallises  in  needles  which 
explode  violently  at  a  red  heat  (Engelhardt,  loe.  eit,), 

Amiduilsle  Aeld,  G*H'(NH<)0*  -  C^*(NH*)  |  ^^^,  or  Oxyanisamk  acid, 

H*        I 
(C^H))"'[q,,  improperly  called  Anisamic  acid  (i.  296).— This  add,  like  other 

amidated  adds,  forms  ciystalline  compounds  with  mineral  acids.  With  hudroehlorie 
acid  it  forms  the  compound  C*H*N0*.MC1,  which  crystallises  in  slender  white  needles 
moderately  soluble  in  water  and  in  boiling  alcohol,  sparingly  soluble  in  dilute  aqueous 
hydrochloric  acid.  This  hydrochloride  forms  with  platinic  chloride  a  double  salt, 
2(OH*N0'.HCl).PtCl^,  which  crystallises  in  golden-yellow  needles  easily  soluble  in 
warm  alcohol  and  water.  With  nitric  acid,  amidanisic  add  forms  the  compound 
C*H'NO'.HNO*,  easily  soluble  in  hot  water  and  alcohol,  sparingly  soluble  in  nitric 
add,  and  crystallising  therefrom  in  tufts  of  prisms.  With  sulpkmie  add  it  forms 
the  compound  2CH*N0\H'S0*,  which  has  a  saccharine  taste,  dissolves  easily  in 
water,  and  crystallises  from  alcohol  in  silky  needles  (Cahours,  Ann.  Ch.  Phgs.  [3] 
liii.  322). 

Amidanisic  acid  distilled  with  excess  of  caustic  baryta  or  potash  is  deoomposed, 
with  formation  of  a  n  i  s  i  d  i  n  e,  C'H'NO*  (Cahours).  Dissolvedin  excess  of  niti&  add 
and  subjected  to  the  action  of  nitrogen  dioxide,  it  is  converted,  with  evolution  of 
nitrogen,  into  a  crystalline  non-azotised  acid  (Oahours).    By  the  action  of  niifws 
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meid  or  a  nitromg  etisr,  not  in  ezoan,  on  its  oold  aleohoUc  lolation,  it  i»  oonrerted 
into  diasoanis-amidaniflie  acid.  C>*H»M>0«  «  G*H*N*0'.CH*NO>  (Griew; 
weir.  389): 

2C«H»N0«  +  HNO«  =.  C»«H»»N«0*  +  2H«0. 

AMmAXinc  'Rnaas.-^Thb  §tJkjdic  etker  C«H*(C*H»)NO*  is  produced  by  the  action  of 
lunmoninm  lulphide  on  an  alcoholic  eolation  of  ethyl  nitranieate  (i.  802).  The  eolation, 
cooeentxated  by  gentle  heat,  and  filtered  fnmk  aepaiated  ealphar,  yielde  ethyl 
ainidiiniwit^,  on  fiirther  eTaporation,  as  an  oil  which  ezystaUises  after  some  time,  and 
may  be  obtained  by  repeated  czystallisation  in  coloarlees  prisms  easily  iolable  in 
warm  alcohol,  less  solable  in  ether.  It  dissolves  easily  in  aqneoos  alkalis  and  forms 
erystalline  compounds  with  acids.  The  kydrochlorida  OH"(C^*)NO*.HC1  forms 
crystals  solable  in  alcohol  and  ether,  coloorless  after  leciystallisation ;  the  j^fatftno- 
cMlariie  2[C^*((?H')N0'.HCl].PtCl«  separates  firom  alcoholic  solntion  in  brownish- 
red  prisms,  which  become  dull  on  ezposore  to  the  air,  and  are  insoluble  in  ether. 

MHkjfl  AaudaniBots,  OH^CH')N0',  is  prepared  like  the  eth^l  compound,  which  it 
resembles.  Its  h^fdroeUoriie  crystallises  in  small  shining  TOisms,  and  nnites  with 
j^nic  chloride,  forming  the  compound  2[0^*(CH*)K0*.HCl].Fta«,  which  czystal- 
uses  from  alcohol  in  reddish  prisms  (CSahours,  Ioib,  eit.). 


meltfff  CH'^NH)*,  is  produced  by  the  action  of  sodium-amalgnm  on 
an  alkaline  solution  of  nitianisic  acid«  acidulated  towards  the  end  of  the  reaction.  A 
ooloured  substance  is  therebT  produced,  the  ammoniacal  solution  of  which  deposits, 
on  addition  of  barium  chlorioe,  a  small  auantity  of  a  red  barium  salt,  and  afterwards, 
in  a  closed  vessel,  yellow  crystals  of  barium  azoaniaate,  C*'Hi^BfilfH)*.  The  acid 
a^niated  from  this  barium  salt  is  yellowish,  insoluble  in  water,  alcohol,  and  ether, 
and  does  not  reduce  silver  solutions  (Alexejeff,  Compt,  rend,  Iv.  478 ;  Strecker,  JaAmb, 
1863,  p.  847). 

Chtotmolafe  and  Brmn«nlrt«  JLeitfa  (Bmnecke,  BvU.  8oe,  Ckim.  [2]  vii.  177).— 
The  monochlorinated  and  monobrominated  acidji,  produced  by  the  action  of  aqueous 
chlorine  and  bromine  on  anisic  acid,  are  described  in  vol.  i*  601,  802. 

DidUcranisie  aeid,  C*H*C1*0,  is  poduced,  together  with  tetiachlovoquinone,  by 
Uenting  anisic  acid  with  hydrochloric  acid  and  potassium  chlorate  in  presence  of  a 
Urge  quantity  of  water.  It  ciTstallises  firom  alcohol  in  large  shining  needles, 
insoluble  in  water,  melting  at  196^. 

Dihromanme  aeid,  OH'Br'O",  is  produced  by  heating  anisic  acid  with  bromine  and 
water  to  120^.  It  resembles  the  didilorinated  acid,  melto  at  207^-208^,  and  sublimes 
in  long  beautiful  needles. 

Both  these  acids  dissolve  without  decomposition  in  hot  nitric  addi  and  are  deposited 
therefrom  on  cooling;  the  monochlorinated  and  monobrominated  adds  are  easily 
decomposed  under  the  same  ciicnmstances,  with  loss  of  CO* ;  a  similar  decomposition 
of  the  dichlorinated  and  dibzominated  adds  takes  place  only  after  long  boiling. 

^bromanisic  add  subjected  to  the  prolonged  action  of  bfomine  and  water,  is 
converted  into  tribromanisol,  according  to  the  equation : 

(?H«BfK)»  ^.  Br*  -  C'H»Br»0  +  C0«  +  HBr. 

Mbiomanisol  crystallises  fh>m  boiling  alcohol  in  colourless  needles,  which  melt  at 
87®,  and  may  be  sublimed.  Bromine  converts  it  into  tetrabromoquinone,  CBiK)', 
dodbtless  with  simultaneous  formation  of  methyl  bromide. 


Aeld«  CHIO". — Griess  obtained  this  add,  together  with  the  hydriodate 
of  amidanisic  add,  by  the  action  of  hydriodic  add  on  diaso-amidanisic  add  (Ann, 
Ch,  Pkarm,  cxvii.  1).  It  is  also  produced  ^probably  in  a  difTetent  modification)  by 
the  action  of  iodine  and  iodic  add  on  anisic  acid  (Peltser,  Bull,  Boo,  Chim,  [2J 
U.  148): 

5C«H»0«  +  HIO"  +  2I«  «  6C«H'I0«  +  3H«0. 

The  materials,  in  the  proportions  indicated  by  the  equation,  are  heated  together  for 
about  six  hours  to  116-150^.  The  acid  is  nearly  insoluble  in  water,  whether  hot  or 
tM. ;  Resolves  in  165  pts.  of  cold  ether,  and  is  somewhat  more  soluble  in  boiling 
ether  and  alcohol.  The  solutions  deposit  the  add  in  needle-8ba|>ed  crystals  having  a 
vitxeous  lustro.  It  melts  at  234*5®,  and  sublimes  at  a  somewhat  lower  temperature 
in  small  nacreous  laminae.    Nascent  hydrogen  converts  it  into  anisic  add. 

Ammonmm  iodanistUe  forms  small  eroupe  of  hard,  white,  needle-shaped  cr}'8tals 
which  give  off  ammonia  at  100®.  The  barivm  salt  Ba(C^*I0')*.8H*0  forms  vitreous 
prisms  several  lines  long.  The  calcium  salt  Ga(C"H*I0*)'.8H*0  is  more  soluble 
tha^  the  barium  nit,  and  crystallises  in  small  nacreous  needles.    The  lead  salt  is  a 
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white  curdy  precipitate,  soluble  in  boiling  water,  and  ciystaUising  therefirom  in 
anhydrous,  microscopic,  fusible  lamins  (Peltzer). 

Aeld  C*H**0*,  lioiiuiloffaiui  wltb  Anloto  Aold.  This  acid,  isomeric  with 
phloretic  acid,  is  produced  by  boiling  anisic  cranhydrin,  G^VOCH*).CH*GN,  with 
strong  potash  as  long  as  ammonia  is  eyolyed,  and  treating  tne  resulting  solution 
with  hydrochloric  acid.  The  new  acid  then  separates  as  an  oily  liquid,  which  dissolyea 
in  ether,  and  remains  on  eraporation  as  a  yellowish  oil,  to  be  purified  by  solution  in 
caustic  soda,  reprecipitation,  and  crystallisation  from  water.  It  then  forms  nacreous 
laminae,  melting  between  85^  and  86^,  easily  soluble  in  alcohol,  ether,  and  boiling 
water,  very  slightly  soluble  in  cold  water.  By  decomposing  the  easily  soluble  sodium 
salt  with  silver  nitrate,  the  silver  salt  CH'AgO*  is  obtained  as  a  precipitate,  very 
slightly  soluble  in  cold,  more  soluble  in  boiling  water  (Oannizzaro,  Ann.  Ck.  Pkantu 
ami,  243). 


CO  JLMMOnO^  C*H>*0*.— This  alcohol,  though  it  contains  two  atoms 
of  oxygen,  does  not  exhibit  the  properties  of  a  diatomic  alcohol,  having  only  one 
atom  of  hydrogen  replaceable  by  alcoholic  or  acid  radicles.  It  is,  in  fiict,  the  alcohol 
corresponding  to  anisic  or  methyl-paraozybenzoic  acid,  and  is  represented  by  the 
formula 

^^icHH)H. 

which  evidently  contains  only  one  atom  of  typic  hydrogen.  When  treated  with 
hydrochloric  acid,  it  exchanges  the  group  OH  for  CI,  and  is  converted  into  anisic 

chlorhydrin,  C*H*0C1  or  C*H«j^g^;  and  this  compound  heated  to  lOO''  for 

several  days  with  an  equivalent  quantitv  of  sodium  methylate  and  an  excess  of  methyl 
alcohol,    is   converted    into    the   methylie   ether   of  anisic   alcohol,    CH'K)'    or 

CH<OCH*     ^°  filtering  from  the  sodium  chloride  formed  at  the  same  time, 

evaporating,  adding  water,  dissolving  the  oil  thereby  separated  in  absolute  alcohol, 
and  rectifying,  this  ether  is  obtained  as  a  colourless  liquid,  boiling  constantly  and 
without  decomposition  at  225*6^  under  a  barometric  pressure  of  768  mm.  (Oanninaro, 
Ann,  Ch.  Pkann,  cxxxvii.  244^. 

The  methylie  ether  of  anisic  alcohol  is  isomeric  with  the  dimethylic  ether  of 
benzylic  glycol,  (>H*.CH(OCH*)*,  obtained  by  heating  dichloiofoluene,  C*H*C1*,  or  the 
isomeric  compound  called  chlorobeniol,  C^*.CHC1*,  to  100^,  with  an  equivalent 
quantity  of  sodium  methylate.  The  product  thus  obtained  does  not  ohibit  a 
constant  boiling  point,  but  its  properties  are  quite  distinct  from  those  of  the  methvlic 
ether  of  anisic  alcohol,  inasmuch  as  when  heated  to  100°  with  strong  acetic  acid,  it 
is  resolved  into  methyl  acetate  and  bensoic  aldehyde  (bitter  almond  oil) : 

C«H».CH(OCH«)«  +  2C*H»0(0H)  =  2C«H«0(0CH»)  +  C*H».CHO  +  H«0 ; 
Dlmethrllc  Acetic  add.  Methyl  acetate.  Benioio 

beoijl  sAycol.  aldehyde. 

whereas  methyl-anisic  ether  treated  in  like  manner  does  not  yield  a  trace  of  bensoie 
aldehyde  (Canniszaro,  Aum,  Ch,  Pharm,  cxxxvii.  244). 


L  0"H»0«  (i.  807).— A.  E*)Bsel  (Ann,  Ck,  Pkarm.  cli. 
25)  prepares  this  compound  by  oxidising  anise  oil  with  chromic  acid :  300  grms.  strong 
sulphuric  acid  and  850  grms.  water  are  poured  upon  200  grms.  potassium  dichromate 
in  a  capacious  fiask;  100  grms.  of  anise  oil  are  i^ded  i^r  the  liquid  has 
completely  cooled ;  and  the  whole  is  vigorously  shaken,  the  temperature  of  the 
mixture  rising  to  70^-80°.  When  the  reaction  is  complete,  the  liquid  is  diluted  with 
water  to  1}  time  its  volume,  and  distilled,  warm  water  being  added  through  a 
funnel-tube  to  replace  that  which  distils  off.  In  this  manner  a  quantity  of  anisic 
aldehyde  is  obtained  equal  to  50  p.  c.  of  the  oil  of  anise  used,  together  with  10  p.  c 
anisic  acid. 

Pure  anisic  aldehyde  does  not  become  dark-coloured  by  keeping;  it  boils  at 
247<'-248°,  under  a  pressure  of  733*5  mm.  (?),  has  a  density  of  1*228  at  18°,  and 
dissolves  in  strong  sulphuric  acid  with  a  colour  of  carmine,  turning  to  violet  on 
heating  (Bossel).    For  the  action  of  sodium  amalgam,  see  the  next  page. 


IIO    OBXiOBKnanr.      C^«(0GH").CH*C1.  —  See   Ainsic   A]XX)HOL. 

cnrAVBTHmzV.  C»H»NO  -  C^*(0CH»).CH«CN.— Obtained  as  a 
brown  oil,  by  heating  an  alcoholic  solution  of  anisic  chlorhydrin  with  potassium 
cyanide,  distilling  off  the  alcohol  irom  the  filtered  liquid,  mixing  the  residue  with 
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meid  or  a  nitraus  ether,  not  in  ezoaw,  on  its  cold  aloofaoUe  lolution,  it  if  oonyerted 
into  diasoanis-amidanisie  acid.  C**H>*NH}*  »>  C*H«NH)'.C"H*NO*  (Grien; 
MO  IT.  289): 

20»H»N0«  +  HNO»  =  C»«H»*N«0«  +  2H«0. 

AiQSAiiisic  £iEBB8.-^The  etMie  ether  O*H*(CH*)N0*  is  produced  hj  the  action  of 
nmrnoninm sulphide  on  an  alcoholic  solution  of  ethyl  nitranisate  (i.  802).  The  solution, 
coneentzated  by  gentle  heat,  and  filtered  frcon  separated  sulphur,  yields  ethyl 
awidsniwite,  on  Aurther  evapoiation,  as  an  oil  which  dystallises  aner  some  time,  and 
Biay  be  obtained  by  repeated  crystallisation  in  colourless  prisms  easily  soluble  in 
varm  alcohol,  less  soluble  in  ether.  It  dissolves  eadly  in  aqueous  alkalis  and  forms 
crystalline  compounds  with  adds.  The  hydroeM<rnde  OH*rC*H*)N0*.HCl  forms 
crystala  soluble  in  alcohol  and  ether,  colourless  after  recrystallisation ;  the  j^/ino- 
tUeriAe  2[0^^C^*)N0*.HCl].PtCl«  separates  from  alcoholic  solution  in  brownish- 
Ttd.  prisms,  which  become  dull  on  exposure  to  the  air,  and  are  insoluble  in  ether. 

Meth^  AmkUmieaU,  C*H"(CH*)NO',  is  prepared  like  the  ethyl  compound,  wUch  it 
xescmbles.  Its  l^roehloride  eiystallises  in  small  shining  raisms,  and  unites  with 
platinic  chloride,  forming  the  compound  2[OS*(CH*)NO*.HC1]  JtCl«,  which  crystal- 
nem  from  alcohol  in  reddish  prisms  (CSahours,  lois,  eit,). 


AfltOt  CH^^NK)*,  is  produced  by  the  action  of  sodium-amalgam  on 
an  alkaline  solution  of  nitianisic  acidi  acidulated  towards  the  end  of  the  reaction.  A 
ooloored  substanee  is  therebv  produced,  the  ammoniacal  solution  of  which  deposits, 
cm  addition  of  barium  chloriae,  a  small  auantity  of  a  red  barium  salt,  and  afterwards, 
in  a  dosed  Yessel,  yellow  crystals  of  barium  oMoaniaaie,  C'^H^BaNH)'.  The  add 
■epaiated  from  this  barium  nit  is  yellowish,  insoluble  in  water,  alcohol,  and  ether, 
and  does  not  redaoe  silver  solutions  (Alezejeif,  Compt,  rend.  Iv.  478 ;  Strecker,  Jahreab. 
1863,  p.  347). 

dHonalsle  and  Bfrnnaatrto  Aeltfa  (Reineeke,  Butt.  8oe,  Chim.  [2]  vii.  177).— 
The  monochlorinated  and  monobtominated  adds,  jiroduced  by  the  action  of  aqueous 
rhicrine  and  bromine  on  anisic  add,  are  described  in  voL  i.  801,  802. 

Dkhlanmieie  acid,  OH'Cl'O,  is  produced,  together  with  tetrachloioqninone,  by 
treating  anisic  add  with  hydrochloric  add  and  potasnum  chlorate  in  presence  of  a 
large  quantity  of  water.  It  crystallises  fhim  alcohol  in  luge  shining  needles, 
insoluble  in  water,  melting  at  196^. 

Jhbramamisie  add,  GfH'Br'O*,  is  produced  by  heating  anisic  add  with  bromine  and 
water  to  120^.  It  resembles  the  dichlorinated  add,  melu  at  207^-208^,  and  sublimes 
in  long  beaatifnl  needles. 

Both  these  adds  dissolve  without  decompndtion  in  hot  nitric  add»and  are  depodted 
threrefrtmi  on  cooling;  the  monochlorinated  and  monobrominated  adds  are  eadly 
decomposed  under  the  same  circumstances,  with  loss  of  CO' ;  a  dmilar  decompodtion 
of  the  dichlorinated  and  dibrominated  adds  takes  place  only  after  long  boiling. 

Dibromanidc  add  subjected  to  the  prolonged  action  Of  b]^>mine  and  water,  is 
converted  into  tribromanisol,  according  to  the  equation : 

0"H«BiK)«  -f  Br»  -  C»H»Br»0  +  C0»  +  HBr. 

Tribmmanisol  crystallises  from  boiling  alcohol  in  colourless  needles,  which  melt  at 
87°,  and  may  be  sublimed.  Bromine  converts  it  into  tetrabromoquinone,  CBrK)', 
dodbtleas  with  dmultaneous  formation  of  methyl  bromide. 


AeUU  CHIO*. — Griess  obtained  this  add,  together  with  the  hydriodate 
of  amidanbic  add,  by  the  action  of  hydriodic  add  on  diaao-amidanisic  add  {Ann, 
Chm  Pharm.  czvii.  1).  It  is  also  produced  (probably  in  a  diffetent  modification)  by 
the  action  of  iodine  and  iodic  add  on  aninc  add  (Peltzer,  Btdl.  Boe.  Chim.  [2] 
ix.  148): 

6C»H«0«  +  HI0»  +.  21*  -  6CHU0*  +  8HH). 

The  wat^alw,  in  the  proportions  indicated  by  the  equation,  are  heated  together  for 
aboat  dz  hours  to  116-150^.  The  add  is  nearly  insoluble  in  water,  whether  hot  or 
^ohd ;  disK>lves  in  165  pts.  of  cold  ether,  and  is  somewhat  more  soluble  in  boiling 
•tlier  and  aloohoL  The  solutions  depodt  the  add  in  needle-8ha{>ed  crystals  having  a 
▼itnoos  lustre.  It  melts  at  284*6^,  and  sublimes  at  a  somewhat  lower  temperature 
in  small  nacreous  lamins.    Nascent  hydrogen  converts  it  into  anidc  acid. 

Ammonmm  iodanieate  forms  small  noups  of  hard,  white,  needle-shaped  cr^'stals 
vhjch  give  off  ammonia  at  100^  The  bariwn  salt  Ba(C^«I0')*.3HH)  forms  vitreous 
prisna  several  lines  long.  The  ealeium  salt  Ca(C*H*I0*)'.3HK)  is  more  soluble 
than  the  barium  salt,  and  crystallises  in  small  nacreous  needles.    The  lead  salt  m  a 
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prolonged  heating  of  purified  anise-oil  wiih  potassium  hydrate.  On  addinf;irBter  to  the 
product,  a  small  quantitv  of  unaltered  anetnol  separates  as  an  oil,  while  potassium 
anolate  remains  in  solution  ;  and  on  decomposing  this  solution  with  an  acid,  carefully 
avoiding  rise  of  temperature,  anol  separates  in  yellow  flocks,  which  crystallise  firom 
hot  water  in  white  shining  lamins.  Anol  melts  at  92*5^,  boils  at  about  260^,  and 
dissolves  in  alcohol,  ether,  and  chloroform ;  it  does  not,  however,  always  czystallise 
from  these  solutions,  but  sometimes  passes,  especially  on  exposure  to  the  air,  into  a 
brown  liquid  insoluble  in  hot  water  (Ladenburg,  Deut.  Chem.  GeadUek,  1869,  p.  871 ; 
ZeUachr.f,  Ckem,  [2]  v.  676). 

AJmnUkCBn.  C*«H>«  (Berthelot,  BvU.  8oe\  Chim.  [2]  vii.  223 ;  viu.  238  ; 
ix.  296.— Graebe  a.  Liebermann,  ZeiUckr,  /.  Chem,  [21  iv.  279,  603,  724  ;  v.  602  ;  vi. 
267  ;  Ann.  Ch,  Pharm,  Suppl,  tii.  267.— Fritssche,  iv.  I^stertb,  Aead,  BuU,  xi.  385 ; 
xiii.  631 ;  Jakreab,  1867.  t>.  600 ;  1868,  p.  433).— The  name  anthracene  has  been 
applied  to  two  different  hyorocarbons,  viz.  the  compound  C'^H'*,  examined  bv  Fritasche 
and  Anderson,  described  in  vol.  iv.  pp.  860-862  (as  paranaphthalene),  and  the  com- 
pound C**H",  examined  by  Dumas  a.  Laurent  (jUtn,  Ch,  Pkj/$.  [2]  1.  187),  first  called 
paranaphthalene,  and  afterwards  by  Laurent,  anthracene.  Beithelot  regards  this 
last  compound  as  methyl-anthifacene.  Graebe  a.  Liebermann  have,  however,  shown 
that  the  analyses  which  Dumas  a.  Laurent  gave  of  their  hydrocarbon  are  not  sufficiently 
exact  to  decide  between  the  formulae  C**H"  and  C**H** ;  that,  on  the  other  hand,  the 
analyses  of  Laurent's  anthraeennse  agree  very  well  with  the  formula  C'*H*0',  and  not 
at  all  with  Laurent's  own  formula,  C**H*0'.  The  so-called  anthraoenuse  is  therefore 
identical  with  the  compound  called  by  Anderson  oxanthracenet  by  G^raebe  a.  Lieber- 
mann antkraquimmet  and  appears  to  have  been  obtained  firom  a  mixture  of  hydro- 
carbons consisting  mainly  of  C'^H**.  It  may  be  concluded  therefore  that  the 
hydrocarbon  C'^H*'  has  no  existence,  at  least  as  a  constituent  of  coal-tar.  Fritssche's 
photene  is  identical  with  pure  anthracene,  C>^H**. 

The  preparation  of  antoracene  frota  coal-tar,  according  to  Anderson  and  F^itnche, 
is  given  in  vol.  iv.  p.  360.  Fritasche's  latest  method  is  as  follows :  Crude  anthracene 
is  dissolved  in  hot  ooal-tar  naphtha,  and  the  lees  fusible  portion  which  separates  out 
each  time  is  repeatedly  crystallised  till  it  exhibits  the  crystalline  characters  to  be 
presently  described.  The  yellow  colour,  arising  from  chi^sogen,  which  obstinately 
adheres  to  it,  may  be  removed  by  exposure  to  sunshine.  Lastly,  the  hydrocarbon 
must  be  boiled  with  alcoholic  picric  acid,  to  remove  any  possible  trace  of  a  more 
soluble  hydrocarbon  of  higher  boiling  point.  Berthelot  rectifies  the  solid  product  of 
the  distillation  of  coal-tari  collecting  apart  that  which  passes  oter  from  340^  to  a  little 
above  the  boilinff  point  of  mercury ;  distils  again,  arresting  the  operation  at  850° ; 
dissolves  the  residue  in  boiling  coal-oil  (B.  P.  120^-160°) ;  presses  the  crystals  which 
are  deposited  from  the  solution  on  cooling ;  and  repeats  this  operation  four  or  five 
times.  The  product  is  then  recxystallised  firom  alcoholf  and  the  purification  is  finally 
completed  by  cautious  sublimation  in  an  ordinaxy  retort. 

Anthracene  mav  be  formed  artificially:  1.  6y  heating  benityl  chloride,  C^'Cl, 
with  water  to  200*',  dibenxyl,  CH**,  being  probably  ftrmed  at  the  same  time  according 
to  the  equation,    ■ 

4C'H'a  -  C"H'«  +  C"H"  +  4fia 

(Limpricht,  Ann.  Ch,  Phatm,  cttxit.  803 ;  Jakreab.  1866,  p.  692). — 2.  By  passing 
the  vapour  of  toluene  or  xylene  through  a  red-hot  tube : 

3C»H»*  -  8H«  -  2C'H»  +  C»«fi« 
Zjlene.  Tolnefla.    Ni^hthaleiie. 

2C»H«  -  8H«  -  C>«tt'» 
Tbluflna.  Anthraoene. 

3.  By  passing  a  mixture  of  benaene  and  ethylene  gas  or  cinnamene  vapour,  or 
of  diphenyl  or  chrysene  vapour  with  ethylene  gas,  through  a  red-hot  tube ;  also  by 
exposing  a  mixture  of  hensene  and  naphthalene  to  a  white  heat  (Berthelot) : 

2C«H«  +  C«H«    -  8H«    +  C"H»« 
Benaene.    Bthylene. 

C«H*  +  C»H»    -  2H«    +  C>«H»* 
Benaene.     Cinna- 
mene. 

C»«H"  +  C»H«    -  2H«    +  C"H'« 
Dipbfloyl.    Bthylene* 

C»«H"  +  C*H«     »  Ofl«  +  C"H" 
OhrjKiM.    Bthylene. 

C'»H«    +  3C«H«  =  3H«    +  2C»«H« 
Kaphthaloju*.    Beozcne. 
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4.  By  heating  rfig^wn  with  xine-diut — a  mixture  of  metallic  nnc,  sine-ozide,  and 
Boc  hjdxate— 4ha  hjdzogen  required  for  the  tramifoinnation  being  supplied  by  the 

hydzate: 

0*BH>*  +  H«  +  Zn«  -  42nO  +  C"H«». 

Amixtoreof  1  pL  alizarin  and  80  to  50  pta.  of  good  line-dnst  is  placed  at  the  closed  end 
of  a  eombostion-tabe,  a  layer  of  dne-dnst  sevenl  inches  long  being  placed  in  front  of  it 
and  about  6  inches  of  the  tube  being  left  empty ;  the  unmixed  zinc^ust  is  then  heated, 
and  afterwards  the  mixture  is  gradually  heated  to  low  redness.  The  quantity  of  anthra- 
cene thus  obtained  is  about  80  per  cenL  of  the  alisarin  used,  the  odculated  quantity 
being  74  per  cent,  The  loes  arises  from  the  formation  of  secondary  products. 
Anthracene  may  be  obtained  in  like  manner  from  purpurin,  C"H*0*  ;  chiysophanic 
add,  C>^H>*  or  C«H>*0« ;  and  aloin  (Graebe  a.  liebermann). 

Anthracene  cxystallises  in  well-defined  four-  or  six-sided  tables  haviuff  a  danling 
white  lustre  and  a  beautifdl  riolet  fluorescence,  which  however  is  exhibited  only  when 
the  ciystaU  are  quite  pnre  and  white  (Fritssche ;  see  also  Perkin,  Ckem,  8oe.  J,  [2] 
ix.  22).  From  large  quantities  of  the  alcoholic  solution,  still  coloured  yellow  oy 
chryBOgen,  it  separates  in  monodinic  crystals  exhibiting  the  combination  oP .  ooP .  +  P . 
+  2PoD,  and  naring  their  axes  a  (clinod.):  b  :  e  (prindpal)  a  1*422  :  1  :  l'87ft 
(FiitxKhe).  It  melts  at  2\Q^-2\7f^  (Fritssche),  at  213^  and  distils  at  about  SeO'' 
(Graebe  a.  liebermann).  By  prolonged  exposure  to  light  it  is  couTerted  into  an 
iflomerie  bodf,  paranthracene  (paraphotene),  which  rarms  miorosoopic  flat  crystals, 
or  foor-sided  tables,  melting  at  244^,  nearly  insoluble  in  all  solyents,  not  attacked  by 
strong  sulphuric  add,  by  ordinaKy  nitric  add  even  at  the  boiling  heat,  by  bromine  at 
100^,  or  by  a  solution  of  bromine  in  carbon  bisulphide ;  reoonrerted  into  anthracene  by 


Aothraeene  heated  to  280®  with  100  times  its  wdght  of  strong  kydnodie  aoid  is 
tzsnsftnnedintoseTeml  hydrocarbons  of  the  paraffin  series  (>H**^*,  riz.  tetradecane, 
O^H**,  as  prindpal  pfoduct;  septa ne,  (^",  in  considerable  quantity ;  sextan e, 
C^B}\  and  ethane,  C'H',  in  smaller  quantity ;  also  a  somewhat  considerable  quantity 
of  an  oily,  nearly  solid  paraffin,  probably  C"H^,  which  does  not  distil  oyer  at  800°. 
Tlie  formation  of  the  fint  two  aind  the  last  of  these  products  is  represented  by  Uie 
aqvatioDS 

Om^  +  20HI  =  C»<H»»  +  lOP;     C»*H»  +  22HI  =  2C»H»«  +  IIP; 
2C"H»«  +  88HI  "  C"H««  +  19P ; 

wliile  the  sextans  and  ethane  are  formed  thus: 

C"H»»  +  24HI  -  2C^"  +  C*H«  +  12P. 

"With  a  smaller  quantity  of  hydriodie  add  (80  times  the  weight  of  the  anthracene), 
the  prindpal  product  is  toluene: 

C^H**  -f-  6HI  -  2C'H»  +  8P, 

with  traces  of  beusene  and  ethane: 

C>*H"  +  8HI  -  2C^«  +  C«H«  +  4P; 

and  a  small  quantity  of  a  liquid  hydrocarbon  yolatinng  above  260®,  apparently  a 
li  jdride  of  anthracene: 

C"H»*  -I-  2HI  B  C"H"  +  P. 

Anthracene  is  conyerted  by  oxidising  ajftnts,  as  by  a  mixture  of  potassium  dichromate 
id  sulphuric   add,  into    anthraquinone,  C**H*0*,  identical  with  Anderson's 


(iy.  852). 

Bespecting  the  eonyersion  of  anthratcene  into  alizarin,  G**H'0\  see  Alizarin 
(pi83j. 


Bydrldes.    The  dikvdride  C>«H»  is  formed  by  heatinff  anthracene 

to  150^-160^  with  hydriodie  add  and  red  phosphorus ;  also  by  gia£ially  adding 
sodium  amalgam  to  anthracene  gentlj  warmed  wita  alcohol  of  95  per  cenL  in  a  flask 
with  upright  condenser,  and  neutralising  the  product  from  time  to  time  with  an  add  till 
a  sample  of  the  product  melts  at  106^,  or  no  longer  turns  red  when  heated  with  picric 
mad  and  bensoL  It  melts  at  106^,  sublimes  at  about  the  same  temperature,  boils 
without  decomposition  at  805*^,  crystallises  in  tabular  monodinic  combinations 
oP .  ooP .  —  Poo  ;  has  a  peculiar  odour,  eepedally  strong  when  the  substance  is  heated ; 
is  insoluble  in  water,  but  dissolyes  yery  abundantly  in  alcohol,  ether,  and  benzol ; 
distils  with  yaponr  of  water  or  alcohol ;  does  not  fluoresce  in  the  solid  state,  but  its 
•olutiotts  exhibit  a  blue  fluorescence,  ^rong  ntlpkurie  acid  at  100^  conyerts  it  into 
anthracene: 

C"H"  +  S0«5«  -  C'<H'«  +  2H«0  +  S0^ 
A^.  N 
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Bulpho-acidfl  of  anthracene  being  formed  as  secondary  products.  Bromine  added  to 
a  solution  of  the  dihydride  in  carbon  bisulphide  produces  dibromanthracene: 

C»*H"  +  3Br»  -  C"H»Br»  +  4HBr. 

With  less  than  3  mol.  bromine  to  1  mol.  of  the  dihydride,  part  of  the  latter  remains 
unaltered,  no  reproduction  of  anthracene  taking  place.  The  dihydride  heated  with 
dilute  nitric  acid  yields  a  number  of  nitro-products,  amongst  which  is  dinitro- 
nnthraquinone  (Fritzsche's  reagent,  p.  180).  It  is  not  altered  by  boiling  with 
iodine  in  alcoholic  solution,  and  not  perceptibly  altered  by  sodium  amalgam  (Giaebe 
a.  Liebermann). 

The hexhydride,  C"H'«,  is  obtained  by  heating  the  dihydride  to  200°-220o  f^,  j^^  q, 
twelve  hours  with  hydriodic  acid  and  |  to  ^  pts.  by  weight  of  amorphous  phosphorus, 
washing  the  product  with  water,  separating  it  from  unaltered  phosphorus  by  solution  in 
alcohol,  pressing  the  residue  between  bibulous  paper,  and  distilling :  the  portion  which 
boils  at  290°  is  the  hezhydride.  It  melts  at  63^,  dissolves  easily  in  alcohol,  ether,  and 
benzol  ,*  crystallises  therefrom  in  laminae ;  is  resolved  at  a  red  heat  into  hydrogen 
and  anthracene  ;  and  is  much  less  acted  upon  by  nitric  acid  than  the  dihydride. 

A  tetrahydride  of  anthracene  does  not  appear  to  exist ;  the  dihydride  treated  with 
hydriodic  acid  alone  is  partly  converted  into  hezhydride  (Graebe  a.  Liebermann).* 

BromanUiraeeiies.  Dihromanthraeenej  C^^H'Br*,  was  first  obtained  by  Anderson 
(iv.  351).  Graebe  a.  Liebermann  prepare  it  by  treating  anthracene  under  carbon 
bisulphide  with  1  mol.  bromine.  It  forms  long  yellow  needles  which  melt  at  221^ 
(according  to  Anderson  at  182^),  dissolve  easily  in  benzol,  sparingly  in  alcohol  and 
ether.  With  picric  acid  it  forms  a  red  crystalline  compound ;  with  sulphuric  acid,  a 
sulpho-acid.  By  nitric  acid  it  is  easily  converted  into  anthraquinono.  It  is  not 
altered  by  boiling  with  potash^  either  in  alcoholic  or  in  aqueous  solution ;  but  when 
heated  with  alcoholic  potash  to  160^-170^,  it  yields  anthracene,  together  with 
aldehyde  and  acetic  acid ;  probably  thus : 

C"H«Br«  +  2KH0  +  C«H*0  =  C«*H»  +  2KBr  +  C«H«0«  +  H«0. 

Monobromanthracene  does  not  appear  to  exist. 

JHbramanthracene-tetrabromide^  C^^H'Br',  is  produced  by  spreading  dibrom- 
anthracene (1  mol.)  on  a  glass  plate,  and  placing  it  under  a  bell-jar,  together  with  a 
capsule  containing  the  requisite  quantity  of  bromine  (2  mols.)  ;  washing  the  product, 
after  complete  absorption  of  the  bromine,  with  ether ;  and  recrystaUising  it  from 
benzol:  C»«H'»  +  4Br*  «  2HBr  +  C"H''Bra.Br<.  Anderson  obtained  the  same 
compound  (iv.  352),  but  regarded  it  as  anthracene-hexbromide,  C**H**Bi'.  It  melts 
between  1/0^  and  180^  (at  182®,  Anderson^,  and  is  at  the  same  time  resolved  into 
tribromanthiacene,  bromine,  and  hydrobromic  acid : 

C"H«Br«  -  C"H'Br«  +  Br«  +  HBr. 

THbromantkracenet  C^^H^r*,  obtained  by  heating  the  preceding  compound  to  200° 
as  long  as  vapours  of  bromine  and  hydrobromic  acid  are  given  off,  and  crystallising 
the  residue  nom  benzol,  forms  yellow  needles  sparingly  soluble  in  alcohol,  easily  in 
benzol,  melts  at  169°,  and  sublimes  in  needles.  By  nitric  acid  of  sp.  gr.  1*4,  or, 
better,  by  chromic  add  and  glacial  acetic  acid,  it  is  converted  into  dibrom- 
anthraquinone: 

C»*H^r«  +  0«  =  Br*  +  C"H'BrO». 

It  unites  directly  with  dry  bromine,  forming  C"H'Br*.Br*  (Graebe  a.  Liebermann). 

Tetrabromanthracene.  C"H*Br*  (obtained  by  Anderson,  who  regarded  it  as  dibrom- 
anthracene dibromide,  C^*H*Br'.Br^). — ^Prepared  by  adding  a  strong  aoueous  solution 
of  j^  to  ^  pt.  potassium  hydrate  to  1  pt  dibromanthracene-tetrabromiae  heated  with 
alcohol  m  the  water-bath,  and  recrystaUising  the  yellow  product  from  commercial 
benzol  of  high  boiling  point  Melts  at  254°  (at  238°,  Anderson),  and  is  converted 
by  oxidising  agents,  especially  by  nitric  acid  of  sp.  gr.  1*4  and  potassium  dichromate, 
into  dibromanthraquinone  (Graebe  a.  Liebermann). 

cnilorantliraoenes.  Anderson  obtained  the  compounds  C**H*'C1'  and  C'^H'Cl 
(iv.  353).  Dichloranthracene,  C"H"C1*,  is  formed  by  treating  anthracene  with 
chlorine  at  100°,  or  by  exposing  it  for  some  time  to  an  atmosphere  of  chlorine  at 
ordinary  temperatures.  It  was  obtained  in  the  latter  way  by  Laurent,  who,  however, 
assigned  to  it  the  incorrect  formula  C'*H"CR  Perkin  (Chem,  8oc,  J.  [2]  ix.  14) 
prepares  it  by  passing  chlorine  gas  over  benzol  holding  in  suspension  about  one-fifth 
of  its  weight  of  purified  commercial  anthracene,  until  the  who&  becomes  a  crystalline 

«li'ZI!£?f^3ff?^^J**™^^^'?*^  *5*'*  tetrahydride  was prodnood  in  this  manner,  bat  thdr 
more  recent  expenmoata  show  that  the  product  was  only  a  mlztnie. 
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pBstj  mass.  The  product  is  then  thiown  on  a  linen  filter,  dnined,  well  washed  with 
cold  beoxol,  then  dried,  and  farther  purified,  fint  by  distillation,  then  by  two  or 
three  crystadlisations  from  benxol.  It  then  separates  in  ffolden-yellow  needles.  It 
dissolves  easily  in  benzol,  sparingly  in  alcohol  and  ether,  melts  at  205°,  and 
sublimes  in  yeUow  needles.  Its  solutions,  especially  the  alcoholic  solution,  exhibit  a 
splendid  blue  fluoiesoence.  It  is  not  atta^ed  by  potash-ley.  Oxidising  agents 
conrert  it  into  anthiaquinone.  A  mixture  of  the  boiling  solutions  of  dichloranthraceuo 
and  picric  add  in  benaol  yields  on  cooling,  small  bright  red  needles  of  dichlor- 
anthracene  picmta.  C"H«C1«.C«H»(N0«)»0  (Perkin). 

T>iraekhramikracene,  0*BHJi\  is  prepared  by  passing  chlorine  orer  anthracene  at 
170^-180°,  treating  the  product  (probably  dicnloranthiacene  tetrachloride)  with 
alcoholic  potash,  and  crystallising  the  resulting  yellow  compound  from  benzol. 
Stellate  groups  of  golden-yellow  needles,  slightly  soluble  in  alcohol,  somewhat  more 
freely  in  hot  benzol,  nearly  insoluble  in  cold  benzol.  Melts  at  220°.  Cionyerted  by 
nitric  add  into  dichloranthraquinone  (Qraebe  a.  Liebermann). 

SulpkihaeitU  qf  Dichlar-  and  Vihrotn-anthracene* 

(Perkins,  Ckem.  Soc,  J.  [2]  ix.  16^. — Prepared  by  adding  1  pt.  of  dichloranthracene 
to  about  6  pts.  of  faming  sulphuric  acid,  heating  the  mixture  for  a  short  time  on  the 
water-bath,  then  gradually  pouring  it  into  several  times  its  bulk  of  water,  neutralising 
with  barium  carbonate,  and  evaporating  the  filtrate  to  a  small  bulk.  The  sulpho- 
add  then  remains  as  a  slim^  mass  of  minute  orange-yellow  needles,  which  may  be 
drained  on  a  porous  tile.  It  is  easily  soluble  in  water ;  is  precipitated  Uiere&om  by 
strong  sulphuric  or  hydrochloric  acid;  has  a  strong  add  taste  and  reaction.  Its 
dilute  solutions  and  those  of  its  salts  exhibit  a  strong  blue  fluorescence,  less 
powerful,  however,  than  that  of  a  solution  of  sesculin..  The  composition  of  the  acid 
IS  inferred  from  that  of  its  salts. 

The  sodium  saU  Ci«H«Cl<(SO*Na)*  crvstallises  in  small  orange-red  needles  easily 
soluble  in  water.  The  barium  salt  C**H'CPBa(SO>)*  is  thrown  down  from  the 
solution  of  the  sodium  salt  by  barium  chloride,  as  a  canazy-yellow  predpitate  nearly 
insoluble  in  water.  The  gtrontium  salt  C**H'Cl'Sr(SO')'  separates  on  mixing  the 
hot  solutions  of  sodium  disulphodichloranthracenate  and  strontium  chloride,  and 
evaporating,  in  yellow  crusts,  sparingly  soluble  in  water.  The  calcium  salt  obtained 
by  neutrali«ttion  is  yellow  and  easily  soluble  in  water. 

Disulphodichloranthracenic  acid  subjected  to  the  action  of  oxidising  agents 
rapidly  exchangee  its  chlorine  for  oxygen  (O')",  and  is  converted  into  disulphanthia- 
qmnonic  add : 

C»«H«C1«(S0»H)«  +  0«  «  C>*H«(0«nSO«H)«  +  C\\ 

A  similar  result  is  obtained  by  heating  the  chlorinated  add  with  strong  sulphuric 
add;  thus: 

C"H«a«(SO»H)«  +  SO«H«  =  2HCT  +  S0«  +  C'*H«(0«)''(SO>H)». 

Msvlplioaibromaiitliraeenie  Aoid.    Ci^H*Br*||^^   (Perkin,  C&m. /S^.  Jl 

[2]  ix.  19). — ^Krepared,  like  the  preceding,  by  the  action  of  fuming  siilphoric  add  on 
oibromanthraoene.  It  is  crystalline,  and  its  dilute  solutions  are  fluorescent,  as  also 
are  those  of  its  salts,  but  much  less  strongly  than  those  of  the  dichlorinated  acid. 
The  sodwm  salt,  obtained  by  adding  sodium  sulphate  to  the  crude  solution  of  the 
■dd  neutralised  with  barium  carbonate,  crystallises  in  easily  soluble  microscopic 
needles,  eontaining  C>«H*Br>(SO'Na)<.  The  barium  salt  C>'H*Br«Ba(SO*)*  obtained 
by  predpitation  is  insoluble  in  water  and  in  hydrochloric  acid,  even  at  the  boiling 
heat. 

Disttlphodibromanthracenic  add  is  converted  into  disulphanthraquinonic  acid  by 
the  action  of  oxididng  agents,  in  the  same  manner  as  the  dichlorinated  add.  With 
strong  sulphuric  add  the  reaction  is 

C»«H«Br^SO»H)*  +  2S0*H«  »  Br«  +  2S0«  +  2H«0  +  C"H«(0«)''(SO^)«. 

AVTBSAOSn-CA&aowZC  ACID.  C**H*.CO*H  (Oraebe  a.  Liebermann, 
Deut.  Ckem.  Ges.  in  Berlin,  1869,  678  ;  Zeitschr,/.  Chem.  [2]  vi.  213).— Produced  by 
melting  anthracene  with  liquid  carbonyl  chloride  (phoi^ene)  in  a  sealed  tube  to  200** 
lor  twelve  hours.  .  On  digesting  the  contents  witn  dilute  sodium  carbonate,  which 
leaves  a  redn  undissolved,  and  addulating  the  flltrate,  anthracene-carbonic  add 
separates  in  light  yellow  flocks,  consisting  of  interlaced  needles.  It  is  nearly 
insoluble  in  cold  water,  and  but  slightly  soluble  in  boiling  water,  &om  which, 
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however,  it  may  be  recrystallised.  From  alcohol,  in  which  it  dissolyes  easily  at 
ordinary  temperatures,  it  separates  in  long  light-yellow  needles  having  a  silky  lustre. 
In  capillary  tubes  it  melts  at  206^,  with  evolution  of  carbon  dioxide ;  but  when  a 
somewhat  larger  quantity  is  slowly  heated  in  an  oil-bath,  it  begins  to  decompose  even 
at  160^,  yielding  a  sublimate  of  anthracene.  When  heated  with  soda-lime,  or  more 
strongly  by  itself,  it  is  completely  resolved  into  anthracene  and  carbon  dioxide.  Its 
salts  are  decomposed  by  heat  in  a  similar  manner.  They  are  mostly  soluble  in 
water  and  in  alcohol.  The  barium  salt  is  white ;  the  silver  salt  C'^H'.CO'Ag  exhibits 
under  the  microscope  the  appearance  of  golden-yellow  compressed  prisms.  The 
acid  dissolved  in  glacial  acetic  acid  is  converted  by  oxidation  with  chromic  acid  into 
anthraquinone : 

C"H».0O«H  +  0»  =  C'*H«0«  +  H»0  +  C0«. 


LqmCVOVa.  C^^H'CO')".  Laurent's  Paranaphthalcse  or  Antkra- 
cenuse ;  Anderson's  Oxantkracene  (iv.  352) ;  Fritzsche's  Oxyphotene. — ^This  com- 
pound, related  to  anthracene  in  the  same  manner  as  quinone,  OHH)',  to  benzene, 
18  produced  by  oxidation  of  anthracene,  and  of  its  dichloro-  and  dibromo- 
derivatives.  It  is  most  easily  prepared  by  dissolving  anthracene  in  warm 
glacial  acetic  acid,  adding  2  pts.  by  weight  of  potassium  mchromate,  and  assisting 
the  action,  as  soon  as  it  slackens,  by  heating  the  liquid  on  the  water-bath  till  the 
solution  has  acquired  a  deep  green  colour.  On  diluting  with  water,  and  distilling 
the  separated  well-washed  and  dried  mass,  anthraquinone  passes  over,  while  a  cinder 
rich  in  chromium  remains  behind.  For  preparation  on  the  small  scale  it  is  better  to 
use  as  the  oxidising  agent  a  mixture  of  glacial  acetic  acid  and  chromic  acid :  there  is 
then  a  less  abundant  formation  of  the  products  which  carbonise  during  distillation 
(Graebe  a.  Liebermann ;  Fritzsche). 

Anthraquinone  melts  at  273°  and  sublimes  in  yellow  needles,  sometimes  in  thick 
dark  golden-yellow  prisms.  The  yellow  colour  belongs  essentially  to  it,  but  varies 
greatly  in  depth,  according  to  the  size  of  the  crystals  ;  finely  divided  anthraquinone, 
such  as  is  obtained  bv  precipitating  a  solution  in  sulphuric  acid  with  water,  appears 
nearly  colourless.  Anthraquinone  is  a  very  stable  substance  ;  it  withstands  the 
action  of  extremely  energetic  oxidising  agents,  and  is  not  attacked  by  alcoholic  potash 
at  200°,  or  even  by  fusion  with  potassium  hydrate.  Bromine  does  not  act  in  the  cold 
on  anthraquinone  either  in  the  £r^  state  or  dissolved  in  carbon  bisulphide ;  at  100°  it 
forms  dibromanthraquinone.  Wnen  anthraquinone  is  heated  to  150°  for  some  hours 
with  hydriodio  acid  (boiling  at  127^)  and  a  little  yellow  phosphorus,  anthracene  is 
produceid,  together  with  a  small  quantity  of  anthracene  dihyoride.  Heated  with  excess 
of  etnc-dust,  it  yields  anthracene,  the  hydrogen  necessary  for  the  formation  of  that 
body  being  supplied  by  the  zinc  hydrate  present : 

C"H«0«  +  H*  +  Zn«  =  2ZnO  +  C"H>». 

Dibromanthraquinone,  C"H<Br'0',  is  obtained  by  heating  an  intimate  mixture 
of  anthiaquinone  and  bromine  to  100°  for  a  considerable  time.  A  better  mode  of 
preparation  is  to  heat  1  pt.  of  tetrabromanthracene  with  2  pts.  potassium  dichromate 
and  6  or  6  pts.  colourless  nitric  acid  of  sp.  gr.  1*4  in  a  capacious  flask  as  long  as 
bromine  continues  to  escape ;  then  dilute  with  water,  and  recrystallise  the  washed 
product  from  benzol.  The  oxidation  succeeds  well  also  with  chromic  acid  and  glacial 
acetic  acid.  Dibromanthraquinone  crystallises  in  light-yellow  needles,  sublimes  without 
decomposition,  dissolves  very  slightly  in  alcohol,  more  easily  in  benzol  and  chloroform. 
By  heating  with  potash  it  is  converted  into  alizarin  (p.  84). 

Monohromantkraquinone^  C"H'BrO*,  is  obtained  from  tribromanthracene 
in  the  same  manner  as  dibromanthraquinone  from  tetrabromanthracene.  It  crystallises 
in  yellow  needles,  melts  at  187°,  sublimes  without  alteration,  dissolves  sparingly  in 
alcohol,  scarcely  at  all  in  cold  benzol,  with  moderate  facility  in  hot  benzol.  Heated 
with  potassium  hydrate  it  yields  alizarin,  according  to  Uie  equation 

C"H'BrO»  +  KHO  +  H«0  »  C»H«(OH)«0«  +  KBr  +  H«. 

Dichloranthraquinone,  C'*H*CI*0*,  is  obtained,  though  not  quite  pure,  by 
oxidation  of  tetrachloranthracene.  It  forms  yellow  needles,  sparingly  soluble  in 
alcohol  and  ether,  somewhat  more  soluble  in  benzol  than  the  corresponding  bromine 
compound. 

pinitro-anihraquinone,  C"H«(NO»)*0*,  Anderson's  Dinitroxanthraeene, 
Fritzsche's  Oxydinitrophotenet  is  obtained,  togeUier  with  anthraquinone,  by  heating 
anthracene  to  90°  with  dilute  nitric  acid.  The  two  bodies  are  separated  by  solution 
in  boiling  alcohol  of  95  p.  c,  which  on  cooling  deposits  the  nitro-compound  in 
JaminSB   (Fritzsche,  M  Petersb.  Acad.  Bull.  xxii.  43 ;  see  also  Anderson,  iv.  362).» 

•  Fritaioh«*B  memoir  oontalnB  Toluminoua  directions  for  the  preparation  of  this  compoand  in  the 
pore  state ;  wee  also  Jahrab./,  chem,  1868,  p.  30^ 
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This  eompoand,  called  *  Fritcsche's  reagent,'  unites  directly  with  all  the  solid  hydro- 
carbons of  ooal-tar,  and  is  very  useful  for  effecting  their  separation.  By  means 
of  it  Fritaache  has  detected  six  different  hydrocarbons  in  the  mother-liquor  of  the 
preparation  of  anthracene.  (See  PHosBint.)  The  compound  of  dinitio-anthiaquinona 
with  anthracene,  CP«H>*.C**U'(NO')H)>,  is  obtained  in  yiolet  lamin«  belonging  to  the 
mooodinic  system,  by  dissolving  9  pts.  of  the  nitio-oompound  and  10  pts.  of  anthracene 
in  100  pts.  dT  ooal-naphtha,  and  leaving  the  filtered  liquid  to  cool. 
On  AsMlpkantkraquimonic  and  SuipSoxantkraquinome  addt,  see  p.  84. 


Natire  antimony  occurs  in  veins  in  Silurian  clay-slate  in  the 
Russel  mine,  about  70  miles  from  Quebec  (Weisbach,  Jahrb,  Mm,  1807i  p.  609). 

Respecting  the  amorphous  or  explosive  antimony  deposited  from  solutions  of  the 
metal  under  certain  drcumstancee  by  electrolysis  (i.  315),  the  following  additional 
details  have  been  published  by  Gore  {Chem,  Soe,  J.  [2]  i.  865).  This  explosive 
antimony  may  be  obtained  from  solutions  of  the  bromide  or  iodide,  as  well  as  from  the 
chloride  of  antimony ;  but  its  properties  differ  to  a  oertain  extent  according  to  the 
nature  of  the  solution  used  and  the  mode  of  deposition. 

For  the  preparation  of  the  explosive  antimony  it  is  necessary  to  use  weak  currents 
of  constant  stzongth  (three  elements  of  Smee'sor  Grove's  battery)  and  concentrated 
ncad  solutions.  In  electrolysing  a  solution  of  antimonious  chloride  (prepared  with  1  pt. 
antimonious  oxide  and  5  or  6  pts.  hydrochloric  acid  of  sp.  gr.  1*12^  the  current  must 
be  of  snch  a  strength  that  the  quantity  of  metal  deposited  in  an  nour  upon  a  square 
inch  of  the  negative  electrode  (which  may  consist  of  copper,  silver,  or  platinum)  shall 
not  be  less  than  half  a  grain;  for  as  soon  as  this  lower  limit  is  reached,  the  character  of 
the  deposit  changes  suddenly  from  that  of  the  black  amorphous  explosive  metal  to 
that  of  pure  grey  cirstalUne  antimonv.  In  the  electrolysis  of  antimonious  bromide 
(obtained  by  dissolving  1  pt  antimomous  oxide  in  10  pts.  hydrobromie  acid  of  sp.  gr. 
1*3)  the  current  must  be  strong  enough  to  deposit  from  3  to  6  grains  of  antimony  per 
square  inch  in  an  hour;  for  that  of  antimonious  iodide  (1  pt  of  the  oxide  dissolved 
in  16  pis.  of  aqueous  hydriodic  acid  of  sp.  gr.  1*25)  the  current  should  deposit  not  more 
than  a  grain  of  antimony  per  square  inch  in  an  hour. 

The  amorphous  antimony  deposited  from  the  chloride  has  a  density  of  6*8.  The 
tempeiatnze  at  which  sudden  evolution  of  heat  takes  place  from  it  varies  according 
to  external  circumstances :  it  begins  at  77^*  but  does  not  attain  its  Ml  intensity  till 
the  entire  mass  of  metal  has  been  heated  to  93^-99^ ;  contact  with  a  red-hot  wire  or 
sciatdung  with  a  metallie  point  sets  up  the  sudden  decomposition  even  at  ordinaiy 
tempentures.  If  the  metal  is  sunounoed  by  a  good  conductor  of  heat,  hot  water  for 
example,  the  evolution  of  heat  takes  place  gradually. 

The  metal  precipitated  from  solution  of  antimonious  bromide  is  lighter  in  colour, 
duller,  and  less  compact  than  that  obtained  from  the  chloride ;  its  sp.  gr.  is  5*44. 
IVhen  heated  to  121^,  and  then  touched  with  a  red-hot  wire,  it  gives  off  a  oonsiderabLe 
qnanti^  of  heat  with  explosive  violence ;  if  the  metal  has  not  been  previously  heated 
to  that  temperature,  the  evolution  of  heat  is  confined  to  the  part  touched  by  the  wire. 
Scratching  the  heated  substance  with  a  steel  point  does  not  give  rise  to  any  evolution 
of  heat  (when  heated  to  160^,  however,  it  explodes  spontaneously).  When  ftised  in  a 
glass  tube,  it  leaves  metallic  antimony  and  gives  off  a  volatile  substance  of  buttery 
eoDsietenoe,  the  quantity  of  which  varies  in  Uie  different  layers  of  one  and  the  same 
predintate  from  18*4  to  20*5  p.  c :  this  substance  is,  according  to  Gore,  a  mixture  of 
antimonious  bromide  with  hydrobromie  acid. 

The  third  variety  of  the  explosive  metal,  obtained  from  the  iodide^  is  grey,  scaly, 
of  only  slightly  metallic  aspect,  and  more  friable  than  either  of  the  other  two ;  ite 
sp.  gr.  is  5*26.  It  gives  out  much  less  heat  than  the  other  varieties ;  the  evolution  of 
heat  takes  place  when  the  metal  is  heated  throughout  its  mass  to  176^ ;  contact  with  a 
red-hot  wire  gives  rise  to  it  only  when  the  metal  has  been  previously  heated  to  at  least 
170^'  On  the  other  hand,  it  is  more  easily  deoomposible  than  the  varieties  obtained 
from  the  bromide  and  chloride,  and  often  falls  to  powder  even  in  the  electrolytio 
liquid,  giving  off  hydrogen  at  the  same  time.  When  heated  in  a  tube,  it  yielded 
22*2  p.  c  of  a  solid  red  fusible  sublimate  saturated  with  moisture  (antimonious 
iodide  with  aqueous  hydriodic  acid). 

All  three  varieties  of  amorphous  antimony,  when  moderately  and  continuously 
heated  to  a  temperature  short  of  that  at  which  sudden  decomposition  takes  place, 
give  off  their  heat  gradually.  They  cannot  long  be  preserved  without  alteration,  but 
after  a  year  or  more  they  exhibit  an  acid  reaction  and  sourish  smell  not  belonging  to 
them  in  their  original  state,  and  if  then  digested  with  dilute  hydroohlorio  and  tartarie 
acid,  yield  a  much  larger  quantity  of  soluble  substance  than  they  do  when  reoentlv 
prepared.  Hence  €h>re  regards  the  explosive  metal  as  a  chemical  compound — ^though 
unstable  and  in  varying  proportions — of  metallic  antimony  with  a  salt  of  antimony. 
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AntimoniouB  fluoride  when  subjected  to  electrolysis  yields  nothing  but  the  ordinary 
crystalline  metal. 

Reactions  of  Antimony, — 1.  The  characteristic  flame-reactions  of  antimony  are 
described  in  the  article  Analysis  (p.  133). 

2.  Distinction  of  Antimony  from  Tin  and  Arsenic. — When  a  few  drops  of  a  solution 
of  antimony  acidulated  with .  hydrochloric  acid,  but  free  from  nitric  acid,  are  placed 
in  contact  in  a  platinum  capsule  with  a  piece  of  metallic  zinc,  there  is  formed, 
immediately  in  concentrated,  more  slowly  in  dilute  solutions,  a  precipitate  of  metallic 
antimony,  which  is  brown  or  black  according  to  the  thickness,  adheres  closely  to  the 
platinum,  is  insoluble  in  hydrochloric  acid  either  cold  or  hot,  and  is  easily  oxidised 
by  boiling  nitric  acid.  Both  the  trioxide  and  the  higher  oxides  of  antimony  give  this 
reaction,  which  becomes  perceptible,  at  all  events  after  an  half  an  hour,  even  in 

solutions  containing  only   ^—^  pt.  of  antimony ;   in  still  more  dilute  solutions  it 

becomes  doubtful.  Tin-solutions  (stannous  and  stannic)  yield  under  the  same 
circumstances  an  easily  loosened  deposit  of  tin,  resembling  the  platinum  in  colour, 
and  easily  soluble  in  hot  hydrochloric  acid.  The  same  reaction  is  exhibited  by  meta- 
stannic  acid,  when  drenched  with  dilute  hydrochloric  acid  in  a  platinum  capsule^  and 
placed  in  contact  with  metallic  zinc  Acidulated  solutions  ofarsenious  acid  treated 
in  like  manner  with  zinc  give  off  arsenetted  hydrogen,  and  yield  a  deposit  of  arsenic 
which  partly  adheres  to  the  zinc  (never  to  the  platinum),  partly  floats  like  flocks  in  the 
liquid;  solutions  of  arsetiic  acid  behave  in  a  similiur  manner,  but  yield  a  much 
smaller  deposit  of  arsenic.  Tin  and  arsenic  cannot  be  mistaken  for  antimony  in 
this  reaction;  moreover,  even  when  present  in  considerable  quantity,  they  do  not 
interfero  with  the  characteristic  reaction  of  antimony ;  indeed  when  tin  is  present, 
the  antimony  may  be  distinctly  recognised  in  still  more  dilute  solutions,  and 
identified  by  its  insolubility  in  hydrodiloric  acid  (Presenius,  Zeitsekr,  anal,  Ckem. 
i.  444). 

Another  method  of  distinguishing  these  three  metals  one  from  the  other,  founded 
on  the  different  behaviour  of  the  sulphides  with  hydrochloric  acid,  is  given  by 
W.  Stein  {Arch.  Pharm.  [2]  ci.  317).  When  the  mixed  sulphides  are  treated  with 
fuming  hydrochloric  acid,  arsenious  sulphide  alone  remains  undissolved.  On  mixing 
the  acid  solution  with  an  e^ual  volume  of  saturated  aqueous  hydrogen  sulphide,  the 
antimony  sulphide  is  precipitated,  and  the  filtrate,  mixed  with  a  liuger  quantity  of 
the  same  solution,  yields  a  precipitate  of  stannic  sulphide. 

On  the  different  behaviour  of  arsenetted  and  antimonetted  hydrogen  with  iodine^ 
see  Absemic. 

Quantitative  Separation  of  Antimony  from  Tin. — Antimonious  sulphide,  Sb*S',  and 
stannous  Bulphide,  SnS',  are  converted  into  the  corresponding  dilorides  by  dry 
hydrochloric  acid  gas,  even  at  ordinary  temperatures ;  the  antimonious  chloride  thus 
formed  volatilises  easily  in  the  stream  of  gas,  while  the  stannous  chloride  may  be 
heated  to  incipient  fusion  without  volatilising  therein.  To  render  this  mode  of 
separation  available,  however,  the  tin  must  be  wholly  present  as  stannous  salt.  If 
it  is  in  the  form  of  stannic  chloride,  the  separation  may  be  effected  by  digestion  with 
iron  (thin  iron  plate),  in  presence  of  free  hydrochloric  acid,  till  the  iron  is  completely 
dissolved;  the  antimony  is  thereby  separated  in  the  metallic  state,  while  the 
tetrachloride  of  tin  is  converted  into  the  dichloride.  About  8  pts.  of  iron  are 
required  to  1  pt.  of  antimony  (Tookey,  Ckem.  8oe.  J.  xv.  462). 

According  to  Clasen  (J.  pr.  Chem.  xcii.  477),  the  separation  of  tin  from  antimony 
by  meena  of  iron  succeeds  particularly  well  when  the  quantity  of  tin  is  large  in  pro- 
portion to  that  of  the  antimony,  whereas  in  the  contrary  case  part  of  the  precipitated 
antimony  redissolves  in  the  acid.  In  such  a  case,  therefore,  it  is  necessary,  before 
dissolving  the  alloy  [or  other  mixture  or  compound  of  the  metals],  to  add  a  weighed 
quantity  of  tin  (from  8  to  10  times  the  weight  of  the  antimony),  which  has  afterwards 
to  be  deducted  in  estimating  the  tin.  Thin  hai^sidiord  win  may  be  used  for  the 
precipitation,  and  the  washing  of  the  antimony  (which  must  be  dried  at  100^  beforo 
weighing)  is  best  effected  with  hot  water  acidulatea  at  the  beginning  with  a  few  drops 
of  hydrochloric  acid,  and  finally  with  absolute  alcohol  containing  a  few  drops  of 
ether.  Moreover,  as  the  pulverised  antimony  appears  not  to  be  quite  insoluble  in 
dilute  hydrochloric  acid,  it  is  best  to  add  iron  wire  to  the  solution  heated  to  the 
boiling  point  as  long  as  it  dissolves.  After  the  precipitation  of  the  antimony,  and 
complete  dissolution  of  the  iron,  the  decanted  liquid,  acidulated  with  a  little 
hydrochloric  acid,  should  be  further  tested  with  metallic  iron,  to  see  if  any  further 
separation  of  antimony  will  take  place  (Clasen). 

•Y^^\'^'*  *^^°^  °^  antimony,  tin,  lead,  and  a  little  copper  is  oxidised  with  nitric 
acid,  either  strong  or  dilute,  the  resulting  oxides  of  tin  and  antimony  always  retain  a 
little  lead,  which  cannot  be  washed  out,  and  tlio  quantity  of  which  is  gretiter  if  the 
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osidtttion  has  been  aaeieted  by  beat  The  complete  eepantion  of  lead  may,  bowerer, 
be  eanly  efEacted  by  beating  a  weighed  quantity  of  the  oxides  dried  at  110®  to  120° 
in  a  slow  stieain  of  dry  bydrochlonc  acid  gas,  till  the  tin  and  antimony  are  completely 
Tolatilifled.  The  eolation  of  tbe  residual  lead  chloride  is  added  to  the  nitric  acid  solution 
containing  the  copper  and  the  principal  piut  of  the  lead,  and  tbe  tin  and  antimony 
in  the  distilled  cmoridee  are  separated  by  digestion  with  j^ure  metallic  iron,  as  above 
described.  The  antimony  after  washing  with  cold  water  is  dried  at  110°  (Tookey, 
lee.  dt.). 

Other  methods  of  separating  antimony  from  arsenic,  tin,  &c,  are  described  in  the 
DietioDary  under  the  sereral  metals. 

Volumetric  Eetimation  of  Antimony,  —  Antimonious  oxide  in  alkaline 
solution  reads  with  solution  of  iodine  in  the  same  manner  as  arsenious  oxide 
(i.  265),  and  may  therefore  be  estimated  like  the  latter.  If  the  antimony  is  in  the 
form  of  tartar-emetic,  the  solution  is  previously  mixed  with  excess  of  sodium 
eazbonate,  which  does  not  form  any  precipitate.  Free  antimonious  oxide  is  dissolved 
in  tartaric  acid,  and  then  saturated  with  sodium  carbonate.  A  commercial  sample  of 
tartar-emetic  may  be  valued  by  comparing  it,  by  means  of  sodium  carbonate  and  a 
normal  iodine-eoluUon,  with  a  pure  sample  of  the  salt. 

R.  Schneider  (Pog^'  Jn^n.  ex.  634)  effects  the  volumetric  estimation  of  antimony 
by  treating  antimonious  sulphide  with  boiling  hydrochloric  acid,  absorbing  the 
evolTed  hytbogen  sulphide  in  dilute  ammonia,  and  titrating  with  solution  of  iodine. 
One  molecule  of  antimonious  sulphide,  Sb'S*,  thus  treated  gives  off  3H*S.  To  perform 
the  eetimation,  the  antimonious  sulphide  nrecipitated  from  a  solution  containing 
tartaric  acid  is  well  washed  on  a  filter,  and  decomposed  by  heating  with  hydrochloric 
add  in  a  small  glass  flask  fitted  with  a  delivery-tube,  for  conveying  the  vapours  into 
an  inverted  retort  containing  the  aqueous  ammonia,  as  in  Bunsen's  apparatus 
represented  in  figs.  48,  49,  vol.  i.  p.  266.  This  retort  is  filled  with  deaerated 
water  containing  from  30  to  50  cc.  of  strong  aqueous  ammonia ;  its  contents  after 
cooling  are  diluted  with  from  half  a  litre  to  a  litre  of  doaeiated  water,  according  to 
the  quanti^  of  antimonious  sulphide  used ;  and  a  measured  volume  of  this  liquid, 
still  in  the  dilute  state,  is  slightly  acidulated  with  sulphuric  acid,  and  titrated  with 
iodine-solution  and  starch-solution.  Denoting  by  a  the  quantity  of  hvdrogen  sulphide 
Gonresponding  to  a  cub.  cent,  of  iodine-solution,  and  by  t  tbe  number  of  cub.  cent. 
of  iodine-solution  used,  the  quantity  of  antimony  is  g^ven  by  the  formula : 

X  -   ^  .at  ^  l^i??  a  t  =  2-481  a  U 
8H^  8  .  34 

The  determination  of  the  hydrogen  sulphide  may  be  made  more  exact  by  receiving 
the  gas  evolved  in  the  same  apparatus  in  a  neutral  or  slightly  alkaline  solution  of 
sodium  arsenite,  and  titrating  the  remaining  portion  of  arsenious  acid  with  solution 
of  iodine.  The  solution  of  the  sodium  arsenite  contains  in  the  cubic  centimetre 
about  0*005  or  0*006  grm.  of  arsenious  acid,  and  is  most  easily  compared  with  an 
iodine-solution  of  known  strength,  by  adding  to  a  known  quantity  of  the  arsenic 
solution,  first  a  few  drops  of  hydrochloric  acid  sufficient  to  produce  an  acid  reaction, 
then  an  excess  of  sodium  bicarbonate,  a  small  quantity  of  starch-solution,  and  finally 
the  iodine-solution.  The  hydrochloric  acid  gas  which  passes  over  into  the  receiver 
together  with  the  hydrogen  sulphide  soon  renders  the  liquid  acid,  and  throws  down 
arsenious  sulphide.  The  cootonts  of  the  retort  when  cold  are  mixed  with  a  little 
tartaric  acid  and  diluted  to  a  known  volume,  and  in  a  measured  portion  of  the 
filtered  liquid,  after  supersaturation  with  sodium  bicarbonate,  the  amount  of  arsenious 
add  is  determined  by  solution  of  iodine.  Denoting  the  volume  of  iodine-solution 
corresponding  to  the  arsenic-solution  used  by  F,  that  of  the  iodine-solution 
corresponding  to  the  arsenic-solution  after  the  distillation  has  been  performed,  by  v, 
and  the  quantity  of  iodine  in  a  cub.  cent,  of  the  iodine-solution  by  a,  the  quantity  of 
antimony  sought  is : 

«  -  ^  (F  -  v)  «  =  0*96  (K  -  r)  tf. 

OuTBzd  {fiuU,  8oe.  Ckim,  1863,  p.  89)  gives  the  following  method,  founded  on  the 
fact  that  antimonious  oxide  in  dilute  very  add  solution,  when  freed  from  all  foreign 
metals,  is  converted  by  potassium  permanganate  into  antimonic  add.  A  solution  of 
1  to  1}  gnu.  of  the  antimony-compound  to  be  tested  is  supersaturated  with  ammonia 
and  yellow  ammonium  sulphide,  and  the  antimonious  sulphide  separated  from  the 
filtraU  by  dilute  hydrochloric  add  is  dissolved  in  strong  hydrochloric  acid.  The 
solution  mixed  with  a  little  tartaric  acid  is  filtered,  freed  from  hydrogen  sulphide, 
dilated  to  about  a  litre,  and  then  titrated  with  a  solution  of  potassium  perman- 
ganate till  a  red  coloration  is  produced.      The  value  of  this  solution  must  be 
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previously  fixed  by  titration  with  antimonions  sulphide,  or,  bettor,  with  tartar-«(iii«tic, 
80  that  30  C.C  may  correspond  to  1  grm.  of  antimony. 

AVTXMOn  BKOMZBB.  SbBr>.— Nicklte  {Compt.  rend,  xlriii.  837)  pieparas 
this  compound  by  treating  pulverised  antimony  with  bromine  dissolved  in  carbon 
bisulphide.  The  bromide  dissolves  in  the  liquid,  and  crystallises  therefinom  in 
rhombic  pyramids,  often  assuming  the  form  of  flattened  prisms  from  development  of 
the  end-faces  (according  to  NickUs,  prisms  of  69®,  with  acuminations  of  80®;  aqgle 
of  the  contiguous  pyramidal  faces  »  181®). 

AMTOKOWT  OMXOBIBS8.  When  a  solution  of  antimonioos  oxide  or 
antimonious  sulphide  is  distilled  with  hydrochloric  acid,  a  portion  of  that  acid  passes 
over  first,  together  wiUi  the  aqueous  vapour,  and  then  antimonioua  eUoridr,  which 
ultimately  passes  over  quite  anhydrous.  In  the  distillation  of  a  hydrochloric  acid 
solution  of  antimony  containing  nitric  acid,  this  acid  and  hydrochloric  acid  are 
volatilised,  but  no  antimony,  till  finally,  after  all  the  nitric  acid  has  escaped,  a  small 
quantity  of  antimony  pentachloride  is  volatilised  (H.  Rose,  J.  pr.  Ckem,  Ixxvi.  137). 

Antimonious  chloride  unites  with  aniline  hydrochloride,  forming  the  aystalline 
compound  3C-H'N . SbCl*,  or  [(C5«H»)»Sb'"H«]'"N».Cl»  (Schiff;  see  PHBrnrL-AMMOxniMS, 

iv.  474). 

When  1  mol.  antimonious  chloride  and  3  mol.  alcohol  are  heated  to  160®  in  a 
sealed  tube,  ethyl  chloride  and  hydrogen  chloride  are  formed,  together  with  cnrstals 
of  an  oxychloride,  Sb<0»Cl«  =  2SbOCl.Sb«0>  (algaroth  powder).  These  crystals  are 
monoclinic  but  nearly  right-angled  rhombic  prisms,  having  their  acute  edges  bevelled. 
When  1  mol.  antimonious  chloride  is  heated  with  1  moL  alcohol  to  160®  for  several 
hours,  ethyl  chloride  and  hydrogen  chloride  are  also  formed,  together  with  oystals 
of  antimonious  oxychloride,  SbOCl.  These  crystals  are  soluble  in  alcohol  and  ether, 
and  are  partly  decomposed  by  water  into  hydrochloric  acid  and  algaroth  powder, 
Sb^O^Cl*  (Schaffer,  Zeiteehr,/.  Chem.  [2]  iv.  606  ;  further,  Ann.  Ch.  Pharm,  dii.  314). 

A  compound  of  antinumie  chloride  with  nitrous  oxychloride,  SbCl^.NOCl,  is  obtained 
by  passing  the  vapour  of  nitrogen  tetroxide  into  antimonic  chloride.  It  forms  a  dry 
sulphur-yellow,  very  hygroscopic  powder,  which,  when  heated,  volatilises  without 
previous  ftision,  leaving  a  small  quantity  of  antimonic  oxide.  The  distillate  solidifies 
in  the  crystalline  form  after  complete  cooling.  It  is  decomposed  by  water,  but  dissolves 
without  turbidity  in  aqueous  tartaric  acid  (B,.  Weber,  Poyy,  Ann.  cxxiii.  847). 

Antimonic  chloride  likewise  forms  definite  compounds  with  the  higher  chl&ridee  of 
phosphorus,  selenium,  and  sulphur.  The  compound  SbCl*  .PCI*  is  produced  by  heating 
antimonious  or  antimonic  chloride  with  phosphorus  pentachloride,  and  remains,  after 
distilling  off  the  excess  of  the  more  volatile  cnlorides,  as  a  slightly  volatile,  infusible, 
spongy  yellow  mass,  which  quickly  absorbs  water  from  the  air.  The  compound  with 
phosphoric  oxychloride,  SbCl^.PCl'O,  senarates  on  mixing  antimonic  ehlonde  with  an 
excels  of  phosphoric  oxychloride,  as  a  white,  deliquescent,  crystalline  substance,  which 
must  be  oriod  on  a  bnck  over  sulphuric  add  and  lime.  The  selenium  compound, 
SbCl*.SeGl^  is  prepared  by  treating  a  mixture  of  1  at  selenium  and  1  at  antimony 
fused  and  cooled  again,  with  chlorine,  out  of  contact  with  air,  and  freeing  the  resulting 
whitish  mass  from  excess  of  antimonic  chloride  by  draining  on  a  brick.  Antimonious 
selenide  treated  with  chlorine  forms  a  pulverulent  mass,  which  appean  to  be  a  mixture 
of  tlM  preceding  compound  with  selenium  chloride.  The  sulphur  compound, 
SbCl*.SCl^  is  formed,  together  with  free  sulphur,  by  the  action  of  dry  chlonne  on 
antimonious  sulphide,  and  remains,  on  warming  the  product,  as  a  diy  powder  which 
dissolves  in  dilute  nitric  add,  without  separation  of  sulphur  (R.  Weber,  Pogg.  Ann, 
cxxv.  78).  H.  Rose  assigns  to  this  last  compound  the  formula  2Sb01*.8sCl^  (v. 
636). 

A  Ikfdraie  of  antimome  chloride,  SbCl*.4H'0,  separates,  when  a  solution  of  the 
chloride  in  the  smallest  possible  quantity  of  water  is  left  to  stand  over  oil  of  vitriol, 
in  deliquescent  crystals,  which  may  be  reciystallised  without  decomposition  from  a 
small  quantity  of  water.  The  trichloride  does  not  form  a  hvdrate  under  similar 
circumstances.  A  small  quantity  of  water  mixes  with  it,  without  turbidity,  and  a 
mixture  of  it  with  a  somewhat  larger  quantity  of  water  left  to  evaporate  over  oil  of 
vitriol  ultimately  yields  anhydrous  crystals  of  antimonious  chloride. 

AM'A'IMOR  r&vaxIBas.  Antimonious  fluoride,  SbF*,  is  obtained  by 
dissolving  antimonious  oxide  in  hydrofluoric  acid.  The  solution  slowly  evaporated 
between  70®  and  90®  deposits  the  compound  in  rhombic  octohedrons ;  by  more  npid 
evaporation  it  is  obtained  in  prisms,  and  by  stiU  more  rapid  evaporation  in  presence 
of  an  excess  of  acid,  in  small  scales.  Antimonious  fluoride  is  deliquescent,  and  has  a 
sharply  acid  taste,  with  stjrptic  after-taste;  dissolves  easily  in  water,  fonning  a 
solution  which  does  not  become  turbid  on  dilution.     The  solution,  if  evaporated 
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without  udditioa  of  acid,  deposits  at  a  certain  degree  of  ooncentration  an  ineolnble 
powder,  pvobably  an  ozjfluoride,  which  immediately  redisaolreB  on  addition  of 
hydrofluoric  or  hydrochloric  add ; '  the  same  oompoand  sepaxatea  when  the  ciyatals 
deliqneBoe  in  the  air,  and  when  thus  formed  exhibits  nearly  the  composition 
2abF> .  SbHH  or  Sb^FK)* ;  it  appears  also  to  be  prodncsd  by  the  action  of  hydrofluoric 
add  on  an  excess  of  antimonious  oxide.  Antimonious  fluoride  heated  in  a  retort  con- 
tainioig  air  yields  a  sablimate  consisting  of  hard,  Teiy  deliquescent  crusts  interpersed 
with  slsader  needles,  and  leaves  a  copious  residue  of  antimonious  oxide  (fluddger, 
Aiui.  Ck.  Pkarm.  Izxzit.  248). 

Antimonious  fluoride  unites  with  the  fluorides  of  the  alkali-metals,  forming  double 
salts  containing  1,  2,  and  3  mols.  of  alkaline  fluoride  to  1  mol.  of  antimonious  fluoride ; 
but  the  last-mentioned  proportion  is  known  only  in  the  case  of  the  sodium  salt. 
These  double  fluorides  decompose  when  heated  in  contact  with  the  air,  with  formation 
of  antimonious  oxide.  IVhen  wrapped  up  in  a  thin  plate  of  sodium,  and  sharply 
struck,  th^  decompose  suddenly,  with  detonation  and  deflagration.  The  amnumium' 
aaU  SNH^F .  SbP*  is  obtained  by  dissolving  antimonious  oxide  and  ammonium  carbonate 
in  excess  of  hydrofluoric  acid  and  evaporating.  It  crystallises  in  anhydrous  rhombic 
tables (oP . OB P .  F)  and  prisms  (ooP .  ^oo  .  oopoo,  with  the  angle  qdP  :  P  »  about 
88^).  It  absorbs  water  ftom  moist  air,  and  dissolves  in  0*9  pt.  water  at  ordinary 
temperatures,  with  production  of  cold.  The  solution  is  add,  attacks  glass  strongly,  and 
is  predpitated  by  alcohol  atid  ether.  The  dry  salt  is  infusible,  does  not  give  off 
ammonia  at  140^,  volatilises  completely  when  quickly  heated  in  an  open  pUtinum 
emdble,  but  is  partly  decomposed  by  slow  heating,  giving  off  ammonium  fluoride, 
and  leaving  antimonious  oxide.  The  lithium  salt  2LiF .  SbF*  crystallises  with  difficulty 
in  large  iU-defined  prisms  requiring  more  than  20  pts.  of  water  for  solution.  The 
dipotaa$ie  salt  2£F .  SbF*  is  formed  by  dissolving  1  mol.  of  antimonious  oxide  and 
about  3  moL  of  potasdum  carbonate  in  excess  of  hydrofluoric  acid,  and  senarates  flrom 
the  ooncentrated  solution  in  small  laminae,  or  by  slow  cooling,  and  especially  when  a 
saturated  solution  is  evaporated  at  60^-70^,  in  large  thin  transparent  rectangular 
lamime  or  tables.  Sometimes  also  acute  octohedrons  or  rhombic  laminae  are  formed, 
which  become  opaque  if  left  in  the  liquid  for  some  days,  but  by  solution  or  evaporation 
are  eonverted  into  the  ordinary  crystals.  Potasdo-antimonious  fluoride  is  add,  has  a 
sour  taste  with  astringent  after-taste,  dissolves  in  9  pts.  of  water  at  13^,  and  in  less 
than  2  pts.  at  the  boiling  heat ;  insoluble  in  alcohol  and  ether.  The  dry  salt  does  not 
loae  weight  at  120^ ;  it  melts  at  a  red  heat,  and  solidifies  on  cooling  to  a  radio- 
CTTBtalline  mass.  It  etches  glass  in  the  moist,  but  not  in  the  dry  state.  The 
mumojpaiastie  salt  KF .  SbF"  is  formed  by  dissolving  1  mol.  of  antimonious  oxide  and 
1  mol.  of  potasdum  carbonate  in  hydrofluoric  acid ;  the  solution  saturated  while  warm 
vidds  large  hard  rhombic  crystals,  which  become  turbid  on  exposure  to  the  air,  or 
bj  slower  cooling  in  soft  dender  ailky  needles ;  it  dissolves  in  2}  pts.  water.  The 
aodhan  salt  SNaF.SbF*  is  formed  by  mixing  a  solution  of  1  mol.  of  antimonious 
oodde  (Sb  O*)  in  excess  of  hydrofluoric  add,  with  6  mol.  of  sodium  fluoride  (NaF),  and 
separates  on  cooling  in  small  shining  transparent  prisms.  It  melts  when  strongly 
hem  ted,  dissolves  in  14  pts.  of  water  at  ordinary  temperatures,  and  in  4  pts.  at  Uie 
boiling  heat,  forming  an  add  solution  (Fluckiger,  loc  cit.). 

Autimonie  Fluoride.  SbF*  (Marignac,  Ann.  Ch,  Pharm.  cxlv.  237). — ^This 
compound  is  eadly  formed  by  dissolving  antimonic  hydrate  in  hydrofluoric  acid,  and 
remains  on  evaporation  in  a  vacuum  as  a  gummy  mass ;  the  solution,  when  evaporated 
bj  heat,  leaves  a  white  insoluble  residue,  apparently  an  oxyfluoride.  By  adding  potash, 
soda,  or  smmonia  to  the  solution  addulated  with  hydrofluoric  acid,  double  fluorides 
BJPe  produced,  which  are  very  soluble,  and  crystallise  with  difficulty ;  they  are 
permanent  in  the  air  in  the  solid  state,  but  alterable  in  solution,  and  are  partly 
oosrverted  by  repeated  evaporation  into  oxyfluorides.  Their  aqueous  solutions  are  not 
predpitated  by  adds,  alkalis,  or  hydrY)gen  sulphide.  They  are  not  isomorphous  with 
the  eosresponding  double  fluorides  of  tantalum  and  niobium. 

AmmaniiMaitimonie  fluoride,  NH^F .  SbF*,  forms  needle-shaped  hexagonal  prisms 
aeaminated  with  a  rhombohedron,  whose  terminal  edges  form  an  angle  of  about  96''. 
The  solution  mixed  with  excess  of  ammonium  fluoride  and  left  to  evaporate  deposits 
the  iismmome  salt  2(2NH«F .  SbF*) .  H^  in  rectangular  flattened  prisms,  exhibiting 
the  combination  ooP.  oo]^  od  .  oP,  with  P  and  several  undeterminable  faces  subordinate. 
An^  odP  :  ooP  »  9  <>   asP  :   oo  I>oo  -  134<'  25';   ooP  :  P  -  148'^  25'. 

The  monopotassie  salt  KF .  SbF*  crystallises  in  thin  tablets  from  a  solution  of  gummy 
potasdum  antimonate  in  aqueous  hydrofluoric  concentrated  bv  evaporation.  The 
eolntion  mixed  with  excess  of  potasdum  fluoride  and  evaporated,  yields  the  dipotas- 
me  aaU   2KF .  SbF* .  2U*0  in  beautiful  shining  monoclinic  prisms  exhibiting  the 
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combiiiatioii  ooP.odPod  .  [Poo]  .  +P.  -P.  +2Pao  .  »2Pa»,  the  hflmi-pjminidB 
however  oocnrriiig  bat  rarely  and  sabordinately.  Angle  odP  :  ooP  «  68^; 
ooP  :  ooPoo  =  119°;  a>Pa>  :  [Poo]  «  91°;  [Poo]  :  [Poo]  oTar  the  principal 
axis  -  SZ'^  16  :  -P  :  -  P  »  92'' 50' ;  aoite  angle  of  the  az«  »  S9^  16*.  Thesalt 
melta  at  about  90^  in  ita  water  of  crystallisation,  and  dries  up,  with  erolutioB  of 
hydioflnoric  acid,  to  a  gnmmy  mass  no  longer  soluble  in  water. 

Sodip-anUnumie  oxj/fiuoride,  NaF.SbOF*.HH),  is  obtained  by  adding  sodium 
carbonate  to  a  solution  of  antimonic  fluoride  containing  iiee  hydrofluoric  add,  and 
crystallises  by  spontaneous  evaporation  in  small  deliquescent  hexagonal  prisms  with 
rhombohedial  or  six-sided  pyramidal  summits.  By  adding  hydrofluoric  acid  to  a 
solution  of  this  salt,  and  leaving  the  liquid  to  evaporate,  mMUMmtwumic  fiuoride, 
NaF.SbP*,  is  obtained  in  cube-like  forms,  which  however  are  double-refracting. 
It  decomposes  readily  in  solution,  and  on  evapontion  the  cu^uoride  is  again 
obtained. 


L  SbH*.  Stibine.  Antimonetted  ^droffetL—Thia  gas 
has  not  yet  been  obtained  pure,  but  only  mixed  with  hydrogen.  Aooording  to  Th. 
Humpert  {Chem.  Cenlr.  1865,  p.  86),  a  gas  containing  a  rather  laige  proportion  of 
stibine  is  obtained  by  decomposing  a  concentrated  solution  of  antimonious  chloride 
with  sodium  amalgam,  part  of  the  stibine  thus  evolved  being  however  immediately 
decomposed  and  coating  the  sides  of  the  flask  with  a  thick  layer  of  antimony.  Rieckher 
{Jahretb,  1867>  p*  255)  finds  that  when  antimonious  solutions  are  decomposed  by  zinc 
and  dilute  acid,  the  quantity  of  antimony  precipitated  as  metal  is  to  that  evolved  as 
stibine,  in  proportions  vaiying  from  95  :  8  to  96  :  4,  so  that  only  a  small  fruction 
passes  off  as  stibine. 

Stibine  is  decomposed  by  strong  sulphuric  acid  (but  more  slowly  than  arsine, 
with  evolution  of  hydrogen  sulphide,  and  separation  of  a  velvet-black  powder  con- 
taining antimony  and  hydrogen ;  also  antimonious  sulphide,  if  the  passage  of  the 
SLS  into  the  add  be  continued  for  a  long  time  (Humpert,  loc.  cit.).  According  to 
ragendorff(Z»^Ar.  amU.  Chem.  v.  200),  stibine,  whether  dir  or  moist,  is  decomposed 
by  solid  potassium  hydrate,  which  thereby  becomes  covered  with  a  metallically  lustrous 
film,  probably  consisting  of  potassium  antimonide,  which  quickly  disappears  in  contact 
with  water  or  moist  air.  Arsine,  on  the  contrary,  is  not  deoomposea  by  potash.  On 
passing  a  mixture  of  the  two  gases  through  a  tube  three  or  four  inches  long,  containing 
lumps  of  potassium  hydrate  about  as  large  as  peas,  the  stibine  is  completely  absorbed, 
while  the  arsine  passes  on  unaltered.  Ihying  tubes  containing  potash  must  therefore 
be  avoided  in  the  preparation  of  stibine,  whereas  the  detection  of  arsenic  as  arsine  in 
presence  of  antimony  is  simplified  by  their  use.  Potash-ley  of  sp.  gr.  1*25  acts  upon 
stibine  in  the  same  manner  as  the  solid  hydrate,  though  not  so  quickly. 

Respecting  the  action  of  iodine  on  stibine,  and  die  method  founded  thereon  of 
distinguishing  antimony  from  arsenic,  see  Abskkxc 

AM TIMO ITT  ZOBZBBS.  Nickl^  obtains  antimonious  iodide^  Sbl\  in 
the  same  manner  as  the  bromide  (p.  184).  It  forms  red  tabular  crystals,  permanent 
in  the  air,  and  consisting  of  the  hexagonal  combination  oP  .  P  .  &c. ;  basal 
angle  of  Uie  double  pyramid,  133^ ;  terminal,  120^.  Schneider  (Po^g.  Ann.  cix.  609) 
obtains  this  compound  in  crystals  of  considerable  size  by  heating  a  mixture  of 
1  mol.  antimonious  sulphide  and  6  at.  iodine.  An  orange-red  sulphiodide  then 
sublimes  at  first,  and  condenses  on  the  upper  part  of  the  fl^k  in  small  laminse  and 
needles,  while  the  tri-iodide  Sbl'  condenses  on  the  lower  and  hotter  parts  of  the 
flask  in  large,  thin,  poppy-red,  hexagonal  plates  similar  to  those  obtained  by  Nickl^s  ; 
the  compound  is  isomorphous  with  the  tri-iodides  of  arsenic  and  bismuth.  It 
dissolves  slowly  but  completely  in  carbon  bisulphide,  and  separates  on  cooling  in 
small,  sharply  defined,  shining  lamins,  of  somewhat  lighter  colour  than  that  obtained 
by  sublimation.  It  is  quickly  decomposed  by  alkaline  hydrates  and  carbonates, 
yielding  pure  antimonious  oxide  (Schneider^. 

Antimonious  iodide  forms  double  salts  with  the  iodides  of  the  more  positive  metals. 
They  are  prepared  by  adding  pulverised  antimonious  iodide  to  warm  saturated 
solutions  of  the  several  iodides,  and  evaporating  the  filtered  solutions  at  mean 
temperatures.  The  potassium  saU  3EI.2SbP.3H'0  forms  dark  black-brown  rect- 
angular laminffi,  ruby-red  by  transmitted  light,  becoming  anhydrous  at  100°,  an(}  then 
assuming  a  dnnabar-red  colour.  The  sodium  salt  3NaI.2SbP.12HK)  forms  light 
orange-red  rectangular  prisms  acuminated  by  four  faces  resting  on  the  prismatic 
edges;  it  becomes  anhydrous  and  orange-coloured  at  100^.  ^  There  are  three 
ammonium  salts.  A  warm  saturated  solution  of  1  mol.  of  antimonious  iodide  in 
3  mols.  of  ammonium  iodide  first  deposits  the  salt  3NH^I.4SbP.9H'0  in  scarlet 
rectangular  prisms,  becoming  crimson  when  anhydrous ;  then  successively  the  following 


ANTIMONY:    OXIDES.  187 

alU :  3NH'1 .2SbI' .  3HK)  in  dark  black-brown  rectangular  laminn,  mby-red  by  trans- 
miu«d  light,  resembling  the  potaseivBi  salt^  becoming  carmine-red  when  anhTdrons ; 
and  4NH*I.SbI.3lPO,  in  laige almost  black  rectangular  prisms,  acominated  with  four 
&ce8  Testing  on  the  prismatic  edges,  translucent  with  mby-red  oolonr  in  thin  layers, 
cansine-ied  when  a&hydroa&  The  barium  salt  BaI*.abP.9HK)  forms  txanslnoent 
rhombic  prisms  of  lOd®  32'  with  peroendicular  end-faces,  having  a  yitreons  lustre, 
and  truslnoent,  with  deep  orange-red  colour.  All  these  salts  are  decomposed  by 
vater,  with  separation  of  antimonious  ozy-iodide ;  they  diasolTe  in  hydrochloric  and  in 
acetic  adds  with  yellow  oolour,  in  tartaric  acid  without  colour,  give  up  antimonious 
iodide  to  carbon  bisulphide,  and  are  decomposed  by  strong  sulphuric  add,  with 
eeparadon  of  iodine  and  erolution  of  hydriodic  add.  The  compounds  containing 
fijud  metallie  iodides  are  decomposed  when  heated  in  a  tube,  yielding  a  sublimate  of 
aatimonious  iodide  and  a  residue  of  the  fixed  iodide ;  the  ammonium  salts  sublime 
completely,  wiUi  psKtial  decomposition  and  separation  of  iodine-Taponrs  (J.  Schaffer, 
iW.  An»,  cix.  61 1). 

Kickl^  {Compi.  rmd.  li.  1097 ;  JaMresb,  1860,  p.  176)  has  described  seyeral 
groups  of  double  salts  of  antimonious  iodide,  which  he  finds  to  be  isomorphous  with 
the  CQRmoDding  bismuth-compounds.  Among  these  he  especially  particularises  two 
groupa,  nx.  mI.HI*.2HK)  and  ml.MI'.H^O;  also  the  corresponding  bromides 
mBr.llBr*.H*0  [where  m  »  K,  Na,  or  NH\  and  M  s  Sb  or  Bi].  The  compounds 
coDtainiog  2HH>  crystallise  in  right  rhombic  jxrisms  of  97^ ;  those  ^with  H*0  in 
right  rhombic  prisms  of  185^  35',  with  a  dome  and  many  seoonduy  faces.  The 
compoimds  prepared  by  Nickl&i,  some  of  which  contain  bismuth  and  antimony 
repladng  one  another  isomorphously,  are : 

€L  NH*I.SbP.2HH)  C  NH*Br.BiBr«.HH) 

fi,  NH«X.(Bi,Sb)I«.2H«0  i».  NH<Br.Bi{Bra)».HK) 

y.  NH*I.BiI».H«0  B.  KI.SbP.H'O 

8.  NaI.BiP.H«0  «.  NaI.(Bi,Sb)P.H»0 
€.  KI.BiP.HH) 

The  compovmds  a,  7,  8,  and  i  were  obtained  by  the  action  of  iodine  or  bromine  on 
antimony  or  bismuth,  in  presence  of  a  saturated  solution  of  ammonium,  potassium,  or 
sodium  chloride ;  a  double  iodide  or  bromide  then  crystallises  out,  while  a  double 
chloride  remains  in  solution.  0  ciystaHises  from  the  mixed  alcoholic  solution  of 
potassio- antimonious  iodide  and  ammonio-bismuthous  bromide.  0  crystallises, 
together  with  other  compounds,  from  a  solution  of  antimony  in  alcohol  containing 
iodide  or  chloride  of  potassium ;  {  from  a  solution  of  bismuth  in  alcohol  or  ether 
containing  bromine  and  a  little  ammonium  bromide.  The  crystals  of  a  are  red,  of  fi 
hhiA  (Yed,  when  pulrerised);  (  forms  yellow  needles.  These  double  salts  are 
decomposed  by  water,  and  eren  by  unsaturated  solutions  of  alkaline  chlorides, 
bromioes,  or  ioidides.  Host  of  them  are  rendered  turbid  by  alcohol,  but  C  is  soluble 
in  that  liquid.  They  give  up  the  whole  of  their  water  over  oil  of  vitriol,  as  well  as 
when  heated  to  100**;  some,  especially  a  and  C  appear  to  undeigo  decomposition  at 
that  temperature.  In  violet  light  these  double  salts  acquire  a  reddish  colour, 
eipeeially  the  bismuth-compounds,  which  are  for  the  most  part  yellow,  brown,  or 
bladt ;  the  black  iodide  of  bismuth  likewise  turns  red  in  violet  light  (Nicklte). 

The  isormorphism  of  corresponding  bismuth  and  antimony  compounds  is  also 
ooofirmed  by  Linau's  investigations  of  certain  double  salts  of  bismutn  iodide,  which 
appear  to  have  the  same  crystalline  form  as  the  analogous  antimony-compounds 
examined  by  Schafier.     See  Bismuth. 

Aniimonic  lodidct  SbP,  is  formed, according  to  Van  der  Espt  (Arch,  Pharm.  [2] 
cxvii.  115),  by  heating  1  pt.  of  antimony  with  5  pts.  of  iodine ;  it  then  sublimes  in 
red  transparent  laminae,  decomposible  by  water  into  hydriodic  and  antimonic  acids. 
It  is  also  said  to  be  produced  by  passing  anttmonettea  hydrogen  into  an  alcoholic 
solution  of  iodine.  But,  as  the  crystals  obtained  by  these  processes  have  the  same 
form  as  those  of  the  triodide  (p.  186),  these  statements  must  be  regarded  as  somewhat 
doabtfuL 


OZX1IB8.  Antimanunu  oxide,  8b*0',  occurs  in  Borneo  in  the 
form  of  a  yellowish  or  reddish-white  compact  mass,  having  a  crystalline  structure, 
and  yielding  a  yellowish-white  powder.  Here  and  there  it  occurs  in  rhombic 
prismatic  crystals,  half  an  inch  long,  with  dihedral  summits,  horizontally  striated, 
and  having  a  nacreous  lustre.  Sp.  gr.  4*64  to  4*68.  It  appears  to  have  been  formed 
by  oxidation  of  the  trisulphide  (antimony-glance),  which  is  found  imbedded  in  it 
(Phipson,  Comjt,  rend,  lii.  752).  Hallett  and  Stenhouse  have  proposed  the  use  of 
antimony  tetroxide,   Sb*€H,  prepared  by  roasting  this  native  oxide,  as  a  white 
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pigment.  It  has  the  advantage  of  not  being  blackened  by  hydrogen  sulphide,  bnt  is 
inferior  to  zinc-white,  barium  sulphate,  and  white  lead  in  whiteness  and  opacity 
(Repertorv  of  Patent  Inventions,  1861,  Nov.  p.  374;  IHnffi.  pol,  J,  cxlii.  873; 
Hofmann^a  Report,  1862,  p.  79). 

W.  Lindner  (ZeUschr.f.  Chem.  [2]  v.  442)  prepares  antimonions  oxide  b^  dissolving 
the  native  sulimide  in  a  rather  strong  solution  of  ferric  ehloride  onntaimng  a  slight 
excess  of  hy^rodiloric  acid.  The  antimony  then  dissolves  in  a  very  short  time, 
without  evolution  of  noxious  gases,  and  the  whole  of  the  sulphur  is  precipitated. 
By  diluting  with  water,  and  washing  the  resulting  precipitate,  a  very  pure  aigaroth 
powder  is  obtained,  which  when  treated  with  soda  yields  pure  antimonious  oxide. 

Antimonious  oxide  is  obtained  in  the  prismatic  form  by  the  action  of  water  at  150® 
on  the  oxychloride  (Debray,  Compt.  rend.  Iviii.  1209).  According  to  Terreil  {ibid. 
Ixii.  302),  the  prismatic  oxide  is  always  produced  in  the  oombustioB  of  the  metal  and 
in  the  roasting  of  antimonious  sulphide ;  the  octohedral  form,  on  the  other  hand, 
when  the  prismatic  oxide  is  sublimed  at  a  dull  red  heat  in  non-oxidising  gases  ;  by 
rapid  sublimation  the  octohedral  crystals  are  reconverted  into  the  prismatic  The 
two  forms  may  be  produced  simultaneously  by  passing  a  slow  stream  of  dry  air 
through  a  porcelain  tube  containing  a  boat  filled  with  metallic  antimony,  the  tube 
being  at  first  heated  only  where  the  metal  is  placed,  but  after  a  few  hours  likewise 
at  the  point  where  the  prismatic  oxide  might  condense.  After  the  operation  has 
been  continued  for  12  hours,  prisms  alone  are  found  in  the  neighbourhood  of  the 
metal,  prisms  with  implanted  octohedrons  at  some  distance  further,  and  pure 
octohedrons  at  the  end  of  the  tube.  These  artificial  oxides  agree  perfectly  in  their 
properties  with  the  native  varieties  of  the  oxide  (i.  323).  The  sp.  gr.  of  the 
artificial  prismatic  oxide  is  3*72,  that  of  the  native  3*70.  The  prismatic  oxide  is 
more  easily  attacked  by  reagents,  and  especially  more  readily  dissolved  by  adds  and 
alkalis  than  the  octohedral  oxide ;  ammonium  sulphide  colours  it  brown-red  and 
finally  dissolves  it.  The  artificially  prepared  octohedral  oxide  has  a  sp.  gr.  of  6*11 
(that  of  Senarmontite  is  6*2C) ;  in  the  crystallised  state  it  resists  uie  action  of 
ammonium  sulphide,  but  is  attacked  by  it  when  pulverised.  The  octohedral  oxide,  said 
to  bo  obtained  by  crvstallisation  from  alkaline  solutions  (i.  823),  consists,  according  to 
Terreil,  of  hydiated  sodium  antimonite. 

Antimonites. — A  solution  of  antimonious  oxide  in  caustic  soda  yields  crystals  of 
sodium  antimonite  containinff  1  or  3  at  antimony  to  1  at.  sodium,  according  to 
the  degree  of  concentration.  The  numo-antimonite  NaSbOV  3H<0  or  Na'O .  SbH)* .  6H*0, 
which  is  the  salt  most  frequently  obtained,  crystallises  in  octohedrons,  apparently 
trimetric ;  they  are  colourless,  have  a  strong  lustre  and  a  sp.  gr.  of  2-864.  When 
heated  they  give  off  their  water  and  become  opaque.  They  dissolve  with  difficulty  in 
boiling  water,  and  separate  almost  completely  as  the  solution  cools.  The  solution, 
which  is  usually  opalescent,  has  an  alkaline  reaction  and  is  not  precipitated  by  acids, 
alkalis,  or  alkaline  earths ;  by  barium  chloride,  only  after  addition  of  ammonia. 
With  plumbic,  cupric,  mercurous,  and  ferric  salts,  it  forms  precipitates  soluble  in 
nitric  acid ;  with  argentic  nitrate,  a  white  precipitate  which  is  soluble  in  dilute  nitric 
acid,  and  is  first  turned  brown  by  ammonia,  then  decolorised  and  dissolved. 
Hydrogen  sulphide  colours  the  aqueous  solution  yellow.  The  trianiimonite 
NaSbO'' .  Sb«0" .  H«0  or  Na«0 .  8Sb«0* .  2H«0  forms  less  easily  than  the  mono-antimonite, 
and  is  obtained  only  from  very  concentrated  alkaline  solutions,  in  rather  lai^  crystals, 
also  belon^ng  to  the  trimetric  system,  and  having  a  sp.  gr.  of  5*05.  They  are  nearly 
insoluble  m  water.  By  ammonium  sulphide,  they  are  first  coloured  brown-red  and 
then  dissolved,  a  character  which  distinguishes  them  from  the  octohedral  oxide. 
Potaasium  antimonite  has  not  been  obtained  in  crystals.  Those  which  frequentiy 
separate  from  a  solution  of  antimonions  oxide  in  potash-ley  consist  of  the  sodium 
salt,  and  arise  from  the  presence  of  soda  in  the  potash-ley ;  they  are  also  gradually 
formed  on  adding  a  sodium  salt  to  a  solution  of  pure  potassium  antimonite  (Terreil). 

Antimonie  Oxide  and  Acid. — Antimonic  oxide  or  add  is  reduced  by  stannous 
chloride  in  acid  solution  to  antimonious  oxide  (Streng,  P^g.  Ann.  xciv.  493) ;  -and 
this,  according  to  Kessler  (Jahresb.  1861,  p.  265),  is  not  nirther  altered,  even  by 
boiling  in  a  concentrated  acid  solution  witii  excess  of  stannous  chloride.  According 
to  Schiff  {Ann.  Ch.  Pharm.  cxx.  47 ;  Jahresb.  1861,  p.  277),  antimonic  acid  treated 
with  stannous  chloride  at  ordinary  temperatures  is  converted  into  a  yellow  substance, 
which,  if  the  action  be  allowed  to  continue  at  80^,  becomes  deeper  in  colour,  and 
after  about  an  hour's  heating  changes  into  red  hydrated  stannous  antimtnate, 
SngbK)«.2H«0  or  SnO.Sb«0*.2H«0,  which  becomes  yellowish-grey  when  deprived  of 
its  water.  There  appears  also  to  be  a  stannous  di-antimonate,  Sn0.2Sb*0*.  When 
anhydrous  antimonic  oxide  is  hejited  for  8  or  10  hours  with  stannous  chloride  to 
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S6®-40^  a  T«Uow  sabetance  is  obtained,  agreeing  approximately  with  the  formula 
XSn0.3Sb'0*.4H*0  ;  anhydroua  antunonic  oxide  cSd  not  yield  a  brick-red  tin  salt. 

Potasnum  mUiaumate  heated  in  vapour  of  carbon  bisnlphida  yields  a  dark-brown 
prodnet,  probably  oonaiBting  of  potassium  sulphantimonita,  KSbS*,  formed  according 
to  the  equation : 

4KSbO»  +  6CS»  -  4KSbS»  +  SCO"  +  2C0  +  2S0«. 

Ammommm  antimonaie  is  conyerted  by  heating  with  carbon  bisulphide  into  a 
Tolatale  ammonium  polysulphide  and  fused  antimonious  sulphide  (W.  Miiller,  PoffSf' 
Aam,  cxxrii.  404). 

See  OzoKB  (iv.  302). 

A  name  applied  by  Schonbein  to  a  variety  of  fluor-spar,  found 
at  Wolsendorf  in  the  Bavarian  Oberpfals,  and  at  Joachimsthal  m  Bohemia,  in  which 
Schrotter  had  demonstrated  the  presence  of  a  small  quantity  of  ozone,  the  mineral 
emitting  the  odour  of  ozone  when  heated,  and  liberating  iodine  from  potassium  iodide, 
and  chlorine  from  sodium  chloride.  Schonbein  supposed  that  it  contained  the  electro- 
pondTB  variety  of  oxygen,  which  he  designated  as  antozone  (Jahresb,  1860^  p.  58 ; 
1861,  p.  1034;  1863,  p.  842). 

See  FBurr  (ii.  710). 

The  aqueous  decoction  of  the  root-bark  of  this  tree 
yields  with  neutral  lead-acetate  a  precipitate,  the  ^eater  part  of  which  dissolves  in 
acetic  add.  On  decomposing  the  inaoMfie  portion  wita  hydrogen  sulphide  and 
evaporating  the  filtrate,  a  syrupy  residue  is  obtained,  which  when  treated  with  alcohol 
la  resolved  into  insoluble  pectin  and  a  small  quantity  of  a  substance  which  crystallises 
from  the  alcoholic  solution  on  evaporation  in  a  vacuum.  This  last  substance  gives 
off  6*74  p.  c  water  at  100°,  and  its  composition  then  agrees  with  the  formula 
C"H"K)»  «  OHK)«  +  8(>HK)*.  The  acetic  acid  solution  of  the  lead  precipitate 
yields  with  basic  lead  acetate  a  small  additional  quantity  of  the  lead-oompound  of 
thia  body.  The  liquid  filtered  therefrom  yields  on  addition  of  ammonia  a  copious 
precipitate;  and  by  decomposing  this  precipitate  in  like  manner  with  hvdrogon 
sulphide  and  evaporating  the  filtrate,  crystals  of  caldum-phloretin  are  first  obtained, 
from  which  the  phloretin  (iv.  492^  may  be  separated  by  hydrochloric  acid.  The 
mfjther-liquor  separated  from  the  calcium-compound  yields  with  ammonium  sulphide 
a  precipitate  from  which  (by  solution  in  water  containing  acetic  acid,  precipitation 
with  lead  acetate,  and  decomposition  of  the  washed  predpitate  with  hydrogen  sulphide) 
a  tajunin  is  obtained  identical  with  that  which  is  contained  in  horse-chestnut  bark. 
The  stem-bark  of  the  apple-tree  contains  a  yellow  colouring  matter  (Rochleder,  J,  pr. 
Ckem,  xeviii.  205 ;  Jahresb.  1866,  p.  694). 

JkJfMMOl^MBMXMm  A  substance  contained,  according  to  Bochleder,  in  the 
cotyledons  of  the  horse-chestnut  (iii.  172). 

JLFIUM.  When  an  aqueous  extract  of  celery-root  (Apium  graveoUtui\  is  subjected 
to  dialysis,  a  solution  of  pure  man nite  first  passes  through  the  parcnment^paper, 
than  a  solution  of  extractive  matter  and  potassium  salts  of  vegetable  adds,  whilst  a 
liquid  remains  behind,  containing  a  substance  intermediate  in  its  properties  between 
gam  and  pectin,  and  gelatinising  when  mixed  with  alcohol  (H.  Reinsch,  Jahrab, 
1863,  p.  612). 

ASPZiTBlA.  The  colouring  matter  secreted  by  a  vesicular  organ  of  the  sea-owl 
or  lump-fish  {Jplysia  depUatu),  a  gasteropod  occurring  on  the  coasts  of  the  Mediter- 
ranean and  of  Portugal,  is,  according  to  Ziegler  (J.  pr.  Ckem.  ciii.  63),  a  concentrated 
•olutioii  of  aniline  red  and  aniline  violet.  In  the  dissolved  state  this  ofiensivo- 
amelling  colouring  matter  decomposes  ver^  readily.  On  predpitating  it  bjr  sulphuric 
acid,  and  then  sgain  from  alcoholic  solution  by  common  salt,  a  substance  is  obtained 
which  exhibits  idl  the  reactions  of  aniline  violet.  The  red  colouring  matter,  which 
remains  in  solution  after  the  precipitation  by  common  salt^  and  may  be  separated  by 
tannie  add,  is,  like  fochsine,  decolorised  by  ammonia  and  turned  red  again  by  acetic 
aad. 

See  CoDRons. 

See  MoRPOiNB. 

G*H*0'. — An  acid  produced,  together  with  several 
of  tartaric  acid,  by  the  action  of  nitric  acid  upon  sorbin.  The  add  syrup 
icmaining  alter  the  dextro-  and  hevo-tartaric  adds  have  been  separated  as  completely 
as  poadble  as  add  ammonium  salts,  contains  aposorbicand  mesotartaric  acids  (v.  6S8), 
which  may  be  separated,  though  not  very  completely,  with  caldum  acetate  and  lead 
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acetate.  The  aposorbic  acid,  which  is  contained  chiefly  in  the  load  precipitate, 
cryBtallises  in  confused  laminse,  more  rarely  in  thin  acute  rhombohedzons.  It  dissolves 
in  1*63  pts.  water  at  16°;  does  not  lose  weight  at  100°;  melts  at  about  110°  with 
loss  of  water ;  boils  and  becomes  coloured  at  170°  ;  and  decomposes  at  200°,  leaving 
a  black  blistered  mass,  and  yielding  a  distillate  which  docs  not  contain  pyroraccmic 
acid. 

Silver  aposorbate^  OH'Ag'O',  does  not  crystallise.  The  calmum  salt  contains 
C*H«Ca"0'.4H«0,  the  lead  salt  C*H«Pb''OM*bO.  The  ammonium  salt,  which 
crystallises  in  silky  needles,  is  easily  soluble,  and  is  not  precipitated  either  by  potas- 
sium acetate  or  by  mercuric  nitrate ;  the  calcium  salt  however,  like  the  tartrate,  is 
soluble  in  sal-ammoniac  and  in  potash  (Dessaignes,  Sip.  Chim.  pure,  v.  41 ;  Ann.  Ck. 
Pkarm.  Suppl.  ii.  242). 


A  magnesio-ferric  silicate  from  Chester  Ca,  Pennsylvania, 
so  called  from  its  property  of  disintegrating  with  decrepitation  when  thrown  into  water. 
It  occurs  in  a  narrow  band  of  serpentine.  It  is  compact,  opaque,  fragile,  with  slightly 
conchoidal  fracture ;  adheres  to  the  tongue ;  has  a  yellowish-brown  colour,  and  yields  an 
orange-yellow  powder.  Hardness  =  2*6.  8p.gr.  =  2-06  — 2*08.  After  calcination 
it  dissolves  in  nitromuriatic  acid,  the  silica  nowever  separating  in  flocks ;  gives  by 
analysis  4100-4303,  SiO*.  17*60-19*68  MgO,  12-30-13*30  ferric  oxide, 
4-00 -6*71  alumina,  and  16  to  23  water  (C.U.  Shepard,  Sill.  Am,  J.  Sept  1858,  p. 
266 ;  BulL  Soc.  Chim.  [2]  zi.  242). 


C«H«0«  (melting  at  76°).  is  obtained  nearly  pure, 
together  with  a  very  small  quantity  of  oleic  acid,  by  saponifying  the  fat  obtained  from 
the  kernels  of  the  fruits  of  Nephilium  lappaceum,  an  East  Indian  plant.  This  fat 
molts  at  66°,  and  after  reczystallisation  at  68*6°  (Oudemans,  J.  pr.  Chem,  zeiz.  407  ; 
Jahresb.  1866,  p.  696). 


In  the  juice  of  Jraucaria  brasiliana,  which  solidifies  to  a  resin, 
Peckolt  (Chem.  Centr,  1866,  p.  1070)  found — besides  gam,  sugar,  vegetable  mucilage, 
and  extractive-matter— «  volatile  oil  smelling  like  oil  of  juniper,  and  several  resins 
partly  soluble  in  cold,  partly  in  boiling  alooboL 


WTIX.  C"H*'0'. — This  substance,  discovered  by  Kawalier  in  the  leaves  of 
the  red  bearberry,  Arctosioph^las  Uva  Ursi  (i.  864),  has  been  further  examined  by 
Strecker  (Ann.  Ch.  Pharm.  cvii.  229),  and  by  Zwenger  and  Himmelmann  (ibid,  cxxix. 
203),  who  have  likewise  obtained  it  from  the  leaves  of  a  species  of  winter-green, 
Purda  umbellata.  It  is  prepared  by  precipitating  the  aqueous  decoction  of  the  leaves 
of  either  of  these  plants  with  basic  leaa-acetate,  filtering,  removing  the  excess  of  IcHd 
with  hydrogen  sulphide,  and  either  tr«iating  the  filtrate  with  animal  charcoal  and 
leaving  it  to  crystallise  (Strecker),  or  evaporating  and  digesting  the  residue  with  a 
mixture  of  8  pts.  ether  and  1  pt.  alcohol,  which  dissolves  out  the  arbutin,  and  deposits 
it  on  evaporation  in  the  crystalline  state  (Zwenger  a.  Himmelmann). 

Arbutin  crystallises  in  tufts  of  colourless  silky  needles,  having  a  bitter  taste,  easily 
soluble  in  alcohol  and  in  boiling  water,  very  sparingly  soluble  in  ether,  melting  at 
170°.    When  dried  at  100°  it  exhibits  the  following  composition : — 


Calculation. 

AnalywH. 

kawalier. 

62-4     62-6 
6-2       61 

Strocker. 

62-6     631 
6*9       6-9 

Zwcnipor  a. 

C"  -  144  -     62-6 
H««  -     16  -       6-9 
0'    -  112  -    41-6 

62*6 
6-3 

272  -  1000 

Kawalier  represented  it  by  the  formula  O*H**0'*,  requiring  62*6  C  and  6*0  H ;  but 
this  formula,  tnough  it  agrees  closely  with  his  analyses,  does  not  explain  the  trans- 
formations of  arbutin  so  well  as  the  formula  G"H**0'  proposed  by  Strecker. 

Crystallised  arbutin  (air-dried)  contains  61*0  p.  c  carbon  and  6*3  hydrogen,  agreeing 
nearly  with  the  formula  2C»«H»*0'.H*0  (Strecker);  the  water  of  crystallisation 
(3-2  p.  c.)  goes  off  at  100°.* 

The  solution  of  arbutin  is  not  precipitated  by  plumbic  or  ferric  salts,  and  does  not 
reduce  an  alkaline  solution  of  cupric  oxide.    When  boiled  with  dilute  sulphuric  acid, 

*  Zwenger  a.  Himmelmann  obtained,  with  arbntin  prepared  from  wfnter>grecn  (Iratnot  with  that 
pupored  from  bearbeny),  crygtals  containing  2  at.  or  11*7  p.  c.  water. 
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or  subjected  in  Aqaeoiu  lolution  to  the  action  of  emnlsin,  or  of  an  analogous  ferment 
eontained  in  the  bearbeiry,  it  is  reeolyed  into  glnooee  and  hydroqninone  (Kawalier'e 
aretaiin): 

C»H>«0'  +  HH)  -  C«H>K)»  +  C*H«0»  (Strecker). 

Hydroqninon»— but  not  its  isomeride,  pyrocatechin — is  also  found  among  the  prodacts 
of  the  arj  distillation  of  arbutin  (Zwenger  a.  Himmelmann). 

The  nsolntion  of  arbntin  into  glucose  and  hydroqninone  is  analogous  to  that  of 
salicin,  C*'H*K>',  into  glucoee  and  saligenin,  C'H*0*.  Salicin  in  fact  differs  from 
aibutin,  and  saligenin  iiom  hydroqninone  by  CH'  (Strecker). 

Arimtin  oxidised  with  manganese  dioxide  and  sulphuric  add,  yields  quinone, 
CHH)*,  and  formic  add.  On  passing  chlorine  through  its  aqneous  solution,  the  liquid 
tons  yellow  or  red,  and  after  a  while  deposits  yellow  shining  laminn  of  dilorinated 
quinone — ^prdbabl^  a  mixture  of  CH'CIK)'  and  C*H'C10'.  It  dissolres  in  strong  nitric 
acid,  and  on  adding  alcohol  to  the  liquid,  yellow  needles  are  deposited,  which  when 
purified  by  reciystallisation  exhibit  the  composition  of  din itro- arbutin, 
(?R**(SO*yO^,  This  substance  is  rerv  soluble  in  water,  less  soluble  in  alcohol, 
insoluble  in  ether.  It  melts  when  heated  and  recrystallises  on  cooling.  Its  solutions 
are  not  predpitated  by  metallic  salts.  By  boiling  with  acids,  it  is  resolved  into 
glucose,  and  an  easily  soluble  cxystallisable  substance,  probably  consisting  of  dinitro- 
hydroqainone,  C^XM0')'0'  (Strecker).  The  relations  between  salicin  and  arbntin 
may  be  represented  by  the  following  formnle : 

SaUdn  fg^yooaalkgrlaloohol).        Arbntin  (^oohjdroquinonc). 

The  hydrogen  in  the  hjdroxyls  of  the  glucoeic  portion  of  arbutin  may  in  fact  be 
replaced  by  acid  ladides,  just  as  in  the  case  of  sahdn  (ZeiUchr.  [2]  v.  1,  52) ;  more- 
orer,  the  hydrogen  belonging  to  the  hydroqninone  in  arbutin  is  easily  replaceable, 
whereas  in  aalidn  the  hydrogen  belonging  to  the  saligenin  is  not  capable  of  substi- 
tution. 

Beiuoyl-arbuiims  are  obtained  by  means  of  benzoyl  chloride ;  acetyl'-arbvinut  with 
acetyl  chloride  or  acetyl  oxide,  which  act  at  60^-60^.  The  ultimate  products  of  the 
reaction  separated  ftom  the  resulting  solutions,  after  cooling,  by  means  of  ether, 
contain  fnt  add  radides,  and  haye  the  following  composition  : 


1(0. 


C«H«0)*  ^"  jrO.CHK))* 

^  ^  )0.(?H»0  ^  ^  JO.CTHK) 

Fentioetyl  arbutin.  Pentabenioyl'srbntin. 

They  are  colourless  bodies,  insoluble  in  water,  slightly  soluble  in  ether,  more 
soluble  in  hot  alcohol,  ftom  which  they  crystallise  on  cooling  in  small  shining  needles. 
The  add  radides  may  eanly  be  taken  out  again  by  boiling  with  weak  bases.  Together 
with  the  pentabensoylated  compound,  Schiff  likewise  obtained  dibenzoyl^rinUint 
in  which  the  hydrogen  might  be  further  replaced  by  acetyl. 
DmUro-arbtUm  mssolyes  easily  in  acetic  oxide,  and  is  converted  into 

n«H*50 

^^  |0p.C«H»O)« 
Fentacetyl-dinitro-arbutin  :     rtH'^NO 'V I 

which  may  be  separated  from  the  acetic  add  solution  by  water,  and  crystallised  from 
hot  alcohol  in  fine  needles,  insoluble  in  water,  slightly  soluble  in  ether.  The  alcoholic 
solution  heated  with  sulphuric  add  yields  glucose,  acetic  ether,  and  dinitrohydro- 

Joinone,  easily  recognisable  by  the  splendid  colour  which  it  gives  with  caustic  alkalis. 
KnitroHBz^tin  forms  with  basic  lead  acetate  a  oystalline  oranffe-coloured  lead- 
eompoond,  in  which  the  hydrogen  of  the  hydroxyl  is  replaced  by  lead.  Arbutin  gives 
BO  predpitate,  even  with  an  ammoniacal  sointaon  of  lesd-acetate. 

ileoeatly  predintated  silver  oxide  is  reduced,  even  at  ordinary  tempeiatures,  by  an 
aqueona  sohrtion  of  arbutin.  On  adding  freshly  prepared  silver  carbonate  to  a  solution 
of  arbutin  heated  to  60^-60^  as  long  as  carbonic  add  is  evolved,  and  heating  for  a 
short  time  with  excess  of  the  silver  carbonnte,  a  yellow  solution  is  obtained,  which  no 
longer  contains  arbutin ;  but  on  separating  the  dissolved  silver  with  a  few  drops  of 
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hydrochloric  acid,  and  filtering,  a  solution  is  obtained,  from  which  alcohol  precipitatce 
white  fiocks  consisting  of  a  compound  formed  by  the  union  of  2  mols.  of  arbutin 
minus  2  at.  of  hydrogen,  viz., 

aH'o}(OH)' 


Diarbutin 
or 


C«H* 


O 
0 


Glycoquinhydrone  ^^.^  j  ^ 


This  compound  may  be  regarded  as  the  glucoside  of  quinhydrone  (green  hydro- 
quinone);  it  is  related  to  arbutin  in  the  same  manner  as  helicoidin  to  salicin. 
Glycoquinhydrone  is  not  at  all  bitter ;  it  forms  acetvl-derivatives  when  treated  with 
acetic  oxide,  and  an  orange-coloured  nitro-product  with  nitric  acid.  Tlie  latter,  when 
decomposed  in  alcoholic  solution  by  sulphuric  acid,  does  not  yield  any  substance  that 
turns  violet  with  potash.  By  means  of  zinc  and  sulphuric  acid,  hydrogen  may  again 
be  added,  and  dinitro-hydroquinone  thereby  produced  (H.  Schiff,  Z^sckr.  f.  Cnem^ 
[2]  V.  619). 

AKBUnrS  unBO.  The  ripe  fruits  of  this  tree  contain  a  considerable  quantity 
of  inverted  sugar,  parapectin,  a  yellow  waxy  substance,  a  colouring  matter  which  is 
turned  violet  by  alkalis  and  yellow  by  acids ;  also  metapectic  add  and  traces  of  starch 
(Filhol,  Conipt.  rend,  1.  1185). 

ASOTUVZV.  The  name  given  by  Kawalier  to  hydioqninone  produced  by  the 
decomposition  of  arbutin  (p.  191). 

ASOBVTACSmi-COaiFOmrBB.  Syn.  with  AsQm'i'O vm  tl-oompoumbs. 
See  AcBTTLBirB  (p.  36). 

See  AixTzxiiB  (p.  97). 


\m    See  HoRSB-CHBSTKUT  (iii.  172). 


C"H**K\~ A  base  extracted  ftom  the  bark  of  Araribra  rubra,  a  tree 
growing  in  Brazil.    (See  Additions,  vol.  v.  p.  1087*) 

H  WMU  U 'I'X'l'Mi  A  fluoride  occurring  in  Greenland  together  with  cryolite.  It  is 
a  white,  highly  lustrous,  crystallo-mnular  mineral,  having  a  sp.  gr.  of  3*029  to  3*175 
and  tiie  luurdness  of  cryolite.  It  gives  by  analysis  61*03  p.  c  fluorine,  17'87 
aluminium,  28*00  sodium,  7'01  lime,  0*67  water,  and  0*74  insoluble  matter  (a  100*22), 
agreeing  nearly  with  the  formuU  Al<F<.2(0&;Na*)F>  (Hagemann,  SiU.  Am.  J,  [2] 
xlii.  93). 

AMMZOJL  MOXYAVA.  Both  the  root-stock  and  the  flowers  of  this  composite 
plant,  which  grows  chiefly  on  upland  meadows  in  the  middle  and  south  of  Eozope,  are 
officinal.  The  root-stock  has  a  faint  aromatic  odour,  and  a  persistently  sharp 
aromatic  taste,  slightly  inclining  to  bitter.  It  contains  resin,  tannin,  £B.t,  colouring 
matter,  and  about  1  p.  c  of  a  heavy  yellowish  volatile  oil  different  from  that  which  is 
contained  in  the  flowers.  According  to  Walz  (N,  Jahrb,  Pharm,  xiii.  176 ;  Jakresb, 
1860^.  644),  the  oil  from  the  root  has  the  composition  of  hexyl  caproate,  CH**0' 
or  G^".C*H>  '0*.  The  fat  of  the  root  contains,  according  to  the  same  authority,  a  ta.tty 
acid,  C"H**0',  the  magnesium  salt  of  which  may  also  be  extracted  from  the  leaves. 

The  flowers,  which  have  a  peculiar  but  not  unpleasant  odour,  yield  in  the  drj  state 
from  1  to  2  tenths  per  thousand  of  volatile  oil ;  in  the  fresh  state  a  proportionally 
larcer  quantity.  This  oil  has  an  acid  reaction,  a  yellowish,  bluish,  or  neenish  colour, 
and  smells  like  chamomile.  Widz  also  found  in  the  flowers  two  Afferent  resins, 
dystallisable  fat  and  wax,  tannin,  and  a  yellow  colouring  matter. 

The  flowers,  herb,  and  root  of  arnica  contain  also  a  yellow  non-crystallisable  bitter 
substance,  which  appears  to  be  the  active  principle  of  the  plant  This  substance, 
arnicinnis  easily  soluble  in  ether,  slightly  soluble  in  water,  and  is  precipitated  from 
its  alcoholic  solution  by  tannin  or  by  water ;  it  has  the  characteristic  odour  and  sharp 
taste  of  arnica.  It  is  decomposed  by  dilute  acids.  Walz  assigns  to  amicin  the 
formula  C*H'*0^  which  however  requires  conflimation.  The  flowers  yield  1  p.  c 
less  of  it  than  the  root-stock  or  the  herb  (Walz,  N,  Jahrb.  Pharm,  xiii.  176 ;  xiv.  79  ; 
XV.  329  ;  Jahrtib,  1860,  p.  644 ;  1861,  p.  763). 

According  to  Bastick  {J.  Pharm,  [3]  xix.  454),  arnica  flowers  contmn  a  non-volatile 
bitter  alkaloid,  arnicine,  which  is  soluble  in  alcohol  and  ether,  very  slightly  soluble 
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m  water,  deoomposed  by  aUuilis,  but  capable  of  forming  czyetalliBable  salts  with  acids. 
It  was  prepared  by  macerating  the  plant  in  alcohol  acidulated  with  sulphuric  acid, 
treating  the  solution  with  lime  and  afterwards  with  alkaline  carbonates  to  separate 
resinous  matters,  agitating  the  filtrate  with  ether,  and  leaving  the  ethereal  solution  to 
eraporate. 

f  eretti  (BuH,  dsUa  Corrupondenza  seient.  di  B<ma^  1861,  Ko.  30)  stated  that  arnica 
yields,  by  distillation  with  potash  or  lime,  a  peculiar  Tolatile  base ;  but  Hesse  (Ann. 
Ck,  Phmi.  czzix.  264)  has  shown  that  the  plant  thus  treated  yields  nothing  but 
mmmftniA^  with  txaoes  of  trimethylamine. 


lTZC  WMBXEBm  This  tenn  is  applied  to  a  group  of  compounds  which 
range  themselTes  round  the  hydrocarbon^  OH*"-*.  Originally  given  to  the  bodies  of 
the  beuBoic  group,  on  account  of  the  aromatic  odours  possessed  by  some  of  them,  as 
benzoic  add  and  bitter  almond  oil,  it  is  now  extended  to  several  scries  of  compounds 
homologous  with  these. 

The  aromatic  compounds  form  a  group  running  parallel,  as  it  were,  with  the  fatty 
bodies,  and  like  the  latter  including  hydrocarbons,  alcohols,  acids,  amines,  &c.  They 
resemble  the  fatty  bodies  in  many  of  their  chemical  relations,  but  they  likewise 
exhibit  decided  peculiarities,  which  distinguish  them  from  all  other  bodies  and  mark 
them  as  a  natural  family. 

Transformations  of  fatt^  bodies  into  compounds  belonging  to  the  aromatic  group  by 
simple  and  definite  reactions  are  not  known  to  occur.  It  is  true  that  particular 
aromatic  bodies,  as  benzene  and  phenol,  may  be  formed  by  the  action  of  a  strong  heat 
on  many  compounds,  and  oven  very  simple  ones,  belonging  to  the  fatty  series ;  but 
these  are  not,  for  the  most  part,  simple  metamorphoses  in  which  the  quantitative 
relations  between  the  material  and  the  product  can  be  exactly  estimated  and  the 
transfonnations  represented  by  equations.  On  the  other  hand,  aromatic  substances 
when  treated  with  powerfdl  chemical  reagents,  especially  ozidisers,  frequentlv  yield 
bodies  belonging  to  the  fatty  series ;  but  even  in  these  cases  there  is  always  iormed, 
in  addition,  at  least  one  product  belonging  to  the  aromatic  series,  unless  indeed  a 
complete  breaking  up  of  the  molecule  takes  place,  resulting  in  the  formation  of  the 
very  simplest  organic  compounds,  such  as  carbonic  acid  and  oxalic  acid. 

To  obtain  an  insight  into  the  constitution  of  the  aromatic  bodies,  the  following  facts 
must  be  taken  into  account. 

The  aromatic  bodies  are  derived  from  the  fundamental  hydroeirbons,  C*H'*~'',  and 
the  simplest  of  them  are  those  which  contain  6  atoms  of  carbon,  or  are  derived  from 
benzene,  CH*.  Now  these  hydrocarbons  are  far  from  containing  the  maximum 
quantity  of  hydrogen  required  to  saturate  the  »  atoms  of  carbon  contained  in  their 
molecules ;  in  fact,  if  the  carbon-atoms  were  united  together  in  these  molecules  in  the 
same  manner  as  in  the  fatty  series,  tho  general  formula  of  the  saturated  hydrocarbons 
would  bo  OH*'*',  and  the  compounds  C»H*»— •  would  be  octivalent  radicles,  capable 
of  taking  up  8,  6,  4,  or  2  additional  atoms  of  hydrqgen  or  other  monatomic  element ; 
and  in  fact  they  are  capable,  under  certain  circumstances,  of  uniting  directly  with 
chlorine,  bromine,  and  other  halo'id  elements :  thus  benzene  forms  with  chlorine  a 
crystalline  hexchloride,  C^*Cl*  But  in  the  greater  number  of  thoir  chemical 
relations,  these  hydrocarbons  exhibit  the  characters  of  saturated  molecules,  which,  like 
the  paraffins,  can  take  up  other  elements  only  in  exchange  for  a  part  or  the  whole  of 
their  hydrogen. 

To  account  for  this  property,  Kekulj  supposes^  tliat  tho  atoms  of  carbon  in  benzene, 
the  fundamental  hydrocarbon  of  the  series,  are  united  among  themselves  by  one  and 
two  units  of  equivalenee  alternately,  so  that  the  constitution  of  this  body  is  represented 
by  the  formula ; 


*  idMmch  der  or swaiicAm  CAem^,  U.  106,  oi  seq* 
Ssp.  0 
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In  the  molecule  thus  represented,  each  of  the  carbon-atome  has  all  ita  foar  units  of 
affinity  satisfied,  and  the  six  carbon -atoms  form«  as  it  were,  a  closed  chain  or 
circle.  We  shall  see  in  the  sequel  that  from  this  formula  of  bensene  the  formule  of 
nearly  all  the  known  bodies  of  the  aromatic  group  can  be  formed  by  sabstitution,  and 
that  the  formulae  thus  obtained  afford  satisfactory  explanations  of  the  modes  of  forma- 
tion and  transformation,  and  of  the  isomeric  relations  of  these  bodies. 

The  sexTalent  character  of  the  benzene  molecule  might  be  explained  by  many  other 
modes  of  linking  together  of  the  carbon-atoms,  besides  that  proposed  by  Kekul^. 
Consider,  for  example,  the  modes  of  connection  illustrated  by  the  three  following 
diagrams  (tlie  carbon-atoms  being  supposed  to  occupy  the  angles  of  the  hexagon) : 


No.  I. 


No.IL 


Nam. 


In  the  first  and  second  of  these  modes  of  grouping,  erezy  carbon-atom  is  linked  to 
three  others,  to  each  by  one  unit  of  affinity,  and  therefore,  as  in  the  arrangement 
previously  considered,  each  has  one  unit  free ;  in  the  third  figure,  the  first  and  fourth 
carbon-atoms  are  linked  to  three  others  (two  adjacent  and  one  opposite),  each  by  one 
unit  of  affinity,  while  the  earbon-atoms  2,  8,  6,  and  6  are  each  connected  with 
two  others,  by  one  and  by  two  unita  of  affinity.  The  last  arrangement  differs 
therefore  from  the  rest  in  not  being  symmetrical.  It  has  been  suggested  as  affording 
an  explanation  of  a  peculiar  case  of  isomerism  among  the  chlorinated  deriTatiyes  of 
benzene,  viz.  the  existence  of  two  modifications  of  pentachlorobensene,  CHCl*.  Now 
according  to  the  mode  of  linking  of  the  carbon-atoms  in  Kekuli's  diagram,  or  indeed 
in  any  ower  perfectly  symmetrical  arrangement,  there  should  be  but  one  such  com- 
pound, inasmuch  as  Uie  result  must  be  the  same  whichever  of  the  hydrogen-atoms  of 
the  benzene  molecule  is  left  in  its  place  while  the  others  are  replaced  by  chlorine. 
But  if  we  suppose  the  carbon-atoms  to  be  linked  as  in  diagram  No.  III.  the  properties 
jof  the  molecule,  CHCl*,  may  be  different  accordingly  as  the  remaining  hydrogen- 
atom  is  situated,  on  the  one  hand,  at  1  or  4,  or,  on  the  other,  at  2,  3,  6,  or 
6.  It  must  be  observed,  however,  that  the  existence  of  the  two  modifications  of 
pentachlorobenzene  is  not  positively  established,  and,  on  the  whole,  the  phenomena 
exhibited  by  aromatic  bodies  are  best  explained  by  supposing  the  carbon-atoms  in  the 
benzene  molecule  to  be  linked  together  ^rmmetrically.  The  arrangements  represented 
in  the  other  two  diagrams  above  given  (Nos.  I.  and  II.)  exhibit  this  symmetry  aa  well 
as  that  of  KekuU ;  but  they  do  not  explain  so  readily  as  the  latter  the  formation  of 
the  additive  compoimds  of  benzene  and  the  other  aromatic  hydrooffbons  (p.  196) 
(Kekul6,  Deut.  Chem,  GeaeUs.  Berlin,  1869,  p.  862). 

Benzene,  the  fVmdamental  hydrocarbon  of  the  aromatic  group,  gives  rise  to  a 
numerous  series  of  derivatives,  bv  taking  up  other  elements  or  compound  radicles  in 
exchange  for  one  or  more  of  Ob  hydrogen-atoms.  If  the  element  which  thus  enters 
the  molecule  is  monatomic,  it  simply  t^es  the  place  of  the  hydrogen,  satis^ring  the 
affinity  of  the  carbon-atoms  in  the  same  way :  tnus,  when  benzene  is  acted  upon  by 
bromine  or  chlorine,  one  or  more  hydrogen-atoms  are  removed  in  the  form  of  hydro- 
bromic  or  hydrochloric  acid,  and  bromobenzenes  or  chlorobensenes  are 
produced,  viz.  C«H*Br,  CH'Br*,  C*H*C1>,  &c  But  if  the  element  which  replaces 
Uie  hydrogen  is  polyatomic,  as  O',  N",  or  D*,  only  one  of  its  units  of  affinity  can  be 
satisfied  by  combination  with  the  unit  of  affinity  of  the  carbon-atom  whidi  was  pre- 
viously satisfied  by  the  displaced  hydrogen,  and  consequently  the  polyatomic  element 
can  bring  other  atoms  of  hydrogen,  or  of  equivalent  elements  or  radides,  into  the 
molecule  to  satisfy  its  remaining  units  of  affinity.  (See  AToxicrrT.)  Thus  orwm, 
which  is  diatomic  or  bivalent,  brings  with  it  one  atom  of  hydrogen,  the  result  being 
the  same  as  if  an  atom  of  kydrogen  in  the  benzene  molecule  were  replaced  by  the 
univalent  radicle  hydroxyl,  OH.  The  product  thus  formed  is  a  phenol,  monatomic, 
diatomic,  or  triatomic,  according  to  the  number  of  hydrogen-atoms  replaced :  thus 
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In  like  manner,  nitrogen,  entering  as  a  triTalent  element,  introduces  two  atoms  of 
hydrogen,  tiie  resnlt  being  the  replacement  of  one  or  more  atoms  of  hydrogen  in  the 
IwDsene  molecule  by  amidogen,  (NH*)'.  In  this  manner  are  formed  from  benzene, 
amidobensene  or  aniline,  ^^'(NH')',  and  diamidobenzene  or  phenylene- 
diamine,  C^«(NH«)». 
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Fbsnylene-diamiiie. 

In  the   nitrobenzenes  the  nitrogen  may  be  supposed  to  enter  either  as  a 
iTalent  or  as  a  quinqaiTalent  element :  thus  i 
npresented  by  either  of  the  following  formuln : 


triTalent  or  as  a  quinqaiTalent  element :  thus  mononitrobenzene,  C*H*(NO'),  may  be 

ither  of  " 


H 

\ 

H 

/ 

/ 

\ 

\ 

/ 

/ 
H 

\ 

H 

H 
\ 

H 

/ 

■< 

\               M^O 

Cn> 

=c 

/ 

H 

\ 

H 

equTaleDts  of  CH*,  whereby  there  is  formed  a  seriee  of  hydrocarbons  homologous 
with  benzene :  thus 

C*H*    . Benzene. 

(TH*  or  C^*(CH*) Methyl-benzene  or  Toluene. 

C«H"  or  CTI*(CH*)« Dimethyl-benzene  or  Xylene. 

C"H"  or  C^»(CH«)» Trimethyl-benzene. 

Hie  three  unattached  units  of  affinity  in  the  carbon-atom  which  enters  the  benzene- 
molecato  may  also  be  partly  satisfied  by  a  biyalent  radicle,  or  wholly  by  a  trivalent 
ndide,  as  in  the  following  compounds : 

(0^»)'--CJg Benzoic  aldehyde. 

(C"H»y— cJ2^ Benzoic  acid. 

(0»H»)'— cJq"^ Thiobonzoic  acid. 

(C^*y — CW* Cyanobenzene  or  Phenyl  cyanide. 

o2 
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Under  certain  circmnstancefl  also  the  aromatic  hydrocarbons  can  take  up  other 
molecules  by  direct  addition.  Thus  benzene,  when  subjected  to  the  action  of 
chlorine  or  bromine  in  sunshine,  combines  directly  with  those  elements,  forming  the 
compounds  C*H*C1*  and  OH'Br^.  In  this  case  we  may  suppose  that  the  chlorine  or 
bromine  acts  in  such  a  manner  as  to  loosen  the  bonds  of  connection  between  some  of 
the  carbon-atoms,  so  that  the  atoms  of  the  entire  chain  become  united  by  one  bond 
only,  and  each  of  them  has  one  unit  of  affinity  left  free  and  ready  to  take  up  an  atom 
of  chlorine  or  bromine,  thus  (the  dots  in  the  second  figure  indicating  unsatuiated 
affinities)  : 
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Saturated.  TJnsfttnnted. 

This  partial  separation  of  carbon-atoms,  or  opening  out  of  the  group,  is  not  peculiar  to 
the  aromatic  bodies,  but  frequently  takes  place  in  other  series.  Ethylene,  for  example, 

CH« 
in  the  free  state  may  be  regarded  as  ||      ,  its  two  carbon-atoms  being  linked  together 

CH» 
by  two  units  of  affinity ;  but  under  the  influence  of  chlorine  or  bromine,  the  oonnee- 

CH» 
tion  is  partially  seyered,  and  the  molecule  becomes   I     ,  in  which  state  it  is  bivalent, 

CH» 

CH*C1 
and  capable  of  taking  up  2  at.  chlorine,  forming  the  compound  J 

CH«Cl 
In  the  explanation  thus  afibrded  of  the  fonnation  of  additive  oompounds,  the 
formula  of  benzene  proposed  by  Kekul^  has  the  advantage  of  all  the  oUiera  above 
considered,  inasmuch  as  if  any  one  of  the  latter  be  adopted,  we  must  suppose  that 
chlorine  or  bromine  can  sever  the  connection  between  carbon-atoms  united  by  only 
one  unit  of  affinity,  an  effect  of  which  no  example  has  yet  been  observed  in  other 
series. 

The  aromatic  hydrocarbons  can  also  unite  directly  with  hypochlorcuB  acid.  Benzene, 
for  example,  can  take  up  8  molecules  of  this  acid,  forming  the  crystalline  compound 

!C1* 
(OH)'  (^^^>  ^^^'  C^'  ^^^arm-  cxzvi.  196 ;  cxxxvi.  824). 

Isomerism  in  the  Aromaiie  Series, 

The  replacement  of  one  atom  of  hydrogen  in  benzene  by  chlorine,  bromine, 
hydroxvl,  amidogen,  methyl,  &c.,  must  evidently  yield  the  same  result,  whichever  of 
the  hyorogen-atoms  may  be  thus  replaced,  inasmuch  as  the  molecule  is  perfectly 

symmetrical.  Accordingly  there  is  but  one  monochlorinated  or 
monobrominated  benzene,  one  monatomic  alcoholic  derivative, 
viz.  phenol,  CH*(OH),  one  moAatomlc  amidated  derivative,  viz. 
S  aniline,  CH*(NH'),  one  monomethyl  derivative,  viz.  toluene, 
C^»(CH'),  &c. 

But  when  two  or  more  atoms  of  hydrogen  in  the  benzene  mole- 
cule are  thus  replaced,  isomeric  modifications  become  possible, 
accordingly  as  the  elements  or  radicles  which  take  the  place  of  the 
hydrogen  are  contiguous,  or  are  separated  from  one  another  by 
smaller  or  lai^or  intervals.  This  will  be  more  clearly  undentood 
if  we  represent  the  molecule  of  benzene  by  a  hexisgon,  the  six  angles  of  which  are 
occupied  by  the  hydrogon-atoms  numbered  from  1  to  6.  It  will  then  be  seen  that  the 
derivatives  formed  by  successive  substitution  exhibit  the  following  modifications : 
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a.  Tke  hydrogen-aioma  are  mieeemvdy  replaced  by  the  tmne  dement  or  compound 
radide  (lateral  chain).    In  this  case  the  number  of  modiflcations  is  as  follows : — 


Nnmlwr  of 

hydvogBn-<iitoiiiB 

replaced 

Nmntar 

of 

modUksatiOM 

PIaom  of  the  replaced  H4itoine 

a 
b 
c 
d 
e 
f 

one 

two 

three 

fonr 

fi^e 

six 

one 

three 

three 

three 

one 

one 

1 

1,2           1,8        1,4 

1,2,3        1,2,4     1,3,0 

1,2,3,4     1,2,4,6  1,3,4,5 

1,2,8.4,6 

d.  J%e  hydroaen-atome  are  replaced  by  different  dements  or  radides. 
If  only  two  hydrpgen-atoms  are  thus  replaced,  the  number  of  possible  modifications 
remains  the  same  as  aboTe^  vis.  three :  for  the  reversal  of  the  order  (AB  or  BA) 
can  make  no  difference  in  the  result. 

But  if  three  or  more  hydrogen-atoms  are  replaced  by  different  radicles,  the  number 
of  possible  modifications  becomes  larger,  inasmuch  as  the  order  of  succession  of  the 
radicles  introduced  by  substitution  may  then  exert  an  infiuence  on  the  nature  of  the 
product  Thus  for  a  benzene-derivative  represented  by  the  general  formula  CH'A*6 
we  find: 

a,  ooxrresponding  to  1,  2,  8  (see  c  above) ;  C^'AAB 

C*H"ABA 
A  »  1, 2, 4  ( 


»f 


1.  8,  6  ( 


fi 


t» 


);  OH'AHAB 
C«H»AHBA 
<>H»BHAA 

);  C-HAHAHB 
C^HAHBHA 
C«HBHAHA 


In  the  present  state  of  our  knowledge,  we  cannot  in  all  cases  assign  to  the  several 
radicles  which  replace  the  hydrogen  in  benzene  their  exact  relative  positions  in  each 
isomeric  modification ;  but,  inasmuch  as  a  given  modification  of  a  benzene-derivative 
may  in  many  cases  be  converted  bv  simple  metamorphoses  into  a  particular 
modification  of  another  benzene-denvative,  we  may  conclude  that  in  the  two 
derivatives  thus  producible  one  from  the  other,  the  radicles  which  have  replaced  two 
or  more  atoms  of  hydrogen  occupy  corresponding  places.  Accordingly,  the  derivatives 
of  benzene  containing  a  given  number  of  replaced  hydrogen-atoms  may  be  divided 
into  groups,  each  containing  those  modifications  which  can  be  formed  one  from  the 
other,  and  in  which,  therefore,  the  radicles  which  have  replaced  the  hydrpgen-atoma 
nunr  be  supposed  to  be  similarly  situated. 

The  bi-aorivatives  of  benzene,  e^  bichloiobenzene,  C*H*CIC1.  chlorobromobenzene, 
(?H*CrBr,  chlorophenol,  C«H*C1(0&),  chlorobenzoic  acid,  C«H<Cl(CO«H),  &c.,  may  bo 
divided  into  three  such  groups,  in  which  the  radicles  replacing  the  two  hydrogen- 
atoms  occupy  the  places  (1  :  2),  (1  :  3),  and  (1:4)  respectively,  or,  in  other  words, 
are  placed  contiguously,  or  separated  by  one  or  by  two  atoms  of  hydrogen.*  Ghloro* 
bromobenzene,  for  example,  ^thibits  the  three  foUowing  modifications : 


C*HHHHClBr 
1:3 


C'HHHClHBr 
1  :8 


C«HHClHHBr 


1  :4 


the  hydrogen-atoms  in  the  benzene  molecule  C*HHHHHH  being  numbered  fVom 
right  to  left. 

!0H 
OH*    ^*'* 
hydroquinone,  pyrocatechin,  and  resorcin ;    the    three    modifications  of   the    acid 

!0H 
P^gTit  viz.,  oxybenzoic  acid,  salicylic  acid,  and  para-oxybenzoic  acid;   and 

those    of    the    amidated    acid   C!*H*Jqq,q,  viz.,  amidobenzoic  acid,  amidosalylic 
or  anthranib'c  acid,  and  amidodracylic  acid. 

*  It  is  clear  that  these  are  all  the  poielble  arrangemente,  inagmnch  as  (3  :  8),  (8  :  4).  (4  :  fi),  (0  :  6), 
and  (e  :  1)  are  identical  with  (1 : 2)  ;  (3  : 4),  (8  : 6),  and  (4  : 6)  with  (1:8);  (3  : 5)  and  (8  :  6) 
vithO  :4>. 
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The  manner  in  which  the  members  of  a  particular  group  are  producible  one  from 
the  other  may  be  illuBtrated  by  the  following  examples : 

lodaniline  prepared  from  nitro'iodobenzene  is  converted  by  treatment  with  nitrous 
acid,  into  diazo-iodobenzene,  C*H*N*I,  from  which,  by  boiling  its  sulphate  with  water. 


may 

and  bromiodobenzene.  All  these  deriyaUyes  of  benzene  belong  to  the  same  group, 
the  replacement  of  the  hydrogen  in  them  occurring  in  corresponding  places.  The 
nitraniline  *  obtained  from  nitrated  anilides  (iv.  446)  yields  a  diazo-derivadve,  the 
decomposition  of  which  yields  the  same  nitro-iodob'enzene  as  that  above  mentioned ;  it 
theiefore  belongs  to  the  same  series.  Moreover,  since  chloraniline  and  bromaniline 
are  evidently  analogous  to  iodaniline,  and  their  generators,  nitrochlorobenzene  and 
nitro-bromobenzene,  are  analogous  to  nitro-iodobenzene,  these  bodies,  and  therefore 
also  all  bi-derivatives  of  benzene  which  can  be  obtained  from  them  by  simple 
transformation,  belong  to  the  same  series :  consequently,  diasochlorobenzene,  dichloro- 
benzene,  chlorobromobenzene,  diazobromobenzene,  and  dibromobenzene.  To  the  same 
group  belong  nitrobenzoic  acid,  formed  by  the  action  of  Aiming  nitric  acid  on  benzoic 
acid ;  amidobenzoic  acid,  obtained  from  it  by  reduction ;  and  oxrbenzoic  acid,  formed 
from  the  latter  by  the  action  of  nitrous  acid.  This  series  of  bi-derivatiTeB  of  benzene 
is  called  the  Ortho-  series. 

A  second  series  of  bi-derivatives  of  benzene — the  Para'  series — ^is  produced  from 
dinitrobdnzene.  From  this  compound  is  obtained  para-nUranUmeff  which  may  be 
converted  into  para-diazonitrobenzene,  and  from  this  may  be  prepared  parachloio- 
nitrobenzene,  parabromonitrobenzene,  and  para-iodo-nitrobenzene.  These  last  com- 
pounds may  be  converted  by  reducing  agents  into  parachloraniline,  parabromaniline, 
and  para-iodaniline,  which  again  may  be  converted  into  the  corresponding  paradiazo- 
benzenes.  The  paradiazo-iodobenzene  thus  obtained  is  converted  by  decomposing 
its  sulphate  with  water  into  para-iodophenol,  which  when  frised  with  notash  yields 
resorcin,  O'H^(OH)',  isomeric  with  hydroquinone.  In  all  these  bi-derivatives  of 
benzene  the  substitution  evidently  takes  place  in  corresponding  parts  of  the  molecule. 
To  the  same  series  belong  paranitrobenaoic  or  nitrodracylic  acid,  formed  by  oxidation 
of  bromotoluene ;  also  its  reduction-derivative,  amidodracyUc  acid,  and  paraoxybenaoic 
acid,  produced  from  the  latter  by  the  action  of  nitrous  acid  (iv.  353). 

The  third  series  of  bi-derivatives  of  benzene — the  Meia-  series — includes  salicylic 
acid  and  its  derivatives,  chlorosalylic,  amidosalylic,  or  anthranilic  acid;  also  an 
iodophenol  different  from  para-  or  ortho-  iodophenol,  formed,  together  with  the  latter, 
by  treating  phenol  with  iodine  and  iodic  acia,  and  converted  oy  fusion  with  potash 
into  pyrocatechin. 

The  question  as  to  the  relative  positions  of  the  radicles  in  these  three  groups  of 
compounds — whether,  for  example,  the  arrangement  1  :  2  exists  in  the  ortho-,  the 
meta-,  or  the  para-  series,  has  lately  been  the  sulject  of  considerable  discussion,  and 
may  now  be  regarded  as  at  least  approximately  settled. 

Phthalic  acid,  CH«|qq1^,    is  formed  by  oxidation  of  naphthalene,  C»H*  - 

C'H^(C^H^),  two  of  the  four  groups  CH  being  completely  eliminated  from  the  molecule 
in  the  form  of  carbon  dioxide  and  water,  while  the  two  others  remain  in  the  form  of 
carboxyl,  CO«H : 

Cra«(C<H*)  +  0*  -  2C0»  +  H«0  +  C^«|^^J|. 

Now,  from  the  structure  of  the  molecule  of  naphthalene,  as  recently  determined  by 
Graebe  (p.  212),  it  appears  most  probable  that  Uie  two  groups  CH  thus  Qxidised  to 
CO'H  occupy  contiguous  places ;  that  is  to  sav,  the  positions  1  :  2.  But  nitrophthaUc 
acid  is  converted  by  reduction  with  tin  and  hydrochloric  acid  into  amidobenzoic 
acid,  which,  when  treated  with  nitrous  acid  yields  oxybenzoic  acid,  and  these 
compounds  belong  to  the  ortho-  group.  In  this  group,  therefore,  the  radicles  which 
replace  two  of  the  hydrogen-atoms  of  the  benzene  molecule  occupy  contiguous  places, 
that  is  1  :  2.    This  conclusion  is  coriob(»ated  by  the  constitution  of  hydroquinone, 

C*H*  J  Q„,  which  is  formed  from  ortho-iodophenol,  and  is  converted  by  oxidation 

into  quinone,  C^*<;^  I  i  whereas  its  isomerides,  pyrocatechin  and  resoidn,  do  not 

jield  quinone  by  oxidation ;  this  difference  of  reaction  points  to  the  conclusion  that 

•  Hofounn'i  fl-nitwnlUne  (iv.  4M).  f  Hoftnann's  a-nitnuifline  (iv.  445). 
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the  tvo  gnmpe  OH  an  eontignom  in  hydroqninone,  and  not  in  iU  two  iaomeridea. 
(See  Quurom.) 

Baejer  baa  shovn  {Atm.  Ck,  Pkann.  Airaf.  r.  79)  that  mentylene,  (7H",  ia  a 
B^rmnietrieally  eonatitated  Unmethyl-benaene,  C'H^CH!*)*,  that  ia  to  aay  that  the  three 
methyl-gioapa  contained  in  it  are  aepanted  by  eqnal  interrala,  or  ooenpj  the  poaitiona 
1,  3,  5.  Conieq[aen(ly  in  iaozylene  or  dimethyl-benaene,  C*H^CH*)*,  which  ia  formed 
firom  it  (from  meaitylenio  add),  the  two  methyi-groapa  mnat  be  aeparated  by  one 
interral,  or  oecnpy  the  plaoea  1,  8.  Now  iaozylene  ia  oonyeited  by  oxidation  into 
iao^thalic  add,  i^B\COmy,  in  which  therefore  the  two  gzoupa  CO*H  occupy  the 
poaitiona  1,  S.  Hence  for  the  third  modification  of  the  acid,  C*HXCO*H)',  or 
terephthalic  add,  there  remaina  only  the  arrangement  1,  4.  Bat  teieMithalic  add 
bdongi  to  the  para-  eeriea,  being  formed  from  bromotoluene,  C*H*Br(C&'),  wUch  is 
eonTeitible  by  oxidation  into  patabromobenzoic  or  bromodracylic  acid.  In  the  para- 
aeriea,  therefore,  the  elementa  or  radidea  which  replace  the  hydrogen-atoma  occupy 
the  poaitiona  1,  4 ;  ao  that  for  the  meta-  eeries  there  remains  only  the  podtion  1,  3. 
The  prindpal  repreeentatiTes  of  the  three  aeriee  are  the  following : 

Ottho  Mete  Furs 

1,2  1,8  1,4 

Hj&nqqAaaoBk  Fyrocafcechin.  BMordn. 

Ozybensolc  add.  fleli^Ue  add.  Fam^oxybeiuolc  add. 

FhthaUc  add.  Iwphthalle  add.  Teraphtballe  add. 

Foxthar  derelopmenta  of  these  Tiewa  will  be  given  in  connection  with  the  indiridual 
onmpoiiDda  of  the  aromatie  series.  See  es^dally  Bsmsbhs,  Homoloouss  of,  and 
Bamoic  Acid. 

Hie  bodies  of  the  aromatic  series  exhibit  also  another  kind  of  isomerism  distinct 
from  that  aboTe  deaeribed.  Gondder  first  the  hydrocarbons.  Beniene  and 
totneoe  are  not  susceptible  of  isomeric  modifications :  for  the  first  is  perfectly  symme- 
trical, and  in  the  formation  of  the  second,  or  methyl-benaene,  C*H*(CH'),  the  snbstitn- 
taon  of  methyl  for  hydrogen  may  take  place  indifiTerently  in  any  part  of  the  molecule. 
Bat  any  frirther  substitution  of  methyl  for  hydrogen  may  be  made  either  within  the 
pbenyl-gronp  CH*,  or  in  the  methyl-group  OH*,  and  the  rasult  will  not  be  the  same 
in  the  two  cases ;  hence  the  hydrocarbon  CH'*  exhibits  the  two  modifications, 
dimethyl-benzene  or  xylene,  CHXCH')*,  and  ethyl-benaene,  C*H*(CH*) : 


Bthyl 


In  molaenles  thus  eonatitnted,  the  six  caxbon-atoms  of  the  benzene  group,  with  their 
aoeompanying  hydrogen-atoms,  are  said  to  form  the  principal  chain,  while  the 
aloohol-radides  or  their  modifications  substituted  for  any  of  these  hydrogon-atoms 
eonatxtota  lateral  chains;  thus  methyl-benzene  and  ethyl-benzene  hjare  each  only 
one  lateral  chain,  whereas  dimethyl-benzene  has  two. 

The  eonstitotaon  of  these  h^rorocarbona  is  determined:  a.  By  BynthuU, — ^Thns 
toluene  is  produced  by  the  action  of  sodium  on  a  mixture  of  bromobenaene  and 
methyl-iodide :  hence  it  has  the  constitution  of  methyl-benzene : 

C^»Br  -I-  COT  +  Na«  «  NaBr  +  Nal  +  C^».CH«. 

EUtyl-benzene  is  formed  in  like  manner  from  bromobenzene  and  ethyl-iodide.  Xylene, 
which  ia  a  constituent  of  light  coal-naphtha,  is  produced  synthetically  by  the  action 
of  aodrnm  on  a  mixture  of  bromo-toluene  and  methyl-iodide ;  hence  it  condsts  of 
methyl-toluene  or  dimethyl-benzene : 

C^«Br.CH»  +  CHI  +  Na«  =  NaBr  +  Nal  +  C^^(CH«)«. 

H.  Bp  ondaHon. — ^Methyl-benzene  and  ethyl-benzene  both  yield  by  oxidation  benzoic 
add,  (J'H^.CO'H,  which,  like  these  hydrocarbona  themaelyes,  contains  only  one  lateral 
chain ;  but  dimethyl-benzene  (xylene)  and  methyl-ethyl-benzene,  when  oxidised  with 
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iCCH 
CO*H'  "^^^^^  contains  two  lateral 

chains.    Hence  it  is  inferred  that  the  acid  or  acids  produced  by  the  oxidation  of  an 
aromatic  hjrdrocarbon  contain  as  many  lateral  chains  as  the  hydrocarbon  itself.    This 
law  affords  the  means  of  determining  the  constitution  of  certain  aromatic  hydrocarbons 
which  have  not  yet  been  formed  synthetically,  as  in  the  following  cases : 
The  hydrocarbon  C*H"  exhibits  the  three  following  modifications : 


C«H*(C«H') 
Propyl-benzene. 


C^«(CH«)(C«H») 
Hethyl-ethyUbeniene. 


C«H"(CH«)« 
Trimethyl-benKoe. 


All  three  have  been  prepared  synthetically :  the  first,  by  the  action  of  sodium  on 
a  mixture  of  monobromobenzene  and  normal  propyl-iooide ;  the  second,  in  like 
manner  from  monobromo-toluene  and  ethyl-bromide ;  the  third,  firom  monobromoxy- 
lene  and  methyl-iodide.  This  last  compound,  also  called  ooal-tar  cumene  or  paeudo- 
cumenet  exists  m  coal-tar  oil,  and  is  obtained  therefrom  by  fractional  distillation  ;  it 
boils  at  about  166^ ;  methyl-ethyl-benzene  at  169^ ;  propyl-benzene  at  IS?**.  Coal-tar 
cxmiene  is  not  howeyer  a  perfectly  definite  substance,  but  a  mixture  of  three  isomeric 
modifications  of  trimethyl-benzene  differing  from  one  another  in  the  relatiye  position 
of  the  methyl-atoms.  (See  Bbmzknb,  Hoxolooubs  of.)  Cumene  produced  hj  distilling 
cumic  acid  with  excess  of  lime  bolls  at  151^-151*5°,  and  is  Uierefore  dilnrent  from 
either  of  the  preceding  compounds.  Neyerthelees,  it  agrees  with  propyl-benzene, 
C*H*.  CHH}H*CH*,  in  yielding  only  benzoic  acid  by  oxidation,  and  therefore  contains 
but  one  lateral  chain :  hence  it  may  be  supposea  to  consist  of  isopropyl-benzene, 
CH*.CH(CH')*,  a  yiew  of  its  constitution  which  is  in  accordance  witn  its  loww 


The  following  table  exhibits  the  metameiic  modifications  of  all  the  aiomatic 
hydrocarbons,  (>H^~',  at  present  known : 


OH* 

Benxene. 

C^H« 

C«H»(CH«) 

Hethyl-benzene  * 

(toluene). 

CH" 

C^»(CH*CH«) 
Bthyl-beriseDe.* 

C«H*(CH»)« 

Methyl-tolnene* 

(xylene). 

C»H»« 

C^»(C»H') 

PropyUbeniene  * 
(ctimene). 

Bthyl-tolnene.* 

C«H»(CH«)» 

Trimeihyl. 

beniene* 

(peendocnmene). 

C»*H" 

• 

Methyl-propylo 

benaene* 

(a  cymene). 

BtfayLxytene.* 

C*H»(CH«)« 

fi  eymeoe 
(from  ooal-tar). 

C"H" 

C«H»(C»H") 
Amyl-benaene.« 

C*H»J^^* 
^^}(C«H»)« 

Diethyl-zylene 
(laorene). 

.C"H" 

^^  JC*H» 

Amyl-tolnene. 

- 

o^m^ 

Amyl-xylene,* 

^ISS^r'^'^^^  *****•"  •**~^*«*  ^  '^  "^»°«»  "«.«^<»  ^Wch  ba^e  beenformoa 
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The  oonBtitution  of  these  hydrocarbons  18  determined  on  the  principles  abore  ex- 
plained. Some  of  them,  viz.  dimethyl-bensene  and  trimethyl-benzeno,  are  also  known 
to  exhibit  isomeric  modifications  depending  on  the  relative  position  of  the  methyl- 
atoms.  Their  modes  of  formation  and  properties  will  be  described  in  detail  in 
the  article  BsBraofB,  Homolooubs  of. 

The  hydrocarbon  C*H',  formed  by  abstraction  of  2HC1  from  methyl-benzylal 
chloride,  C*H*CI'  (with  alcoholic  potash),  and  in  other  ways  (p.  5),  is  also  related 
to  the  aromatic  group,  though  it  does  not  belong  to  the  homologous  series  OH^*"*, 
haying  the  composition  of  acetenyl- benzene,  CU*(CH). 

The  derivatives  of  toluene  and  its  higher  homologues,  formed  by  replacing  one  or 
more  atoms  of  hydrogen  with  chlorine,  bromine,  hydroxyl,  amidogen,  &c.,  likewise 
exhibit  the  isomerism  or  metamerinn  just  noticed  in  the  hydrocarbons,  depending 
upon  the  position  of  the  substituted  mdicle  in  the  principal  or  in  one  or  more  of  the 
lateral  chains.  Thus  toluene  or  methyl-benzene,  G*H*.CH',  forms  two  monochlorinated 
derivatives,  viz., 

(>H'a.CH»    and    C«H».CH«C1 
Cblorotolaena  Beoiyl  chloride, 

and  three  dichlorinatcd  derivatives,  viz., 

C«H»C1».CH«  C^*C1.CH*C1  OH».CHCl« 

Diclilorotolnene      Chlorobensyllc  chloride         Ohlorobeiuol, 

and  the  higher  derivatives  admit  of  still  more  numerous  modifications.  Similarly 
wiUi  the  bromides  and  iodides.    (See  Toltjbnb,  v.  852.) 

Those  derivatives  in  which  the  substitution  of  the  chlorine,  &c.,  takes  place  in  the 
lateral  chains  are  altogether  more  active  compounds  tiian  those  in  which  it  takes 
place  in  the  principal  chain.  It  fact,  the  chlorine  in  such  a  compound  as  benzyl 
chloride,  CH^.CH*C1,  occupies  a  position  similar  to  that  which  it  takes  up  in  the 
chlorinated  compounds  of  the  fatty  series,  so  that  the  compound  in  question  is  an 
alcoholic  chloride,  capable  of  readily  exchanging  its  chlorine  for  other  radicles  by 
double  decomposition,  and  being  thereby  converted  into  the  corresponding  alcohol, 
amine,  ethers,  &c.  On  the  other  hand,  the  chlorine  or  other  haloid  element  which 
takes  the  place  of  hydrogen  in  the  principal  chain,  as  in  chlozotoluene,  C*H*C1.CH*, 
dichlorotoiuene,  CH'Cl'.CH',  &c.,  is  more  surrounded  by  carbon-atoms,  like  the 
chlorine-atoms  in  the  corresponding  derivatives  of  benzene  itself ;  and  under  these 
circumstances  the  compound  is  found  to  be  more  stable,  the  chlorine,  bromine,  &c., 
showing  but  little  tendency  to  separate  from  it  by  double  decomposition ;  in  other 
words,  the  compounds  in  question  do  not  exhibit  the  characters  of  alcoholic 
chlorides. 

In  like  manner,  toluene  yields  two  derivatives  by  substitution  of  one  atom  of 
hfdroxtfl  for  hydrogen,  viz., 

C«H».CH«OH        C»H*(OH).CH» 
fi«4yl  aloohoL  Gresol. 

The  fizst  of  these  compounds,  and  its  homologues,  xylvl  alcohol,  C'H'.CH-OH,  dec, 
are  true  alcohols,  resembling  the  primary  alcohols  of  the  fatty  series  in  having  two 
atoms  of  hydrogen  in  immediate  connection  with  the  group  OH,  and  being  conse- 
quently capable  of  yielding  by  oxidation  the  corresponding  aldehydes  and  acids.  But 
cresol  and  its  homologues,  in  which  the  hydroxyl  enters  into  the  principal  chain,  are 
not  true  alcohols,  but  phenols,  homologous  with  the  typical  6-carbon  phenol, 
OII*(0H),  and,  like  that  compound,  not  convertible  by  oxidation  into  aldehydes  and 
acids  of  analogous  constitution. 

The  phenols  further  differ  from  the  true  alcohols  in  the  following  rcspectn :  1.  They 
are  not  converted  into  ethers  by  the  action  of  acids.  The  6-carbon  phenol,  for 
example,  does  not  yield  phenyl  chloride  or  monochlorobenzene,  CH'Cl,  by  distillation 
with  strong  hydrochloric  acid,  but  only  when  sul^ected  to  the  action  of  phosphorus 
pentachloride :  in  like  manner,  to  obtain  phenyl  benzoate,  C*H^C^H*0*,  phenol  must 
be  distilled,  not  with  benzoic  acid,  but  with  benzoic  chloride  (iv.  390). — 2.  The  true 
alcohols  when  treated  with  nitrie  acid  are  either  oxidised  to  aldehydes  and  adds,  or 
converted  into  nitric  ethers,  which  are  neutral,  and  may  be  saponified  by  alkalis  like 
other  compound  ethers,  reproducing  the  acid  and  the  alcohol.  But  the  phenols,  under 
the  infiuence  of  nitric  acid,  yield  products  in  which  not  merely  one,  but  two  or  three 
atoms  of  hydrogen  may  be  replaced  by  nitryl,  NO*,  the  products  possessing  decided 
acid  properties,  and  not  being  saponifiable,  like  compound  ethers. — 3.  The  phenols 
treated  with  chlorine  yield  Babstitution'>product8  in  which  1,  2,  or  3  atoms  of  hydrogen 
are  replaced  by  chlorine. — 4.  The  phenols  have  a  much  more  decidedly  acid  character 
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than  the  tme  aloohols,  forming  salts  with  alkaline  hydrates  hy  double  decomposition, 
a  reaction  exhibited  only  exceptionally  by  true  alcohols. — 5.  The  phenates  of  alcohol- 
radicles,  sach  as  methyl  phenate  or  anisol,  C*H*(CH')0',  differ  from  mixed  ethers 
(like  methyl  ethylate,  0*H*(CH*)0)  in  this  respect,  that  under  the  influence  of 
powerful  reagents,  such  as  nitric  acid,  they  yield  a  single  product — anisol  for  instance, 
when  treated  with  nitric  acid  yielding  nitranisol,  dinitranisol,  or  trinitranisol— whereas 
the  mixed  ethers  split  up  under  similar  circumstances,  yielding  compounds  corre- 
sponding to  each  of  the  alcohol-radicles  which  they  contain. 

The  following  table  exhibits  the  formuls  of  the  known  monatomic  hydroxyl  deriva- 
tiyes  of  the  aromatic  series,  together  with  the  hydrocarbons  from  which  they  are 
derired : 

Hydrocarhon»,  Alcohols,  Phenols, 

Benzene. 


Methrl-benzene 
or  Tolorae. 

C«H*.CH«CH» 

Bthyl-benzene. 

C-H*.(CH«)» 

Dimeth^l-beniene 

or  l^lene. 

C«H*.CH».C«H'  ? 
Oymene. 

Dleihyl-beniene. 
^cooerene. 


C^».CH«(OH) 
Bensyl  alcohol. 


C«H*.CH».CH«(OH) 

Xylyl  alcohol. 

C«H*.C«H'.CH«OH 

Cymyl  alcohol. 


C^*(OH).CH» 
GreioL 

C«H«(OH).CH«CH* 
Bthyl-phenol 
orPhloroL 

C«H»(OH).(CH«)« 
DimeChyl-plienoL 


C*H»(OH).(C«H»)« 
ThymoL 


C"H«»(OH) 
^yooonyl  alcohoL 


The  replacement  of  two  hydrogen-atoms  in  toluene  by  hydroxyl  may  gire  rise  to 
three  isomeric  diatomic  alcohols  : 

C«H».CH(OH)« ;  C«H«(OH).CH«(OH) ;  C«H»(OH)«.CH«. 

The  first  of  these,  which  has  not  yet  been  obtained,  has  the  constitution  of  a  glycol : 
the  second,  which  is  saligenin  (y.  172),  possesses  an  alcoholic  and  a  phenolic 
hydroxyl,  and  may  accordingly  be  called  a  glycophenol:  it  is  intermediate  in  its 
properties  between  the  alcohols  and  the  phenols,  being  converted,  on  the  one  hand, 
into  the  ooiresponding  aldehyde,  viz.  salicylol,  C'H'O',  by  the  action  of  chromic  acid 
and  other  oxiaising  agents,  and  on  the  other,  into  bensoyl-salicin,  C^'(C'HH))0', 
by  the  action  of  benzoyl  chloride  (v.  178).  The  third  of  the  above  formulae, 
C'H*(OH*).CH',  is  that  of  a  diatomic  phenol,  and  probably  represents  the  constitution 
of  orcin. 

The  following  table  exhibits  the  composition  of  the  diatomic  hydroxyl  derivaUres 
of  benzene  at  present  known  : 

HydiY>quinone  (1:2) 

Oxyphenol  or  Fyrocatechin  ( 1 :  3)  !>  G*H*0* 

Resorein  (1:4) 

Saligenin 

Orcin    . 


Guaiacol  (in  part) 

Creosol 

Veratrol 


i;=3)} 


C*HK)« 
CH'O* 


\ 


C»H»»0« 


C^*(OH)« 

C*H«(OH).CHXOH) 
C^«(OH)«.CH« 

Cra«(OH)« 


The  three  modifications  of  the  6-carbon  diatomic  phenol  are  produced,  as  above 
mentioned  (p.  198),  by  the  action  of  fusing  caustic  potash  on  the  tbree  corresponding 
modifications  of  iodophenol : 

C«H*I(OH)  +  KOH  «  KI  +  C«H*(OH)«. 

Pyrocatechin  is  also  formed  by  heating  oxysalicylic  acid,  CH'0^  just  as  phenol  is 
produced  fron  salicylic  acid,  C'H'O*.  In  like  manner  orcin  is  produced  from  orsel- 
linic  acid,  C"H»0*,  and  veratrol  from  veratric  acid,  C»H»«0«.  Saligenin  is  formed  from 
its  aldehyde,  salicylol,  CHK)*,  by  the  action  of  nascent  hydrogen,  also  by  the  action 
of  acids  or  of  emulsin  on  salicin.  Guaiacol  and  creosol  are  obtained  from  guaiacum  ; 
the  Utter  also  from  beech-tar  creosote. 

are  the  qui  nones,  which  are 
substitution  of  O'forH*,  the  two 


Intimately  connected  with  the  diatomic  phenols  are 
compounds  derived  from  the  aromatic  hydrocarbons  by  sub 
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fttoms  of  azygen  tlras  introduced  being  linked  togeUier  by  one  of  their  affinitaes  00  aa 
to  form  a  bi^Ient  group  or  radicle :  thus, 

C«H«  C»H*<^  I      or     C«H*(0»)*. 

Dwiienei  Qninoiie. 

(>H«.CH»  C«H»(0«r.CH« 

Tolaene.  Tcdnqpimaiie. 

Qninone,  CHK)*,  is  formed  by  oxidation  of  hydroquinone,  G'HXOH)',  tbe  two 
bjdragen-atoma  of  tJie  hydrozyl  being  removed  and  the  two  oxygen-atoms  then  uniting 
together;  thns : 

H  H 


HC  ^C OH  HC 


II  III 


HC^  ^C OH  HC 


H  H 

Hydroqutnoiie.  Qnlnone. 

^rroeateehin  and  resorcin  are  not  converted  b;^  oxidation  into  qninone ;  this  diiTer- 
enee  aftbrda  a  confirmation  of  the  view  that  in  hydroqninone  the  two  hydroxyl 
groopB  are  contiguous,  whereas  in  pyrocatechin  and  resorcin  they  are  separated  and 
oecnpy  the  relative  positions  1,  8  ana  1,  4. 

Of  triatomie  phenols,  three  bodies  are  known,  having  the  composition  C*H*0' 
s  (yR^OHy,  Yiz.fn/ro^aUol  or  wrogallic  acid,  jphloroglucin  and/ranffulin,  (See  the 
wreral  artieles  in  the  Dictionary.) 

The  ami  dated  derivatives  of  toluene,  via., 

C^».CH»(NH»)  C^*(NH«).CH« 

BensyUunLoe  Iblnldiae, 

eihibit  differences  of  character  similar  to  those  of  the  hydroxyl  derivatives  above 
considered,  according  to  the  position  occupied  by  the  amidogen.  Bensylamine  is  a 
moeh  stronger  base  than  toluidine ;  resembles  the  bases  of  the  fatty  series  in  its 
naetrons ;  and,  like  those  bases,  may  be  produced,  together  with  di-  and  tri-benzyhimine, 
by  heating  benzyl  chloride  with  ammonia ;  whereas  toluidine  is  not  producible  by  any 
iocfa  reaction,  but  only  by  the  action  of  inducing  agents  on  nitrotoluene,  in  the  same 
nanner  as  aniline,  of  which  it  is  the  true  homologue,  is  formed  from  nitrobenzene. 
(For  detuls  respecting  these  compounds,  see  vol.  v.  p.  865-868 ;  also  the  articles 
BoBTLAMDn  and  Toz.un>im  in  this  volnme.) 

Tokudine  admita  of  three  modifications  according  to  the  relative  positions  of  the 
pom  NH*  and  CH',  and  two  of  these  (ortho  and  para)  one  crystalline,  the  other 
liquid,  are  actually  known,  being  obtained  by  reduction  of  the  corresponding 
aitntoluenes. 

Xyiidine,  C>H*(NHn,  eimidine,  C»H"(NH*),  and  cymidine,  0*B}*(SW),  are  of 
eoerse  susceptible  of  a  larger  number  of  modifications.  Two  modifications  of  xylidine 
hsTe  been  obtained,  but  the  higher  bases  are  known  only  in  one  form. 

The  aromatic  acids  also  exhibit  metameric  modifications  accordingly  as  the 
ladide  COOH  replaces  a  hydrogen-atom  in  the  principal  or  in  the  lateral  diains. 
This  kind  of  isomerism  is  exhibited  in  the  first  instance  by  toluic  acid,  C*H"0* 
(benzoic  acid,  CTHH)^  »  CH\CO*H,  does  not  admit  of  isomeric  modifications),  which 
may  be  derived  from  the  hydrocarbon  C*H**  by  substitution  of  0(0H)  for  H*.  Now, 
the  bydrocarbon  itself  exists  in  the  two  modifications,  dimethyl-benzene  or  xylene, 
C^*.{CKY,  and  ethyl-benzene,  C^*.CH'CH*.  Making  the  substitution  just 
mentioned  in  these  two  formulae,  we  obtain  the  two  acids : 

^^ioOOH  C«H».CH«COOH 

Toluic  add.  a-tolnlo  add. 

The  eonstitution  of  these  two  acids  is  shown  by  their  synthetical  formation,  the  first 
being  produced  (aa  a  sodium-salt)  by  the  action  of  sodiimi  and  carbon  dioxide  on 
broBotolnene  (Kekuli,  Btdl.  80c,  Chim,  1866,  ii.  47): 

C«H*Br.CH»  +  Na«  +  C0«  -  NaBr  +  C«H«|^q/jj^. 


204  AROMATIC   SERIES. 

the  second  by  the  hydration  of  benzyl  cyanide  (Cannioaro,  Ann,  Ck,  Pharm, 
xcvi.  216) : 

e^».CH*CN  +  2H«0  =  NH«  +  C«H».CH«CO«H. 

The  diatomic  and  monobasic  acids  of  the  series  exhibit  the  same  cases  of  isomerism 
as  the  monatomic  acids.  Thus  to  the  two  toluic  acids  aboTO  mentioned  there  should 
correspond  the  two  diatomic  acids : 

C«H»0H|^q2  ^^  C^*OH.CH«COOH. 

But  further  cases  of  isomerism  arise  from  the  circumstance  that  the  non-acid 
hydroxyl  in  each  of  these  acids  may  be  either  alcoholic  or  phenic  Hence  each  of 
the  ozytoluic  acids  just  formulated  may  haye  two  isomeric  forms,  viz., 

.    C«H^OH.CH«COOH  and  C^».CHOH.COOH. 
Two  of  these  four  possible  isomers  are  actually  known,  vis., 

Cresotic  acid .        .        .        .        C«H»0h|^qq2 
Formobenzoic  acid  .        .        C«H*.CHOH.COOH. 

Salicylic  acid,  C^*OH.CO«H,  phloretic  acid,  C«H»OH.CO«H,  and  thymotic  acid, 
C**H'*OH.CO'H,  resemble  cresotic  acid  in  containing  a  phenic  hydbroxyl.  Formobenzoic 
acid  has  at  present  no  known  homologues. 

FomuUum  of  Aromatie  Compounds, 

I.  Of  Hydrocarbons. — ^Benzene  is  produced  by  the  union  of  three  molecules  of 
acetylene,  C'H*,  into  one  (p.  32),  and  may  therefore  be  regarded  as  ultimately  formed 
by  the  direct  union  of  carbon  and  hydrogen.  The  other  aromatic  hydrocarbons  are 
produced  synthetically,  as  already  observed,  by  the  action  of  sodium  on  mixtures  of 
their  brominated  derivatiyes  with  alcoholic  iodides  or  bromides  (p.  199).  Each 
hydrocarbon  of  the  series  is  also  formed  on  distilling  the  aromatic  acid  containing 
one  more  atom  of  carbon  than  itself  with  lime,  which  abstracts  carbon  dioxide : 

O  >H*»-H)»  «  CO*  +  OH«—« 
A.cld.  Hydrocarboiu 

Benzene  and  its  methylated  deriyatiyes  are  also  produced  in  the  destmctiye  distillation 
of  organic  bodies,  and  are  found  especially  in  coal-tar,  but  the  manner  in  which  they 
are  formed  in  these  processes  is  not  completely  understood.    (See  Htdbocabbons.) 

II.  Of  Aromatic  Alcohols  and  Phenols. — Benzyl  alcohol  and  its  homologues 
may  be  obtained  from  the  corresponding  hydrocarbons  by  replacing  1  at  hydrogen  in 
these  latter  by  chlorine,  treating  the  chlorinate  product  with  siWer  acetate,  and 
saponifying  the  acetic  ether  with  potash  (Cannizzaro,  Ann,  Ch.  Pkys.  [31  xly.  468). 
This  method  is  identical  with  that  by  which  the  fatty  alcohols  are  obtained  from  the 
paraffins ;  but  in  the  case  of  the  aromatic  bodies  it  is  important  to  observe  that  the 
action  of  the  silver  acetate  on  the  chlorinated  compound  takes  place  only  when  the 
chlorine  is  situated  in  one  of  the  Uitaral  chains  (p.  199). 

The  aromatic  alcohols  are  likewise  produced  1^  fixation  of  hydrogen  upon  the 
corremnding  aldehydes,  e.g.  benzyl  alcohol,  C^H"0,  from  benzoic  aldehyde,  C'H*0. 
This  fixation  of  hydrogen  may  be  effected,  as  in  the  fatty  series,  by  means  of  sodium 
amalgam ;  but  it  ma^  also  be  efibcted  by  another  process,  peculiar  to  the  aromatie 
series,  viz.  by  the  action  of  alcoholic  potash  on  the  aldehydes  (Cannizzaro,  Ann,  Ck. 
Phys.  [3]  xl :  234) :  e.g.. 


2C'H«0     +     KOH     - 

C»H»KO« 

+ 

C'H»0 

Benioio             Fotastu 

PotaMiam 

Bcniyl 

aldehyde. 

bniKMite. 

aloohoL 

The  phenols  are  produced  synthetically:  a.  By  converting  the  hydrocarbons 
into  the  corresponding  amines  by  Zinin's  process ;  subjecting  the  nitrates  of  these 
bases  in  aqueous  solution  to  the  action  of  nitrous  acid ;  and  boiling  the  resulting 
diazo-compounds  with  water,  whereby  nitrogen  is  evolved,  and  a  phenol  is  pro- 
duced: e.g., 

C«H*N«     +  H«0  «  C«HH)  +  N«. 
DtMotenene.  PhenoU 
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This  method  snoceedB  not  only  in  the  aromatic  series  strictly  so  called,  but  also  in 
the  neighbouring  series,  as  those  of  diphenyl  and  of  naphthalene:  thns  diamido- 
diphenyl  or  beiuidine  (iv.  411),  treated  with  nitrons  acid,  yields  diaiobensidine  or 
tetraio^phenyl : 

C>«IP«N«  +  2N0«H  -  C'«H«N«  +  4H«0; 

Bmridlne  DIiko- 

and  diasobenzadine  boiled  with  water  is  eonverted  into  a  diatomic  phenol,  CH**0\ 
with  erolntios  of  nitrogen : 

C»»H«N«  +  2H«0  =  C»«H»«0«  +  2N» 

(GriesB,  Jna.  TVoJM.  1864,  pt  iii.  p.  740). 

^  By  treating  an  aromatic  hydrocarbon  with  sol^hnric  acid,  whereby  a  snlpho-acid 
is  prodneed,  which  when  fused  with  potash  yields  the  potassinm-salt  of  the 
eoiresponding  phenol;  and  by  dissolving  the  salt  in  water  and  precipitating  with 
an  add,  the  phenol  is  obtained  in  the  firee  state :  thns 

C«H«  +  H»SO*   -  HK)      -I-     C^«SO» 


SnlpbofaenaoUa 
add. 

(>HK)K 


SolphobenaoUo 

3K0H  - 

.  K«SO«  + 

2H«0   +   C«H*OK 

PotMBlam 

Potanlam 

pbeoato* 

+ 

Ha 

-  Ea 

+    OH»0H 
FhenoL 

(Wuti,  BuU.  8oe.  Ckim.  [2]  viii.  197 ;  Keknli,  ibid,  p.  198  ;  Dnaart,  ibid.  p.  200). 

The  phenols  are  also  formed  by  the  destmctiTe  distillation  of  oiganic  bodies, 
as  phenol,  C*H*0,  from  salicylic  acid,  C^'O*.  Some  of  them  eziat  ready-formed 
in  plants,  as  thymol  in  oil  of  thyme,  or  are  produced  by  the  decomposition  of 
certain  proximate  principles  of  plants,  as  pyrogallol  from  gallic  acid  and  orcin 
from  eiTthnn: 

C*H«0»     «     C0«     +     C^*0« 
Oallicadd.  Pyrogallol. 

C»H«0"  +  2H«0  «  C*H"0*  +  2C0»  +   2(PH«0« 
ExTthzin.  ExTthrite.  Ordn. 

(See  also  p.  202.)    Ordinary  phenol  has  been  found  bv  Berthelot  among  the  products 
formed  by  passing  the  vapour  of  alcohol  through  a  red-hot  tube. 

m.  The  modes  of  formation  of  the  aromatic  bases  have  been  already 
mentioned  (p.  203). 

IV.  Of  Aromatic  Acids:  1.  Afonaiomie. — These  acids  are  obtained  by  sereral 
processes  similar  to  those  which  yield  the  fatty  adds,  viz. :  a.  By  oxidation  of  the 
eonesponding  alcohols  or  aldehydes. — b.  By  treating  an  aromatic  hydrocarbon 
with  earbonyl  chloride,  and  decomposing  the  resulting  acid  chloride  with  water 
(Harmts-Harnitdcy ;  see  p.  89). — e.  By  the  action  of  nascent  hydrogen  on  less 
hydngenated  adds,  as  when  cinnamic  acid,  CH*0*,  is  conrerted  into  alphaxylic  add, 
CH^O*  (Erlenmeyer's  homotoluic  add,  Jahresb,  1862,  p.  866 ;  1863,  p.  352 ;  Schmitt's 
cmnoytic  add,  ibid. ;  Swart's  hydrodnnamic  acid,  Ann.  Ch.  Pkarm.  cxxxvii.  229),  by 
the  actidi  of  sodium  amalgam  (Erlenmeyer ;  Schmitt),  or  of  hydriodie  add  (Popoff, 
BM.  Soe.  Ckim.  [2]  ir.  876). — d.  By  heating  the  hydrocyanic  ethers  of  the  aromatic 
alcohols  with  alcoholic  potash,  whereby  ammonia  is  eyolved  and  the  potasdum  salt 
of  an  aromatic  acid  is  produced,  containing  one  atom  of  carbon  more  than  the 
aloohol-radide  of  the  cyanide;  the  adds  thus  produced  are  a-toluic  acid  and  ita 
bomolognes:  e.g., 

C^».CH«N  +  HKO  +  H«0  =  NH'  +   C«H\CH»CO«K 
Bensyl  cyanide.  Fotaadam 

a-tolnate. 

The  following  methods  of  formation  are  peculiar  to  the  aromatic  series : 
e.  Several  adds  of  this  series  are  obtained  by  oxidation  of  the  hydrocarbons.  In 
this  manner  toluic  add  is  produced  from  cymene,  C^*H*^,  benzoic  acid  from  cumene, 
C*H^,  &C.'—'/.  By  passing  a  current  of  carbon  dioxide  into  a  brominated  aromatic 
hydrocarbon  in  which  sodium  is  dissolved.  This  process  yields  isomeric  products 
acooiUingly  as  the  bromine  has  taken  the  place  of  hydrogen  in  the  principal  or  in 
one  of  the  lateral  chains  (Keknli) :  thus,  for  example, 

O^^r.CH"  +  Na«  +  C0«  «  NaBr  +   C«H«|^^*j^^ 
BramoColaflne.  Tolaate. 
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C^».CH«Br  +  Na«  +   C0«  -  NaBr  +   OH».CH»C0«Na 

Benqrl  bromide.  a^olnate. 

g.  As  ethen,  by  treating  the  monobrominated  derivatiTea  of  the  aromatic 
hydrocarbons  with  a  chlorocarbonic  eUier  and  sodium-amalgam :  e.g., 

C«H»Br   +  COJ^p"^*  +  Na»  =  NaQ  +  NaBr  +  C«H».CO«(C«H*) 

Bromo-  Ethyl  chloro-  Ethyl  benaoate. 

benzene.  carbonate. 

Bromotolnene  treated  in  like  manner  yields  ethyl  toluate  (Wnrtz,  Compt.  rend,  Ixviii. 
1298). 

h.  Hofmann  {Proc.  Boy,  8oe,  zvi.  484)  describes  a  method  of  obtaining  the 
monatomic  aromatic  acids  from  the  monamines  containing  one  atom  of  carbon  lees. 
Aniline  distilled  with  one  molecule  of  oxalic  acid  yields  phenyl-formamide : 

C«H».H«.N  +   C*0«.HK)«  -  CHO.C^».H.N  +  H«0  +  C0«, 
Aniline.  Oxalic  acid.  Phenyl-fonn* 

amide. 

together  with  a  number  of  secondaiy  products  resulting  from  the  decomposition  of 
the  formamide,  and  among  them  benzonitrile  or  phenyl  cyanide : 

CHO.C*H».H.N  =  CrH»N  +  HK), 

the  quantity  of  which  may  be  increased  by  distilling  the  product  with  hydrochloric 
acid.  The  benzonitrile,  distilled  with  potash,  easily  yields  benzoic  acid.  In  like 
manner,  toluidine  distilled  with  oxalic  acid  yieldJs  tolyl-formamide,  the  decom- 
position of  which  furnishes  toluonitrile,  CH^,  and  this  by  distillation  with  potash 
yields  toluic  acid,  C*H"0». 

t.  These  acids  may  also  be  obtained  fh>m  the  phenols.  Potassium  phenylsulphato 
treated  with  potassium  cyanide  yields  phenyl  cyanide  or  benzonitrile,  from  which 
benzoic  acid  is  produced  in  the  manner  just  mentioned.  Similarly  toluic  acid  may  bo 
formed  from  cresyl-sulphuric  add. 

k.  Several  monatomic  aromatic  acids  exist  as  natural  products,  or  are  formed  by 
oxidation  of  natural  aldehydes ;  thus  benzoic  acid  exists  ready  formed  in  gum 
benzoin,  and  is  produced  by  oxidation  of  bitter  almond  oil. 

2.  Diatomic  and  Monobasic. — a.  All  the  known  acids  of  this  group  which  contain 
a  phenic  hydroxyl  (except  phloretic  add,  for  which  the  method  has  not  been  tried) 
are  produced  by  the  simultaneous  action  of  sodium  and  carbon  dioxide  on  the  phenols 
(Kolbe  a.  Lautemann,  Ann,  Ch,  Pkarm,  cxt.  205) :  e.g., 

2C'«H»H)  +  Na«  +  2C0*  -  2C"H>»NaO»  +  H«. 
Thymol.  fiodlum 

thymotate. 

Phloretic  add  \&  produced  by  decomposition  of  phloretin,  which  is  itself  a  product  of 
the  deoomposition  of  phlorizin. 

/3.  These  acids  are  also  produced  by  the  action  of  nitrous  add  on  solutions  of  the 
mono-amidated  adds  of  the  same  series  in  boiling  nitric  add : 

C'H*(NH«)0«  +  NHO»  «  H«0  +  N«  +  C»H»(OH)0« 
Amidobenaolc  Ozybenaolo 

acid.  add. 

It  is  better,  howerer,  to  direct  the  nitrous  acid  rapour  into  a  cooled  solution  of  the 
amidated  acid  in  nitric  add.  A  diazo-add  is  then  formed,  and  this,  when  boiled 
with  water,  gives  off  nitrogen,  and  yields  the  diatomic  acid  sought: 

C'H»(NH«)0«  +  NHO«  =  2HK)  +     (7H«N«0« 
Amldobemoic  I>iai6beniolo. 

C*H«N«0*  +  H*0      «  N»      +     CTH'O' 
Diaiobeoaoia  Ozybenaoic 

y.  An  add  isomeric  with  oxybenzoic  add,  viz.  salicylic  acid,  is  produced  by 
oxidation  of  saligenin,  which  is  a  glycophenol  (p.  202).  The  homologues  of  salicylic 
acid  have  not  been  obtained,  because  we  are  as  yet  unacquainted  with  any  homologue 
of  saligenin,  unless  it  be  arbutin  (p.  191). 

c.  The  acids  of  this  group  may  be  formed  by  tJie  oxidation  of  certain  hydrocarbons, 
as  paraoxybenzoic  add  from  toluene,  or  by  further  oxidation  of  certain  oxygenated 
products,  as  anisic  (methyl-paraoinrbenzoic)  add  by  oxidation  of  anise  oil  (Saytceif, 
Ann,  Ch.  Pharm.  cxxxvii.  129 ;  Ladenbu^,  Bull,  8oo,  Chim,  [2]  v.  267). 

Only  one  diatomic  and  monabasic  acid  is  known  containing  an  alcoholic  and  an  acid 
hydroxyl,  viz.  formobenzoic  or  mandelic  acid,  C«H«0»  «  C»H».CHOH.COOH, 
which  is  produced  by  the  simultaneous  action  of  hydrochloric  and  hydrocyanic  adds 
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«n  oil  of  Uttor  almoodfl  diBsolyed  in  water.  TIub  reaction,  howerer,  aoooiding  to 
Loagoinine  and  Kaqnet,  does  not  take  place  with  eominie  aldehyde,  on  aooonnt  of  its 
slmost  total  insolubility  in  water ;  it  is  moreoyer  the  same  as  that  by  which  acetic 
aldehyde  in  the  fatty  series  is  oonTerted  into  lactic  add. 

8.  Of  Mfmehanc  acids  whote  atomicity  is  greater  than  three. — Oxysalicylic  and 
gallic  adds  have  been  obtained  by  processes  similar  to  those  employed  in  the  fatty 
aeries,  lis.  by  treating  monobromo-  and  dibromo-salicylic  acids  with  silver  oxide  and 
water  (lAntemann,  Jnn.  Ck.  Phorm,  exx.  300). 

4.  Foi^Huic, — ^There  is  a  series  of  polybasic  aromatic  adds  intermediate  in  oom- 
pontion  luid'basidtj  between  benzoic  add  (monobasic^  and  mellitic  acid  (sexbasic). 
The  pentabasic  add  has  not  yet  been  obtained ;  of  the  bi-,  tri-,  and  qnadribasic  adds 
each  admits  of  three  modifications,  d^wnding  upon  the  relatiye  positions  of  the 
gnaps  CO*H : 


Ortho.  ICeta. 

C^iGOmy  MelUtic 

C»H(C0*5)»  Unknown 

(y^Ci(my  Isopyzomellitie       Unknown  Pyzomellitic  add 

C"H«(00«H)*  Hemimellitic  Trimellitie         Trimesie 

C>HXGO*H)'  PhthaUc  Isophthalie        Tenphthalic 

C^»(00«H)  Bensoic 

The  Msbasic  add,  mellitic  acid,  has  not  been  formed  83mtheUcally,  and  is  known 
only  as  a  oatnzal  product  obtained  from  honeystone ;  the  bi-,  tri-,  and  qnadribasic 
adds  are  formed  from  it  by  a  regular  series  of  transformations.  Thus  mellitic  add 
tnated  with  aodium-amalgam  ti&es  up  6  at.  hydrogen,  yielding  hydromellitic  add, 
OH'(C0'H)',  which  when  heated  with  strong  sulphuric  acid  gives  up  the  6  atb  H  and 
2  mols.  CO*,  and  is  converted  into  isopyromellitic  acid.  This  add  treated  with 
■odium-amalgam  yields  hydro-isopyromellitic  acid,  CH*(CO'H)*,  whidi  when  treated 
wiih  sulphnric  add  is  converted  by  loss  of  H^and  CO*  into  hemimellitic  acid, 
Oll"(C0*H)*  ;  and  this  latter  might  by  a  repetition  of  these  operations  be  converted 
iDto  bibasic  phthalic  acid.  For  further  details,  see  Mblutic  Acid.  The  bibasic 
adds,  isophthalie  and  terephthalic,  are  produced  by  oxidation  of  aromatic  hydro- 
caibons  containing  two  lateral  chains — ^isophthalie  add  from  isoxylene,  C*H^(CH')' ; 
and  terephthalic  acid  from  methyl-toluene,  amyl-toluene,  and  diethyl-benzene.  Phthalic 
toA  is  produced  in  like  manner  by  oxidation  of  naphthalene  (p.  212). 

AzO'  and  IHazo<ompounde  cf  the  Aromatic  Seriee, 

1.  Diazo-compottnde, — ^The  amidated  acids  and  bases  of  tha  aromatic  series,  though 
limilar  in  composition  to  those  of  the  fatty  series,  differ  remarkably  from  them  in 
maoy  of  their  properties,  and  especially  in  their  behaviour  with  nitrous  acid.  The 
amidated  adds  and  bases  of  the  fatty  series,  when  treated  with  nitrous  add,  give  off 
water  and  nitrogen,  aid  reproduce  the  add  or  alcohol  whose  radicle  they  contain ; 
thus  * 

C«H»(H«N)  +  NO«H  =  C«H»(OH)  +  HH)  +  N«. 
Bfchjlsmine*  Bthyl  alcohol. 

Now  the  amidated  bases  of  the  aromatic  series  are  sometimes  decomposed  by 
nitrons  acid  in  the  same  way,  aniline  for  example  being  converted  into  phenol,  with 
elimination  of  nitrogen  (iv.  428),  but  more  frequently  intermediate  products  are 
fomed,  eontaining  not  only  the  nitro|;en  of  the  aromatic  base  or  add,  but  also  that 
of  the  uititNiB  add,  so  that  no  evolution  of  nitrogen  takes  place.  The  final  result  is 
the  Bobstitotion  of  K  for  H'  in  one  or  in  two  molecules  of  the  amidated  base. 
Tins  aniline  or  amidobenzene,  CH^N,  yields  by  the  first  of  these  modes  of  trans- 
fonnation,  diasobenzene  or  azophenylamine,  CH^N*  or  C*(H^N'*')N,  and  by 
the  second,  diazo-amidobenzene  or  azodiphenyldiamine,  C'*H"N'  or 
C»^H"ir)N. 

The  ooBtpGWids  of  diazobenzene  treated  with  various  reagents  give  rise  to  a 
mmber  of  x«narkable  producta  discovered  by  Griess,  and  described  in  vol.  iv.  pp. 
4S0-434. 

The  bases  derived  from,  the  nitroderivativee  of  the  higher  hydrocarbons  of  the 
aionatic  series  give  rise  to  similar  but  less  known  products  when  treated  with  nitrous 
acid ;  bat  no  bvuSi  products  are  formed  from  the  amines  of  the  fetty  series  or  from 
benzylainine,  which,  as  already  observed,  is  analogous  in  constitution  to  the  latter. 

The  Mm<i«tA<i  acids  of  the  aromatic  series  react  with  nitrous  acid  in  the  same 
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manner  as  the  bases,  exchanging  N  for  H'  in  two  molecules  or  in  a  single  molecule, 
and  giring  rise  to  unstable  compounds,  capable,  under  the  influence  of  Tanous 
reagents,  of  forming  chlorinated,  brominatod,  or  iodated  deriTatives  of  the  primitive 
acid,  or  an  acid  more  highly  oxygenated  than  that  primitiye  acid.  Thus,  amido- 
benzoic   or   oxybenxamic  acid,   C'H*(NH')0*,    treated    with    nitrous  acid,    yields 

diazo-amidobenzoic  acid,  C»«H«»N»0«  -    jc'H'NO**-      ^^^    ^^'  tnaXed 

with  haloid  acids,  yields  a  hydrochloride,  hydrobromide,  or  hydriodide  of  amidobenxoic 
acid,  together  with  chloro-,  bromo-,  or  ioido-benzoic  acid.  Diazo-amidobenioic  acid 
treated  with  alkalis  fixes  an  alkaline  molecule,  gires  off  nitrogen  and  ammonia,  and 
produces  a  salt  of  oxybenzoic  acid : 

C"H"N»0«  +  2KH0  =  2C'H»K0»  +  N«  +  NH». 

Oxybenzoic  acid  is  also  produced,  though  in  smaller  quantity,  by  the  direct  action  of 
nitrous  acid  on  amidobenzoic  acid.  (See  Oxtbbmukic,  Oxtcumimaxic,  OxrroLVAiac 
Acids,  iv.  290,  297,  322.) 

When  these  amidatea  acids  are  treated  with  sodium-amalgam  and  water,  in  a 
cooled  vessel,  ammonia  is  given  off,  and  the  group  NH*  is  replaced  by  H.  In  this 
manner  bromamidobenzoic,  anthnnilie,  and  amidobenzoic  acids  have  been  conveitad 
into  benzoic  acid  (Hiibner  a.  Petermann,  Zeitiekr.f.  Chem,  [2]  iv.  548). 

2.  Monaco-  or  simply  Azo'compounds. — These  bodies  are  derired  from  the 
aromatic  hydrocarbons  by  substitution  of  N  for  H  in  one  molecule,  or  rather  of  K* 
for  H'  in  two  molecules  of  the  hydrocarbon. 

Mitscherlich  in  1834  obtained  azobenzene,  C«H»N  or  C"H»«N«  (i.  478),  by 
treating  nitrobenzene  with  alcoholic  potash  and  subjecting  the  product  to  distillation. 
Zinin  m  1845  showed  that  the  first  product  of  this  reaction  is  azoxybenzene, 
C"H"N*0,  which,  as  well  as  azobenzene,  is  converted  by  reduoing  agents  into  the 
basic  compound  benzidine,  C"H"N*.  Hofmann  in  1863  {lYoc.  Boy.  8oc.  zii. 
576)  showed,  however,  that  the  direct  product  of  this  reduction  is  not  benzidine,  but 
the  isomeric  compound  hydrazobenzene,  capable  of  passing  into  benzidine  by 
molecular  transformation. 

The  following  formuls  show  that  the  azo<derivatives  of  benzene  are  intermediate  in 
composition  between  nitrobenzene  and  aniline.  In  their  successive  formation,  oxygen 
is  first  removed,  and  then  hydrogen  is  added,  the  product  of  complete  reduction  being 

aniline : 

Binplrieal        Kolacular 
fonnnlie.  fonnnls. 

Nitrobenzene C«H*NO,  »  C^»NO» 

Azoxybenzene (>H*NOi  =  C'«H»»NH) 

Azobenzene C«H*N  -  C»«H"N* 

Hydrazobenzene  (and  Benzidine)     .        .    C«H«N  -  C'*H"N« 

Aniline C^H'N  -  C^H'N. 

The  same  bodies  can  also  be  produced,  as  Glaser  has  shown  {Ann,  Ch.  Pharm,  cxlii. 
364)  by  successive  oxidation,  starting  from  aniline.  * 

Azoxybenzene  treated  with  nitric  acid  yields  a  mononitro-derivative,  of  which  there 
are  isomeric  modifications  (i.  480);  with  a  mixture  of  strong  nitric  and  sulphuric 
acids,  it  yields  a  trinitrated  compound.  Azobenzene  yields  two  nitio-derivatives, 
C"H»(NO*)N»  and  C»»H«(NO«)«N«.  The  latter  treated  with  ammonium  sulphide  is 
reduced  to  diamido-azobenzene  or  diphenine,  C"H*(NH')'N'  (ii.  336).  The  former 
has  not  yet,  with  certainty,  been  reduced  to  amido-azobenzene,  C"H*(NH')N' ;  but 
this  compound  is  obtained,  together  with  amido-azoxybenzene,  C"H*(NH')NK),  by 
reduction  of  mononitro-azoxybenzone  (G.  A.  Schmidt) ;  also  by  the  action  of  various 
oxidising  agents  upon  aniline  (Martius  a.  Griess),  ana  by  the  action  of  aniline  and  its 
salts  on  diazo-amidobenzene  (Kekul6). 

Compounds  homologous  with  azobenzene  have  recently  been  obtained  from  nitro- 
tolucne,  nitroxylene,  and  even  from  nitrocumene  and  nitrocymene.  For  the  particular 
descriptions  of  these  compounds,  see  the  several  hydrocarbons. 

The  following  theory  of  the  constitution  of  the  aso-  and  diazo-oompounds  is  given 
by  Kekule  (lArbuchd.org.  Chemie,  ii.  689,  715,  741  ;  Zeitsekr.  /.  Chem.  1860,  pp. 
308,  689,  700). 

The  azo-compounds  contain  a  ^up  of  two  nitrogen-atoms  united  to  one  another  by 
a  part  of  their  combining  capacities,  and  therefore  capable  of  acting  only  with  the 
remainder.  In  the  azo-compounds  these  two  nitrogen-atoms  are  directly  combined 
with  the  carbon  of  a  benzene  residue ;  in  azobenzene  they  act  as  a  bivalent  group,  in 
azozyboDzcne  and  hydrazobenzene  as  a  quadrivalent  group ;  while  on  further  addition 
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of  hydro^o  all  the  oombining  units  of  the  nitrogen  become  actire,  and  the  molecnle 
splits  into  two  ;  thns : 

,3f— {C^»)        N— ((>H»)        HN— (C«H»)        H«N— (C^*) 


C«H» 


I 


I 


Aiobenaene.        Hydnso 


— (C*H») 
nsobenieiie. 


The  diajBO-oomponnds  likewise  contain  the  bivalent  group  (NN)",  but  only  one  of 
the  nitrogen-atoms  is  directly  combined  with  the  carbon  of  a  benzene  residue,  while 
the  free  affinity  of  the  other  is  satisfied,  either  by  haloids  or  by  acid  residues,  or 
amidogen,  or  generally  in  some  way  different  from  the  first.  From  the  chemical 
relations  of  the  diaxobenzene-oompounds  in  particular,  Kekul6  infers  that  diazo- 
benaene  in  tho  free  state  consists,  not  of  C*H^K',  as  supposed  by  Griess,  but  of  the 
hydrate  correBponding  to  the  potash  and  silver-oxide  compounds  of  diazobenzene 
(it.  434) ;  thus  : 

""     N— (C«H*) 

Diaxobensene 
nitrate. 


N— (C«H») 

N—Br 
Diaaobsnaene 
toomide. 


N-{C«H») 


N— (C^») 

N— OK 
Diaxobensena- 
potsSb. 


N— SO«H 
DlAsobenzene 
■olptaate. 

N— (C^») 


N— NH«(C«H») 
IHaiobeniene- 
amUloboaseiie. 


N— <OH») 

N— OH 
DiasobenieiM 

hydrate. 

According  to  this  view,  the  relation  of  the  azo-compounds  to  the  diazo-compounds 
is  similar  to  that  of  the  alcoholic  oxides,  or  simple  ethers,  to  the  halo'id  ethers  and 
oxacid  ethers :  e^.> 

(Cra*)— N=N— (C>H»)        (C^»)— N::^— N0» 
Asobeniene.  Diasobcioene  nitrate. 

(C»H»)— 6— (C«H»)        (C«H»)— 6— N0« 
Bthyl  oxide.  Ethyl  nitrate. 

The  relation  between  the  isomeric  compounds  amido-azobenzene  (amido-di phenyl!- 
mide)  and  diazo-amidobenzene  may  be  represented  by  the  following  formulae: 


O NH" 


H 

I 


c — ir=N N — c 


C B 


/— \  /— \ 

H  H  H  H 

Btaso-flmidobcniene. 

Both  these  bodies  contain  the  group  (CH^) — NrrN —  joined  to  a  residue  containing 
CH'N ;  bnt  in  amido-azobenzene  the  nitrogen  group  NN  is  joined  to  this  residue  by 
an  atom  of  carbon  ;  whereas  in  diazo-amidobenzene  the  connection  is  made  through 
the  medium  of  a  third  atom  of  nitrogen.  Diazo-amidobenzene  is  in  fact  oonrertod 
into  amido-azobenzene  by  the  action  of  an  aniline-salt,  the  aniline-residue  NE(C*H*) 
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It  is  easy  to  see  that  these  compounds  admit  of  numerous  isomeric  modifications 
according  to  the  relative  position  of  the  group  OH,  NH',  CO^,  &c,  in  one  or  both 
of  the  associated  benzene  residues. 

3.  VapbtlialeBe.  C^'H*. — This  hydrocarbon,  in  its  chemical  relationB,  exhibits 
a  very  close  analogy  to  benzene.  It  forms  numerous  bromo-,  chloro-,  and  nitio- 
derivatives ;  its  hydroxide,  naphthol,  C'"H'(OH),  is  a  true  phenol ;  its  mono-nitro- 
derivative  reduced  by  nascent  hydiogen  yields  a  base,  C**H'(NH'),  analogous  to 
aniline,  and  undergoing  transformations  similar  to  those  of  the  latter  under  the 
influence  of  nitrous  acid.  Moreover,  naphthylamine  distilled  with  oxalic  acid 
yields  naphthyl-formamide,  C'H'NO,  the  dehydration  of  which  gives  rise  to  the 
corresponaing  nitrile,  G"H'N;  and  by  distilling  this  compound  with  potash,  naphthoic 
acid,  C^H^O',  is  obtained,  which  is  related  to  naphthylamine  in  the  same  manner  as 
benzoic  acid  to  aniline. 

The  structure  of  the  naphthalene  molecule  is  deduced  by  Graebe  {Ann.  Ch,  Pharm. 
cxlix.  20)  from  the  following  considerations.  Naphthalene  is  converted  by  oxidation 
into  phthalic  or  benzene-dicarbonic  acid,  C*H\CO'H)*,  two  of  its  carbon-atoms  being 
removed  as  carbon  dioxide,  while  two  otJiers  remain  in  the  form  of  carboxyl : 

c»«H«  +  o»  =  CR^comy  +  2Co«  +  h*o. 

Hence  naphthalene  contains  a  benzene-residue,  G*H^,  and  may  be  represented  by  the 
formula  CH*(C^H*)".  But  phthalic  acid  is  likewise  produced  by  oxidation  of 
dichloronaphthoquinone,  C*'H*C1'(0*)'* ;  consequently,  this  compound  has  its  two 
chlorine-atoms  and  two  oxygen-atoms  associated  with  the  four  carbon-atoms  which 
undergo  oxidation,  and  may  be  represented  by  the  formula  C*H^[OC1*(0*)'']".  By 
the  action  of  phosphorus  pentachloride,  the  two  oxygen-atoms  are  replaced  by  two 
chlorine-atoms,  and  at  the  same  time  one  of  the  four  hydrogen-atoms  is  replaced  by 
chlorine,  the  result  being  pentachloronaphthalene,  C*H'C1(C*G1^).  If  now,  when  tliifl 
last  compound  is  oxidised,  the  same  four  carbon-atoms  were  attacked  as  in  the 
case  of  dichloronaphthoquinone,  the  result  would  be  monochlorophthalic  acid, 
C*H'C1(C0'H)' ;  but  Graebe  has  shown  that  the  actual  product  of  the  oxidation  of 
pentachloronaphthalene  is  tetrachlorophthalic  acid,  C*C1^(C0*H)*.  In  this  reaction, 
therefore,  two  of  the  carbon-atoms  belonging  to  the  left-hand  group  in  the  molecule 
C*H'C1(C^C1*)  are  removed  as  carbon  dioxide,  while  two  others  yield  the  two  groniNi 
CO'H,  and  the  remaining  two,  together  with  the  four  standing  on  the  right,  form  the 
benzene  nucleus  C*C1*  of  tetrachlorophthalic  acid. 

These  transformations  show  that  the  molecule  of  naphthalene  is  synundtrical,  and 
composed  of  two  benzene-nuclei  united  in  the  manner  represented  by  the  following 
figure: 

H  H 


HC^  ^C^  ^CH 

I 


H  H 


In  the  oxidation  of  this  molecule  to  phthalic  acid,  two  of  the  carbon-atoms  from  one 
benzene-nucleus  may  be  supposed  to  go  out  as  CO',  while  the  other  two,  which  are  in 
immediate  connection  with  the  second  benzene-nudeus,  yield  the  two  carboxyl- 
groups;  thus: 


C OOOH 


C—OOOH 


The  mode  of  this  transformation  shows  that  the  two  carbozyl-gronps  in  phtlialic 
acid  are  contiguous,  or  occupy  the  position  1,  2 ;  and  this,  combined  wita  otiier 
considerations,   leads,  as  already  explained  (p.  198),  to  a  determination  of   the 
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nUtiTe  positions  of  the  radicles  in  the  oitho-,  meta-,  and  para-compounds  of  the 
benzene  group. 

The  relations  between  naphthalene  and  its  abore-mentioned  derivatiyes  may  also 
be  represented  by  the  following  condensed  formulse : 

C«H«(C«)C*H* 
Napbtbelne. 

c«H«(c*)c«a«(o«)-  c*H«a(c^c*ci« 

DJoMoTOniqilithoqnliinnft.  Fcntftdhlonnu^ihtluUeiie. 

C<H«(C*XCO«H)*  c*a«(c*xco«H)* 

Fhthstio  Mid.  TetnoblorophtbaUc  add. 

The  stmctnial  formula  of  naphthalene  above  given  leads  to  the  inference  that 
there  must  be  two  series  of  isomeric  compounds  farmed  by  the  replacement  of  a 
single  atom  of  hydrogen  in  naphthalene  by  chlorine,  bromine,  hydzDxyl,  &&,  inasmuch 
as  the  hydrogen-atoms  adjacent  to  the  two  carbon-atoms  which  are  common  to  both 
the  bensene-noclei,  may  do  supposed  to  differ  in  their  fdnctions  from  the  other  four. 
In  this  manner  two  isomeric  compounds  may  be  formed ;  thus : 

H  H 


c 

H  H 

The  two  naphthalene  monosulpho-acids  disooyered  by  Faraday  (y.  561)  afford  an 
instance  of  tjiis  isomerism.    (See  Nafhthalenb-coxfounds.) 

More  eomplicated  cases  of  isomerism  arise  when  two  hydrogen-atoms  .belonging  to 
the  aame  or  to  different  bensene-residues  in  the  naphthalene  molecule  undergo 
TCpIaoement.  The  existence  of.  such  isomerides  may  in  general  be  detected  by 
Qoodising  them,  and  examining  the  phthalic  acid  thereby  produced.  There  will 
probably  be  four  cases  of  isomerism  in  which  both  the  replacing  radicles  enter  into 
the  same  benzene  nucleus,  and  eight  in  which  they  enter  bota  nuclei.  If  the  hydrogen* 
atoms  in  naphthalene  be  numbered  from  1  to  8,  Uius : 

8  1 

C 


fc^  ^c 


C  ^C2 

I 


•c  ^c. 


ft  4 

the  twelve  cases  of  isomerism  will  be  as  follows : 

1,2         1,8         1,4        2,3 

1,6         1,6        1,7         1,8        2,6        2,6        2.7        2,8. 


4.  ABttettOMM  andilH««Tln.  The  synthesis  of  anthracene,  C**H**,  from  benzyl- 
cbkaide,  C*H*.CH'C1  (p.  176),nught  lead  to  the  conclusion  that  it  is  made  up  of  two 
benaend-residnes,  C*H%  connected  by  two  atoms  of  carbon,  or,  in  other  words,  that  it 
is  a  phenylated-acetylene,  C*H*--C  =  G — C*H*;  but  the  formation  of  phthalic 
aeid,  C^\CO*Wf,  by  oxidation  of  a  derivative  of  anthracene,  viz.  alizarin, 
C*^H1(0H)'(0*)"',  is  not  compatible  with  this  formula.  Moreover,  as  benzene,  C*H*, 
naphthalene,  C'*H*,  and  anthracene,  C*^H'*,  form  a  series  whose  common  difference  . 
is  C^H',  and  as  naphthalene  is  made  up  of  two  benzene-rings,  it  is  very  probable 
that  anthracene  is  nuide  up  of  three  such  rings  united  together  thus : 
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He 


or,  in  more  oondenflod  form : 

CR* CH 

I  I  or  C"J 


OH* CH 


fB.* 


This  Btmctural  formula  affords  an  easy  explanation  of  the  production  of  anthraoene 

from  two  molecules  of  benzyl  chloride,   ]  c«HVHi    CHm  CIV    ^^"^  ^  ^^  ^^ 

benEene-residues,  C*H*,  loses  an  atom  of  hyorogen  (indicateid  by  the  brackets),  and  the 
two  residues,  C*HS  then  unite  together.  At  the  same  time,  each  of  the  lateral 
chains,  CHHCl,  loses  a  molecule  of  hydrochloric  acid,  and  the  two  carbon^atoms 
then  attach  thomselyes  to  each  other  by  two  units  of  affinity. 

The  formation  of  phthalic  acid  by  oxidation  of  alizarin,  Ci^H^OHWO*)",  shows 
that  in  this  compound  the  two  quinonic  oxygen-atoms  and  the  two  nydroxyLs  are 
contained  in  the  middle  and  one  of  the  external  benzene-rings,  so  that  the  fbnnula  of 
alizarin  is  one  of  the  two  following : 


/H*  /H« 


C«V 


(O^  (1)     or      C"J(0H)t        (2) 

H«(OH)«  lH«(0«y' 


According  to  either  of  these  formuhe,  the  formation  of  phthalic  add  from  alizarin 
is  explained  by  supposing  that  the  benzene  nuclei  containing  the  oxygen  are  oxidised, 
and  conyertod  into  the  two  carbo^ls,  which  remain  combined  with  the  third  nucleus, 
and  into  oxalic  or  carbonic  acid  wnich  separates.  If  all  the  oxygen-atoms  of  alizarin 
were  contained  in  one  of  the  external  nuclei,  the  product  of  the  oxidation  would  be  a 
naphthalene-dicarbonic  acid,  C**H'(CO'H)' ;  and  if  the  quinonic  oxy^n-atoms  and 
the  hydroxyls  were  distributed  between  the  two  exterior  nuclei,  the  oxidised  product 
would  be  a  substituted  phthalic  acid  or  a  benzene-tetracarbonic  acid. 

Of  the  two  formulsB  of  alizarin  above  given  (1)  appears  to  be  the  more  probable, 
for  the  following  reasons: — Benzene  cannot  be  directly  oxidised  to  ^uinone,  and 
naphthalene  is  with  difficulty  oxidised  to  naphthoquinone ;  but  anthracene  is  very  easily 
oxidised  to  anthraquinone.  This  seems  to  show  that  Uie  formation  of  a  quinone  is 
facilitated  by  accumulation  of  carbon-atoms ;  but  in  anthracene  the  hydrogen-atoms 
belonging  to  the  middle  ring  are  more  surrounded  by  carbon  than  the  rest,  and  will 
therefore  be  the  most  readily  oxidised.  This  view  is  further  oonrobomted  by  the 
great  stability  of  anthraquinone;  if  the  two  osnrgen-atoms  in  this  body  were 
contained  in  one  of  the  external  nuclei,  it  would  probably  oxidise  mors  easily, 
yielding  a  naphthalene-dicarbonic  acid.  Finally,  the  formation  of  anthraquinone 
from  dibromanthracene  by  the  action  of  oxidising  agents  which  do  not  oonyert 
dibromobenzene  or  dibromonaphthalene  into  the  corresponding  quinones,  renders  it 
probable  that  the  two  bromine-atoms  in  this  compound  have  replaced  the  hydrogen- 
atoms  belonging  to  the  middle  ring.  On  these  grounds  the  brominated  and  quinonic 
deriyatiyes  of  anthracene  may  be  formulated  as  follows : 

^"JBr',  Dibromanthmcene.      C*^-|Br*  _,  Dibromanthraoene-tetrabromide. 
VH«  lH«.Br« 


#H* 
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H* 


(b')',  Anthiaquinone. 


C"  J  Br«       ,  Tetnbzomanthncene.    C" 

C^jCbT      ,Ali«riii. 
(GzMbe  a.  Liebennann,  Zeitsekr.  f.  Chem.  [2]  ir.  279 ;  ti.  262). 


Aooordiog  to  Lodwig  {Arch,  Pharm.  [2}  xcvii.  23),  sublimed  arsenic 
may  be  obtained  with  a  porfectly  bright  surface  by  heating  it  in  a  test-tube  with  a 
small  quantity  of  iodine,  which  converts  the  thin  crust  of  suboxide  usually  present 
into  azsenions  ozy-iodide,  2AsI'.As'0',  the  Tapour  of  the  iodide  protecting  the 
reaidnal  amnic  from  oxidation.  It  then  resembles  freshly  granulated  zinc,  and  has 
a  density  of  5*395. 

Under  ooEdinary  circunstanoes  metallic  arsenic  sublimes  at  180^  without  previous 
fnaion;  but  when  heated  to  low  redness  under  pressure  it  melts  into  globules 
(I^okdolt^  JahareA.  1859, p.  182).  Aooordingto  Hittorf  (ib%d.  1865,  p.  133),  it  sublimes 
withoot  the  slightest  sign  of  fusion  when  heated  in  a  vacuous  glass  tube. 

Afiooiding  to  Bettendorff  (Ann^  CK  Tharok.  cxliv.  1 10),  when  arsenic  is  sublimed 
in  a  tube  of  hard  glass  through  which  a  stream  of  hydrogen  is  passing,  it  condenses 
near  the  heated  part  of  the  tube  in  hexagonal  ciystdds,  and  at  some  distance  beyond 
in  an  amoiphons  black  glassy  crust,  while  the  farthest  portion  of  the  tube  becomes 
coated  with  a  powder  which  appears  yellow  at  first,  but  quickly  turns  grey.  The 
condition  essential  to  the  deposition  of  the  amorphous  vitreous  arsenic  is  the  cooling 
of  the  vapour  to  210^-220^.  This  amorphous  arsenic  is  most  easily  obtained  by 
sublimation  in  an  exhausted  tube  or  in  a  combustion-tube  bent  TJ-shape  at  one  end, 
and  dipping  at  this  end  into  an  oil-bath  heated  to  220^,  while  the  arsenic  lying  just 
abofve  the  bend  is  volatilised  in  the  stream  of  hydroeen ;  the  U-tube  then  bea)mes 
lined  with  a  specular  coating  of  amorphous  arsenic,  which  may  be  loosened  by  a  few 
blows.  Its  sp.  gr.  is  4*710  to  4*716  (4*69  according  to  Hittorf,  Jakresb,  1865,  p. 
130),  therefore  much  below  that  of  the  crystalline  variety.  When  heated  to  360^  it 
is  converted,  with  evolution  of  heat,  into  crj^stalline  arsenic,  and  if  the  heat  be  quickly' 
applied,  the  change  is  accompanied  by  a  hissing  noise  and  formation  of  vapour. 
It  is  somewhat  less  oxidisable  than  crystalline  arsenic,  changes  but  slowly  in  damp  air, 
and  is  attacked  with  difficulty  even  by  ailute  nitric  acid.  The  mirror  of  arsenic  obtained 
in  HarsVs  apparatus  appears  to  belong  to  the  same  modification.  The  pulverulent 
arsenic  above  mentioned  exhibits  under  the  microscope  the  form  of  spherules  strung 
tofrether  like  pearls.  Its  sp.  gr.  is  4*710  at  14°  (4*72  acconling  to  Hittorf).  At 
360®  it  passes,  with  great  rise  of  temperature,  into  the  crystalline  modification,  but  it 
is  more  readilv  oxidisable  than  the  amorphous  vitreous  variety.  The  yellow  powder 
deposited  at  tne  beginning  of  the  process  is  perhaps  a  third  modification,  but  it  was 
not  obtained  pure.  Pure  crystalline  arsenic,  after  repeated  sublimation  in  a  stream  of 
hjdiogen,  has,  according  to  Bettendorf,  asp.  gr.  of  5*726-5*728  at  14°. 

The  specific  heat  of  ciystallised  arsenic  repea1>edly  sublimed  in  a  stream  of 
hydrogen  is  0*0880 ;  that  of  amorphous  arsenic  prepared  from  the  crystallised  variety 
bj  sublimation  in  a  vacuous  tube  at  a  low  temperature  is  0*0758  (Bettendorff  a. 
Wnllner,  Zntsekr.f.  Chem.  [2]  iv.560). 

An  aqueous  solution  of  arsenious  fluoride  yields  by  electrolysis  a  scaly  precipitate 
of  metallic  arsenic  exhibiting  faint  thermic  properties  analogous  to  those  of  amorphous 
antimony  (Gore,  Chem.  8oe.  J.  [2]  i.  865). 

Aoeording  to  Le  Bonx  (Compt.  lind.  li.  171)}  the  vapour  of  arsenic  has  a  lemon-yellow 
cnlomr. 

Metallic  arsenic  heated  to  200°  in  a  sealed  tube  with  solution  of  sulphurous  acid, 
yields  arsenious  oxide,  sulphuric  acid,  and  free  sulphur,  but  no  sulphide  of  arsenic 
(Oitlaer,  Jakretb.  1864,  p.  143). 


of  Arsenic,  a.  Seinach't  teat, — A  solution  containing  arsenic  acid  or 
an  alkaline  arsenate  mixed  with  sulphuric  acid  does  not  produce  any  deposit  on  metallic 
copper,  even  after  long  boiling,  unless  the  quantity  of  arsenic  present  is  somewhat 
eonsiderable ;  the  deposition  may  however  be  ensured  by  adding  sulphurous  add  or  a 
sulphite,  whereby  the  arsenic  acid  is  reduced  to  arsenious  acid  (G.  Werther,  J.  pr, 
Chem.  Ixxxii.  286  ;  Jahreah.  1861,  p.  851).  The  grey  deposit  formed  on  copper  in  a 
solution  kA  arsenious  acid  is  not  pure  metallic  arsenic,  but  an  arsenide  of  copper, 
Cu'As'  (containing  32  p.  c.  arsenic).    When  ignited  for  some  time  in  a  stream  of 
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hydrogen,  it  giyes  off  part  of  its  arsenic  and  is  reduced  to  Cu'Ab*  (Q-.  Lippert,  J,  pr. 
Chem.  Ixxxi.  168  ;  Jahresb.  1860,  p.  170). 

/3.  Marsh 8  test. — ^E.  Davy  (Jahresb.  1858,  p.  609)  reoommends  the  use  of  ^doHnum 
in  the  form  of  thick  plate  (not  thin  foil)  instead  of  porcelain  or  glass  for  Tecemng  the 
spots  formed  by  ignited  arsenetted  hydrogen.  The  spots  adhere  closely  to  the  metal, 
and  disappear  with  garlic  odour  when  gently  heated.  Antimony  spots  receiyed  on 
platinum  do  not  disappear  when  heated  orer  a  spirit-lamp. 

Very  small  arsenic  spots  on  porcelain  or  platinum  may  be  recognised  by  volatilising 
them  and  receiving  the  vapours  on  the  object-glass  of  a  microscope.  Spots  of  pure 
arsenic  or  of  arseniferous  antimony  thus  treated  yield  a  deposit  of  octohedz^  arsenions 
oxide,  whereas  spots  of  pure  antimony  do  not  yield  any  deposit  on  the  object-glass 
(Hellwig,  Iku  Microscop  in  d^r  Toxicoloffie). 

Accoi^ing  to  Blondlot  (Jahresb,  1863,  p.  681),  the  presence  of  nitric  add  in  the 
liquid,  even  in  small  quantity,  prevents  the  formation  of  gaseous  hydride  of  arsenic, 
the  solid  hydride,  As^H*,  being  then  deposited  in  brown  flocks  upon  the  zinc 

Roussin  (Jahresb.  1866,  p.  801)  recommends  the  use  of  magnesium  instead  of  zinc  in 
Marsh's  apparatus.  Arsenic  and  antimony  are  thereby  evolved  as  hydrogen-oompounds, 
while  any  non-volatilo  metals  that  may  be  present  are  thrown  down  in  the  form  of  a 
metallic  precipitate,  which  may  be  collected  on  a  filter  and  further  examined.  If  the 
magnesium  contains  silicon,  siliciuretted  hydrogen  will  be  evolved ;  but  the  spots 
which  this  gas  produces  on  porcelain  are  easily  distinguished  from  arsenic  and 
antimony  spots  by  their  insolubility  in  nitric  acid,  nitromuriatic  acid,  and  sodium 
hypochlorite. 

Arsenetted  hydrogen  is  easily  converted  into  an  iodide  of  arsenic  by  passing  it  over 
gently  heated  iodine.  If  a  small  quantity  of  iodine  be  introduced  into  the  tube  of 
Marsh's  apparatus  and  gently  warmed,  so  as  to  form  on  cooling  a  deposit  on  the  part 
of  the  tube  on  which  the  arsenic  mirror  is  usually  produced,  then,  if  a  stream  of 
hydrogen  containing  arsenic  be  passed  through  the  tube  while  still  lukewarm,  iodide 
of  arsenic  will  be  formed,  as  a  yellow  deposit  consisting  of  microscopic  laminse,  very 
mucli  like  iodoform,  and  the  iodine  will  disappear  completely.  Antimonious  hydride 
acts  upon  iodine  in  a  similar  manner,  but  less  quickly,  the  iodine  uniting  into  a  deep- 
colourcd  ring,  which  gradually  becomes  brown  towards  the  drawn-out  end  of  the  tube, 
and  orange-yellow  towards  the  apparatus.  This  coloured  ring  does  not  spread  itself 
further,  and  the  iodine  does  not  disappear  completely.  The  two  iodides  may  also  be 
readily  distinguished  by  their  behaviour  when  heated.  The  yellow  iodide  of  arsenic 
then  partly  sublimes  unaltered,  and  is  partially  converted,  with  liberation  of  iodine,  into 
a  rod  iodide,  indicating  the  previous  formation  of  arsenic  iodide,  AsP.  The  iodide  of 
antimony,  on  the  other  hand,  gives  off  red  vapours  and  leaves  reduced  antimony 
(C.  Hasson,  Compt.  rend.  Ixvii.  66). 

y.  Zenker's  process  (Zeitschr.  Chem.  Pharm.  1862,  p.  88 ;  Jahresb.  1862,  p.  695).— This 
method  consists  in  the  production  of  a  specular  deposit  of  arsenic  by  reducing  magnesium 
arsenate  with  sodium  oxalate  in  a  sealed  tube  filled  with  carbon  dioxide.  The  substance 
under  examination  is  repeatedly  distilled  with  a  mixture  of  equal  volumes  of  strong 
hydrochloric  acid  and  water ;  the  arsenic  is  precipitated  from  the  distillate  as  sulphide ; 
the  precipitated  arsenious  sulphide  is  evaporated  down  with  nitric  acid  free  from 
chlorine ;  and  the  residue  is  fused  with  pure  sodium  nitrate.  From  the  sodium  arsenate 
thus  obtained  the  arsenic  is  precipitated  as  ammonio-magnesium  arsenate ;  the  precipi- 
tate after  diying  at  100^  is  mixed  with  a  little  anhydrous  sodium  carbonate  to  make  it 
more  manageable,  and  then  ignited  to  expel  the  ammonia  ;  and  the  magnesium  arsenate 
thus  produced  is  mixed  with  10  times  its  weight  of  diy  sodium  oxalate,  and  a  little  char- 
coal powder  to  colour  the  mixture.  On  the  other  hand,  20  parts  of  dry  sodium  oxalate 
are  introduced  into  a  tube  of  thin,  easily  fusible  glass,  3  millimetres  in  diameter  and 
sealed  at  one  end  ;  the  blackened  mixture,  weighing  about  11  pts.,  is  introduced  above 
the  oxalate ;  and  the  tube,  after  the  empty  part  has  been  carefully  cleaned,  is  drawn  out 
to  a  fine  neck.  The  tube  is  next  heated,  first  at  the  bottom  to  evolve  carbon  monoxide 
and  expel  the  air,  the  heat  being  gradually  extended  up  to  the  coloured  mixture ;  after 
which  the  tub^  is  sealed,  and  heat  is  applied  to  the  arseniferous  mixture.  The 
smallest  quantitv  of  arsenic  is  thereby  deposited  close  above  the  mixture,  in  a  beautiful, 
compact,  metallic  ring.    The  sealing  of  Uie  tube  prevents  loss  of  arsenic 

3.  Bettendorff*s  process  (Zeitschr./.  Chem.  [2]  v.  492^. — ^When  a  solution  of  s/aitn<?tc« 
chloride  in  fuming  nydrochloric  acid  is  added  to  a  solution  of  arsenious  or  arsenic  oxide 
in  the  same  acid,  a  brown  precipitate  is  formed,  which,  after  proper  washing  and  drying, 
consists  of  metallic  arsenic  mixed  with  a  small  quantity  of  stannic  oxide.  In  an 
aqueous  solution  of  arsenious  or  arsenic  acid,  stannous  chloride  produces  no  precipi- 
tate ;  but  on  adding  strong  hydrochloric  acid  till  the  liquid  fumes  slightly,  precipitation 
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fakes  placo.  AnenifezonB  hydrochloric  acid  of  sp.  gr.  1*182  to  1*135  gives  an 
immediato  precipitate ;  the  same  diluted  to  sp.  gr.  1*115  gives  imperfect  precipitation 
after  some  time ;  and  in  a  similar  solution  of  sp.  gr.  1*100  no  precipitation  takes 
place.  From  this  it  may  be  inferred  that  the  reaction  occurs  only  between  stannous 
chloride  and  arsenious  chloride;  fiirther,  that  in  a  solution  of  arsenious  acid  in 
hydrochloric  acid  of  sp.  gr.  1*115  part  of  the  arsenic  is  present  as  chloride,  but  that 
hydrochloric  acid  of  sp.  gr.  1*100  dissolve  arsenious  acid  as  such,  without  oonrerting 
it  into  chhiride.  The  reaction  abore  described  is  extremely  delicate  and  capable  of 
detecting  1  pt.  of  arsenic  in  a  million  parts  of  sc^ution.  On  antimony'«ompounds 
stannous  chloride  exerts  no  redudng  action,  even  after  prolonged  heating :  hence  the 
above-described  reaction  may  be  used  to  detect  the  presence  of  arsenic  in  antimony- 
oompoands,  the  solution  being  previously  saturated  with  hydrochloric  acid  gas. 
Another  useful  application  of  the  same  reaction  is  to  the  preparation  of  hydrochloric 
acid  free  from  arsenic.  421  grms.  of  crude  hvdrochloric  acid  of  sp.  gr.  1*164  were 
mixed  witii  a  fuming  solution  of  stannous  chloride,  the  precipitate  se]^arated  by 
filtration  after  24  hours,  and  the  hydrochloric  acid  distilled,  the  receiver  being 
changed  after  the  first  tenth  had  passed  over,  and  the  remaining  liquid  distilled 
nearly  to  dryness.  The  acid  thus  obtained  gave  not  the  slightest  indications  of 
arseaic,  either  by  Marsh's  test  or  by  precipitation  with  hydrogen  sulphide. 

In  testing  for  arsenic  acid  with  silver  nitrate,  the  delicacy  of  the  reaction  is 
impaired  by  the  solubility  of  silver  arsenate,  not  only  in  free  nitric  acid  and  free 
amnhonia,  but  also  in  ammonium  nitrate.  Aoonrding  to  C.  Aveiy  (SiU.  Am,  J.  [2] 
zlvii.  25),  the  reaction  is  greaUy  facilitated  by  adding  to  the  solution  of  arsenic  acid 
in  nitric  add  a  few  drops  of  a  strong  solution  of  an  lUkaline  acetate,  and  then  a  drop 
or  two  of  ammoniaeal  silver  nitrate.  Another  very  good  mode  of  testing  is  to  drop 
the  nitric  add  solution  of  arsenic  acid  on  recently  prepared  silver  carbonate,  the  red 
silver  arsenate  then  showing  itself  very  conspicuously  on  the  white  ground. 

Metallic  arsenic  and  arsenious  acid  are  easily  oxidised  by  a  mixture  of  potassium 
cfaloirate  and  nitric  add  to  arsenic  add,  which  may  then  be  easily  estimated  as 
amraonio-magnesian  arsenate  (A.  H.  Pearson,  Sili.  Am.  J.  [2]  xlviii.  190). 

Compounds  qf  Anenie. 

Bramlde.  AsBr*. — ^Prepared  b^  adding  pulverised  arsenic  to  a  mixture  of  1  pt. 
bromine  and  2  pts.  carbon  bisulphide,  agitating  till  the  liquid  becomes  colourless, 
then  adding  more  bromine,  then  again  arsenic,  and  so  on  till  the  solution  is  saturated, 
i.e.  till  it  is  no  longer  decolorised  on  further  addition  of  arsenic.  Ciystallises  in 
deliquescent  colourless  prisms,  having  a  strong  arsenical  odour,  volatilising  undecom- 
poaed,  and  yielding  a  crystalline  sublimate.  Decomposed  by  water  with  separation  of 
aiseniouB  oxide.  In  contact  with  sodium  hyposulphite,  it  first  forms  arsenious 
oxybromide,  and  then  becomes  covered  with  arsenious  sulphide.  It  unites  with  the 
bromides  of  the  alkali-metals,  forming  rather  unstable  crystallisable  compounds 
(Nidd^  J,  Pharm,  [3]  xli.  142).  Its  spedfic  gravity  at  mean  temperatures  is  3*66 
(Bodeker,  Jakresb.  1860,  p.  17). 


AsCl'. — ^This  compound  is  formed,  toother  with  arsenious  arsenate, 
2  A^H)*  JUK)*,  when  dry  chlorine  is  passed  over  pulverised  and  gently  heated  arsenious 
oxide: 

llAs«0«  +  6a«  -  4Asa«  +  3{2AsH)«.A8«0*). 

(Bloxam,  Ckem.  Soe.  J.  [5]  iii.  62).  Also  by  the  action  of  2  at.  arsenic  on  3  at. 
sulphur  dichloride,  sulphur,  being  separated  at  the  same  time,  partiy  in  opaque  prisms, 
pArtly  in  bulky  transparent  octohedrons  (Chevrier,  Compt.  rend,  Ixiii.  1003  ;  Jdhreab, 
1866,  p.  212): 

As*  +  38a«  -  2A8CI"  +  S». 

Arsenious  chloride  is  also  produced  by  distilling  a  mixture  of  arsenious  sulphide  and 

mercuric  chloride  (Lndwig,  Jakresb.  1859,  p.  187).  

A  eompoond  of  arsenious  chloride  with  alcohol,  apparenUy  AsCl'.CH'O,  is  produced 
by  mixing  the  chloride  with  absolute  alcohol,  and  passes  over  on  distillation  at  148° ; 
al0O  by  pasmng  hydrochloric  add  gas  into  alcohol  containing  arsenious  oxide  in 
suspension,  and  subjecting  the  lower  of  the  two  resulting  liquids  to  fractional  distilla- 
tioQ.  It  is  a  colourless  liquid  which  fumes  in  the  air ;  is  decomposed  by  water  or  by 
atmospheric  moisture  into  hydrochloric  acid,  arsenious  acid,  and  alcohol ;  and  absorbs 
hydrochloric  add  gas  abundanUv  and  with  rise  of  temperature,  giving  it  up  again  on 
distillation.  It  is  partially  aecomposed  by  repeated  distillation,  yielding  ethyl 
chloride,  &C.  Arsenious  chloride  appears  to  form  similar  compounds  with  methylio 
and  amylic  alcohols  (V.  de  Luynes,  Compt.  rend.  1.  831). 
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A  compouDd  of  arseniouB  chloride  with  aniline^  AbC1*.3C*H^,  formed  by  direct 
combination,  is  described  nnder  Phenyl- Akxomiumb  (ir.  474). 

VlnoiiAe*.  The  trifliwride,  AsF",  is  described  in  toI.  i.  p.  371.  The  peniq/luoride 
or  arsenic  fluoride,  AaF*,  is  not  known  in  the  free  state,  but  some  of  its  double  salts 
have  been  prepared  by  Marignac jf^ran.  Ch.  Fharm.  cxlv.  237  ;  Jahresb.  1867f  p.  254). 

PoUuiw-caraenic  flvaridet  2(E[F.A8F*).H*0,  is  formed  by  dissolying  potassium 
arsenate  in  excess  of  hydrofluoric  acid,  and  orystallises  from  the  ooncentrated  solution 
in  small  well-developed  rhombic  prisms,  exhibiting  the  combination  P  .  }P  .  ao  Poo  . 
00  j^oo  .  00  ^2  .  Poo  .  ^Poo  .  f  00  .  ^pQo  .  oP.  The  crystals  are  tabular  from  pre- 
dominance of  oP  or  00  Poo ,  and  these  faces,  as  well  as  the  macrodomes,  are  strongly 
striated.  Angle  P  :  P  (macr.)  -  84° ;  oP  :  P  «  104°  20';  oP  :  too  »  111©  40*; 
oP:  ^1*00  «•  140°  20*.  The  salt  when  heated  in  a  tube,  melts  and  gives  off  water 
and  hydrofluoric  acid.  Its  solution  is  slowly  precipitated  by  hydrogen  sulphide.  By 
repeated  evaporation  it  ultimately  yields  potassia-arsenic  oxi/ifluoridet  KF.AsOF'  +  HK), 
in  acute  rhombic  plates.  The  same  compound  is  obtained  by  dissolving  potassium 
arsenate  in  an  insufficient  quantity  of  hydrofluoric  acid.  On  mixing  the  solution  of 
either  of  the  preceding  salts  with  excess  of  potassium  fluoride  and  hydrofluoric  acid, 
evaporating  the  solution,  and  leaving  it  to  cool,  dwotassio-araenio  flmoridey 
2KF.AsF*  +  H*0,  crystallises  out  in  large  shining  ^rhombic  prisms,  permanent  in 
the  air,  and  usually  eihibi ting  the  simple  combination  ooP  .  qP,  sometimes  also  with 
the  faces  P  .  ootoo  .  ooP2  .  Poo  .  2?oo.  Angle  ooP  :  ooP  =  97°;  ooP2  :  oo^2 
(brach.)  »  132°  4';  oP  :  Poo  s  147°  10'.  By  repeated  evaporation  and  redissolution 
this  salt  is  converted  into  the  double  salt  2KF.AsOF»  +  2KF.AsF*  +  3H*0. 
The  same  compound  crystallises  from  a  solution  of  monopotassio-arsenic  oinrfluoride 
mixed  with  neutral  potassium  fluoride.  It  forms  shining  crystals,  exhibiting  a 
very  large  number  of  faces,  generally  also  intei^^wn,  and  consequently  not  exactly 
determinable. 

Sydrides.  When  arsenious  hydride,  AsH',  is  passed  through  wlpkmric  acid  of 
sp.  gr.  1*26  to  1*843,  the  acid  flrst  turns  brown,  and  if  the  stream  of  gas  be  continued, 
deposits  a  brown  flocculent  precipitate,  mixed  at  a  subsequent  stage  with  arsenious 
sulphide,  while  hydrogen  sulphide  is  evolved.  After  the  passage  of  the  gas  had  been 
continued  for  an  hour,  the  precipitate  was  found  to  contain  95  p.  c  arsenic,  4 '6 
sulphur,  0*29  to  0*32  hydrogen,  and  at  a  somewhat  later  stage  of  the  process  88*4  p.  c. 
arsenic  to  9*4  sulphur.  Hence  it  apjpears  probable  that  the  precipitate  is  a  mixture 
of  the  solid  hy<£ride,  metallic  arsenic,  and  arsenious  sulphide  (Th.  Humpert.  J.  pr. 
Chem.  xciv.  892  ;  Jahresb.  1865,  p.  226). 

Arsenious  hydride  is  completely  decomposed  ^  chlorinet  with  deposition  of  metallic 
arsenic  (Soubeiran,  Gmelin's  Handbook,  iv. ;  Wiederhold,  Pogp,  Ann,  cxviii.  615; 
Jahresb.  1863,  p.  231) ;  in  contact  with  air,  nitric  add,  or  nitrogen  dioxide,  on  the  other 
hand,  it  deposits  a  mixture  of  metallic  arsenic  with  the  solid  hydride  (Wiederhold). 

This  solid  hydride  may  be  obtained  nearly  pure  (mixed  only  with  a  little  carbon), 
by  treating  a  granulated  alloy  of  1  pt.  arsenic  and  5  pts.  zinc*  with  hydrochloric  acid, 
and  washing  the  undissolved  brown  powder  with  water.  The  product  amounts  to 
only  I  p.  c  of  the  alloy  used.  From  the  quantity  of  hydrogen  evolved  from  it  by 
heat,  it  appears  to  have  nearly  the  composition  As'H,  or  rather  As^H'.f  It  is  a 
bulky  red-brown  powder,  insoluble  in  water,  alcohol,  ether,  oil  of  turpentine,  and 
carbon  disulphide.  It  is  resolved  at  200°  into  arsenic  and  l^drogen,  and  bums  away 
with  a  glimmering  yellow  light  when  heated  in  the  air.  In  fuming  nitric  acid  it 
bums  with  emission  of  light ;  in  nitric  acid  of  sp.gr.  1*2  it  oxidises  more  slowly; 
other  dilute  acids  have  no  action  upon  it.  Chlorine,  orominc,  and  iodine  decompose  it 
with  incandescence.  Aqueous  alkalis  slowly  convert  it  into  arsenic  acid.  Its  dust 
produces  inflammation  of  the  mucous  membrane  of  the  nose  (Wiederhold,  loe.  dt.). 

According  to  Blondlot  {Ann.  Ch.  Phys.  [3]  Ixviii.  186),  the  same  solid  hydride  of 
nrsonio  is  produced  in  Marsh's  apparatus  (instead  of  the  gaseous  hydride),  if  the 
liquid  contains  eren  small  quantities  of  nitric  acid ;  but  if  the  zinc  contains  small 
quantities  of  any  other  metal  (lead  or  tin),  or  if  organic  substances  are  present,  the 
solid  hydride  is  formed  in  smaller  quantity  only  or  not  at  all.  When  the  gaseoos 
hydride  is  passed  through  a  solution  of  silver  nitrate,  and  the  silver  is  then  precipi- 
tated by  hydrochloric  acid,  the  filtrate  acidulated  with  nitric  acid  deposits  on  a  plate 
of  zinc  easily  recognisable  flocks  of  the  solid  hydride. 

Respecting  the  reaction  of  arsenious  hydride  wiUi  iodine,  see  p.  216. 

Oxides.      1.  Arsenious    Oxide.     Z>t9fu>r/>iU#m.— This    oxide   OTstallisefl    in 

•  ^P^  *V  heating  the  two  mstals  together  in  a  corered  crucible,  gently  at  flist,  then  moie 
■troofl^y,  and  ponrlng  the  fnaed  mbcture  Into  cold  water, 
t  Commonly  said  to  condet  of  AaH'  or  As'H*. 
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regular  octohedrons,  or  in  erystals  belonging  to  the  rhombic  systom,  the  kttter  being 
prodneed  for  the  most  part  at  high,  the  former  at  low  temperatores.  Prismatic 
arsenioos  oxide  ocenra  in  the  mines  of  St.  Domingo  in  Portngal,  forming  thin  phitee, 
some  of  which  are  more  than  an  inch  long.  The  crystals  are  not  perfectly  developed, 
but  some  of  them  ashibit  hemitropy  simOar  to  that  of  gypsnm.  They  are  colourless, 
semitransparent,  nacreous,  tough,  flexible,  and  easily  split  into  thiii  lunellae.  Sp.  gr. 
B  3'8«ft.  Hardness  «  2*6  (oinlinary  arsenions  oxide  gave  2*76  p.  c).  The  eryBtals 
snblime  without  zesidne  when  heated,  but  cannot  be  obtained  again  in  the  prismatic 
form,  either  by  sublimation  or  by  crystallisation  from  solution  (F.  Glaudet,  Ckem. 
Soc.J.  [2]  Ti.  179).  Prismatic  arsenions  oxide  has  also  been  found  by  Scheurer- 
Kestner  {ZeitKkr.  f.  Gkem,  [2]  t.  486)  in  a  fumaoe  used  for  the  roasting  of  pyrites. 
F.  Ulrich  (Jakresb,  1858,  p.  178)  describes  crystals  of  arsenions  oxide  oocoiring  as  a 
roasting  product  of  the  Kammel^erg  ores  at  the  Oker  works  in  the  Hans,  which 
were  externally  rhombic  (ao  P  .  oo  Poo  .  mPoo  ),  but  appeared  to  consist  internally  of 
regular  octohedions. 

Arsenions  oxide  dissolres  abundantly  in  water  at  250^,  and  the  solution,  as  it  cools, 
first  deposits  a  few  microscopic  prisms,  afterwards  octohedions.  When  either  the 
Titreoos  or  the  crystalline  oxide  is  heated  in  a  sealed  glass  tube  phiced  uprieht  in  a 
sand-bath,  so  that  it  is  heated  to  about  400^  in  the  lower,  and  200°  in  tSe  upper 
part,  and  tben  left  to  cool  slowly,  the  oxide  solidifies  in  the  Titreous  form  at  the 
lower  part,  in  prismatic  crystals  in  the  middle,  and  in  octohedrons  at  the  upper  part, 
a  few  octoheaions  being  also  implanted  on  the  prisms.  A  comparatiyely  high 
tempemture  ii  therefore,  at  least  in  the  dry  way,  an  essential  condition  for  the 
formation  of  the  prismatic  crystals,  whereas  the  octohedrons  are  formed  only  at 
lower  tCTsperatores.  In  the  wet  way,  on  the  other  hand,  the  natuie  of  the  solvent 
appears  also  to  exert  some  infiuence  on  the  crystallisation,  inasmuch  as  the  oxide 
crystallises  in  prisms  firom  its  solution  in  potash,  even  at  comparatively  low 
temperatures  (Bebray,  Bull.  8oo.  Ckim.  [2]  ii.  9 ;  JahrtMb.  1864,  p.  286).  Nordenskiold 
{Jakntb.  1661,  p.  268)  obtained  it,  by  cooling  and  slow  evaporation  of  a  warm 
potxish-solution  supersaturated  therewith,  in  six-sided  trimetric  crystals,  oP  .  oo  P  . 
oof^oo,  having  ^e  horisontal  axes  in  the  ratio  of  1  to  0*5776.  A  solution  of 
aiaeaions  oxide  in  ammonia,  saturated  while  hot  and  kept  for  some  time  at  the 
boiliog  heat,  the  ammonia  being  replaced  as  it  evaporates,  deposits  arsenions  oxide  in 
the  rhombic  modification  (together  with  octohe^al  crystalB);  but  when  the  same 
solution  is  left  to  cool  slowly,  the  oxide  is  deposited  in  large  octohedral  crystals 
(Hiisel,  Jakretb,  1852,  p.  378).  The  deposition  of  octohe£al  ciystals  from  the 
anunoniacal  solution  has  also  been  observed  by  WSbler  {Ann.  Ch.  Pharm,  ci.  365). 
Aecordiog  to  Be  Luynes  {Compt.  rend.  xlv.  1853),  a  solution  of  arsenions  oxide  in 
ammoniA  prepared  at  70^-8<y*  deposits  on  cooling  needle-shaped  crystals  of 
anmumiizm  arsenite,  As(KH*)0',  whidi  however  gradually  redissolve,  if  left,  together 
with  the  supernatant  liquid,  in  an  open  vessel,  so  that  the  ammonia  can  evaporate 
from  tbe  latter ;  and  the  liquid  ultimately  deposits  octohedral  crystals  of  arsenions 
onde.  According  to  Scheurer-Kestner  {ZeiUcM'.  /.  Chem.  [2]  v.  487),  a  concentrated 
solution  of  arsenic  acid  supersaturated  with  arsenions  oxide  deposits  the  latter  in 
aocular  prisms. 

SolubuUy. — Bacaloglo  {J.  pr.  Chem.  Ixxnii.  Ill)  found  that  a  solution  of  arsenions 
oxide  satoxated  in  the  cold  and  left  for  ten  months  at  10^-20°,  in  contact  with  excess 
of  the  oxide,  contained  1*2  p.  c.  As^O* ;  solutions  saturated  while  hot  contained,  a 
few  days  after  saturation,  from  2*25  to  2*5  p.  c  AsK)' ;  a  solution  in  which  traces  of 
hydrochloric  add  were  preeent  contained  3*8  p.  c  AsK)'.  A  solution  of  vitreous 
arsenions  oxide  saturatea  while  hot  contained  at  24°,  four  days  after  saturation,  2*4 
p.  c  AsK)' ;  after  eighty-two  days,  at  14°,  1*5  p.  c.  As*0";  after  four  months,  at  12°, 
1*3  p.  c.  Aa?Q^.  The  presence  of  arsenic,  phosphoric,  sulphuric,  and  other  mineral  acids, 
increases  the  solubility  of  arsenions  oxide  in  water.  The  crystals  of  prismatic 
arsenions  acid  from  Portugal,  above  mentioned,  were  found  by  Claudet  to  dissolve  in 
cold  water  to  the  amount  of  1  p.  c. ;  when  pulverised,  1*75  p.  c. ;  a  solution  saturated 
while  hot  contained  after  cooling  2*74  p.  c 

The  following  determinations  of  the  solubility  of  arsenions  oxide  in  alcohol  have 
been  made  by  Girardin  {J,  Pharm,  [8]  xlvi.  269) : 

100    pts.  alcohol    of  .  .      56       79      84         86      88      100  vol.  p.  c. 

dissolve: 

^.,     .  „.  ^fatl5<>      .        .    1*680  1*430    —      0*716    —    0025  pts. 

Of  the  cTTstalline  I   ^  ^^  ^^^ 

®"***"*-  (point      .        .   4*895  4*651    —     8197     —    3*412    „ 

^    ^^^^     \^^^'*     '        •   0-504  0*540  0-665     —    0717  1060    „ 
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Beactions. — 1.  Perfectly  dry  arsenious  oxide  subjected  to  the  action  of  ehlorme 
at  a  gentle  heat,  gives  on  arsenious  chloride,  and  leaves  a  sintered  mass  consisting 
chiefly  of  arsenic  oxide,  which  when  the  heat  is  increased  is  likewise  converted  into 
arsenious  chloride  (R.  Weber,  Poffff.  Ann.  cxii.  619).  According  to  Bloxam,  the 
residue  consists  of  arsenious  arsenate,  2As'0*.AsK)'. — 2.  Heated  with  aal-amaumiae 
it  yields  arsenious  chloride  and  ammonia,  which  afterwards  react  on  one  another, 
with  formation  of  white  fumes  (Luynes,  Compt.  rend.  xliv.  1354). — 8.  FhMphanu 
pentachloridet  according  to  Persoz  a.  Bloch  {Jakresb.  1849,  p.  246)^  forms  with 
arsenious  oxide  a  definite  oxychloride,  boiling  at  110° ;  but  according  to  Hnrtsig  a^ 
Geuther  (Ann.  Ch.  Pharm,  cxi.  169;  Jahrew.  1859,  p.  186),  even  when  the  two 
substances  are  mixed  in  equivalent  proportions,  the  only  products  formed  are  arsenious 
chloride  and  phosphorus  oxychloride,  which  separate  on  fractional  distillation : 

AsK)«  +   8PCl»  «  3P0a»  +  2Asa«. 

4.  With  arsenious  chloride  the  oxide  unites  direcUy,  forming  an  oxychloride,  AsClO  or 
A8Cl'.As'0'  (i.  386). — 5.  Solutions  of  arsenious  oxide  treated  with  stannous  eUoride, 
yield  stannic  chloride,  metallic  arsenic,  and  gaseous  hydride  of  arsenic  (Kessler,  Jahreth. 
1861,  p.  265). — 6.  The  same  solutions  reduce  potasiio-cuprio  tartrate  with  separation 
of  cuprous  oxide  (Terreil,  Bull.  8oc,  Chim.  1862,  p.  64). — 7.  Aqueous  arsenious 
oxide  heated  to  200°  with  phosphorus,  yields  phosphide  of  arsenic  (Oppenhoim, 
BvU.  Sac.  Chim.  [2]  i.  163). 

Combinations  with  other  Acid  Oxides. — The  compound  of  arsenious  with  arsenic  oxide, 
2As'0'.As^0*,  which  Bloxam  obtained  by  tlie  action  of  chlorine  on  arsenious  oxide, 
has  been  already  mentioned.  It  may  also  be  formed  by  heating  arsenic  oxide  with 
an  excess  of  arsenious  oxide.  It  is  transparent  at  first,  but  solidifies  after  a  few 
days  to  a  glass,  having  the  aspect  of  porcelain. 

With  sulphuric  oxide,  arsenious  oxide  forms  the  compound  As'O'.SO*,  in  small 
tabular  crystals,  which  sometimes  occur  as  a  {product  of  the  roasting  of  native 
metallic  sulphides  containing  arsenic  Th^  deliquesce  in  moist  air,  decomposing 
into  sulphuric  acid  and  arsenious  oxide.  Heated  in  a  tube,  they  are  resolved  into 
sulphuric  oxide,  which  volatilises,  and  a  residue  of  arsenious  oxide  f  Reich,  J.  vr.  Ckem. 
xc.  176).  Laurent,  by  heating  arsenious  oxide  with  sulphuric  acicl,  obtainea  shining 
rectangular  prisms  consisting  of  8(As*0«.S0«).H«S0^  (J.  Pharm.  [3]  xlv.  184). 

Acetic  oxide  at  the  boiling  heat  dissolves  arsenious  oxide  in  the  proportion  of 
C*H*0'  to  As'O",  forming  a  colourless  syrupy  liquid,  which  solidifies  on  cooling  to  a 
vitreous  mass.  The  compound  quickly  absorbs  moisture ;  is  instantly  decomposed  by 
water  into  acetic  acid  and  arsenious  oxide ;  and  when  heated  to  220°  g^ves  off  a 
large  quantity  of  carbon  dioxide,  with  traces  of  arsenetted  hydrogen,  while  acetic 
acid  passes  over,  and  metallic  arsenic  remains  behind  (Schiitzenberger,  Compt.  rend. 
liii.  538). 

Absbnttes.  The  experiments  of  Bloxam  {Chem.  Soc.  J.  xv.  281),  compared  with 
those  of  other  chemists,  appear  to  show  that  arsenious  acid  is  tribasic,  forming 

Trimetallic  salts,  M'AsO*  or  ]Jl»(A80«)« 
Bimetallic  salts,  M'HAsO*  or  M"HAsO« 
Monometallic  salts,  MH'AsO*  or  MrE\AaO*y. 

There  are  also  a  few  salts,  which  may  be  called  pyro-arsenites,  having  the 
composition  2M«0.As«0»  or  M«A8«0»,  and  acid  arsenites,  M«0.2As*0"  and  2M«0.3AsK>», 
which  may  be  regarded  as  compounds  of  meta-arsenites,  MAsO',  with  free 
arsenious  oxide : 

W0.2AbK>*  =  2MAsO«.As«0« 
2MK).3AsK)»  «  4MAsO«.A8«0«. 

Solutions  of  the  alkaline  arsenites  when  exposed  to  the  air,  gradually  absorb 
oxygen  and  are  partially  converted  into  arsenates  (Fresenius,  Jahresb.  1 855,  p.  382 ; 
Croft,  ibid.  1858,  p.  173;  Ludwig  a.  Maodonnell,  ibid.  1859,  p.  1S4;  F.  Kessler,  ibid. 
1861,  p.  262). 

Ammonium  salt. — The  formula  NH'AsO*,  assigned  to  this  salt  by  Pasteur 
(Jahresb.  1847-48,  p.  424)  and  by  De  Luynes  (ibid.  1857,  p.  269),  has  been  confirmed 
by  Bloxam. 

The  barium  salt,  obtained  by  adding  barium  chloride  to  a  solution  of  arsenious 
oxide  in  ammonia,  or  by  precipitating  tne  sodium  salt  NaA80*.As*0*  with  1  at. 
barium  chloride,  appears  to  have,  when  dried  at  100°,  the  composition  Ba''H*(AjBO*)* 
(Bloxam). 

Copper  salts. — On  mixing  a  dilute  solution  of  potassium  diarsenite,  2KAsO'.AsK)', 
with  cupric  sulphate  till  the  precipitation  is  complete,  the  precipitate  dried  at  100° 
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oonsuta  of  a  mixture  of  the  salt  Ca*HAsO'  with  anenioas  oxide.  The  acid  filtrate, 
mixed  with  an  additional  quantity  of  capric  snlphate  and  nentralised  with  ammonia, 
giTea  a  precipitate  oonflisting  mainly  of  Cn^HAfiO*.  The  precipitate  obtained  with 
the  salt  4NaAB0'JU*0*  was  found  to  contain  236  at  Cu  to  1  mol.  of  AsK)*  and  0*92 
mol.  of  water.  Scheele's  green  appears  to  hare  a  similar  composition.  Aqueous 
arsenioos  acid  forms  with  sulphate  of  cuprammonium  a '  precipitate  which  when 
air-dried  oonsista  of  Ca'''HAsO*.H'0,  and  after  drying  in  a  vacuum  over  oil  of 
▼itriol,  of  Cu'HAsO'  (Bloxam). 

Lead  a  alt, — ^The  salt  Pb*H'(AsO'^^  is  obtained  by  precipitating  potassium 
diarsenite,  2KAsO'.A8K)*,  with  lead  nitrate.  A  diplumbio  9aLt  or  plumbic  pyro- 
arwmiU^  Pb*AsK)*  or  2FbO.AsK)*  (at  100''),  is  formed  on  mixing  a  solution  of 
2  mols.  lead  acetate  containing  excess  of  ammonia  with  an  aqueous  solution  of 
1  mol.  aisenious  oxide. 

Maanesium  salt. — ^A  oold-saturated  aqueous  solution  of  arsenious  oxide  is  not 
precipitated  by  magnesium  sulphate  till  after  the  addition  of  sal-ammoniac  and 
Ammonia ;  but  precipitation  then  takes  place,  even  in  very  dilute  solutions.  The 
precipitate  dried  at  100^  consists  of  MgHA80'.HH);  at  205"^,  of  MgHAsO';  and 
aboTe  205'^,  of  2JIIgO.A8K)<  (Bloxam). 

Poiaitiftm  salts.  — The  add  numopotassio  salt  2KH*AsO*.AbK)'  (or 
KK).2HK).2AsH>'  +  aq.)  is  obtained  by  digesting  potassium  carbonate  at  100^  with 
arsenioos  oxide ;  *  it  forms  rectangular  prismatic  crystals,  which  giye  o£f  water  at 
100^,  and  are  conrerted  into  a  compound  of  an  acid  pyroarsenite  with  arsenious 
oxide,  X"H"As*0*«Aa*0*.  Heated  more  stronffly  in  a  current  of  dry  air,  it  gives  off 
another  moleenle  of  water,  and  melts  to  a  yeUow  liquid,  which  solidifies  to  a  yellow 
Tiseous  mass,  consisting  of  a  metarsenite  combined  with  arsenious  oxide, 
SKAbCJUK)*  (or  KH),2Ai^O*).  When  potassium  carbonate  is  boiled  with  arsenious 
oxide,  the  latter  expels  only  three-fourths  of  the  carbonic  acid,  and  the  solution 
when  eoneentiated  yields  crystals  of  the  salt  2KH*AsO'  above  described ;  but  if  the 
whole  be  evaporated  at  100^,  a  crystalline  mass  is  obtained,  consisting  of  the 
pyroarsenite  combined  with  metarsenious  acid,  E'H*AsK)\HAsO*  (or  2K^.8As*0' 
-f  3HK>).  This  last  salt  does  not  give  off  its  water  till  raised  to  a  higher  temperature, 
but  ultimately  solidifies  to  a  crystalline  mass  (Bloxam). 

Silver  salts, — ^A  dilute  solution  of  the  acid  potassium  salt  KH*AsO*  gives  with 
silver  salts  a  bulky  yellow  precipitate,  which  becomes  crystalline,  and  appears  to  be 
a  mixture  of  the  triargentic  salt  Ag'AsO'  with  arsenious  oxide.  The  filtered  liquid 
is  add,  and  gives  wiUi  ammonia  and  excess  of  silver  nitrate  a  yellow  predpitate 
of  triargentic  arsenite. 

Sodium  salts. — ^Arsenious  oxide  reacts  with  sodium  carbonate  in  the  same  manner 
as  with  potassium  carbonate,  but  the  sodium  arsenites  have  not  been  obtained  in 
definite  crystals.  When  the  mass  obtained  with  excess  of  arsenious  oxide  was  dried 
at  100^,  the  rendue  exhibited  the  composition  NaK).2As*0*  or  2NaAsO*.AsK>*.  On 
evaporating  a  solution  of  3  moL  arsenious  oxide  with  2  moL  sodium  carbonate,  a 
blade  synip  was  obtained,  which  became  colourless  when  left  to  evaporate,  and  when 
dried  at  lUO^  yielded  a  confusedly  crystalline  mass  of  the  salt  2NaH>.8As'0*  or 
4NaAsO*JUK)*  (Bloxam). 

Zine  salts. — ^A  solution  of  sine  sulphate  mixed  with  ammonia  and  sal-ammoniac  and 
filtered,  forms  with  a  saturated  aqueous  solution  of  arsenious  oxide,  a  bulky  precipitate, 
which  afterwards  changes  to  microscopic  spherical  groups  of  crystals;  at  100^  it 
forms  a  nacreous  powder,  consisting  of  Zn*(AsO*)'.  The  liquid  filtered  therefirom 
yields,  on  partial  neutralisation  with  sulphuric  add,  a  precipitate  similar  in  com- 
pndtion  to  the  preceding ;  on  neutralising  it  completely,  a  salt  was  obtained  containing 
exeeas  of  arsemous  oxi(&  (Bloxam). 

Ststl  Asanrm.  (C'H*)'AsC)'. — Produced:  1.  By  the  action  of  arsenious  oxide 
on  ethyl  silicate  at  220^,  and  separated  by  distillation. — 2.  By  heating  ethyl  iodide 
with  yellow  silver  arsenite. — 3.  Together  with  ethyl  oxide,  ethylene  gas,  and  silica, 
by  heating  arsenic  oxide  with  e&yl  silicate  to  a  temperature  above  220^;  on 
distilling  the  product,  the  ethyl  oxide  jMissee  over  first,  then  the  ethyl  arsenate 
between  150^  and  200®.  Ethyl  arsenate  is  a  liquid  boiling  without  decomposition  at 
16«*»-168**,  and  having  a  density  of  1224  at  0®.  Vapour-density  =  7197  at  283<» ; 
7'880  at  267*^;  by  calculation  ^2  vol)  —  7*267.  It  is  instantly  decomposed  by 
water,  with  predpitation  of  arsenious  oxide.  It  is  not  acted  upon  by  alcohol,  ether, 
or  0tiryl  acetate  (Crafts,  BuU,  Soe.  Ckhn.  [2]  viii.  206). 

•  This  mU  appean  to  be  Idoitlcal  with  Puteor's  iicid  aslt  obtained  hy  boiling  canstic  potaati 
wtth  cxoeH  ci  sxmoiooM  oxide,  and  predidtating  with  alcohol  (i.  877). 
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Absbmic  Oxidx,  Acid,  and  Salts. — For  the  preparation  of  arsenic  acid  on 
tho  large  scale,  Girardin  {J.  Pharm,  [3]  xlvi.  269^  reoommenda  a  procees  which 
consists  in  treating  a  concentrated  solution  of  arsenions  oxide  in  hydrochloric  acid 
with  chlorine  gas,  and  Bubseqnently  distilling  the  liquid  to  the  crystallising  point. 

The  specific  grayities  of  solutions  of  arsenic  acid  of  various  strengths  have  been 
determined  by  H.  Schiff  (^nii.  Ch,  Pharm,  cxiii.  183) : 

Fezoentage  of  H*AbO*  Bp.  gr.  at  15^ 

67-4 17346 

460 1-3973 

800 1-2350 

22' fi 11 606 

15*0 11052 

7-6 10496 

Arsenic  oxide  treated  with  phoaj^horus  pentacklcride^  yields  arsenious  chloride,  phos- 
phorus oxychloride,  and  free  chlonne  (Hurtsig  a.  Genther,  Ann.  Ch,  Pharm,  cxi.  159) : 

As«0»  +   6Pa»  -  2AsCl»   +   6P0C1*  +   2C1». 

Arsenic  acid  boiled  with  veiy  strong  hydrochloric  add  is  gradually  converted  into 
arsenious  chloride : 

H»AflO*  +  6Ha  «  AsCl»  +  4H«0  +  Cl«; 

but  with  more  dilute  hydrochloric  acid  (1  pt  acid  of  sp.  gr.  1-2  and  2  pts.  water) 
no  volatilisation  of  arsenic  takes  place  (Souchay,  ZeUschr.  anal,  Chem,  i,  189). 

Arsenic  acid  in  solutions  containing  soluble  chlorides  is  not  converted  into 
srsenetted  hydrogen  by  the  action  of  nascent  hydrogen,  as  in  Marsh's  apparatus ;  but 
when  no  chlorine  is  present,  as  in  a  solution  of  ammonio-magnesian  arsenate  in  dilute 
sulphuric  acid,  arsenic  acid  likewise  vields  arsenetted  hydrogen,  though  less  quickly 
and  abundantly  than  arsenious  add.  Hence  the  addition  of  sulpnurous  add  or 
hydrogen  sulphide  to  reduce  the  arsenic  to  arsenious  acid,  necessary  when  hydro- 
chloric add  is  present,  is  useM  also  in  other  cases  (Bloxam,  Pharm,  J,  Trans.  [2] 
iii.  607). 

Arsenic  acid  treated  in  the  cold  with  Bta/muma  chloride,  yields  a  white  predpitate  of 
stannic  arsenite,  2SnO'.A8'0',  or  stannous  pyroarsenate,  Sn'AsK)^  or  2SnO.As^O^ 
(Schiff,  Jahreab,  1861,  p.  278).  In  warm  solutions  metallic  arsenic  is  deposited  and 
arsenetted  hydrogen  evolved  (Eessler,  ibid.  p.  266). 

Absexltm.  Most  insoluble  arsenates  are  obtained  by  predpitation  in  the  amor- 
phous state,  but  they  may  sometimes  be  rendered  crystalline  by  keeping  them  for 
some  time  at  the  temperature  of  100^.  In  this  manner  Bebray  has  obtained  the 
crystallised  arsenates  of  magnesia  and  dnc,  MnHAsO^HK)  toid  ZnHAsO*.H*0. 
Cxystallised  arsenates  may  also  be  prepared  by  the  action  of  arsenic  acid  in  solution 
on  the  corresponding  carbonates.  In  this  manner  the  minerals  olivenite, 
Cu"(AsO«)'.OuH*0*,  and  haidingerite,  CaHAsO«  +  fH*0,  have  been  produced 
with  their  natural  characters.  Some  arsenates  heated  with  the  corresponding  chlorides 
produce  arsenato-chlorides  with  the  characters  of  native  minerals,  e.g.  mimetesite, 
Pb*Cl*(A80«)*  (Debray,  Ann.  Ch,  Pharm.  cxv.  60 ;  cxxxiii.  230 ;  Ann,  Ch,  Phft, 
[3]  Ixi.  419).  Lechartier  {ByU,  Soc.  Chim.  [21  viii.  884),  by  fusing  caldum 
arsenate  with  chloride  and  fluoride  of  calcium  together,  has  obtained  crystals  having 
the  form  of  apatite  and  the  composition  of  calcium  arsenato-chloride,  with  the 
chlorine  partly  repUced  by  fluorine,  viz.  Ca'(AsO*)*.Ca(Cl»;  F«).  In  like  manner, 
by  fusing  magnesium  arsenate  with  chloride  and  fluoride  of  magnesium,  the  compound 
Mg*(AsO*^'.Mg(Cl';  F*)  is  obtained,  having  the  form  of  wagnerite. 

The  estimation  of  arsenic  in  the  arsenates  of  mancanese,  iron,  zinc,  lead,  and  copper 
niay  be  easiljr  and  very  etactly  perfonned,  acorarding  to  H.  Rose  (Pogff,  Ann.  cxvi. 
463),  by  igniting  the  salt,  mixed  with  sulphur,  in  a  covered  porcelain  crudble  t^ugh 
which  a  stream  of  hydrogen  is  passed,  till  the  residual  metallic  sulphide  exhibits  a 
constant  weight.  For  the  arsenates  of  nickel  and  cobalt,  simple  ignition  with  sulphur 
in  the  crucible  suffices,  bxit  the  weight  of  the  metal  cannot  be  calculated  from  that  of 
the  residual  sulphide.  The  sulphide  of  cobalt,  however,  even  after  repeat4)d  treatment 
with  sulphur,  retains  traces  of  arsenic,  which  can  only  be  removed  by  solution  in 
nitric  acid,  and  ignition  of  the  evaporated  residue  with  sulphur.  F^m  silver  arsenate 
also  it  is  not  possible  to  remove  the  whole  of  the  arsenic  by  ignition  with  sulphur  in  a 
stream  of  hydrogen  ;  similarly  with  the  arsenate  of  aluminium,  and  the  arsenate  of 
magnesium  and  ammonium. 

The  arsenates  of  alkali-metal  are  easily  and  completely  converted  into  chlorides  by 
Ignition  with  sal-ammoniac ;  those  of  the  alkali-earth  metals  less  easily ;  magnesium 
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axsenate  rataiiiB  part  of  its  amenic,  eyen  after  ignition  with  sal-ammoniac  in  a  stream 
of  hydrogen ;  so  likewise  do  the  azsenates  of  the  heavy  metals,  as  iron,  cobalt,  or  nickel. 
Acid  ammonium  sulphate  deoompoees  arsenates  more  easily  and  completely  than  sal- 
ammoniac;  but  the  fosed  salt  attacks  the  porceUin  crucible  so  strongly  that  the 
quantity  of  the  residual  metallic  sulphate  comes  out  too  high.  Arsenate  of  magnesium 
and  ammonium,  and  the  arsenates  of  sodium,  calcium,  and  lead,  are  converted  into 
sulphates  f^  from  arsenic,  even  by  a  single  fusion  with  acid  ammonium  sulphate  (Rose). 

Ammonium  Arsenat es, — ^The  crystalline  precipitate  produced  by  adding  con^ 
centiated  aqueous  ammonia  to  a  solution  of  diammonic  arsenate,  (NH*)*HAsO*, 
consists  of  the  triammonic  salt,  and  after  drying  between  bibulous  paper  has  the 
composition  (NH^)*AsO*.3HK>  (Uelsmann,  Jahresb.  1859,  p.  185).  Triammonic 
arsenic  is  likewise  obtained  by  saturating  with  ammonia  a  solution  of  arsenic  acid 
sufficiently  concentrated  to  yield  a  ciystalline  precipitate  on  cooling  (Salkowski,  J.  pr. 
Ckem.  ciy.  129 ;  Bull.  8oc.  Chim.  [2j  447).  According  to  Schiff  (ifticf.  16),  the  sp.  gr. 
of  the  diammonic  salt  is  1*989 ;  of  the  monammonic  siQt,  (NH^)H'A80*,  2*249. 

Barium  Arsenates. — The  tribarie  salt  Ba*(A80^)',  obtained  by  precipitating  an 
ammoniacal  solution  of  arsenic  add  with  barium  chloride,  becomes  perfectly  anhydrous 
at  a  little  above  100^.  It  is  nearly  insoluble  in  water  containing  ammonia,  more 
soluble  in  pure  cold  water,  still  more  in  water  containing  sal-ammoniac  (Field,  Ckem, 
8oc.  J.  id.  6). 

The  monobario  salt  BaHAflO^.H'0  is  obtained  in  quadratic  octohedrons  by  dissolving 
precipitated  amoi^hous  barium  arsenate  in  acetic  acid,  and  leaving  the  solution  to 
evapozate  (Schiefer,  Jahresb.  1864,  p.  237).  The  same  salt  is  obtained  by  precipitating 
a  solution  of  disodie  arsenate  with  barium  chloride.  By  digestion  with  ammonia  it  is 
more  or  less  converted  into  the  tribarie  salt  Ba'(AsO*)'.  The  monobaric  salt  dissolved 
in  hydrochloric  acid  and  mixed  with  sal-ammoniac,  gnves  with  ammonia  a  precipitate 
of  an  arsenaUhcUoride,  Baa*.3Ba*(A80«)*  (Salkowslu). 

Bismuth  Arsenat  St  Bi"'A80\  is  obtained  as  a  precipitate  by  adding  to  an  acid 
solution  of  bismuth  nitrate  either  a  solution  of  disodie  or  trisodic  arsenate  or  of 
arsenic  acid.  The  whole  of  the  bismuth  is  thereby  precipitated,  so  that  the  reaction 
may  be  made  available  for  the  quantitative  estimation  of  that  metal.  The  salt  dried 
at  100^-120°  retains  (HK).  It  is  quite  insoluble  in  nitric  acid,  slightly  soluble  in 
excess  of  bismuth  salt ;  it  dissolves  in  hydrochloric  acid,  but  the  solution  is  completely 
precipitated  by  water,  and  by  repeating  the  precipitation  several  times  the  precipitate 
may  be  completely  deprived  of  arsenic  acid  (Salkowski). 

Cadmium  Arsenates.'— The  salt  6Cd0.2A8'0^  +  3aq.,  or  perhaps  Cd*(AsO*)'^ 
2CdHAsO^  +  4aq.,  is  precipitated  on  adding  disodie  arsenate  to  cadmium  sulphate. 
The  tricadmip  salt  2Cd'(AsO*)'.3aq.  is  formed  by  precipitating  a  cadmium  solution 
tdth  trisodic  arsenate  (Salkowski). 

Calcium  Arsenates. — ^Debray  {Ann.  Ch.  Pharm.  cxv.  50),  by  digesting  calcium 
carbonate  with  aqueous  arsenic  acid  at  ordinazy  temperatures,  has  obtained  the  salt 
CaBLAsO*  with  various  quantities  of  water  according  to  the  temperatoroj  viz. 
O&HAsO^.l^aq.  (haidingerite)  at  ordinary  temperatures;  CaHAsO*.aq.  at 
70^;  CaHAsO*  at  100^  Salkowski  obtains  this  salt  with  1  mol.  water  by 
precipitating  calcium  chloride  with  disodie  arsenate ;  it  gives  off  this  molecule 
of  water  at  160^,  and  at  240°  begins  to  change  into  pyroarsenate.  On  adding 
calcium  chloride  to  an  excess  of  disodie  arsenate,  a  precipitate  is  formed  having  the 
more  complex  composition  Ca*H«Na^AsO«)".8aq.  This  salt  gives  ofP4H^O  at  130*='. 
The  slightly  acid  uquid  filtered  from  this  precipitate  becomes  cloudy  on  boiling,  but 
clear  again  on  cooling.  On  filtering  it  at  the  boiling  heat,  the  salt  CaHAsO' .  aq.  is  left 
on  the  filter.  The  triealeic  salt  Ca'(AsO^)'  is  nearly  insoluble  in  water  containing 
ammonia.  Ammonuhcalcio  arsenate^  Ca(NH^)AsO*,  is  easily  prepared  bv  mixing  a 
solution  of  calcium  chloride  with  a  lafge  excess  of  ammonia  and  tri-ammomc  arsenate ; 
it  separatee  from  dilute  solutions  in  large  needles,  from  concentrated  solutions  as  a 
white  crystalline  powder;  dried  at  100^  it  contains  2Ca(NH«)A80^aq. ;  at  140®  it 
becomes  anhydrous.  It  is  nearly  insoluble  in  ammoniacal  water,  more  soluble  in 
pnro  water,  stiU  more  in  water  containing  sal-ammoniac  (Field). 

Cupric  Arsenates, — The  salt  2CuHAs0^.3aq.  is  obtained  in  the  cn^stallino 
farm  fy  digesting  cupric  carbonate  with  aqueous  arsenic  add  at  70®.  By  digesting 
amozpnous  cupnc  arsenate  (tribasic)  witli  solution  of  cupric  nitrate  or  sulphate, 
crystallised  salts  are  obtained,  viz.  Cu*(AsO«)' .  4aq.  at  70°,  and  Cu'(AsO«)^OuH20' 
(olivenite)  at  a  little  above  100°.  The  last-mentioned  product  is  obtained  more 
distinctly  crystallised  by  performing  the  digestion  in  sealed  tubes  at  150°-160°.  It 
may  also  be  prepared  fr<mi  the  former  hy£rate,  Cu'(A80*)'.4aq.,  by  digestion  with 
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water  containing  cupric  nitrate  or  sulphate  at  250^-270^  (Debray,  Jakresb.  1860, 
p.  72).  Cupric  sulphate  precipitated  by  diammonic  arsenate  yields  the  mlt 
fiCu0.2A6>0^3aq.  or  Cu*(ABO*)<.2CuHAsO«.2aq.  By  adding  ammonia  to  the 
mixture  a  cuprico-ammonic  arsenate  is  obtained  (Salkowski). 

FerroBO'ferrie  Arsenate, — To  prepare  this  salt,  which  is  used  in  medidne, 
Wittstein  {Znteckr,  f.  Chem.  1866,  p.  256)  precipitates  a  solution  of  3  pts. 
crystedlised  ferrous  sulphate  in  60  pts.  water  with  2  pts.  diy  sodium  arsenate  in 
40  pts.  water  in  the  cold,  and  dries  the  washed  white  precipitate  in  the  fur  on  plates : 
it  then  remains  in  dark  lumps  of  a  deep  grass-green  colour,  which  yield  an  oliTe-grecn 
powder.     The  reaction  is  represented  by  the  equation 

4Fe"80«  +  4Na«HAsO*  «  4Na*S0*  +  Je«(AsO*)«  +  ¥e'^\AsO*y. 
The  composition  of  the  air-dried  preparation  is  represented  by  the  formula 

2[Fe«(AsO*)«.8HK)]  +  8[/e«(AsO*)«.16H»0]. 
It  gives  off  part  of  its  water  at  lOO'',  and  the  rest  at  a  red  heat,  without  loss  of  acid. 
The  solution  filtered  from  the  precipitate  gradually  deposits  yellowish  white  ferric 

arsenate,  f^AaH>^y.SHH)  or  FeH)».As«0*.8H*0.  which  when  ignited  learcs  the 
brown  compound  8Fe*0*.2AB*0». 

Lead  Arsenates, — ^Aooording  to  Salkowski,  the  salt  PbHAsO*  is  precipitated  on 
mixing  the  solutions  of  lead  acetate  and  disodic  arsenate.  Most  authorities  however 
state  that  the  triplumbie  salt  Pb*(A80^)'  is  formed  under  these  circumstances 
(i.  382). 

Lithium  Arsenates, — ^The  salt  2Li'AsO*.aq.  is  obtained  as  a  pulverulent 
precipitate  by  saturating  arsenic  acid  with  lithium  carbonate  and  adding  ammonia. 
A  solution  of  this  salt  in  free  arsenic  acid  yields  by  spontaneous  evaporation 
deliquescent  rhombic  prisms  (of  about  142^)  of  the  monolithic  salt  2LiH'AsO*.3aq., 
whidi  is  decomposed  by  water  into  arsenic  acid  and  the  trilithic  salt  (Ranunelsbeig, 
Fogg,  Ann,  cxxviii.  311 ;  Jakresb,  1866,  p.  160). 

Magnesium  Arsenate, — ^According  to  Schiefer  (Jahresb,  1864,  p.  237),  the  salt 
obtained  by  dissolving  the  residue  left  on  igniting  ammonio-magnesium  arsenate  in 
acetic  acid,  and  leaving  the  solution  to  evapomte,  ^s  the  composition  MgHAsO^.  5aq. 
A  solution  of  magnesia  in  an  equivalent  quantity  of  aqueous  arsenic  acid  yielded  a 
crystalline  highly  deliquescent  salt,  supposed  by  Schiefer  to  consist  of  'MgK*(AsO*y, 
According  to  Reischauer  {Jahresb,  1865,  p.  175),  magnesium  arsenate  obtained  by 
precipitation  has,  when  air^dried,  the  composition  2MgTTA»0* .  18aq.,  and  after 
drying  in  a  vacuum,  2MgHAsO^ .  6aq. 

Anmxmuhmagnesium  arsenate^  Mg(NH*)AsO\  is  very  slightly  soluble  in  pure  water, 
nearly  insoluble  in  water  containing  ammonia,  more  soluble  in  solution  of  sal-ammomac 

From  the  recent  experiments  of  Fresenius  (ZntooAr.  anal.  Chem,  iii.  206)|  it 
appears  that  1  pt  of  the  salt  dried  at  100<>  (Mg"HA80«.^.)  dissdves : 

a.  In    2,656  pts.  water  at  15^. 

b.  „   15,038    „    dilute  aqueous  ammonia  (1  pt  aqueous  ammonia  of  sp.  gr.  0*96  to 

3  pts.  water). 

c.  „     843-9    „    concentrated  solution  of  sal-ammoniac  (1  pt  KH^Cl  to  7  pts. 

water). 
(2.  „     1,315    „    dilute  solution  of  sal-ammoniac  (1  pt.KH^Cl  to  70  pts.  water). 
€,   „     2,874    „    mixture  of  60  pts.  water,  10  pts.  aqueous  ammonia  of  sp.  gr.  0-96, 

and  1  pt.  sal-ammoniac 

Consequently  1  pt.  of  the  anhvdrous  salt  Mg''(NH^)AsO^  requires  for  dissolution 
the  following  quantities  of  the  solvents  above  mentioned : 

c  b,  c.  d.  e, 

2,788  15.786  886  1,380  3,014  pts. 

See  also  Field  (Chem,  8oc.  J,  xi.  6). 

From  the  observations  of  H.  Rose  (Zeitsehr.  anal,  Chem,  i.  413),  confirmed  by 
Wittstein  (ibid,  ii.  19),  it  appears  that  ammonio-magnesium  arsenate  when  heated, 
cautiously  at  first,  afterwards  till  the  crucible  is  almost  red-hot,  gives  up  all  its  water 
and  ammonia,  and  leaves  pure  dimagnesic  arsenate,  Hg'As'CT  or  2MgO.AsH>*.  In 
estimating  arsenic  by  precipitation  as  ammonio-magnesium  arsenate,  the  precipitate 
may  therefore  be  ignited  without  fear  of  losing  arsenic,  and  the  trouble  of  cuybg  the 

?recipitate  in  a  vacuum  or  at  100°,  as  formerly  recommended  (i.  367),  may  be  saved. , 
'he  process  thus  conducted  affords  the  quickest  and  most  exact  of  all  methods  of 
estimating  arsenic. 

Manganese  Arsenates. — Monomanganous  arsenate,  MnH^AsO*)*,  separates  on 
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ertporaUon  from  a  aolation  of  recently  precipitated  mangaDous  carbonate  in  excess  of 
aneaic  acid,  in  deliqaeecent  lectangolar  lamins  (Schiefer).  Igelstrom  {J.  pr.  Chem, 
ami.  60)  deeeribefi,  under  the  name  of  Kondroartenite,  a  basic  manganous  arsenato, 
2(SMnO.AM*).6HH)  or  2Mn'(AsO*)*.4MnHK)*.HH>,  from  an  ifon  and  manganese 
mine  in  Wennland^  Sweden.  The  mineral  ia  implanted  in  small  yellow  or  liddish 
yellow,  traaslnoent  friable  grains  on  a  heavy  spar  which  tiaTerses  hansmannita  in 
Teins. 

Nickel  JrBenatea.^The  salts  Ni»(AsO»)« or  SNiO.  AbK)» and Ki»(AsO*)«. 2NiO  or 
<}NiO.  AS^  haTO  been  recognised  by  Beigemann  («/*.  pr.  Chan,  IzxT.  239)  in  a  mineral 
from  Johann-Georgenstadt ;  the  former  yellow  and  amorphous ;  the  latter  ciystalline, 
opaque,  and  brownish.  The  trime^llic  salt  has  also  been  found  by  D.  Forbes  (Phil, 
Mag.  [4]  zzr.  104)  in  a  halfndecomposed  greenstone  (traversing  the  Jura  beds  of  the 
Atacama  Desert,  about  twenty  leaguea  east  of  the  port  of  Flamenco).  It  occurs  in 
sul^^nr-yellow  amorohous  crusts  containing  50*63  p.  c  As-O*,  48*24  NiO,  0*21  CoO, 
0*57  CttO, and  062  BiK)«  (=  100*17). 

kmekd-oobaU  anenaie,  2(NiO;CoO>.ABH)*.8H<0,  or  perhaps  2NiHAsO*.7HK), 
ocean  in  the  same  locality,  as  a  mineral  of  greyish'White  colour,  silky  to  resinous 
lustre,  hardness  2*5,  and  sp.  gr.  3*086.  It  gave  by  analysis  44*05  As'O*,  19*71  NiO, 
9-24  CoO,  and  26i»8  water  (  »  99*98). 

Potattimm  Arsenates. — ^The  monopotassic  salt  KH'AsO*  has,  according  to 
Schiii;  a  8p.gr.  of  2*832. 

Silver  Arsenates. — ^According  to  Eiihn  (Jnhresb.  1857,  p.  257).  the  iriargentic 
salt  Ag^AsO*  may  he  obtained  as  a  dark  purple  czystalline  precipitate,  by  mixing 
solution  of  silTer  nitrate  at  the  boiling  heat  with  a  concentrated,  almost  syrupy  solution 
•f  arsenic  acid.  This  salt  is  soluble  in  arsenic  acid,  and  the  solution,  kept  for  somo 
days  in  a  warm  place,  deposits  a  white  crystalline  jpowder  consisting  of  A(^.2Ab'0*, 
eraoomponnd  of  argentic  metarsenate  with  arsenic  oxide,  2AgAsO*.As'0*.  Water, 
tspedally  if  hot,  decomposes  this  salt  into  arsenic  acid  and  the  nonnal  arsenate 
(Hmtag  a.  Geather,  Jnn,  Ck,  Pharm,  cxi.  159). 

Sodium  Arsenates. — ^To  prepare  the  ordinary  disodic  orsmato,,  Na'HAsO*,  on 
the  large  sole^  for  use  as  a  mordant,  &c.,  Higgins  (Din^l.  pol.  J.  clxxiv.  323) 
diaaolres  arsenioas  oxide  in  soda-ley,  evaporates  the  solution  mixed  with  sodium 
Dttnte,  and  calcines  the  mixture  in  a  reverberatoiy  furnace.  The  solution  of  the 
raadne  in  aqueous  sodium  carbonate  yields  on  evaporation  crystals  of  tho  salt 
Na^HAsO^  12aq.  B.  Wagner  {jbid.  clxxiv.  823^  first  prepares  tricaldc  arsenate  by 
the  acdoo  of  iodine  on  a  mixtare  of  arsenioua  oxide  and  calcium  hydrate : 

An*0«  +  5CaH»0«  +  I*  -  Ca»(AsO')*  +  2CaI«  +  5H«0; 

then  separates  the  dissolved  calcium  iodide  (which  is  used  in  photography)  from  the 
andiaolved  calcium  arsenate ;  and  decomposes  the  latter  by  boiling  with  aqueous 
sodium  carbonate.  The  same  salt  may  be  obtained  from  the  arseniferoua  mother- 
liqnon  of  the  preparation  of  aniline  red  (p.  166)  by  adding  a  little  sodium  nitrate, 
erapoiating  to  dryness,  gently  igniting  the  residue,  redissolTing  it  in  water,  and 
leaving  the  solution  to  crystallise  by  evaporation  (£.  Kopp,  BuU.  Soe,  Chim.  [21  ii. 
158). 

Sodi9-a]Hmonium  Arsenate,  Na(KH^)HA80* .  4a^.,  may  be  prepared,  not  only  by 
mixii^  the  solutions  of  the  diaodie  and  diammonic  salts  (i.  384),  but  also  by  mixing 
the  solutions  of  6  pts.  of  the  disodic  salt  Ka*HAsO*.  I2aq.  with  1  pt.  sal-ammoniac, 
lesTiog  the  liquid  to  crystallise  by  evaporation,  ailer  adding  a  little  ammonia,  and 
noystalltsing  from  ammoniacal  water.  The  concentrated  solution  of  this  salt  mixed 
with  saturated  aqueous  ammonia  yields  a  precipitate  consisting  of  fruntly  lustrous 
oyitalline  laminae,  which,  after  washing  witn  ammoniacal  water  and  pressure  between 
bibnloos  paper,  consist  of  the  sodio^iammonic  salt,  Ka(NHM'AsO'.4aq.  (Uelsmann, 
Arek  Pkarm,  [2]  xdx.  138). 

The  Bpeeifie  gravities  of  the  sodium-anenatest  as  determined  by  Schiff  (Jahresb, 
1859,  p.  16),  are  as  follows : 

NaH>AsO«.aq 9*535 

Na«HAsO«.12aq.         .        ,        .    1*670 


Na>HAaO*.7aq 1*871 


Na*AsO«.  I2aq.  ....  1*762' 
Na(KH«)dAsO*.4aq.  .  .  1*838 
NaKHAsO* .  7aq 1-884 


StrontiO'hydrie  Arsenate,  BtB-AmO* .w^.,  czystallises  from  a  solution  of  the 
precipitated  salt  in  acetic  acid,  in  oblique,  nearly  rectangular  laminie  (Schiefer)'. 
Aficotding  to  Salkowski,  strontium  chloride  mixed  with  disodic  arsenate  yields  a 
pfedpitate  of  strontio-sodic  arsenate,  SrNaAsO*.aq.,  and  the  filtrate  on  boiling 
deposits  strontio-hydrie  arsenate,  SrHAsO* .  aq. 

Sup.  Q 
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Thallium  Arsenates.— See  Thallitm  (v.  763,  756). 

Tin  Arsenates. — On  adding  stAnnous  chloride  in  excess  to  an  acetic  acid  solution 
of  potassium  arsenate,  a  crystalline  precipitate  is  formed,  consisting  of  stannous 
arsenato-cklorid^,  Sn»(AsO*)'.SnCl*.H'0,  which  when  heated  out  of  contact  with 
the  air  suddenly  decomposes,  with  emission  of  white  vapours  and  deposition  of  an 
arsenic  mirror  on  the  sides  of  the  vessel.  By  adding  a  small  quantity  of  solution  of 
stannous  chloride  to  a  concentrated  acetic  acid  solution  of  potassium  arsenate,  a  white 
flocculent  precipitate  is  formed,  which  when  air-dried  has  the  composition  of  stannous 
pyro-arsenate,  Sn*As*0'  or  2SnO.  As^O*  (Lenssen,  Ann.  Ch.  Pharm.  cxiv.  113). 

Zinc  Arsenates. — The  compound  4ZnO.AsK)'.H*0  occurs  native  as  adamine 
(p.  57).  By  adding  disodic  arsenate  to  zinc  sulphate,  a  bulky  amorphous  proci> 
pitate  is  formed,  consisting  of  the  salt  5ZnO .  2As'''0*  with  4HH)  at  100^  and  3H«0 
at  120°,  or  of  Zn»(AsO*)».2ZnHAsO*  with  3H«0  or  2H*0.  The  trietnde  saU 
Zn'(AsO*)'.3H'0  is  obtained  as  a  gelatinous  precipitate  on  abiding  trisodic  arsenate 
to  zinc  sulphate  (Salkowski). 

Ethyl  Arsbnatk.  (CH^)'AsO^ — Prepared  by  heating  silver  arsenate  in  slight 
excess  with  ethyl  iodide  mixea  with  two  volumes  of  common  ether.  The  product  is 
washed  with  ether  to  dissolve  the  ethyl  arsenate,  the  ether  driven  off  at  100°,  in  a 
current  of  carbon  dioxide,  and  the  remaining  liquid  is  distillerl  under  reduced  pressure. 
Ethyl  arsenate  has  a  density  of  1'326  at  0°,  1*316  at  8°.  Under  a  pressure  of  60 
millimetres  it  distils  completely  between  148°  and  153° ;  at  760  mm.  it  distils  between 
235°  and  238°,  but  with  partial  decomposition  towards  the  end  of  the  operation, 
arsenic  oxide  being  left  behind.  With  water  it  forms  a  limpid  solution  whidi  leactB 
like  aqueous  arsenic  acid  (Crafts,  Bull.  8oc.  Chim.  [2]  viii.  206). 

Bulpliideft.  The  precipitate  formed  by  hydrogen  sulphide  in  a  solution  of  arsenic 
acid  or  of  an  arsenate  acidulated  with  a  mineral  acid,  is  a  mixture  of  sulphur  and  arse- 
nious  sulphide,  As'S',  in  the  proportion  which  would  produce  the  pentasulphide  (i.  391 ) : 
the  sulphur  may  be  dissolved  out  by  carbon  bisulphide.  According  to  Fuchs  (Zeitsekr, 
anal.  Chem.  i.  189),  the  pentasulphide  As'S*  may  be  obtained  as  a  light  yellow 
precipitate  by  mixing  a  dilute  solution  of  sodium  sulpharsenate  with  dilute  hydro> 
chloric  acid.  According  to  Fltickiger,  on  the  other  hand  {J(^resb.  1863,  p.  232),  the 
precipitate  thus  obtained  (or  with  acetic  acid),  though  it  dissolves  completely  in 
ammonia,  nevertheless  reacts  in  this  solution  like  a  mixture  of  the  trisulphide  and 
free  sulphur,  inasmuch  as  it  soon  deposits  sulphur  and  leaves  on  evaporation  a 
mixture  of  arsenite  and  h^rposulphite  of  ammonium.  An  ammoniacal  solution  of  the 
trisulphide  does  not  by  itself  deposit  any  sulphur,  but  easily  takes  up  2  atoms  of 
sulphur,  and  then  reacts  as  above. 

JHsodic  Sulpharsenate,  2Na'AsSM5H<0  or  3Na<S.  As>S^  15H*0,  is  easily  obtained 
in  fine  crystals  by  saturating  a  quantity  of  soda-ley  containing  10  pts.  of  soda 
iHth  hydrogen  sulphide,  and  dissolving  in  the  liquid,  with  aid  of  heat,  26  pts.  of 
arsenious  sijdphide  and  7  pts.  of  sulphur.  The  solution  is  evaporated,  if  necessary, 
till  a  few  drops  placed  on  a  watch-glass  crystallise,  then  filtered,  and  left  to  cool 
slowly ;  and  the  pale  yellow  crystals  thus  obtained  are  washed  with  a  small  quantity 
of  water  (Fresenius,  Zeiischr.  anal.  Chem.  i.  192). 

Jk8Ar<BTZDA.  This  gum-resin,  purified  by  dissolving  it  in  alcohol,  distilling 
off  the  greater  part  of  the  alcohol,  and  precipitating  the  residue  with*water,  gives  off, 
when  fused  with  3  pts.  of  potassium  hydrate,  a  thick  aromatic  vapour ;  and  on 
dissolving  the  fused  mass  in  water  (4  pts.  water  to  1  pt.  of  potash  used),  acidulating 
the  solution  with  dilute  sulphuric  acid,  filtering  to  separate  resin,  and  agitating  the 
solution  three  times  with  an  equal  volume  of  ether,  distilling  the  ether^  extracts, 
and  evaporating,  protocatechuic  acid  and  resorcin  are  obtained  in  the  proportion  of 
33  grms.  of  the  former  and  22  grms.  of  the  latter  to  1 1  ounces  of  the  resm. 

The  protocatechuic  acid  is  produced  from  an  acid  called  ferulic  acid,  which  exists 
ready-formed  in  asafoetida,  and  is  obtained  as  follows :  The  alcoholic  tincture  of  the 
resin  is  precipitated  with  an  alcoholic  solution  of  neutral  lead  acetate ;  the  light 
yellow  precipitate  is  freed  as  completely  as  possible  from  adhering  resin  by  repeated 
dissolution  in  alcohol  and  pressure ;  and  decomposed,  after  suspension  in  warm  water, 
by  dilute  sulphuric  acid.  The  filtered  liquid  duly  concentrated  yields  a  crystalline 
mass- of  crude  ferulic  acid,  which,  after  recrystallisation  from  alcohol  and  then  from 
boiling  water,  forms  long,  colourless,  four-sided  needles  belonging  to  the  rhombic 
system,  the  faces  of  which  taper  to  the  apex  without  combination-erlges. 

Ferulic  acid  is  tasteless,  has  an  acid  reaction,  dissolves  easily  in  cold  alcohol,  not 
very  easily  in  ether,  scarcely  at  all  in  cold  water,  but  completely  in  boiling  water, 
very  easily  and  with  yellow  colour  in  alcohol.    The  aqueous  solution  is  precipitated 
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by  nentz&l  lead  acetate  and  ferric  chloride;  the  ammoniacal  solution  formB  with 
mlTer  nitrate  an  egg-yellow  precipitate  quickly  becoming  darker  on  exposure  to  light. 
Stiong  sulphuric  acid  dissolves  the  crystals  with  yellow  colour,  and  on  heating,  with 
brownish-rad  colour,  the  solution  exhibiting  a  green  fluorescence,  which  disappears  on 
dilution  with  water. 

The  analyses  of  ferulic  acid  and  of  its  salts  lead  to  the  formula  C^'Hi'O*.  The 
acid  melts  at  153^-154°,  and  solidifies  in  the  crystalline  form;  fiised  with  potash,  it 
yields  as  chief  product  protocatechuic  acid,  together  with  small  quantities  of  oxalic, 
acetic,  and  carbonic  adds.  By  dry  distillation  it  yields  a  viscid  oil  smelling  like 
phenol  and  guaiacol,  in  which,  after  long  standing,  crystals  (probably  of  pyrocatochin) 
make  their  appearance. 

Jbtmomum  ftndaU,  C'*H*(KH*)0*,  separates  from  its  solution  by  spontaneons 
evaporation  in  laminar  crystals,  which  give  off  part  of  their  ammonia  at  100®.  The 
fotoMtmrn  saU  C**B*K*Q*  is  straw-yellow,  deliquescent,  and  very  sparingly  soluble  in 
aloohoL  Tha  silmr  »aU  C**H*AgO*  is  a  lemon-yellow  precipitate  soon  changing  colour. 

MkWM.  OV  OSOAVZO  BOBZB8.  R  Beichardt  recommends  the  following 
process  for  the  preparation  and  analysis  of  ashes.  The  substance  is  charred  at  a 
low  red  heat  in  a  loosely  covered  crucible ;  the  charcoal  is  rubbed  to  powder,  repeat- 
edly boiled  ont  with  water,  and  the  filtrate  is  immediately  mixed  with  excess  of  silver 
nitrate.  The  residual  charcoal  is  then  exhausted  with  warm  water  containing  nitric 
add,  and  the  extract,  together  with  the  wash-waters,  is  mixed  with  the  first  liquid. 
The  diavDoal  is  next  indnerated,  and  the  ash  is  exhausted,  first  with  water,  then  with 
hot  strong  nitric  add.  These  solutions  aro  mixed  with  those  first  obtained ;  the 
mixtnro  is  acidulated,  if  necessary ;  and  the  predpitate,  consisting  of  silver  chloride  and 
sulphide  (the  latter  formed  from  the  metallic  sulphides  product  in  carbonisation),  is 
collected  on  a  filter,  weighed,  and  dried  at  100^,  and  treated  while  still  moist  with 
ammonia  to  dissolve  the  silver  chloride,  which  compound  is  to  be  reprecipitated  from 
the  filtrate  by  nitric  acid.  The  weight  of  the  silver  sulphide  dried  at  100^  gives  by 
calculation  a  part  of  the  sulphuric  add  in  the  ash.  Tne  residue  left  on  treating  the 
ash  with  nitnc  acid  is  warmed  with  strong  hydrochloric  acid,  diluted,  filtered  (any 
insoluble  portion  being  examined  for  silica),  and  the  filtrate  is  mixed  with  that  which 
has  run  ^rom  the  silver  precipitate.  Anv  silver  still  nmaining  dissolved  is  precipi- 
tated by  hydrochloric  acid ;  tne  filtrate  is  evaporated  to  dryness  to  separate  silica ; 
and  the  solution  obtained  by  digesting  the  dried  residue  with  acidulated  water  is 
divided  into  two  portions,  one  of  which  is  used  for  the  determination  of  sulphuric 
add  and  alkalis,  the  other  for  the  remaining  constituents,  according  to  known 
methods. 

Soda  m  PiMU'OaheB.'^To  detect  the  presence  of  soda  in  plant-ashes,  Peligot 
{ZtU9ekr.  anal,  CJtem,  vi.  473 ;  Jahresb.  1867,  pp.  768,  832)  mixes  the  aqueous  extract 
of  the  ash  with  baryta-water,  filters,  and  evaporates  the  filtrate  after  having  thrown 
down  the  excess  of  baryta  by  carbonic  add.  The  filtered  liquid  is  then  supersaturated 
with  nitric  add  and  evaporated  to  the  crystallising  point,  wheroupon  {)otet8sium  nitrate 
cryvtaUises  out.  The  mother-liquor  is  evaporated  with  sulphunc  acid ;  the  strongly 
i|[;iiited  residue  is  dissolved  in  water ;  and  the  solution,  after  the  greater  part  of  the 
potassium  sulphate  has  dystallised  out,  is  left  to  evaporate  spontaneously,  wheroupon, 
if  soda  is  absent^  nothing  but  transparent  prisms  of  potassium  sulphate  make  tneir 
appearance,  whereas  in  the  contrary  case,  efflorescent  crystals  of  sodium  sulphate 
will  be  obtained.  These  latter  are  distinctly  recognisable  even  when  the  saline  mixture 
contains  only  2  p.  c.  of  sodium  sulphate. 

By  this  method  Peligot  finds  that  the  greater  number  of  plant-ashes  do  not  contain 
aodinm.  Such  is  the  case,  for  example,  with  the  following  plants :  Wheat  and  oats 
(grain  and  straw) ;  potatoes  (tubers  and  stems) ;  oak  and  white  beech  (wood) ; 
tobacco,  mulbeny,  pflBony,  castor-fiil  plant  (leaves) ;  beans,  vine-shoots,  Farietaria, 
GTpeophiia  pubesoens,  Clnenopodium  quinoa,  spinach,  and  parsnip.  This  last  plant 
grew  near  others  mostly  belonging  to  the  atripliceous  and  chenopodious  families,  which 
€smtain  soda  to  a  greater  or  less  amount.  In  the  ashes  of  the  following  plants,  sodium 
WHS  found  (chiefiy  as  chloride),  though  potassium  salts  predominated :  Mangold-wurzel 
(lefives  and  roots),  orache,  Atriplex  hastata,  Chenopodium  murale,  Mercurialis  annua, 
Zo0tera,  and  Fucus. 


The  following  are  analyses  of  volcanic  ash  from  the  islands 
at  the  East  Indian  Archipelago.  Analyses  by  P.  F.  Maier :  ash  from  the  Gunung 
Omtor  in  Java,  fallen,  I.  on  Januaxy  4, 1848  ;  II.  on  November  25, 1844.  Analyses 
Iry  Best  van  Tonningen :  III.  ash  from  Merapi,  &llen  September  6,  1846 ;  IV.  from 
t£e  volcano  on  Temate,  April  30,  1860  ;  V.  from  the  Tabucan  (Tangi  Islands),  March 
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30,  1856;  VI.  from  the  Lamongau  (on  Probolingo),  February  28,  1859;  VII.  from 
the  Arosbaja  (lale  of  Madeira),  February  28.  1859  {Jakreab.f.  Chtin.  1860,  p.  808) :— 


I. 

n. 

lU. 

IV. 

V. 

VI. 

VII. 

8iO« 

84-23 

51-77 

43-13 

31-66 

50-40 

44-37 

49-35 

APO» 

37-50 

2577 

32-90 

46-48 

27-49 

15  58 

17-63 

Fe»0* 

1818 

13-66 

10-74 

14-68 

12-95 

2994 

22-60 

CaO 

6-72 

7-43 

7-39 

4-77 

5-35 

8-40 

7-80 

MgO 

0-68 

0-94 

2-23* 

0-63 

0-87 

0-66 

0-38 

X* 

1-74 

0-30 

1-42 

1-60 

8-21 

018 

0-66 

H*0 

0-26 

0-32 

1-29 

0-99 

1-59 

0-15 

0-33 

The  aflhes  do  not  contain  either  phosphates  or  potamium  salts ;  their  specific  grarity 
Taries  from  1572  to  2-801. 

O.  Prolls  (Jakresb.  1865,  p.  919)  found  in  a  yolcanic  ash  which  was  ejected  in  large 
quantity  on  January  3  and  4,  1864,  from  the  volcano  of  Kloet  in  Java  (after  deduction 
of  1-25  p.  c.  water): 

HO"  A1«0*  FeO  CaO  IfgO  K^  Na«0 

53-86        20*41         8-62        730        537         113        8*81 

The  ash  was  a  fine,  sandy,  light  grey  powder,  exhibiting,  when  viewed  by  a  lens, 
fragments  of  white  labradorite,  dark  green  augite,  and  grannies  of  greenish  yellow 
olivine,  but  no  magnetic  iron  ore. 

J.  W.  Young  (Chem.  New9,  xiii.  73)  has  analysed  volcanic  ash  from  the  northern 
shore  of  the  Isle  of  Arran,  A ;  also  two  kinds  of  fossil  wood,  B  and  C,  occurring 
therein : 


BiO»  A1»0»  PeO  Mn«0"  CaO  KgO  00*  H«0    Total 

3-20        8-13         18-26        0*78         13-47        506        840  8-28 1 

8iO«  A1«0»  —  —  CaO  MgO  KH)  &  Na*0  PtefiF  f  »9*97 

13-49        414  —  —  0-46        0*20        0-45  070' 

a.  Deoompodble  by  hydrochloric  add.  b.  nndecompastble. 


B. 


,CaGO"  MgCO*           FeCO"  MbOO*  TeO^  Insoluble  duureoal 

8916            1-26             106            2-22  1-89  2*24     2*45    -99*77 

SIO"                 Al*0*&Fe*0>                CaO  MgO  Loss  t^  ignition 

95*30                     1*00  0*78  trace  2*36  »  99*38 


and  ASFA&TXC  ACBD*  The  relations  of  these  compounds 
to  malamide  and  malamic  acid  have  already  been  considered  under  Malic  Acm  (iii. 
706).  The  following  constitutional  formule  may  throw  additional  light  upon 
them: 

COOH  COOH  CONH«  CONH«  CONH» 

CHOH  CHNH«         CHOH  CHNH*  CHOH 

CH«  CH«  CH«  CH«  CH» 

COOH  COOH  COOH  COOH  OONH« 

Malioadd.       Aspartio  add.     Malamic  acid.      Aiwagine.  ifmiitmii^ 

These  formuliB  indicate  that  aspartic  acid  is  bibasic,  malamic  add  and  aspamgine 
monobasic,  malamide  neutral.  Asparagine  is  known  to  form  salts  by  substitution  of 
metals  for  one  of  its  hydrogen-atoms.  Aspartic  acid  was  formerly  regarded  as  mono- 
basic, but  the  existence  of  the  bimetallic  aspartates  obtained  by  Bwsaignes  (i.  424) 
clearly  shows  that  it  is  bibasic.  Kalamide  when  ti«ited  with  alkalis  can  exchange 
either  one  or  both  of  its  groups  NH'  for  OH,  producing,  in  the  former  case  malamic 
acid,  which  is  monobasic,  and  in  the  latter  malic  acid,  which  is  bibasic ;  but  asparagine, 
which  is  already  monobasic,  is  converted  by  one  such  transformation  into  bibasic 
aspartic  acid. 

Asparagine  occurs  in  considerable  quantity  in  the  expressed  juice  of  the  tubers 
of  BtigmaphyUon  jatrophofolium^  a  malpighiaceous  plant  indigenous  in  Brasil  (De  Luca 
a.  Ubaldini,  Compt.  rend.  lix.  527). 

Budiner  (Zeiidchr.  /.  Chem,  1862,  p.  117)  prepares  aspardgine  by  subjoctiiig  the 
concentrated  aqueous  extract  of  marsh-mallow  root  to  the  oialytic  action  of  parchment- 
paper.  The  liquid  which  runs  through  in  the  course  of  a  day  or  two  yields  on  evaporatioa 

*  Soluble  salta,  sodiom  chloride,  sulphate,  &c. 
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a  aomewliat  abundant  crystallisation  of  aspaiappne.  A  further  quantity  may  be 
obtained  by  renewing  the  water  in  the  dialyaer.  By  the  same  process  Qorup-Besanes 
{Ann.  Ck.  Pharm,  cxxy.  291)  obtained  ftom  two  poundi  of  the  fresh  root  of 
Seorsomera  ktspamica  about  6  gnns.  of  pure  asparagine. 

A  oold  satniated  solution  of  asparagine  is  gradually  oxidised,  with  rise  of  tempera- 
ture, by  potassium  permanganate,  yielding,  as  chief  products,  anmionia,  formic  acid, 
carbon  dioxide,  and  hydrocyanic  acid : 

C*H«N«0«  +  O*  -  CH(NH*)0«  +  2C0«  +  CNH  +  HH). 

In  presenee  of  sulphuric  add  the  oxidation  takes  place  i^ocording  tQ  the  equation : 

C*H«N«0»  +  (>•  «  2NH«  +  4C0«  +  H«0 ; 

in  presence  of  potash,  thus : 

C*HW*0»  +  0«  +  4KH0  -  2NH«  -I-  2C»K«0*  +  8H«0, 

neither  carbonic  nor  hydrocyanic  acid  being  formed  in  this  case  (Campani,  ZaUckr.f. 
Ciem,  [2]  vi,  87). 

Aspartic  acid  is  contained  in  somewhat  considerable  quantity  in  the  juice  of 
mangold-wunel  which  has  been  treated  with  lime,  and  especially  in  the  molasses 
(being  formed  therein  by  the  decomposition  of  asparagine).  To  obtain  it,  thb 
mnderateW  dilute  solution  is  precipitated  with  basic  acetate  of  lead ;  the  filtrate  is 
mixed  with  mercnroua  nitrate ;  the  impure  mercurous  aspartate  thereby  precipitated  is 
decomposed  by  hydrogen  sulphide ;  the  filtrate  is  evaporated  to  a  syrup ;  and  the  acid 
which  aystallises  out  is  purified  by  boiling  with  moderately  strong  alcohol,  and  re- 
cfystallisation  from  alconoL  The  presence  of  aspartic  add  in  the  beet-juice  is  a 
sooice  of  enor  in  the  estimation  of  the  sugar  by  the  polariscope,  inasmuch  as  alkaline 
solutions  of  asparagine  and  aspartic  acid  are  levogyrate,  acid  solutions  dextrogyrate 
(C.  Seheibler,  «#.  Pharm,  [4]  iv.  152).  In  the  beet-molasses  of  the  years  1867  and 
1868,  Seheibler  has  founa,  instead  of  aspartic  acid,  an  add  having  the  composition  of 
its  next  higher  homologue,  G*H'NO«  (J)eui.  Ckem,  Gea.  Berlin.  1869,  296). 

Aspartic  add  is  produced  (together  with  leudne  and  tyrosine)  when  animal  proteides 
are  boiled  with  sulphurio  acid  (Kreusler,  Zeitdekr,  /.  Chem.  [2]  vi.  98) ;  also,  to- 
gether with  glutamic  add,  by  boiling  legumin  or  oonglutin  with  sulphuric  add 
(Ritthausen,  Und.  126). 

When  dry  add  barium  aspartate  is  distilled  with  potassium  ethylsulphate,  alcohol 
is  given  off,  and  the  residue  contains,  together  with  the  sulphates  of  barium  and  potaa- 
nnm,  a  substance  O'H'NO',  which  is  also  produced  in  the  dry  distillation  of  acid 
ammonium  malate : 

Ba*(C«H'NO*)«  +  2C«H»KS0«  »  2C*H»N0»  +  2C^«0  +  BaSO«  +  K«SO<. 

If  the  potassium  sulphate  be  first  dissolved  out  by  water,  the  residue  treated  with 
hydrochloric  acid,  and  water  added  to  the  resulting  solution,  a  tasteless  compound  is 
obtained,  insoluble  in  water  and  converted  by  boiling  with  hydrochloric  add  into 
fajdrochloride  of  aspartic  add  (Dessaignes,  J.  Pharm,  [3]  xxxii.  49). 

ASywOTiTTMi  A  copper  silicate  from  Tagilsk,  so  called  on  account  of  its 
brittlenees.  It  forms  kidney-shaped  amorphous  masses,  having  a  vitreous  lustre,  blue- 
ereen  colour,  and  oonchoidal  fracture;  hardness  »  2*6;  sp.  gr.  =  2*306.  Easily 
deeompoeed  by  hydrochloric  add,  with  separation  of  pulverulent  silica.  Contains 
31  -94  jp.  c  SiO',  40*81  CuO,  and  27*26  water,  agreeing  with  the  formuhi  CuSiO' .  3H*0 
or  CnO.SiO'.SH'O.  This  mineral  forms  therefore  me  third  member  of  the  series  of 
faydreted  cupric  metasilicates,  the  firat  term  of  wliich  is  formed  by  dioptase,  CuSiO* .  H*0, 
and  the  second  by  chrysooolla,  CuSiO'.2HH)  (R.  Hermann,  «/.  pr,  Chem,  xcvii. 
S62). 

ASnOBB&V8«  The  root  of  AsphodeliM  KoUckyCBad,  Camiolai),  indigenous  on 
the  Antalebanon  and  Ckiuran,  has  been  examined  by  I)ragendorff  (Zetiachr.  f.  Chem^ 
IS66,  p.  734),  in  comparison  with  salep-root.    The  following  are  the  results : 


Badix  Camiola, 

I>extrin  (with  a  little  arabin) 
Arabin  (with  a  little  dextrin) 
I110OL  vegetable  mudlage  (cntin) 


Cellulose 

substances 


p.  e. 

20*9 

81*2 

100 

3*8 

4*6 

4*3 


Salep^oot, 

p.  o. 
Dextrin,  arabin,  and  half-soluble 

vegetable  mucilage     .        .        ,48*) 
Starch   .        .        ,        .        .        .    27*3 

Sugar .1*3 

Cellulose 2*4 

Protein  substances  .        .      4*9 


The  ash  of  Bad.  Camiala  (A),  amounting  to  4*8  p.  c,  and  that  of  salop-root  (B)i 
to  2*1  p.  c,  exhibited  the  following  composition : 
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K«0 

Na«0 

CaO 

MgO 

FeK)« 

S0» 

CI 

P»0» 

CO" 

SiO« 

Insoluble 


A. 

30-192 
0*903 

21-436 
4-818 
0-823 
8-718 
2-968 
4-606 

18-877 
4-048  { 
6-634  S 


6. 
23-134 

9-327 

20-659 

3-903 

0-722 

2-803 

12-820 

28-792 

2-761 

6-644 


Pavesi  (Arch.  Pharm.  [2]  criii.  142)  obtaiaed 
from  the  root  of  this  fern  a  thiddsh,  oleo-resinous,  yellowish  mass,  baying  a  sharp 
bitter  taste,  insoluble  in  water,  ammonia,  potash,  and  soda,  not  attacked  by  dilute 
nitric,  hydrochloric,  or  acetic  add,  but  soluble  in  alcohol  and  ether.  To  this  substance, 
which  he  designates  as  asp  id  in,  Pavesi  ascribes  the  anthelmintic  action  of  the  root. 
The  ash  of  male  fern  root  (freed  from  the  leafy  scales,  but  still  oovered  with  the 
brown  epidermis)  amounts,  according  to  Spiess  (Chem,  Centr,  1860,  p.  766),  to  2-74 

g.  c.  of  the  root  dried  at  100°.    Its  analysis  gave  678  p.  c  KK),  1-17  Na«0,  37*73 
^0,  1-27  MgO,  2-67  Fe«0",  007  A1K)«,  1487  P*0»,  848  SiO*,  908  S0«,  383  CI, 
12-80  CO*  with  0-25  loss. 


The  blood  of  the  crawfish,  Aatacus  flumatUis,  is,  when  it  first  flows 
out,  colourless,  limpid,  mobile,  veiy  slightly  alkaline,  and  giyes  with  acetic  acid  a 
preci|>itate  soluble  in  excess  of  that  reagent.  It  coagulates  to  a  jelly  on  exposure  to 
the  air,  or  when  boiled,  and  consequently  fonns  a  clot  and  serum,  like  the  blood  of 
Tertebrate  animals ;  the  clot  consists  of  a  substance  resembling  fibrin ;  the  semm 
contains  albumin.  The  blood  contains  90*89  p.  c  water,  1-6A  salts,  and  7*56  oiganic 
matter.  The  alkaline  ash,  free  fix>m  carbonic  acid,  contains,  in  addition  to  the  usual 
constituents  of  blood-ash,  2-49  p.  c  cnprie  oxide  (E.  Witting,  J,  pr.  Ckem.  Ixxiii. 
121). 

The  colouring  matter  of  the  crawfish  is  ereenish-blue,  with  red  patches,  and  in 
animals  with  oomparatiyely  old  shells  it  is  deposited  between  the  shell  and  a  thin 
membrane  on  the  knobby  parts  of  the  shell ;  it  is  tamed  purple-red  by  ammonia.  In 
crawfish  with  soft  shells,  the  blue  or  brown-green  oolouring  matter  is  situated  upon 
or  under  a  soft  membrane  between  the  shell  and  the  flesh.  The  colouring  matter 
dissolves  in  alcohol  with  bluish  colour  changing  to  red ;  it  is  tamed  crimson  by 
ammonia,  brick-red  by  acetic  add,  or  by  boiling  with  water.  The  red  colour  produced 
by  alkalis  is  destroyea  by  hydrochloric  and  by  nitric  add :  hence  the  brownish-green 
colour  is  perhaps  tne  original  (Witting,  loc,  ett.), 

A.8TROVBinb&ITB«  This  mineral,  occurring  in  the  siroon-syenite  at  Barkerig 
on  the  Brevig  iQord  in  Norway,  accompanied  by  a  black  mica,  an  augite  allied  to 
segyrin,  also  siroon,  catapleiite,  palsBO-natrolite,  elsolite,  sodalite,  cancrinite,  and  other 
minerals,  has  been  analysed :  a,  by  Pisani  (Compt  rend.  lyi.  846) ;  6,  by  Scheerer, 
Poffff.  Ann,  cxxii.  107 ;  o,  by  Meineke  (jibid.) ;  d,  by  Sieyeking  {iHd.). 


Silica 

Titanic  oxide  • 
Zirconia  . 
Alumina  . 
Ferric  oxide     . 
Ferrous  oxide  . 
Manganous  oxide 
Lime 
Magnesia 
Potassium  oxide 
Sodium  oxide  . 
Lithium  oxide . 
Water      . 


a. 

6. 

c. 

d. 

33-23 

82-21 

32*86 

33*71 

709 

8-24 

8-48 

8*76 

4-97 

— 

— 

^-. 

4-00 

3-02 

8-46 

3*47 

3-76 

7*97 

8-06 

8-61 

23-68 

21-40 

18-06 

26-21 

9*90 

12*63 

12-68 

10-69 

1-13 

2*11 

1-86 

0-96 

1-27 

1-64 

2-72 

0-06 

6-82 

3-18 

2-94 

0-66 

2-51 

2-24 

402 

3-69 

trace 

.— 

-. 

_ 

1*86 

4*41 

4-53 

4-85 

99-11 


99-06 


9916 


100-44 


From  the  last  three  analyses  Scheerer  deduces  the  formula  3(3M0.2SiO*) 
+  M*q«  .  2SiO«,  which,  if  M«0«  be  equivalent  to  8M0,  may  be  reduced  to  8M0 .  2SiO«. 
The  mineral  appears  therefore  to  differ  in  composition  from  ordinary  mica,  and. 


CnO 

Cu 

62-54 

13-83 

53-65 

14-76 

50-32 

14*65 

52-40 

14'00 

TPO 

Total 

1917 

»  100 

1513 

«  100-09 

19-23 

=  100 

18*53 

«  100 
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aoeoidiDg  to  Scheerer's  observatioti  (Jakresb,  1855,  p.  951),  it  also  difien  from  mica 
in  ayBtalline  fonn,  ezhibitazig  the  monoclinie  combination  oP .  [ao  Poo  ]  .  P3 .  ^Poo , 
and  always  without  the  priam  oo  P  of  nearly  120^  which  occurs  constantly  in  mica. 
The  cxystsls  cleaTe  parallel  to  oP,  and  are  always  elongated  in  the  direction  of  the 
clinodiagonaL  Twins  occur;  also  stellate  and  cauliflower-like  groups  of  radiate 
crystals.  According  to  Descloizeaux,  astrophyllite  also  differs  from  normal  mica  in 
its  optical  characters.  It  is  brown-black,  bronze-brown  to  brownish-golden  yellow 
with  metallic  vitreous  lustre.  Sp.  gr.  3*3  to  3*4.  Tschermak  (Jahresb,  1863,  p.  321) 
regards  astrophyllite  as  a  somewhat  altered  anthophyllite. 

ATAC AMI TB.  This  mineral  occurs  rery  abundantly  in  the  copper  mines  of 
Algoden  Bay  in  Bolivia.  Selected  crystalline  splinters  analysed  by  y,  Bibra  {J.  pr» 
Ckem,  zcvi.  193  ;  Jakrttb.  1865,  p.  913)  gave  the  following  results : 

CI 
14-96 
16-56 
15*90 
1507 

Tschermak  (Ckem.  Centr.  1865,  p.  616)  observed  on  ciystals  of  atacamite  the  forms 
aoP,^ae,  eol^ao,  P,  oP,  2T'2.  He  finds  that  the  atacamite  sand  of  Chile  always 
contains  a  peroeptible  quantity  of  sulphuric  acid,  arising  from,  brochantite. 

Respecting  the  formation  of  atacamite,  see  Field  {Chtm.  Gaz,  1858,  p.  430 ;  Phil, 
Moff.  [4]  xxiv.  123). 

AT1UUI08VBK1KA.  The  bark  of  Aiherosperma  mosehaium  has  been  examined 
by  K.  Zeyer,  who  has  found  in  it  volatile  oil,  fixed  oil,  wax,  albumin,  gum,  sugar, 
staich,  butyric  acid,  oxalic  acid,  an  aromatic  resin,  iron-greening  tannic  acid,  and  an 
alkaloid,  which  he  designates  as  athero spermine.  The  lead-compound  of  the 
tannic  acid  was  obtained  by  precipitating  the  clarified  aqueous  decoction  of  the  bark 
with  lead  acetate,  digesting  the  well-washed  precipitate  with  acetic  acid,  and  exactly 
saturating  the  filtrate  wiu  ammonia.  The  greyish-yellow  precipitate  thus  formed 
gave  by  analysis,  after  drying,  numbers  answering  to  Uie  formula  C>*H*^Pb''0'. 

'When  the  bark,  after  being  boiled  out  with  water  and  treated  with  dilute  sulphuric 
acid,  is  exhausted  with  weak  soda-ley,  the  aromatic  resin  passes  into  solution,  and 
may  be  separated  by  precipitation  with  hydrochloric  acid,  and  purified  by  treatment 
with  alcohol  and  water.  It  is  brown-red,  has  a  faint  aromatic  odour,  tastes  distinctly 
like  nutmeg  and  sassafras,  melts  at  114°,  dissolves  easily  in  alcohol  and  in  alkaline 
hydrates  and  carbonates,  with  difficulty  in  ether  and  in  turpentine  oil.  The  analysis 
of  the  resin  gave  numbers  according  with  the  formula  C^H'H)*  (Zeyer,  Jahresb.  1861, 
p.  769). 

The  ash,  amounting  to  3*64  p.  c  of  the  air-dried  bark,  and  4*06  p.  c.  of  the  bark 
dried  at  100°,  was  found  by  Zeyer  to  contain  2-675  p.  c.  NaCl,  4*036  K<0,  8*321  Na*0, 
45-446  CaO,  4*361  MgO,  0191  A1K)«,  0098  FeW,  0*477  MnK)",  1-442  S0>,  1186 
P«0*,  1*396  SiO-,  and 80005  C0«. 

The  volatile  oil  (called  Victoria  sassafras  oil),  obtained  by  distilling  the  dried  bark, 
is  pale  yellow,  has  a  peculiar  odour,  distils  almost  wholly  at  224°,  and  has  a  sp.  gr. 
of  1*0425  at  15*5  (Gladstone).  Respecting  its  optical  properties,  see  Oils,  Voiatilk 
(it.  186). 

AT JUUftOBraBMUi  Mm  The  solution  filtered  from  the  impure  lead-precipitate 
mentionad  in  the  last  article  yields,  on  addition  of  ammonia,  a  precipitate,  which, 
after  washing  and  drying,  digestion  with  alcohol,  evaporation  of  the  brown  solution, 
mixing  of  the  remaining  mass  with  hydrochloric  acid,  and  precipitation  with  ammonia, 
jields  emde  atherospermine ;  and  by  agitating  this  substance  with  carbon  bisulphide, 
dissolving  the  mass  left  after  evaporating  off  the  carbon  bisulphide  in  hydrochlorie 
acid,  and  again  precipitating  with  ammonia,  the  atherospermine  is  obtained  in  the 
pore  state.* 

Atheraspermine  forms  a  white,  somewhat  greyish,  light,  highly  electric  powder, 
isodonms,  and  having  a  pure  bitter  taste.  It  turns  yellowish  when  exposed  to 
mnshine,  melts  at  128°,  and  at  a  higher  temperature  emits  an  empyreumatic  odour, 
lAkes  fire,  and  bums  away  without  residue ;  when  slowly  heated  it  gives  off  an  odour 
of  putrid  meat,  and  afterwards  of  herrings  (propylamine  ?).  It  is  nearly  insoluble  in 
WTiter,  dissolves  with  difficulty  in  ether,  more  easily  in  alcohol,  the  solution  having  a 
distinct  alkaline  reaction ;  soluble  also  in  chloroform,  oil  of  turpentine,  and  other 
Tolatile  oils.    When  dissrilved  in  dilute  acids,  it  neutralises  them,  with  formation  of 

•  The  bflck  which  had  bean  boiled  with  water  for  the  prspsratlon  of  the  taimlc  add  atUl  retained 
A  poctkm  of  the  alkaloid,  which  was  extracted  therefrom  by  digeation  with  dilate  lalphoric  add. 


232  ATMOSPHERE. 

vamish-like  salts.  In  contact  with  iodic  acid  and  a  little  water,  it  liberates  iodine 
with  brown  colour.  The  neutral  solution  of  tlie  alkaloid  in  hydrochloric  acid  is 
precipitated  white  by  alkalis  and  alkaline  carbonates,  yellow  by  picric  acid,  yellowish 
white  by  tannic  acid,  dirty  yellow  by  phosphomolybdic  acid,  pale  yellow  by  platinic 
chloride  ;  it  likewise  yields  precipitates  with  iodide,  ferrocyanide,  and  sulphocyanate 
of  potassium,  auric  chloride,  &c.  The  formula  of  atherospermine  has  not  yet  been 
determined  (Zeyer,  loc,  cit.\ 

ATBK08PBB&B.  1.  Variation  in  the  amount  of  Carbon  dioxide. — Ch.  Mene 
(Compt.  rtnd.Wn.  155)  infers,  from  a  series  of  determinations  made  by  passing  air 
through  baryta-water  of  known  strength,  and  subsequently  titrating  the  baryta  with 
standard  hydrochloric  acid,  that  the  proportion  of  carbon  dioxide  in  the  air  varies  at 
different  seasons,  being  constant  in  l)ecember  and  January,  increasing  in  February, 
March,  April,  and  May,  decreasing  from  June  to  August,  increasing  again  from 
September  till  November,  and  attaining  its  maximum  for  the  whole  year  in  October. 
During  the  night  the  air  contains  more  carbon  dioxide  than  in  the  daytime,  and  even 
during  the  day  it  is  not  quite  constant,  a  slight  increase  occurring  about  noon.  The 
quantity  is  also  slightly  increased  after  rain. 

From  the  obsen-atious  of  Lewy  (Ann.  Ch.  Phy$.  [3]  zvii.  6),  made  upon  the  air  orer 
the  Atlantic  Ocean,  it  liad  been  concluded  that  air  oter  the  sea  contains  a  larger  pro- 
portion of  carbon  dioxide  than  that  over  the  land,  and  that  sea-air  is  richer  in  carbon 
dioxide  during  the  day  than  during  the  night,  the  mean  results  obtained  being  6*299 
pts.  in  10,000  for  the  day,  and  3*469  pts.  for  the  night  The  observations  of  T.  £. 
Thorpe,  however  {Chem.  Soc.  J.  [2]  v.  189),  made  on  the  air  of  the  Irish  Sea  and 
of  the  Atlantic  Ocean,  have  led  to  totally  different  conclusions.  The  mean  of  26 
determinations  of  the  air  over  the  Irish  S^  (made  in  the  month  of  August  at  4  A..M. 
and  4  p.ic.)  gave  3086  vols,  carbon  dioxide  in  10,000  vols,  of  air  (minimum  2*92 ; 
maximum  3*32).  The  air  over  the  Atlantic  Ocean  was  found  to  contain  in  10,000  vols.  « 
a  mean  amount  of  3*011  vols,  carbon  dioxide  during  the  day  (min.  2*86  ;  max.  3*17) ; 
during  the  night  2*993  vols.  (min.  2*70 ;  max.  3*26) ;  as  the  mean  of  the  whole 
61  experiments,  2*963  vols. ;  and  as  the  general  average  of  the  results  obtained  over 
tho  ocean  and  over  the  Irish  Bea,  3*00  vols.  Hence  it  appears  to  be  established  that 
the  proportion  of  carbon  dioxide  in  sea-air,  in  various  latitudes  and  at  different  times 
of  the  year,  is  nearly  constant,  does  not  vaiy  perceptibly  at  different  times  of  the  day 
and  night,  and  is  always  considerably  less  than  in  the  air  over  the  land,  which, 
according  to  the  general  mean  of  the  most  trustworthy  observations,  is  4*04  p.  c. 
The  sea  cannot  therefore  have  any  tendency  to  increase  the  proportion  of  carbon 
dioxide  in  the  land-air.  The  higher  results  obtained  by  Lewy  are  attributed  by 
Thorpe  to  the  methods  of  analysis  (Regnault's  eudiometric  method)  which  he  employed. 
Thorpe's  observations  were  made  by  Pettenkofer's  method  (absorption  of  the  carbon 
dioxide  by  lime-water  of  known  strength,  and  subsequent  titration  of  the  lime-wator 
with  oxalic  or  hydrochloric  acid). 

Thorpe  has  also  determined  the  proportion  of  carbon  dioxide  in  the  air  of  tropical 
Brazil,  at  Para,  80  miles  from  the  sea,  on  the  borders  of  an  extensive  primeval  forest, 
on  tho  river  Gram-Para,  lat.  1°  27'  S.,  long.  48**  28*  W.  The  observations,  made  during 
the  rainy  season  (April  and  May  1866),  gave  in  10,000  vols,  of  air,  a  minimum  of 
3*07  vols,  carbon  dioxide,  maximum  3*49  vols.,  or  as  a  mean  of  31  determinations  made 
on  17  days,  3*28  vols,  carbon  dioxide.  This  mean  value  is  considerably  lower  than  that 
determined  by  Lewy  (loc.  oit.)  for  the  land-air  of  the  tropics  (3*822  in  the  rainy 
season,  4*673  during  the  dry  season),  and  than  the  mean  amount  of  the  land-air  in 
£urope.  The  difference  is  probably  due  to  the  united  action  of  the  tropical  rains 
and  of  the  luxuriant  vegetation  (Chem.  Soc.  J.  [2]  v.  199). 

A.  McDougall  {Chem.  News,  ix.  30)  has  determined,  under  Boacoe's  direction,  the    . 
amount  of  carbon  dioxide  in  the  air  of  Manchester  and  its  environs.    On  two  different 
4ays  the  amount  in  10,000  vols,  of  air  was  found  to  be : 

InKsnchflsfcer  Fonr  mflcs  ftom  "If  snchester 

I.        .         .         .         3*90        ....     3*86 
n.        .        .        .        2*80        ....    2*77 

As  the  mMn  of  46  determinations,  10,000  vols,  air  from  the  centre  of  Manchester 
were  found  to  contain  3*92  vols,  carbon  dioxide  (min.  2*8  ;  max.  6*6) ;  the  air  outside 
the  town  contained,  as  a  mean  of  eight  determinations,  4*02  vols.  From  these  results 
Roscoe  coneludiss  that  in  open  places  the  influence  of  combustion  and  respiration 
processes  is  completely  neutralised  by  the  movements  of  the  air. 

R  Angus  Smith,  in  an  elaborate  report  on  the  air  in  mines  and  other  confined 
places  (London,  1864),  has  published  numerous  experiments  on  the  amount  of  oxygen. 
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eiLrbon  dioslde,  and  dust  in  the  air,  the  canses  of  its  deteriontion,  and  the  influence 
of  its  alterations  cm  the  health  of  workmen.  Taking  as  a  standard  air  containing 
20-9  Tols.  p.  c  oxygen.  Smith  regards  air  containing  20*6  p.  c  as  decidedly  impure, 
and  air  containing  20'5  p.  &  as  very  bad,  aud  dangerous  if  inhaled  for  any  con- 
siderable time  ;  air  ccmtaining  only  17'2  p.  e.  oxygen  is  difficult  to  endure  even  for  a 
few  minutes.  In  10*7  p.  c  of  398  samples  of  air  from  metal  and  coal  mines,  the 
proportion  of  oxygen  was  nearly  normAl ;  24*7  p.  c.  were  impure,  and  64*6  p.  c 
Tciy  bad.  The  smallest  amount  of  oxygen  found  m  air  from  mines  was  18*97  p.  c  ; 
the  mean  amount  of  carbon  dioxide,  0*785  p.  c.  In  closed  ends  of  mines,  in  con- 
sequence of  the  combustion  of  illuminating  material  and  of  blasting  powder,  and  of 
the  respiration  of  the  miners,  the  proportion  of  carbon  dioxide  sometimes  reaches 
2*1  p.  c.  The  quantity  of  solid  matter  which,  in  the  form  of  dust  from  the  rock,  and 
from  the  combustion  of  the  powder,  is  inhaled  by  a  workman  in  the  course  of  a  day 
amounts  to  about  90  grains. 

In  a  well-ventilated  room  lighted  with  petroleum  Smith  found  20*84  p.  c  oxygen, 
and  after  the  lamp  had  burnt  for  six  hours,  20*83  p.  c ;  in  the  pit  of  a  theatre  at 
half-past  eleven  in  the  evening,  20*74  p.  c. ;  in  the  gallery,  20*36  p.  c 

Ammonia, — ^A.  Muller,  by  exposing  dilute  sulphuric  acid  to  the  air  in  shallow 
vessels  placed  in  an  elevated  open  situation,  but  protected  from  rain,  found  that  it 
absorbed  in  fonr  months  only  28  milligrams  of  ammonia  for  evexy  square  foot  of 
surface,  corresponding  to  rather  more  than  4  kilqgrams  per  hectare  (•/.  pr.  Ckem.  xcvi. 
3S9). 

In  1016  litres  of  the  air  of  stables  in  which  horses  were  kept,  Clemma.  Erlenmeyer 
{ZeiUekr.  /  Cktm,  1860,  p.  52)  found  0*0394  grms.  ammonium  carbonate,  and  0*598 
grms.  of  fiee  carbon  dioxide. 

SaUne  partieies, — Sodium  salts,  especially  the  chloride,  are  so  constantly  present  in 
atmospheric  dust  that  it  is  difficult  to  obtain  a  flame-spectrum  in  which  we  yellow 
fsodium  line  is  not  more  or  less  apparent.  This  dust  of  sodium  salts  is  derived  from 
the  evaporation  of  the  minutely  divided  particles  of  sea-spray,  and  from  the  trans- 
portation of  the  minute  solid  particles  by  the  winds  (v.  379).  Gemes  (Compt.  rend, 
Ixi.  289),  by  passing  air  in  the  open  country  through  water  which  had  been  twice 
distilled  from  a  platinum  retort  and  collected  in  a  platinum  condenser,  and  then 
leaving  a  few  drops  of  the  water  to  evaporate  on  a  glass  plate,  obtained  efflorescent 
crrstals  of  sodium  sulphate  recognisable  by  the  microscope.  According  to  Barral 
{Compt.  rend.  li.  769),  atmospheric  air  also  contains  phosphorus-compounds.  In  the 
raodue  obtained  by  evaporating  rain-water  collected  in  platinum  vessels,  he  found 
from  0*05  to  0*9  milligrams  phosphoric  oxide  (P*CH)  to  the  litre  of  rain-water,  the 
amoant  being  nearly  the  same  whether  the  water  was  collected  in  the  neighbourhood 
of  Paris  or  in  the  country.  De  Luca  (Compt.  rend,  lii.  1021),  by  observations  made 
in  Pisa  in  1860-61,  found  that  all  the  rain  and  snow-water  Uiere  collected  contained 
variable  quantities  of  inorganic  salts,  nitrogenous  organic  matters,  and  nitric  acid. 
The  water  collected  at  54  and  at  18  metres  above  the  surface  contained  neither 
phosphates  nor  iodides,  whereas  these  substances  could  be  easily,  though  not  always, 
detected  in  water  collected  near  the  surface. 

Ottme. — ^As  ordinary  oxygen  is  known  to  be  converted  into  oasone  under  the  influ- 
ence of  elsetridty,  and  of  a  number  of  slow  oxidising  actions  which  are  constantly 
taking  place  on  the  surface  of  the  earth,  it  appears  probable  that  ozone  will  be  found 
to  exist  in  the  atmosphere,  if  not  constantly,  at  least  at  certain  times  and  in  certain 
places.  And  in  fact  certain  oxidising  actions  do  take  place  on  bodies  exposed  to  the 
air,  which  are  known  to  be  produced  by  ozone,  but  not  by  ordinary  oxygen :  for  example, 
the  blueing  of  staich-paper  impregnated  with  potassium  iodide,  the  brown  coloration  of 
mangarous  sulphate,  and  the  oxi&tion  of  black  sulphide  of  lead  into  white  sulphate 
(iv.  302).  It  has  even  been  supposed  that  atmospheric  ozone  destroys  the  putrid  mias- 
mata and  minute  organisms  whicn  often  render  the  air  imhealthy ;  and  observations  made 
in  India  have  indicated  a  relation  between  the  diminution  of  the  amount  of  ozone  in  the 
»jr  and  the  increase  of  cholera,  dysentery,  and  intermittent  fevers  in  certain 
localities. 

It  has,  however,  been  objected  that  the  blueing  of  iodised  starch-paper,  and  other 
oxidising  actions  attributed  to  ozone,  may  also  be  produced  by  nitrous  acid  and  other 
ozTgen-oorapounds  of  nitrogen,  which  are  known  to  exist  frequently,  if  not  always,  in 
the  air,  and  that  therefore  these  reactions  cannot  be  looked  upon  as  affording  proof  of 
ibe  existcEce  of  atmospheric  ozone,  unless  the  action  of  the  nitrogen  oxides  can  be 
cliauaated,  or  unless  Uie  evidence  can  be  corroborated  by  other  reactions  which  these 
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nitrogen-GompoundB  are  not  capable  of  producing  (Cloez,  Compt,  rend,  zliii.  38 ;  Hi. 
527  ;  Jahmfb.  1866,  p.  267;  1861,  p.  163.  J.  Piess  a.  V.  Pierre,  WUn,  Akad,  Ber. 
zzii.  211 ;  Jdhresb,  1857i  p<  79.  Zengor,  Wien,  Akad.  Ber,  zziv.  78  ;  JakreA.  1857> 
p.  79). 

In  reply  to  these  objectionB,  Houzeau  has  shown  (Compt.  rend,  xlv.  873  ;  zIti.  89 ; 
Jakresb.  1857,  p.  80 ;  1868,  p.  61)  that  a  neutral  solution  of  potassium  iodide  exposed 
to  the  air  in  the  open  country,  but  protected  from,  sun  and  ram,  becomes  alkaline,  and 
exhibits  after  some  time  a  diminished  proportion  of  iodine,  the  potassium  being  in  fact 
converted  into  potash  by  the  oxidising  action  of  ozone,  while  the  iodine  is  set  free 
and  gradually  escapes.  That  the  alkalinity  was  not  due  to  the  absorption  of 
ammonia  by  the  solution,  or  to  the  falling  in  of  alkaline  dust,  was  shown  by  the  fact  that 
the  solution  did  not  lose  its  alkalinity  when  heated,  and  that  distilled  water  placed  side 
by  side  with  the  solution  of  potassium  iodide  did  not  become  alkaline ;  it  is  evident 
also  that  the  alkalinity  coula  not  arise  from  decomposition  of  the  potassium  iodide  by 
nitrous  acid. 

Further,  by  comparative  observations  on  the  air  at  Paris,  at  Bouen,  and  in  the  open 
country,  Houzeau  nas  found  that  the  colouring  of  potassium  iodide  solution,  and  of 
iodised  starch-paper,  takes  place  less  strongly  in  proportion  as  the  presence  of  acids 
in  the  air  (indicated  by  permanent  reddening  of  litmus-paper)  becomes  more  percepti- 
ble {Compt.  rend,  Ixi.  40;  Jahresb.  1865,  p.  122). 

To  detect  ozone  in  the  air,  Houzeau  passes  the  air  first  tlirough  water  slightly 
coloured  with  wine-red  tincture  of  litmus,  and  then  through  a  similarly  coloured  solu- 
tion of  neutral  potassium  iodide.  If  the  air  contains  ozone,  but  no  nitrous  acid,  the 
colour  of  the  latter  solution  changes  to  brownish-  or  yellowish-blue,  while  that  of  the 
water  remains  unaltered ;  if,  on  the  other  hand,  the  action  of  the  ozone  in  the  air  is 
complicated  by  that  of  oxygen-acids  of  nitrogen,  their  presence  is  indicated  by  the 
reddening  of  the  coloured  water.  For  the  quantitative  estimation  of  ozone  in  the  air, 
Houzeau  passes  it  through  a  very  dilute  solution  of  potassium  iodide  containing  a 
known  quantity  of  sulphuric  acid ;  afterwards  expels  the  free  iodine  by  boiling  the 
liquid  till  it  is  decolorised ;  and  estimates  by  titration  the  quantity  of  potash  which 
}uu9  been  set  free  by  the  ozone  and  partially  neutralised  by  the  sulphuric  acid. 

Paper  soaked  in  solution  of  thaUiotu  oxide  is  recommended  by  Bottger  {J,  pr. 
Chem.  xcv.  Ill)  as  the  best  reagent  for  the  detection  of  ozone,  because  it  is  turned 
brown  by  ozone,  but  not  affected  by  nitrous  acid.  According  to  Huizinga  {ibid.  cii. 
193),  it  is  even  bleached  by  nitrous  acid  if  previously  coloured  brown  by  ozone ; 
accordingly  the  browning  of  thallium  paper  exposed  to  the  air  will  in  most  cases  be 
only  the  difference  between  the  two  opposite  actions  of  ozone  and  nitrous  acid,  and 
sometimes  will  not  take  place  at  all,  in  consequence  of  the  action  of  the  latter 
equalling  or  exceeding  that  of  the  ozone  (see  also  Schonbein,  J.  pr,  Chem.  ci.  321). 

Andrews  {PhU.  Mag.  [4]  xxxiv.  316;  Jahresb.  1867,  p.  179)  has  shown  that  the 
constituent  of  the  air  which  separates  iodine  from  potassium  iodide  exactly  resembles 
ozone  in  its  action  upon  metallic  mercury  and  manganese  dioxide,  and  more  especially 
in  its  behaviour  when  heated.  Ozone  is  reconverted  into  ordinary  oxygen  at  237^ 
(iv.  301),  and  active  atmospheric  air  becomes  inactive  at  the  same  temperature.  When 
active  air  is  passed  at  the  rate  of  3  litres  per  minute  through  a  glass  globe  of  about 
6  litres  capacity,  and  then  through  a  U-tube  a  metre  long  connected  therewith,  and 
moistened  within,  iodised  starch-paper  held  in  the  escaping  current  of  air  is  turned 
blue  so  long  as  the  apparatus  is  not  heated ;  but  if  the  globe  be  heated  to  260°,  while 
the  U-tube  is  kept  cool  by  immersion  in  cold  water,  the  paper  is  no  longer  turned 
blue.  Ozone  is  lUso  reconverted  into  ordinary  oxygen  by  contact  with  peroxides ;  and, 
in  like  manner,  active  atmospheric  air  passed  over  manganese  dioxide  loses  its  power 
of  decomposing  potassium  iodide.  Lastly,  active  atmospheric  air  oxidises  metallic 
mercury  in  the  same  manner  as  electrolytic  ozone ;  but  this  reaction  is  less  character- 
istic and  more  difficult  to  recognise  than  those  above  mentioned. 

Daubeny  (Chem,  8oc.  J.  [2]  v.  1)  also  concludes,  from  a  long  series  of  observations 
carried  on  at  Torquay  and  at  Oxford,  that  the  constituent  of  the  atmosphere  which 
separates  iodine  from  potassium  iodide  cannot  be  either  nitrous  acid  or  chlorine,  inas- 
much as  it  bleaches  litmus  without  previously  reddening  it,  and  does  not  produce 
turbidity  in  a  solution  of  silver  nitrate.  On  the  other  hand,  he  found  that  the  action 
of  light  may  introduce  a  serious  error  in  ozonometry,  inasmuch  as  mere  exposure  to 
direct  sunshine  colours  paper  dipped  in  iodised  starch  or  in  manganous  sulphate,  in 
the  same  manner  as  ozone,  and  even  diffused  daylight  p«rceptiblv  strengthens  the 
coloration  produced  by  ozone.  Hence  for  exact  determinations  of  the  strength  of  the 
ozone  reaction  the  sensitive  papers  should  be  exposed  to  the  air  in  a  dark  vessel. 
Observations  made  on  numerous  species  of  plants,  with  attention  to  this  circumstance, 
have  shown  that  the  green  parts  of  plants,  when  exposed  to  light,  give  out,  in  addition 
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to  oidiiiAiy  oxygen,  small  quantities  of  active  oxygen,  and  oonaeqnenUy  that  vegeta- 
tion must  be  legaided  as  one  of  the  most  productive  sources  of  atmospheric 
oanne. 

A.  GoBsa  {ZeiUckr.  anoL  Ckem.  vi.  24)  recommends  that,  for  the  exact  estimation  of 
ocone,  the  air  should  be  passed  first  through  potash-ley  (to  absorb  nitrous  acid,  &c.), 
then  through  a  solution  of  potassium  iodide,  and  'the  separated  iodine  detenninea 
Tolnmetnc^y. 

B^Hgny  a.  Sall^rin  {Oompi,  rend.  Ixv.  982)  propose  to  determine  the  time  during 
which  oBonofloopic  paper  must  be  exposed  to  the  air,'  in  order  that  when  subsequently 
moistened  it  may  acquire  a  normal  colour  (Ihe  fourth'  tone  of  tlie  first  violet  in 
Cbevrenl*s  circle  of  colours).  For  this  purpose  they  cause  the  paper  to  be  rolled  on  a 
cylinder  by  clockwork,  so  uiat  for  each  division  the  time  of  exposure  may  be  known. 
This  mode  of  observation  is  designated  as  chronozometry. 

VariaHon»  in  tke  Amount  of  Mmatpheric  Oeone, — From  observations  made  by 
HflFDseau  {Comjpt,  rend,  Iz.  788)  at  Bouen  in  the  years  1861  to  1864,  it  appears  that 
the  greatest  number  of  days  per  month  on  which  the  air  exhibited  indications  of 
ovme  feU  in  the  months  of  May  and  June ;  in  the  later  summer  months  and  in 
■ntnmn  the  presence  of  oeone  was  less  frequent,  and  in  winter  it  attained  its  mini- 
mum, increasing  again  in  March.  The  quadrennial  average  of  days  on  which  osone 
was  perceptible  was  22  days  from  January  to  March,  56  f^m  April  to  June,  87  from 
July  to  September,  and  10  from  October  to  December,  A.  B^rigny  (Compt  rend.  Ix. 
903),  from  a  nine  years'  course  of  observations  made  at  Versailles  from  1856  to  1864, 
csune  to  a  general  conclusion  which  agrees  to  a  considerable  extent  with  that  of  Houzeau. 
B^rigny  observed  the  absolute  maximum  to  occur  in  May,  the  absolute  minimum  in 
November  and  February.  All  the  separate  (monthly)  maxima  were  observed  to 
eoindde  with  storms  occurring  in  the  neighbourhood  or  in  a  perfectly  determinate 
direction ;  the  minima,  most  f{«quently  at  least,  with  more  distant  storms  (see  also 
Houzeau,  Cammt.  rend.  bdi.  426).  M.  Bockel  {Ann.  Ch.  Phye.  [4]  vi.  235)  also  con- 
eludes,  from  observations  continued  for  eleven  years  at  Strasburg,  that  the  air  is 
richer  in  ozone  in  spring  than  during  the  rest  of  the  year.  Se  finds  that  the 
month  of  May  is  the  richest  in  ozone,  while  October  and  November  are  the  poorest. 
In  the  first  six  months  of  the  yeer,  and  from  October  to  December,  the  proportion  of 
oaone  in  the  air  is  smaller  in  the  evening  than  in  the  morning,  whereas  the  opposite 
relation  is  observed  in  July,  August,  and  September.  The  maxima  of  ozone  occur 
espedally  in  the  first  five  and  the  last  two  months  of  the  year ;  the  minima  in  the 
liivt  two  and  the  last  three.  Many  years  are  exceptionally  rich  in  ozone.  Bockel 
farther  directs  attention  to  certain  relations  between  the  mean  height  of  the  barometer 
^nd  the  mean  amount  of  ozone  in  the  air  in  particular  months ;  within  certain 
limits  these  two  magnitudes  appear  to  be  inversely  proportional  one  to  the  other. 


[C  VOXiim.  Specific  Velwne. — H.  Kopp  showed  some  years  ago  that 
the  atoBuc  volume  of  a  compound  depends,  not  meroly  on  its  molecular  weight,  but 
also  on  its  constitution  as  represented  by  the  rational  formula  (i.  448).    An  additional 

coEsmple  of  this  relation  is  affiirded  by  the  isomeric  bodies,  aldehyde,      •  ;g  ( ^>  &nd 

ethylene  oxide,  (CH*)''0.  According  to  the  previously  established  atomic  volumes 
of  oxygen,  in  its  intra-radide  and  extra-radicle  position,  these  two  bodies  should  have 
dilbrent  atomic  volumes,  and  consequently  difieront  specific  gravities.  The  calculated 
atomie  volume  of  aldehyde  for  0^  is  54*3  ;  that  of  ethylene  oxide  50*6,  assuming  that 
these  two  bodies  undergo  equal  contractions  for  equal  decrements  of  temperature 
from,  their  boiling  points.    Consequently  the  calculated  sp.  gr.  of  aldehyde  (quotient 

of  atomic  weight  by  atomic  volume)  is  -—    *  0*810 :    that  of  ethylene  oxide   — 

'      54*3  ^  60-6 

s  0*870,  Now  frt>m  actual  determinations  by  Wurtz,  it  appears  that  the  sp.  gr.  of 
aJdeh^  at  0^*  is  0*807 ;  that  of  ethylene  oxide  0'895-0'898  (Kopp,  Ann.  Ch.  Pharm. 
exxviii.  198). 

The  researches  of  Marignac  have  shown  that  isomorphism  may  exist  between  com- 
pounds containing  equal  numbers  of  atoms  of  elements  not  of  equal  atomicity  or 
eombining  capacity  (p.  237),  as  for  i^xample  in  CuTiFl*  and  GuW0*Fl<  (iv.  786  ;  v. 
902).  Such  isomorphous  compounds  thus  related  have  been  further  shown  by  Kopp 
{Ann.  Ch.  Pharm.  cxxv.  371 ;  Jahreeb.  1863,  p.  3)  to  be  at  least  approximately 
eqnal  in  their  atomic  volumes,  as  in  the  following  instances : 
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!  Copper  glance    . 
Argentifeious  copper  glance 
!  Potassium  perchlorate 
Potajssiuin  permanganate 
!  Potassium  nitrate 
Barium  carbonate 
!  Sodium  nitrate  . 
Calcite      . 


Aiomlo 

Spec* 

wslght 

grKrHLj 

Tolnms 

CuCuS 

158-8 

5-71 

27-8 

OuAgS 

203-4 

6-26 

32-5 

KCIO* 

138*6 

2-54 

54-6 

KMnO* 

168-1 

2-71 

58-3 

KNO« 

1011 

2-11 

47-9 

BaCO* 

1970 

4-30 

45-8 

NaNO» 

850 

2-24 

37-9 

CaCO* 

1000 

2-72 

36-8 

In  some  cases,  however,  as  in  anorthite  and  other  complicated  minerals,  in  which 
the  alkali-mefads  appear  to  be  isomorphously  replaced  by  calcium,  such  replacement 
takes  place,  not  in  atomic,  but  in  equivalent  proportions,  e^.  39  pts.  potassium  by  20, 
not  by  40  pts.  of  calcium. 

A  certain  relation  between  the  atomic  volumes  of  similarly  constituted  compounds 
and  their  volatility  has  been  pointed  out  by  J.  Persos  (Compi.  rend.  Ix.  1126  ;  Jakretb. 
1865,  p.  33).  In  compounds  derivable  from  one  another  by  substitution,  the  boiling 
point  becomes  lower  as  the  atomic  volume  increases,  the  highest  boiling  points  corre- 
sponding for  the  most  part  to  the  greatest  densities.  Thus  the  atomic  volume  of 
chlorine-eompounds  is  greater  than  that  of  the  (less  volatile)  oxides;  that  of  the 
mercaptans  is  greater  than  that  of  the  (less  volatile)  alcohols ;  the  atomic  volume 
of  ethyl  alcohol  at  the  boiling  point  is  to  that  of  mercaptan  as  14  to  17 ;  that  of 
amyl  alcohol  to  that  of  amylic  mercaptan  as  39  to  56. 

As  the  molecules  of  bodies  in  the  state  of  gas  or  vapour  occupy  for  the  most  part 
equal  volumes,  it  follows  that  the  molecular  equations  which  represent  double  decom- 
positions between  bodies  capable  of  assuming  the  gaseous  state  must  also  be  volume- 
equations  ;  that  is  to  say,  in  any  such  reaction  the  sum  of  the  molecular  volumes  of 
the  acting  bodies  must  be  equal  to  the  sum  of  the  volumes  of  the  products  in  the 
state  of  gas  or  vapour.  The  existence  of  a  similar  relation  in  the  double  decomposi- 
tions of  liquid  and  solid  bodies  has  been  pointed  out  by  Mendelejef  {Jakresb,  1858,  p. 
29)  and  by  Semenoff  (ibid,  1865,  p.  30).    Thus : 


Mol.  weight 
Sp.  gr.     . 
Mol.  vol. 


3N0>H    -I 
126 

1-552* 
81184 


Formation  of  Barium  Nitrate, 
Bom 


BaH*0" 
171 
4-495 
38-042 


119-226 


(NO»)«B* 
261-18 
3161 
82-616 


Formation  of  Hydro-fotaenc  Sulphate. 


Mol.  weight 
Sp.  gr. 
Mol.  vol. 


BO^E*  4-    KHO  Sam 
98                56  — 

1-842  2100  — 

52-203        27*460  79*663 


SO«KH 
136 

2163 
62*875 


SH*0 
26 
1 
36 


HK> 
18 
1 
18 


Mol.  weight 
Sp.  gr.     .    , 
MoL  vol. 


CH«0    H 
46 

0-809t 
57*5 


Formation  of  Ethyl  Acetate, 
8am 


OTE[*0» 
60 

1*06 
56-5 


114-0 


0«H'(C"H')0"  +   IPO 

88  18 

0-90  1 

97*8  18 


Som 


119*626 


Sam 


80-875 


Som 


115*8 


H.  L.  Buff  {Ann,Ch,  Pharm,  Suppl.  iv.  129  ;  Jakretb,  1866,  p.  17)  has  carefully 
determined  the  specific  gravities  of  a  number  of  compounds  into  which  the  elements 
carbon,  sulphur,  and  phosphorus  may  be  supposed  to  enter  with  different  atomicities 
or  equivalent  values.  He  finds  that  in  saturated  carbon-compounds,  like  propyl 
iodide,  C*H'I,  the  atomic  volume  calculated  according  to  Kopp*8  method  (i.  445) 
Agrees  very  nearly  with  the  quotient  obtained  by  dividing  the  molecular  weight  of  the 
compound  with  its  sp.  gr.  at  the  boiling  ^int  (calculated  from  the  observed  sp.  gr. 
according  to  the  known  rate  of  expansion);  but  in  unsaturated  compounds — or 
such  as,  if  regarded  as  saturated,  may  be  supposed  to  contain  bivalent  carbon — like 
^chlorethylene,  carbon  dichloride,  amylene,  &c,,  the  atomic  volume  calculated  by 
Kopp*s  method  differs  from  the  quotient  of  the  molecular  weight  by  the  sp.  gr. 
(observed  atomic  volume)  by  quanUties  too  great  to  be  attributed  to  errors  of  observa- 
tion ;  thus: 


•  At  16*. 


t  Ato*. 


Atomicity. 
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fl^i^^H^ 

Vonnnla 

Atonio  ToloBM  at  tt 

w  tolling 

Difflarenoe 

Atoms  of 
biTiJent 
carton 

point 

Otaenred 

(Mel 

DiehloreUiylane .  • 
Carbon  dichloride . 

Amylene 

Dialljl 

Valeiylene 

C*H«C1« 
CH31* 

C»H»* 

OH* 

79-9 

115-4 

211-3 
111-24-112-47 
126-7  -127-0 
103*27-104-88 

78-6 
113-2 
2070 
1100 
1210 

990 

+  1-3 

+  2-2 

+  4-3 
+  1-24-2-47 
+  6-7  -6-0 
+  4-27-6-48 

1 
1 
1 
1 
2 
2 

Hence  Buff  oonelvdee  that  the  atomic  Toliiine  of  biTRlent  carbon  is  greater  than  that 
of  crnadriTalent  carbon. 

Further,  from  the  moleeolar  volume  of  carbon  bisulphide,  CS.S,  he  calculates  the 
atomic  Tolnme  of  sulphur  inthin  the  radicle  as  27-8  to  28-8 ;  that  of  quadrivalent 
sulphur  (in  sulphurous  add)  »  22*6,  and  that  of  sexvalent  sulphur  (m  sulphuric 
anhydzide)  »  12,  both  for  the  intra-radide  position.  The  atomic  volume  of  trivalent 
phosphorus  he  estimates  at  26,  that  of  quinquivalent  phosphorus  at  22.  These  results 
are  regaided  by  Buff  as  leading  to  the  condusion  that  the  chemical  afllnibr  of  matter 
is  in  some  vay  dependent  upon  the  space  which  it  occupies ;  and  the  oensity  of  a 
compound  increases  with  the  number  of  units  of  affinity  with  which  its  component 
elements  enter  into  combination. 

F.  W.  darice  has  directed  attention  to  the  relations  between  the  atomic  volumes  of 
the  elementazy  bodies  in  the  liquid  and  solid  states,  showing  that  the  atomic  volumes 
of  the  elements  in  each  equivalent  group  are  in  some  cases  exactly,  in  others  approxi- 
mately multiples  of  the  lowest  number  in  each  group.  In  the  group  of  the  alkali- 
metals,  for  example,  we  have : 

U                     Na  K  Rb 

Spedfic  gravities                 .        .    0-589  0*972  0*866  1-62 

Atomic  weights ....    7  23  89-1  86-4 

Atomic  volumes                  .        .11-9  23-7  '46*1  66-2 

Here  the  atomic  volumes  are  very  nearly  in  the  numbers  1 :  2 ;  4  :  5  (Sill.  Am,  J.  [2] 
xlvii.  180,  308 ;  Zeitsckr,/,  Ckem,  [2]  v.  292,  359).  The  same  paper  contains  obser- 
vations  on  the  relations  between  the  atomic  volumes  of  homologous  and  analogous 
compounds  in  the  liquid  state. 

For  Tchermak's  speculations  respecting  atomic  volumes,  see  Ann.  Ch.  Pharm.  cxii. 
129 ;  cxiv.  26 ;  JaireA.  1869,  p.  21 ;  Wien.  Akad.  Bar.  xli.  67  ;  Jakre^.  1860  p.  20. 
For  those  of  Oroehans:  Ann.  Ck,  Pharm.  cxvi.  221 ;  N.  Arch.  ph.  not.  xvii.  6 ;  xxiii. 
73  ;  Jakretb.  1860,  p.  18 ;  1863,  p.  31 ;  1865,  p.  27.  Of  Kremers :  Poffff.  Awn.  cxxii. 
245. 

AVOMBOIiyy.  This  term  ia  used  to  denote  the  equivalent  value  or  combining 
capacity  of  an  element,  and,  as  explained  in  the  artide  CiAssiFicATioir  (i.  1008),  it  is 
meamired  bv  the  number  of  atoms  of  hydrogen  or  other  monatomic  or  univalent 
element  with  which  the  element  in  question  can  combine. 

Chlorine^  which  unites  with  only  1  atom  of  hydrogen,  is  monatomic,  monadic,  or 
nmvalent. 

Oxygen,  which  combines  with  2  atoms  of  hydrogen,  is  diatomic,  dyadic,  or 
bivalent. 

Nitrogen,  which  combines  with  3  atoms  of  hydrogen,  is  triatomic,  triadic,  or 
tiTvalettt. 

Oubon,  which  combines  with  4  atoms  of  hydrogen,  is  tetratomic,  tetradic,  or 
qoadiivalent. 

When  an  element  does  not  unite  with  hvdrogen,  as  is  the  case  with  many  of  the 
metals,  its  atomidty  may  be  measured  by  the  number  of  atoms  of  chlorine,  bromine, 
or  iodine  with  whidi  it  can  combine,  since  the  atomidty  of  these  elements  is  equal  to 
that  of  hydro|pBn,  and  they  may  be  substituted  for  it  atom  for  atom ;  also  by  the 
jramber  of  uuTalent  or  monatomic  radides,  such  as  CH*,  OH*,  OH,  6Ec,  that  it  can 
unite  with,  as  in  the  case  of  lead,  which  is  regarded  as  tetratomic  because  it  forms  with 
tftliyl  the  compound  Fb(C^*)«. 

Bat  the  atomidty  of  an  element  cannot  be  estimated  by  the  number  of  diatomic  or 
polyatomic  atoms  that  it  may  take  up,  for  this  number  is  indefinite.  In  fact,  a  diatomic 
•lement,  like  oxygen,  may  attach  itself  to  another  element  or  group  of  elements 
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by  one  of  its  combining  units,  leuring  the  other  free ;  and  to  this  again  another 
diatomic  or  other  polyatomic  element  may  be  attached,  and  so  on  indefinitely.  For 
example,  we  have  the  series  of  compounds 

Potassium  monosulphide        .        •        •        •  K — 8 — "K 

„        bisulphide K — S — S — K 


II 


trisulphide K— S— S— S— K,  &c 


Moreover,  we  know  that  in  by  far  the  greater  number  of  cases,  polyatomic  elements 
can  unite  with  monatomic  elements  in  more  than  one  proportion ;  tin,  for  example, 
forms  the  chlorides  SnCl«,  SnCl* ;  antimony,  the  chlorides  SbCl*,  SbCl». 

Hence  it  is  evident  that  the  atomicity  or  combining  capacity  of  elements  is  in  most 
cases  a  variable  quantity ;  and  a  comparison  of  all  known  cases  of  combining  pro- 
portion shows  that  the  atomicity  or  equivalent  value  of  any  given  element  in  its 
several  compounds  always  varies  by  two  units,  and  that  the  elements  may  be  divide<l 
in  this  respect  into  two  classes,  one  of  odd,  the  other  of  even  equivalence,  the  former 
distinguished  as  perissads,  the  latter  as  artiads ;  e.g., 

Perissads:  N,    P,    As,    Sb,    Au. 

Artiads:      O,    S,     Se,    Te,    Ba,    Ca,    Hg,    Sn,    Mo,    W,    &c 

In  all  cases  of  vaiying  combining  capacity,  it  has  been  usual  to  regard  the  highest 
value  as  representing  the  true  atomicity  of  the  element :  thus  tin,  which  fonns  the 
chlorides  SnCl*  and  SnCl*,  is  regarded  as  a  tetrad ;  phosphorus,  which  forms  the 
chlorides  PCI'  and  PCP,  as  a  pentad;  nitrogen,  which  in  the  ammonium  salts, 
NH^Cl  for  example,  unites  with  5  monatomic  atoms,  also  as  a  pentad. 

In  all  these  cases,  the  compounds  in  which  the  polyatomic  element  exhibits  a  degree 
of  combining  capacity  below  the  maximum  are  unsaturated  compounds,  which,  though 
capable  of  existing  in  the  free  state,  are  nevertheless  ready  to  take  up  an  additional 
number  of  atoms  and  pass  to  the  saturated  state,  when  placed  under  circumstances 
favourable  to  such  combination.  Thus  stannous  chloride,  SnCl*,  readily  takes  up  2  at. 
CI,  and  passes  into  stannic  chloride,  SnCl* ;  in  like  manner  PCI'  is  easily  converted 
into  PC1»  or  PCIH). 

On  the  other  hand,  tlie«  least  saturated  compounds  of  such  series  are  often  in  one 
respect  more  stable  than  the  more  saturated  compounds.  In  the  pentachloride  of 
phosphorus,  for  example,  the  last  two  atoms  of  chlorine  are  less  strongly  attached  to 
the  phosphorus  than  the  other  three,  so  that  the  compound,  under  the  influence  of 
reducing  agents,  or  even  of  heat,  easily  gives  up  these  two  atoms  of  chlorine,  and 
passes  to  the  trichloride ;  so  likewise  stannic  chloride  is  reduced  to  stannous  chloride  ; 
and  in  the  ammoniacal  salts,  sal-ammoniac,  NH^Cl,  for  example,  it  is  easy  to  remove 
HCl  from  the  molecule  (by  the  action  of  potash  or  other  bases),  and  set  free  ammonia, 
NH' ;  but  to  dissolve  the  union  between  the  atom  of  nitrogen  and  the  three  atoms  of 
hydrogen  requires  the  exertion  of  a  much  greater  amount  of  chemical  force. 

Hence  it  has  been  supposed  that  nitrogen  and  phosphorus  are  really  triatomic 
elements,  that  is  to  say,  incapable  of  uniting  with  more  than  3  atoms  of  hydrc^n  or 
other  monatomic  elements,  but  that  the  compound  thus  formed  can  take  up  two  other 
atoms  as  a  molecule ;  that  in  sal-ammoniac,  for  example,  the  4  at  H  and  1  at.  CI  are 
not  all  united  directly  to  the  nitrogen,  but  that  the  molecule  NH'  unites  bodily  with 
the  molecule  HCl,  the  union  between  them  being,  not  atomic,  but  molecular,  like  that 
by  which  water  of  crystallisation  is  attached  to  a  salt,  or  the  molecular  constituents  of 
double  chlorides  are  united  together,  as  in  AgCl .  KCl ;  PtCl* .  2KC1,  &c  This  view 
receives  some  support  from  thQ  £fict  that  sal-ammoniac,  NH^Cl,  exhibits  an  anomalous 
vapour-density,  splitting  up  at  high  temperatures  into  NH'  and  HCl,  and  therefore 
exhibiting  a  condensation,  not  to  two,  but  to  four  volumes.  For  a  like  reason, 
phosphorus  pentachloride  is  supposed  to  be  a  compound  of  the  saturated  molecule 
PCI*  with  a  molecule  of  chlorine,  CI' ;  SbCl*  as  a  compound  of  SbCl*  with  Cl> ;  and 
iodine  trichloride,  ICl',  a  compound  of  ICl  with  CI'. 

But  this  mode  of  viewing  the  constitution  of  such  bodies  is  scarcely  tenable.  It  is 
indeed  impossible  to  regard  phosphorus  pentachloride,  PCI*,  as  consisting  of  two 
molecules,  when  its  analogues  PCl'O  and  PCl'S  certainly  consist  of  one  only,  these 
compounds  exhibiting  in  the  state  of  vapour  the  normal  condensation  to  two  volumes. 
Again,  sal-ammoniac,  NH^Cl,  which  is  isomorphous  with  potassium  chloride,  KCl,  and, 
like  the  latter,  jinites  to  form  a  crystalline  compound  with  platinic  chloride,  auric 
chloride,  &c.,  must,  like  potassium  chloride,  be  regarded  as  consisting,  not  of  two 
molecules,  but  only  of  one.  Lastly,  if  iodine  trichloride  were  a  compound  of  ICl  and 
CP,  the  last  two  atoms  of  chlorine  ought  to  be  easily  separated  from  the  third.  But 
this  is  not  the  case.    On  the  contrary,  when  this  trichloride  is  treated  with  silver 
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neetate,  the  three  chlorine-atoniB   are  removed  at  onoe  as    silver   chloride,   and 
8dintienbeiger*B  iodine-triacetate  is  formed : 

IC1»  +  3AgC»H»0«  =  8Aga  +  I(C»H«0»)>. 

This  reaction  is  a  complete  case  of  double  decomposition,  and  shows  that  the  compound 
ICl*  forms  one  complete  molecule,  not  two. 

From  all  these  facts  we  must  conclude  that  there  is  no  such  thing  as  ahtoluU 
atomid^  or  combining  capacity,  but  that  the  combining  capacity  of  any  elementary 
atom  depends  upon  the  other  atoms  with  which  it  comes  in  contact,  or  generally  on 
the  ciicnmstances  under  which  it  is  placed.  Thus  iodine  is  monatomic  in  the  compounds 
IH,  lAg,  ICl,  triatomic  in  ICl' ;  phosphorus  is  triatomic  in  FCl'  and  PH',  pentatomic 
in  Pd* ;  nitiogen  is  triatomic  in  ISH*,  pentatomic  in  NH^Cl  and  the  other  ammonium 
salts.  Nitrogen  indeed  forms  compounds  in  which  it  is  at  once  triatomic  and 
pentatomic,  tIe.  in  ammonium  cyanate : 

k=c=o. 

In  nearly  all  cases  the  combining  capacity  of  an  element  in  its  several  compounds 
varies,  as  already  observed,  by  two  units :  thus  iodine,  gold,  and  thallium  are  monads 
and  triads ;  phosphorus  and  its  congeners  are  triads  and  pentads ;  silicon, 
titanium,  selenium,  tellurium,  and  tin  are  dyads  and  tetrads ;  sulphur  and  chromium 
are  dyads,  tetrads,  and  hexads.  There  is  no  well-established  case  of  an  element  acting 
as  a  perissad  in  some  cases,  and  as  an  artiad  in  others,  excepting  perhaps  nitrogen, 
which  in  combination  with  OTjgen  exhibits  the  series 


T 
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Now  in  the  fint,  third,  and  fifth  of  these  compounds  the  atomicity  of  nitrogen  follows 
the  general  law,  but  in  the  second  and  fourth  this  element  appears  as  an  artiad.  It 
inight  be  brought  under  the  general  law  by  doubling  the  formuUe,  in  whidi  case  the 
nitrogen  would  appear  as  a  triad,  the  two  oxides  then  being  represented  by  the 
fmmulae 

N— O  N— O— O 
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and  this  change  would  moreover  bring  the  formulae  into  accordance  with  the  law  of 
even  numbers ;  but  the  density  of  the  dioxide,  which  is  a  permanent  uncondensable 
g^s,  shows  that  the  simpler  formula  NO  is  in  accordance  with  the  ffeneral  law  of  two- 
volume  condensation.  As  to  the  tetroxide,  it  appears,  from  the  determination  of  its 
▼apoor-density  by  Rayfair  and  Wanklyn  (iv.  76),  to  be  capable  of  existing  in  the 
two  polymeric  modifications  NO*  and  N'O^.  Altogether  the  combining  capacity  of 
nitrogen  exhibits  peculiarities  which  are  not  yet  satisfactorily  explained. 

The  variation  cSf  combining  capacity  in  an  element  by  two  or  mtdtiples  of  two  is 
itself  a  phenomenon  whidh  has  not  yet  received  a  perfectly  satisfactory  explanation.  The 
point  to  be  explained  is,  not  that  an  element  capable  of  taking  uo  6  atoms  of  chlorine, 
for  example,  should  sometimes  content  itself  with  8  atoms,  ana  nevertheless  form  a 
eompouna  possessed  of  .considerable  stability :  for  it  is  quite  intelligible  that  an 
nnsaturated  compound,  like  PCI',  may  appear  perfectly  stable  and  quiescent  until  it  is 
brouf^t  under  particular  conditions  favourable  to  the  saturation  of  its  still  uncombined 
units  of  affinity ;  indeed,  were  it  not  for  the  existence  of  such  unsaturated  atoms 
and  molecules,  there  could  for  the  most  pert  be  no  such  thing  as  direct  chemical 
oombination,  since  saturated  molecules  cannot  take  up  new  elements  except  by 
snbstitation. 

But  it  does  not  appear  from  this  why  the  variation  of  atomicity  should  always 
take  place  by  pairs  of  units.    Frankland  endeavours  to  account  for  this  circumstance 
by  supposing  that  in  an  atom  of  any  polyatomic  element  the  points  of  attachment 
by  which  t^  atom  unites  itself  to  other  atoms  are  capable  of 
neutralising  one  another  more  or  less  completely,  like  contiguous      oix^^^'^^'^'^'v.  sCl 
electric  rv  magnetic  poles  of  opposite  name.    Granting  this,  we  >V  x\ 

may  suppose  that  when  3  poles  in  the  atom  of  a  pentatomic         '  ^ 

element,  i^iosphorus  for  example,  have  been  neutralised  by  com- 
bination with  3  atoms  of  a  monatomic  element,  such  as  chlorine, 
the  remaining  two  may  still  be  free,  but  in  opposite  polar  (?  elec- 
trical) states,  so  that  the  molecule  PCI'  may  appear  perfectly 

—  + 
neutral  and  stable.    But  now  let  a  molecule  of  chlorine,  ClCl, 
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b&ving  it«  two  component  atoms  in  opposite  polar  states,  approach  this  molecule.  The 
two  atoms  will  then  place  themselves  so  that  the  opposite  poles  of  the  chlorine  and  tha 
phosphorus  may  come  opposite  to  one  another,  and  then  combination  will  take  place,  the 
trichloride  being  converted  into  the  pentachloride.  In  like  manner  we  may  supposo 
that  the  atom  of  any  polyatomic  element,  tin  for  example,  may  contain  two  socn  pairs  of 
opposite  poles,  and  that  when  brought  in  contact  with  chlorine  it  may  take  up,  first 
one  molecule  of  that  element  in  the  manner  just  described,  and  then  another,  a  pair 
of  its  poles  being  brought  into  activity  at  each  step.  This  mode  of  viewing  the  process 
may  afford  some  explanation  of  the  fact  that  change  of  atomicity  in  elements  almost 
always  takes  place  by  pairs  of  units. 

The  same  Hypothesis  may  account  for  the  circumstance  that  a  molecule  of  a 
perissad  element  always  contains  an  even  number,  generally  a  pair  of  atoms,  the 
molecule  of  hydrogen,  for  example,  consisting  of  HH,  that  of  nitrogen  of  NN,  &c. ; 
for  as  the  opposite  poles  of  such  an  atom  neutralise  one  another  in  pairs,  there  must 
always  be  one  left  uncombined,  and  neutralisable  by  union  with  a  pole  of  opposite 
name  belonging  to  another  atom.  Artiad  elements,  on  the  other  hand,  may  also 
unite  in  this  manner— the  molecule  of  oxy^n,  for  example,  being  supposed  to  consist 
of  two  atoms,  00 ;  but  since  each  of  their  poles  may  be  neutralised  bv  a  pole  of 
opposite  name,  they  may  also  exist  in  the  tree  state  as  single  atoms ;  m  fact,  the 
vapour-densities  of  mercuiv,  cadmium,  and  zinc  show  that  the  atoms  of  these  elements 
in  the  free  state  exist  singly  and  not  in  pairs. 

Further,  it  is  necessary  to  remark  that  saturation  is  not  necessarily  perfect,  even 
when  all  the  combining  capacities  of  the  elements  in  a  molecule  appear  to  be 
satisfied.  There  are  indeed  but  few  compounds  that  appear  perfectly  saturated,  and 
therefore  incapable  of  combining;  directly  with  any  other  atoms  or  molecules.  The 
paraffins  C"H**'*''  exhibit  this  chanicter,  being  incapable  of  direct  combination,  and 
being  modified  only  by  substitution;  but  platinic  chloride,  PtOl*,  which  is  also 
generally  regarded  as  a  saturated  molecule,  cannot  be  so  in  the  same  degree  as  tlie 
compound  CH*  or  CCl*,  inasmuch  as  it  can  form  definite  crystalline  compounds  with 
various  other  metallic  chlorides.  In  such  double  chlorides,  indeed,  the  combination 
is  commonlv  said  to  be  molecular,  rather  than  atomic;  between  the  molecules  as 
wholes,  rather  than  between  the  individual  atoms;  but  molecules  could  scarcely 
exhibit  any  tendency  to  combine  if  the  combining  tendencies  or  opposite  polarities 
of  their  component  atoms  were  completely  neutralised.  At  all  events,  the  state  of  a 
perfectly  neutral  molecule,  like  OH*,  must  be  different  from  that  of  one  which,  like 
PtCl*,  still  coLhibits  a  tendency  to  take  up  additional  elements  and  form  definite 
oompounds  therewith.  The  same  must  be  the  case  with  all  salts  and  other 
compounds  whidi  can  take  up  water  of  ciystallisation.  Their  union  with  this  water 
is  attended  with  evolution  of  beat,  just  like  combination  between  atoms ;  in  such 
molecules,  therefore,  the  combining  tendencies  of  the  component  atoms  cannot  be 
supposed  to  be  perfectly  neutralised. 

In  some  cases,  however,  combination'  between  two  saturated  oompounds  may  take 
place  in  consequence  of  a  different  arrangement  of  the  atoms,  and  a  difference  in 
the  manner  in  which  they  are  linked  toeether ;  thus  carbon  dioxide,  0:=iO=0,  and 
lime,  Ca=0,  are  both  saturated  oompounds ;  nevertheless  they  can  combine  directly 
under  certain  circumstances  and  form  calcium  carbonate : 

0=0=0  and  Ca=:0  form  O  —OzziO 


Ca— 6. 


In  like  manner,  sulphuric  oxide,  80*,  and  baiyta,  BaO,  unite  at  high  temperatures  to 
form  barium  sulphate : 

O  O 


0=S=0  and  Ba=0  form  0  —8=0 

iaJ. 

But  this  kind  of  combination  can  take  place  only  when  both  molecules  consist 
wholly  of  polyatomic  elements.  In  the  case  of  combination  between  chlorides,  on 
the  contrary,  such  as  platinic  chloride  and  hydrogen  chloride, 

a 


i_.i>fc- 


Cl— Pfc— Cl  and  H— CI, 


i, 
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there  are  no  uncombined  units  of  affinity  to  lay  hold  of.  It  is  oonceiTable,  however, 
that  the  polarities  of  this  atom  of  platinnm  may  be  nentialised  by  the  opposite 
polarities  of  the  chlorine-atoms  so  £u  as  not  to  be  further  excited  by  the  com* 
paiatiTely  feeble  polarities  of  the  two  atoms  composing  another  chlorine  molecule, 
+  — 
CI  CI,  but  may  yet  be  ronsed  into  action  by  the  stronger  polarities  of  such  a 

+    — 
molecule  as  potassium  chloride,  K  CI,  and  in  this  manner  combination  may  take 
place  between  the  two  molecules. 

Allusion  has  already  been  made  to  the  power  of  polyatomic  elements  to  accumulate 
in  compounds.  Two  diatomic  elements,  for  example,  may  unite  together  so  as  to 
completely  neutralise  all  their  units  of  affinity,  as  in  the  compounds  Ba^O ; 
Fb:=S.  But  they  may  also  unite  so  as  each  to  leave  a  unity  of  atomicity  free ;  in 
such  cases  other  elements  may  enter  the  combination  to  satisfy  the  uncombined 
units ;  as  in  the  following  examples : 

H— O— O— H  H— 0—0— CI  CI— 0—0— o— a 

Hjdrogen  (UnifclB.  Cblorona  add.  Ohkfoiis  oxide 

or  anhydilde. 

H— 0—0— 0—0— CI 
Parchloric  acid. 

In  these  examples  we  see  that  a  chain  of  any  number  of  oxygen-atoms,  united 
together  by  one  unit  of  atomicity  belonging  to  each,  must  always  leave  an 
uncombined  unit  at  each  end,  which  mav  be  neutralised  or  satisfied  by  a  monatomic 
atom,  such  as  hydrogen  or  chlorine.  A  chain  of  diatomic  or  other  polyatomic  atoms 
thus  connected  together,  and  having  uncombined  units  at  each  end,  is  called  an  open 
chain.  It  is  possible,  however,  that  the  atoms  of  the  extremities  may  unite 
between  themselves  by  their  uncombined  units,  and  thus  form  a  closed  chain; 
thus: 

S  O— S— O  O— Mn— O 

A      V 

0-0  0  0 

Bolphnrotn  Solphnrlo  Kangaalc 

Bobydride.  anhydride.  anlqfdride. 

The  equivalent  or  combining  value  of  any  group  of  atoms  must  evidently  depend 
partly  upon  the  atomicity  of  the  individual  elements,  partly  on  the  manner  in  which 
they  are  linked  together :  thus  the  group  (?IL*  may  be  saturated  or  bivalent,  accord- 
ingly as  the  two  carbon-atoms  are  grouped  by  one  or  by  two  of  their  units  of  affinity : 

H— C— H  a.—~\j^S. 

H— cl-H  H— C— H 

Batuated.  Blraleat. 

Anj  given  group  of  atoms  will  evidently  exhibit  its  maximum  atomicity  or 
combining  capacity,  or  will  have  the  greatest  possible  number  of  combining  units 
free,  when  all  the  polyatomic  atoms  are  linked  together  by  one  unit  of  affinity  only. 
In  such  a  case  it  has  been  shown  in  the  article  CLAssincATioH  (i.  1013)  that  in  a 
poup  of  n  polyatomic  atoms.  A",  A*^,  A**  .  .  .  ,  thus  united,  the  maximum  atomicity 
IS  represented  by  the  formula 

A"  +  A*"  +   A»'  .  .  .  -  2(n  -   1). 

A  vezy  important  case  of  this  law  is  that  of  a  number  of  carbon-atoms  united  together, 
as  in  manh  gas  and  its  homologues ;  thus : 

CH«  CH»  CH»  CH» 

CH«  CH«  CH« 

CH«  CH« 

I 
CH»,  &c, 

in  which  the  group  of  •  tetrad  atoms  exhibits  an  atomicity  denoted  by  4n  —  2(n  —  1) 
B  2n  -I-  2.      A  group  of  two  carbon-atoms  will  therefore  take  up  6  atoms  of 
Sttp.  B 
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hydrogen ;  a  group  of  thieo  carbon-atoms  will  take  up  8  hydrogen -atoms,  and  so  forth, 
each  hydrocarbon  of  the  series  di£fering  from  the  preceding  bv  CH^ 

When  any  number  of  hydrogen-atoms  in  a  compound  is  replaced  by  an  equal 
number  of  atoms  of  chlorine  or  other  monatomic  element,  or  by  an  equivalent 
number  of  multivalent  atoms,  or  univalent  and  multivalent  atoms  combined,  it  is  dear 
that  the  combining  capacity  of  the  group  will  remain  the  same  as  before.  Chloroform, 
CHCl',  for  example,  derived  from  marsh  gas  by  substitution  of  CI'  for  H',  is  a 
saturated  compound  like  marsh  gas  itself ;  so  likewise  is  aldehyde,  CH^O,  derived 
from  ethane,  C«H»,  by  substitution  of  0"  for  H* ;  but  dichlorethylene,  C»H«C1*,  is 
bivalent,  like  ethylene,  C^H*,  itself. 

Suppose  now  an  atom  of  hydrogen  in  any  group  to  be  replaced  by  oxygen,  as 
when  the  compound  is  subjected  to  the  action  of  oxidising  agents.  In  this  case  the 
diatomic  oxygen  which  enters  the  group  attaches  itself  thereto  by  one  of  its  units 
of  affinity,  leaving  the  other  free,  and  capable  therefore  of  retaining  in  the  group  the 
hydrogen  which  it  has  displaced.  The  final  result  is  the  replacement  of  an  Atom  of 
hydrogen  by  the  univalent  group  or  radicle,  hydroxy  1,  OH:  thus  in  propane  or 
propyl  hydnde,  C'H",  we  may  replace  H  by  OH,  yielding  propyl  alcohol,  CH'(OH) ;  a 
second  similar  substitution  produces  propylene  alcohol,  or  propylic  glycol,  CH'(OH)* ; 
and  a  third  produces  propenyl  alcohol  or  glycerin,  C*H*(OH)" : 


H 

0-H 

0-H 

0-H 

1 
H    C— H 

n— C— H 

H— C— H 

H— C— H 

H    C— H 

H— C— H 

H— C— H 

H    C— 0-H 

H-C— H 

H— C— H 

H    C— H 

H— O-H 

1 
H 

A 

d-H 

1 
0-H 

Propane. 

Propyl 
alcohol. 

Propylene 
glyooL 

Olyoerin. 

I  I 

H  H 


The  result  of  these  substitutions  of  OH  for  H  is  evidently  an  addition  of  one  atom 
of  oxygen  to  the  molecule  at  each  successive  step. 

In  like  manner,  nitrogen  (trivalent)  taking  the  place  of  an  atom  of  hydrogen 
may  bring  with  it  two  other  hydrogen-atoms  to  complete  the  saturation,  as  in  the 
derivation  of  ethylamine,  CH'K,  and  ethylene-diamine,  C*H"N',  from  ethane,  C*H*. 

H  NH«  NH» 

H— C— H  H— C— H  H— C—H 

H— C— H  H— C— H  H— C— H 

NH« 
Ethane.  Bthylamlne.  Sthylcne-diamino. 

The  result  is  the  addition  of  NH  to  the  molecule  at  each  step. 

Quinquivalent  nitrogen  substituted  for  hydrogen  brings  vrith  it  4  atoms  of 
hydrogen,  as  in  the  formation  of  ammonium-salts  from  their  respective  acids,  the 
result  being  equivalent  to  the  addition  of  NH'  at  each  successive  step. 

Instead  of  2  or  4  at  hydrogen,  nitrogen,  accordingly  as  it  enters  a  molecule  in  iU 
trivalent  or  quinquivalent  capacity,  may  bring  with  it  1  or  2  atoms  of  oxygen,  the 
result  being  the  replacement  of  the  hydrogen  by  nitrosyl,  NO,  in  the  one  case,  and  of 
nitiyl,  NO',  in  the  other :  e.g., 

.CH'N  C«H'(NO)N  CH'(NO«)N 

Aniline.  NitroeooiliBe.  Nitnnilitte. 

Carbon,  which  is  tetratomic,  entering  in  like  manner  intaa  molecule,  takes  with 
it  3  atoms  of  hydrogen,  and  thereby  increases  the  molecule  by  the  addition  of  CH*  at 
each  successive  step,  the  result  being,  as  is  well  known,  the  formation  of  homologous 
series :  thus  in  the  series  of  alcohols  C^H'^+'O  : 
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OH 

OH 

OH 

OH 

H— C— H 

H    C-H 

H— C— H 

H— 0-H 

A 

H    G    H 

H    C    H 

H    C    H 

k 

H— C— H 

H    C— H 

^_H 

H-i-H 

Methyl 
alcohoL 

Bbhyl 
alcohoL 

Propyl 
aloohoL 

Bntyl 
alcohol. 
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Sulphur,  rag&ided  as  sexvalent,  may  take  with  it  into  combination  the  qnin- 
quiTalent  ^oap  0"0*(0H),  the  result  being  the  substitution  of  the  uniyalent 
Tadide  SO'H  for  H,  or  the  addition  of  SO'  to  the  original  molecule.  The  compound 
tfana  formed  ia  usnally  a  sulpho-acid,  as  sulphacetic  acid,  CH^O'.SO*,  from  acetic 
add: 

OH 

H  0=SrrO  or        CH«SO«H 

H— 0— H  H~C— H  C( 


JOOH 


0=C— OH  0=0— OH 

Acetic  acid.  Solphaeetlo  add. 


CSasaJiealioH  ofEUmeniary  Bodiu  according  to  their  AiomicitieB. 

This  subject  has  been  discussed  in  the  aitide  CLiasincATioK,  by  Prof.  G.  C.  Foster, 
and  in  that  on  Mbtals,  Atomic  Wbiohts  amo  CiAssmcATioxf  of,  by  Dr.  Odling ;  but 
a  few  additional  observations  are  required  to  bring  it  into  accordance  with  the  results 
of  recent  researches.  A  table  of  the  elementary  bodies  classified  according  to  the 
▼iews  of  their  atomidties  or  combining  capacities,  now  most  generally  received,  will 
be  foand  at  the  end  of  this  artide.  It  must  be  distinctly  understood,  however,  that 
the  atomidties  there  assigned  to  the  several  elements  are  by  no  means  absolute,  but 
only  such  as  these  elements  exhibit  in  their  more  important  compounds. 

1.  Monads. — The  atomidty  of  hydrogen,  as  exhibited  in  the  single  compound 
which  it  forms  with  chlorine,  is  assumed  as  the  standard  of  atomicity,  equivalent 
Taloe,  or  combining  capad^.  Estimated  by  this  standard,  silver  appears  to  be 
always  univalent ;  but  the  other  elements  usually  dassed  as  monads,  though  certainly 
univalent  in  most  of  their  compounds,  nevertheless  appear  to  be  also  capable  of 
exhibiting  higher  equivalent  values.  Chlorine  is  univalent  in  argentic  chloride, 
AgO ;  but  in  aigentous  chloride,  Ag'Cl,  or  rather  Ag^Cl',  it  appears  to  be  trivalent, 
the  constitutional  formula  of  that  compound  being 

Ag— CI— Ag 

Ag— CI— Ag. 

Bromine  must  also  be  regarded  as  trivalent  in  the  oonesponding  compound  Ag^Br'; 
and  iodine,  because  it  forms  a  trichloride,  ICl'.    Chlorine  and  iodine  might  even  be 

regarded  as  septivalent^  viz.  in  perchloric  acid,  Cl'**|oH»  P®''^^  ^^  ^'"loH'*'*^ 

tho  eonesponding  anhydride,  PO^;  but  these  oxygen-adds  of  chlorine  and  iodine 
may  also  be  represented  by  different  formula,  in  which  the  oxygen-atoms  are 
linked  together,  and  the  chlorine  and  iodine  are  univalent  (p.  241^.  Fluorine  is 
most  pto&bly  a  monad,  but  still  there  are  some  reasons  for  regarding  it  as  a  dyad 
analogous  to  oxygen  (ii.  272).  Sodium  and  the  other  alkali-metals  are  univalent  in 
most  of  their  ecnnpounds ;  but  Wanklyn  has  lately  shown  that  sodium  can  also  act  as 
a  trivalent  and  as  a  septivalent  dement.  The  crystals  commonly  called  sodium 
ethylate,  and  repiesentea  by  the  formuhi  C'H^NaO,  have,  according  to  Wanklyn,  a 
moie  complex  constitution,  consisting,  when  dried  at  100°,  of 

b2 


24A  ATOMICITY. 


C«H»0 
H 

C«H»0 
H 

C«H»0 
H 
C«H»0. 


Na'". 


When  kept  for  a  long  time  at  200^,  they  give  off  4  molecules  of  alcohol,  (G'HH))H, 
leaving  wxUumethylate  or  hydrate  of  ethylene-sodium: 

Potassium  acts  upon  alcohol  in  the  same  manner  as  sodium,  and  will  probably  be 
found  to  yield  analogous  products. 

2.  Dyads. — The  non-metallic  elements,  oxygen,  sulphur,  selenium,  and 
tellurium,  must  be  re^;arded  as  dyads,  if  we  look  only  to  their  hydrpgen-oompounds ; 
but  the  three  last-mentioned  elements  form  compounds  into  which  they  appear  to 
enter  as  tetrads  and  hexads  ;  and  if  aigentous  oxide  be  correctly  represented  by  the 
formula  Ag^O,  even  oxygen  must  be  regarded  as  a  tetrad. 

The  chemical  relations  of  the  metals  now  regarded  as  dyads  are  fully  discussed  in 
Dr.  Odling's  article  above  referred  to. 

3.  The  <ruuf  elements  are  boron,  thallium,  and  gold.  Of  the  trivalence  of 
boron  there  is  no  question.  Thallium  and  gold  are  both  univalent  and  trivalent,  the 
mono-compounds  of  the  former  and  the  tri  •compounds  of  the  latter  being  the  most 
stable.    Gold  may,  however,  be  regarded  as  trivalent  also  in  the  aurous  compounds  if 

Au— CI 
we  double  their  formulae :  thus  Au*Gl'  ss  1 1  .  Thallium,  as  a  univalent  element, 

Au— a 

exhibits  a  veiy  dose  analogy  to  the  alkali-metals  (v.  763). 

4.  Tetrads. — Carbon  is  quadrivalent  in  all  its  compounds,  except  the  monoxide 
C=0,  in  which  it  is  bivalent ;  but  this  is  an  unsaturatea  compound,  ready  to  take  up 
an  additional  atom  of  oxygen  or  two  atoms  of  chlorine. 

Silicon,  titanium,  and  tin  are  bi-  and  quadrivalent. 

Zirconium  forms  a  tetrachloride,  ZrCl\  and  a  dioxide,  ZrO',  and  is  indeed 
quadrivalent  in  all  its  compounds. 

Aluminium  forms  but  one  class  of  compounds,  in  which  it  is  apparently  trivalent, 
the  chloride  being  represented  by  the  formula  AlCl*,  the  methide  and  ethide  by  Al(CH')' 
and  Al(C'H'y,  and  the  oxide  hj^  AlK)'.  This  view  is  in  accordance  with  the  vapour^ 
densities  of  the  ethide  and  methide  at  high  temperatures  (iii.  983).  On  the  other  hand, 
the  vapour-density  of  the  chloride,  as  determined  by  Deville,  points  to  the  formula 
A1*C1',  and  similarly  those  of  the  methide  and  ethide  near  their  boiling  points  accord 
more  nearly  with  the  double  formule  A1'(CH*)'  and  A1*(CH*)*  than  with  the  simpler 
formula  above  given.  If  these  double  formule  are  correct,  al]iminium  may  be  regarded 
as  quadrivalent,  its  chloride  and  oxide  being  represented  by  the  formulsB 

CI 

a_Ai_ci  ^A1=0 

I  and  OC   I 

a—Ai— CI  \ai=o. 


i 


1 

This  latter  view  is  corroborated  by  the  isomorphism  between  alnmina  and  ferric 
oxide  and  their  corresponding  salts. 

Cerium,  uranium,  cobalt,  and  n  ickel  are  bivalent  and  quadrivalent  They 
all  form  dichlcHfides.  Of  cerium  a  native  trifluoride  Ce^  is  known,  uialogons  in 
oompositton  to  the  chloride  of  aluminium.  No  trichloride  of  uranium  is  known; 
but  the  oxychloride,  U*0*C1*,  derived  from  the  trichloride  bv  substitution  of  O'  for 
Gl\  is  a  well-known  compound.  Cobalt  forms  a  trichloride,  Co*Cl'.  Of  nickel 
only  the  dichloride,  NiCl',  has  been  obtained ;  but  the  sesquioxide,  NiH)*,  is  known, 
analogous  to  oobaltic  oxide,  and  f^om  the  close  resemblance  of  nickel  to  cobalt  in  all 
its  chemical  relations,  it  evidently  belongs  to  the  same  class.  All  the  four  metals 
indnded  in  this  paragraph  are  also  analogous  in  many  respects  to  iron,  manganese, 
and  chromium,  and  might  accordingly  be  regarded  as  hexa<u ;  but,  as  no  compounds 
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fti«  Mtoally  knovn  in  which  they  appear  to  be  eezralent,  it  is  beet  to  regaid  them  as 
tetxads. 

Lead  is  biTaleiit  in  the  only  chloride  which  it  fbrms,  yis.  FbCl*,  and  in  its  basic 
Oizide,  FbO ;  qnadziTBlent  in  plumbic  ethide,  Fb(0'H*)\  and  in  the  dioxide,  FbO*. 

Platinnm*  palladium,  iridium,  and  rhodium  are  biTalent  and  quadrivalent. 
Platinum  and  palladium  fonn  didilorides  and  tetiaehlorides,  and  corresponding 
oxides.  Iridiu  m  forms  a  dichloride,  a  tetrachloride,  and  an  intennediate  cnloride, 
Ir'Cl',  which  may  be  regpuded  as  analogous  in  composition  to  feiric  chloride  and 
aluminimn  chloride,  that  is  as  containinff  quadrivalent  iridium*  Bhodium  foims 
only  a  dichloride,  BhCl',  and  a  trichlonde,  BbKH*.  These  two  metals  also  fonn 
oxides  analogous  in  ocmiposition  to  the  chlorides,  and  yielding  corresponding  salts 
with  acids,  luid  likewise  nigher  oxides,  vis.  IrO*  and  BhO*. 

5.  Pentads. — ^Among  these  elements,  nitrogen,  phosphorus,  arsenic,  anti- 
mony, and  vanadium  form  one  natural  group ;  tantalum  and  niobium  another. 
Hie  reasons  for  regarding  nitrogen  as  quinquivalent  as  well  as  trivalent  have 
already  been  given  (p.  238).  Phosphorus  and  antimony  fi>rm  trichlorides  and 
pentachloridee,  with  corresponding  oxides,  oxy-salts,  and  oigano-metallic  bodies. 
Arsenic  forms  only  a  trichloride,  but  its  oxygen-compoonds,  snlphur-compounds, 
aiki orgaao-metallic  compounds  are  analogous  to  those  of  phosphoms.    Bismuth 

Bia« 
forms  a  trichloride  and  a  dichloride,  Bi*Cl*  or  |       ,  in  both  of  which  it  is  trivalent ; 

BiOT 

also  oonespooding  oigano-metallic  oompoonds  and  oxides.  It  also  forms  a  pentoxide, 
with  eonesponding  salts,  whence,  and  from  its  analogy  with  antimony,  it  is  regarded 
as  a  pentad.  Vanadium  was  formerly  regarded  as  a  hexad ;  but  Boeooe  has  lately 
shown  that  it  is  a  pentad  (v.  984).  Tantalum  and  niobium  were  formerly 
regarded  as  tetrads ;  out  the  recent  experiments  of  Marignac  have  shown  that  they 
are  pentads  (iv.  785 ;  v.  662). 

6.  BitxadM, — Sulphur,  selenium,  and  tellurium  are  bivalent  in  their  hydrogen- 
compounds,  quadrivalent  in  their  chlorides,  those  of  selenium  and  tellurinm  being 
definite  and  stable  compounds  in  the  free  state,  whereas  tiie  tetrachloride  of  sulphur 
is  known  only  in  combination  with  metallic  chlorides  (v.  585).    In  sulphurous 

trieChiodide,  S  j  V        ^  (v.  881 ),  sulphur  is  undoubtedly  quadrivalent,  and  in  sulphuric 

ethylene-diethyl-bromide,  S{  (C^*)*,  it  appears  to  be  sexvalent.    The  same  degree  of 

lBr« 

atomicity  is  likewise  exhibited  by  sulphur  in  the  sulphates.  Sulphuric  acid  or  hydrogen 
sulphate  might  indeed  be  represented  by  either  of  Uie  formuhe 

O 
H— O— O— S— O— O— H         or         HO— S— OH, 


H 


in  the  former  of  which  the  sulphur  is  bivalent,  while  in  the  latter  it  is  sexvalent. 
But  the  stability  of  the  sulphates  is  rather  in  favour  of  the  latter  view,  inasmuch  as 
compounds  in  which  oxygen  is  directly  united  with  oxygen,  as  in  the  first  formula, 
are  usually  rather  unstable.  Moreover,  the  sulphates  are  isomorphous  with  the 
chromates,  and  should  therefore  be  represented  by  similar  formulie ;  now  chromium 
is  undoabtedly  a  hexad.  Selenium  and  tellurium,  which  are  analogous  to  sulphur 
in  nearly  eveiy  respect,  and  especially  in  the  constitution  of  their  ^ghest  oxygen- 
adds,  must  in  like  manner  be  regarded  as  hexads. 

Chromium  forms  a  hexfluonde,  CrF",  to  which  there  corresponds  the  trioxide  or 
chromic  anhydride,  CrO*,  with  the  corresponding  salts;  potassium  monochromate, 
K'CrO*,  for  example,  may  be  represented  by  a  formula  exactlv  similar  to  the  second 
of  the  two  above  given  for  hydrogen  sulphate.  Chromium  also  forms  the  chromous 
salts,  in  which  it  is  bivalent,  e^.  CrCl',  and  the  chromic  salts,  e.g.  Cz'Cl',  in  which 
it  is  quadrivalent.    (See  Chboxiitic.) 

Iron  exhibits  combining  capacities  exactly  analogous  to  those  of  chromium.  In 
the  fenrons  compounds,  as  FeCl*,  it  is  bivalent ;  in  the  ferric  compounds,  quadrivalent, 

Fea» 
ferric  chloride  being  represented,  like  aluminium  chloride,  by  the  formula  I  In 

FeCl« 
the  ferrates,  supposing  their  constitution  to  be  well  established,  iron  must  be  regarded 
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as  sexTalent,  the  fonnulae  of  those  salts  being  analogous  to  those  of  the  sulphates 
and  chromates ;  potassium  ferrate,  for  example,  being  represented  by  the  formula 
i'c'»K«0*  or  Fe'»0«(OK)«. 

Precisely  similar  observations  may  be  applied  to  manganese  in  the  manganous 
and  manganic  snlts,  and  in  the  manganates  respectiyely.  The  manganates  are 
isomorphous  with  the  chromates,  which  corroborates  the  supposition  that  the 
manganese  in  these  salts  is  sexralent.  Manganese  however  forms  a  class  of  still 
more  highly  oxidised  salU,  via.  the  permanganates,  as  MnKO*  or  Mn^O'(OE),  to 
which  there  are  said  also  to  be  a  corresponding  chloride,  MnCl',  and  fluoride,  MnP 
(iii.  805,  808).  This  would  seem  to  show  that  manganese  can  also  be  septivalent,  a 
fact  not  in  accordance  with  the  general  law  that  the  variation  of  combining  capacity 
in  any  element  takes  place  by  successive  increments  of  two  units.  But  the  so-ealled 
heptachloride  appears  from  H.  Eose's  experiments  to  be  really  an  oxychloride, 
MuO'^Cl*,  analogous  to  chromic  oxychloride;  and  the  so-called  heptafluoride  has 
probably  a  similar  composition,  the  manganese  being  sexvalent  in  both  compounds. 
The  constitution  of  the  permanganates  may  also  be  represented  by  a  formula  in  which 
manganese  is  sexvalent.  The  potassium  salt,  for  azample,  n^y  be  represented  as 
Mu^K^C,  or 

O 


0-Mn— 0— 0— K 

I 
O^zMn— 0— 0— K 

II 
O 

It  is  true  that  the  permanganates  are  isomorphous  with  the  perchloratcs,  in  which 
dilorine  must  be  regarded  either  as  univalent  or  septivalent;  thus  for  the  potassium 
salt: 

0 


a— 0-0— 0—0— K        or        O— CI— OK. 

II 
O 

But  although  isomorphous  compounds  very  frequently,  and  perhaps  in  most  cases, 
contain  polyatomic  elements  of  equal  combining  capacity,  still  this  rule  is  not 
invariable :  Marignac,  for  example,  has  shown  that  the  fluotantalates  and  fluoniobates 
are  isomorphous  with  the  fluosilicates,  fluotitanatcs,  and  fluostannates ;  and  neverthe- 
less tantalum  and  niobium  are  pentads,  whereas  siUoon,  titanium,  and  sirconium  are 
tetrads.  The  balance  of  evidence  is  therefore  in  favour  of  regarding  manganese  in 
the  pennanganates  as  a  hexad. 

Molybdenum  forms  a  hexfluoride  Icnown  in  combination,  though  not  in  the  free 
state ;  also  a  tetrachloride  and  dichloride,  together  with  corresponding  oxides. 

Tungsten  forms  a  hexchloride  and  tetradiloride,  with  corresponding  oxides. 

Ruthenium  and  osmium  form  chlorides  analogous  to  those  of  iridium,  e.g. 
RuCl*,  Ru*Cl*,  and  RuCl«,  also  hexchlorides  RuCl*  and  OsCl*,  known  however  only  in 
combination.  The  two  metals  also  form  oxides  analogous  to  these  several  chlorides, 
and  likewise  higher  oxides,  viz.  RuO^  and  OsO*.  From  this  it  might  be  inferred  that 
ruthenium  and  osmium  are  octads ;  but,  as  already  observed,  the  atomicity  of  an 
element  cannot  safely  be  infeired  from  the  number  of  atoms  of  oxygen  or  any  other 
polyatomic  element  with  which  it  may  unite. 

The  following  table  exhibits  a  classification  of  the  elementary  bodies  according  to 
the  principles  above  explained,  together  with  their  atomic  weights  according  to  the 
most  recent  determinations.  The  atomicity  assigned  to  each  element  is  the  highest 
that  it  exhibits  in  its  most  important  and  best  defined  compounds.  The  elements  are 
further  divided  by  horizontal  lines  into  groups  consisting  of  elements  closely  related 
in  their  chemical  characters  ;  and  in  each  of  these  groups  the  elements  are  arranged 
according  to  their  atomic  weights,  beginning  with  the  lowest. 


ATOMICITY. 


247 


Tabu  ov  tbb  Eudomtabt  Boons,  with  thbeb  Atomic  Weigbtb. 


Blenientuy  Bodies 

Atomio 
Weights 

Elemeatary  Bodice 

Atomic 
Weights 

Moir  AD6 : 

Hydrogen  •        •        .        » 

1 

Tetrads,  continued: 

Aluminium 
Zirconium. 

27-4 
89-6 

Flnorine    .        •        .        • 
Chlorine    .... 
Bromine    .        »        •        . 
Iodine       .... 

19 
86*6 
80 
127 

Cobalt       .... 
Nickel       .... 
Cerium      .... 
Indium      .... 
Uranium    .... 

688 
68-8 
92 

198 

120 

Lithinm     .... 

Sodimn      .... 

Fotassinm. 

Rubidinm .... 

CaMiTim     .... 

7 
23 
891 
86-4 
188 

Lead 

207 

Bhodlhm   .... 

Palladium. 

Platinum  .... 

Iridium      .... 

104-4 
106 
197-4 
198 

Silrer        .... 

108 

Dtass: 

Oxygen      .... 

16 

Pentads: 

Nitrogen    .... 

Phosphorus 

Vanadium  t 

Arsenic      .... 

Antimony  .... 

Bismuth    .... 

14 

31 

61-2 

76 
122 
210 

Caldnm     .... 
SiTontinm  .... 
Barinm      .        .        <        . 

40 
87-6 
187 

Glucinirm  .... 

Thorinum* 

Yttrium    .... 

Lanthanum 

Did^mium.        .        . 

Erbium     .... 

9-4 
67-9 
61-6 
98-6 
96 
112-6 

Niobium  {  . 
Tantalum  § 

94 
182 

Magnesium 

Zinc 

Cadmium  .... 
Copper      .... 
Mercury    .... 

24 

66-2 
112 

68-4 
200 

Hbxads: 

Sulphur     .... 
Selenium   .... 
Tellurium .... 

32 
79-4 
128 

Triads: 

Boron         •        •        ■        . 

Gold 

Thallium  .... 

11 
197 
204 

Chromium .... 

Manguncse 

Iron 

62-2 

66 

66 

TimuDs: 

Carbon      .... 
Silicon       .... 
Titanium  .... 

^" 

12 

28 

60 

118 

Molybdenum 

Tungsten  .... 

96 
184 

Buthenium 

Osmium     .... 

104-4 
199-2 

K  C^H«0»  S«0«  ?  I  (E.  Lefranc,  BuU.  Soc,  Ckitn.  [2]  xi. 
499).— The  potassium  salt  of  this  add  exists  in  the  root  of  AtractylU  gummifera,  and 


•  Thorina  =  Th.O  (aee  vol.  ▼.  p.  786).  f  Vanadic  oxide  =  V»®»  (Boecoo,  ▼. 

X  Niobic  oxide  =»  Nb'O'  (Marlgnae,  ij<  784).       %  Tantalic  oxide  s  TaK)'  (Ksrignac,  t.  664). 

.»H0, 


I  Lefnao  gives  the  formula  B*0" .  (nF"0* 
amnber  of  bydrogen-stoiBS. 


which  is  improbable,  on  account  of  the  odd 
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may  be  extracted  therefrom  by  exhaustion  with  boiling  alcohol  of  56  to  75  p.  e.,  from 
which  it  crystallises  on  cooling.  By  converting  it  into  a  lead-salt,  and  decomposing 
the  latter  with  hydrogen  sulphide,  Uie  hydrogen  salt  or  acid  is  obtained.  It  is  very 
soluble  in  water,  inodorous,  with  a  sour,  styptic,  and  bitter  taste.  Its  oonoentrated 
solution  is  easily  decomposed  by  heat.  The  acid  has  not  been  obtained  in  the  solid 
state. 

Atractylic  acid  is  tribasic,  forming  salts  containing  1,  2,  and  3  atoms  of  metaL  They 
are  czystallisable,  soluble  in  water  and  in  weak  alcohol,  much  more  soluble  at  high 
than  at  ordinary  temperatures. 

The  iriaraentie  salt  forms  a  nacreous  mass  of  microscopic  crystals:  it  is  TSiy 
unstable.  The  tribaric  salt  crystallises  in  hexagonal  dodecahedrons,  and  in  six-sided 
prisms  with  pyramidal  summits.  The  potassio-ealcie  saU  Ca1^«(C~H"0".8*0«]f  is 
obtained  by  aeoomposing  the  native  potassium  salt  with  calcium  carbonate,  and  adaing 
alcohol,  as  a  white  granular  crystalline  precipitate.  There  are  two  potassuhbarie 
salts,  Btt*^«(C»»H"0" .  S*0«)«  and  BaTK .  C*H»»0« .  8K)«.  obtained  by  decomposing  the 
preceding  salt  with  barium  chloride  in  different  proportions. 

BimetaUic  Salts.— Tho  native  potassium  salt  K*H.O*H*<0».SH)«  is  colourless, 
inodorous,  bitter,  and  crystallises  in  prismatic  needles.  It  is  laevogyrate,  with  a  rota- 
tory power  of  6*77^;  at  100®  it  swells  up,  blackens,  and  gives  off  valeric  acid.  By 
calcination  it  leaves  a  residue  of  neutral  potassium  sulphate  amounting  to  20  p.  c  Its 
solution  is  not  precipitated  by  barium-salts  till  it  has  been  decomposed  by  an  acid,  in 
which  case  it  yields  sulphuric  acid,  valeric  acid,  glucose,  and  a  resinous  matter.  Hence 
atractylic  acid  appears  to  be  a  conjugated  sulpho-acid  of  complex  oonstitutaon ;  it  is 
remarkable  as  being  the  first-known  example  of  such  an  acid  existing  ready-formed  in 
the  vegetable  organism.  The  corresponding  barium  salt^  Ball .  C'*H*'0'*S*0*,  crystal- 
lises in  very  light  silky  tufts.  The  sine  salt  Zn*^ .  C"*H"0»S«0«  resembles  it  The 
diargentic  salt  is  white,  nacreous,  and  very  unstable. 

The  monometallic  actractylates  are  prepared  by  means  of  the  salt  Ba'X.  G'*H**0''. 
8*0*,  this  salt  being  decomposed  by  a  quantity  of  sulphuric  acid  just  sufficient  to  pre- 
cipitate the  barium.  They  cannot  be  obtained  in  the  solid  state,  on  account  of  their 
tendency  to  decompose  into  the  free  add  (hydrogen  salt)  and  a  bimetallic  salt. 

ATROFZO  ACSB.    See  the  next  article. 

ATBOVZWB.  According  to  Gulielmo  {ZeUsckr.  anal,  Cktm,  ii.  404),  this  base, 
in  quantity  not  exceeding  ^  to  ^  of  a  grain,  mav  be  detected  by  the  intense  odour, 
resembling  that  of  the  flowers  of  oranges  and  wild  plums,  which  is  evolved  on  heating 
it  with  a  few  drops  of  strong  sulphuric  acid  till  it  turns  brown,  and  then  adding  a  few 
drops  of  water.  When  very  carefully  sublimed  in  the  manner  described  under  Auca- 
LoiDs  (p.  87)i  it  condenses  in  transparent  drops,  which  if  left  for  24  hours  in  contact 
with  hydrochloric  acid,  aro  converted  into  distinct  octohedrons  fHelwig,  ibid,  iii.  43). 
With  phosphomolybdie  acid  it  forms  a  yellow  precipitate  which  aissolves  in  ammonia, 
forming  a  blue  solution  becoming  colourless  on  boiling  (J.  Trupp,  Jakresb,  1863,  p. 
702).  It  is  decomposed  by  boiling  with  dilute  sulphuric  acid  and  potassium  bidkro^ 
matSy  with  formation  of  benzoic  acid ;  and  the  solution,  which  has  become  green,  gives 
off,  when  supersaturated  with  potash,  a  volatile  base  smelling  like  herring-fickle.  An 
odour  of  benzoic  acid  is  likewise  evolved  when  atropine  bums  in  contact  with  the  air 
(H.  Ludwig,  ArcK  Pharm,  [21  cvii.  129). 

Atropine  sulphate  may  be  obtained  in  crystals  by  carefully  neutralising  a  solution 
of  the  base  in  8  grms.  absolute  alcohol  with  a  mixture  of  sulphuric  acid  (0*5  grms.) 
and  absolute  alcohol,  and  leaving  the  solution  to  evaporate,  llie  salt,  which  dystal- 
lises  in  stellate  groups  of  needles  having  a  mother-of-pearl  lustro,  is  soluble  in  water 
and  in  alcohol,  but  not  in  ether  or  chloroform  (Laveau,  J.  Pharm.  [8]  xliv.  182). 

EthyUatropium  iodide,  C»»H"NO«I  or  C»»fl'«(C*H*)NO«I,  is  formed,  as  a  cnrstalline 
precipitate,  on  heating  an  ethereo-alooholic  solution  of  atropine  with  ethyl-io(ude  over 
the  water-bath.  The  corresponding  chloride,  obtained  by  treating  the  iodide  with 
silver-chloride,  forms  with  platinic  chloride  the  double  salt  2C>*H'"N0>a .  Pta«,  which 
crystallises  in  orange-coloured  laminae.  The  iodide  treated  with  silver  oxide  vieldsan 
easily  soluble,  uncrystallisable  base,  which,  by  ronewed  treatment  with  ethyl-iodide,  is 
converted  into  an  iodine-c6mpound,  appearing,  from  the  analysis  of  the  corresponding 

Slatinum  salt,  to  consist  of  hydriodide  of  tropine  (v.  895),  resulting  from  a  further 
ecomposition  (Lossen). 

Acids  produced  by  decompositum  qf  Atropine, 

According  to  Kraut  (v.  895),  atropine  is  resolved  by  the  action  of  boiyta-wator  at 
69?,  or  of  hydrochloric  acid,  into  tropi  ne  and  atropic  acid : 
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C>'H»NO«    -    C«H»*NO     +     C»HK)« 
Atropiiie.  Troplne.  Atropic  afdd. 

Aoooxding  tx>  Lossen  (Aim.  Ck,  Pkarm.  czzxyiii.  280),  atropine  is  reeolyed,  eithw  bj 
baryta-'water  or  by  nydzoehlorie  acid,  into  tropine  and  tropie  acid,  CH**0\ 
oontaamng  1  moL  oH)  more  than  atropie  add : 

C"H«NO«  +  BPO  =  C«H»NO  +  C*H»«0»; 
and  the  tropic  acid,  by  the  farther  action  of  theee  reagents,  is  conyerted,  with  elimina- 
tion of  vater,  into  two  isomeric  acids,  which  he  designates  as  atropie  and  isatropic 
acids.  These  acids  are  isolated  as  follows :  Atropine  is  heated  with  fuming  hyiuo- 
cUorie  acid  to  120^-130^  for  sereral  hoars,  whereby  a  semifluid  ^et  is  produced 
containing  the  adds  (and  increasing;  on  dilution  with  water),  liyd  dilute  liquid 
contains,  besides  tzopine  hydrochloride,  nothing  but  tropic  add,  whidi  may  be 
eztzactad  by  ether.  The  semifluid  mixture  treated  with  dilute  sodium  carbonate 
yields  a  solution  from  which,  by  saturation  with  hydrochloric  add,  isatropic  add, 
nearly  insoluble  in  water,  is  separated,  while  tropic  add  remains  in  solution,  tooether 
with  atropie  add,  which  is  present  in  small  quantity  only.  Both  these  adds  are 
extracted  from  the  solution  by  ether,  the  ether  is  evapomted,  and  the  residue  is  treated 
with  benaol,  which  dissolTes  scarcely  anything  but  the  atropie  add ;  the  two  adds  are 
then  purified  by  recrystallisation  from  boiling  water.  The  isatropic  add  predpitated 
by  hydrochloric  add  generally  contains  also  a  semifluid  add,  eadly  soluble  in  alcohol 
and  ether,  but  not  yet  further  examined  (Lossen ;  see  also  Kraut,  Jmn,  Ck,  Pkarm. 
exhriii.  286). 

Sropto  A«M«  CH**0*,  separates  from  hot  saturated  aqueous  solutions  in 
slender  pismatie  crystals  grouped  in  hemispherical  cauliflower-like  masses ;  it  is 
sfduble  m  alcohol,  in  ether,  ana  in  40  pts.  of  water  at  14'6^ ;  has  a  slightly  sour 
taste,  melts  at  11 7^-1 1 8°,  and  does  not  yolatilise  without  decomposition.  The  ealoimm 
salt  Ci*H>*GaO«.4HK)  ciystallises  in  the  form  described  by  Kraut  for  caldum 
atropate  {imfra).  According  to  recent  observations  by  Kraut  {loe,  eU,),  this  salt 
crystallises  in  rhomboidal  plates  of  100^  SO',  with  4  mols.  of  water ;  it  may  also  be 
obtained  anhydrous  in  needles.  It  does  not  diminish  sensibly  in  wei^t  when 
heated  to  200^  for  two  or  three  hours  in  an  atmosphere  of  hydrogen,  but  when  exposed 
to  the  air  at  100^  its  composition  slowly  approaches  that  of  the  atropate.  At  220^  it 
decomposes,  giring  off  oily  drops  having  the  odour  of  bitter  almonds,  and  leaving 
carbonate,  atropate,  and  isatropate  of  calcium.  The  st/twr  salt  C*H*AgO',  obtained  by 
predpitation,  crystallises  from  hot  water  and  decomposes  at  110^-120^  (Lossen). 

ASr0pie  Aeidf  CH*0*,  isomeric  with  dnnamio  add,  is  produced  by  heating  tropie 
add  with  concentrated  baj^ta-water  to  ISO®  for  several  hours  (Lossen).  For  !Kraut's 
method  of  preparing  it  directlv  from  atropine,  see  v.  896.  This  add  crystallises  horn 
aqueous  solution  in  needles  naving  the  odour  of  benzoic  add,  and  from  alcohol  in 
monodinic  prisms  exhibiting  the  combination  opF  .  [  ooPoo  ]  ,  ooPoo .  It  melts  at 
lOe-S**,  solidifies  from  Vision  in  the  crystalline  form,  and  Tolatilises  with  an  add, 
ecragh-exdting  odour,  but  does  not  volatilise  with  vapour  of  water.  It  dissolves  in 
692'5  pts.  of  water  at  19*1®,  and  its  neutral  salts  do  not  produce  any  predpitate  in 
solutions  of  manganous  salts,  whereas  cinnamic  add  melts  at  1  SS'4®,  dissolves  in  8,500 
pts.  water  at  17®,  and  immediately  predpitates  manganous  salts.  Atropie  add  heated 
with  paUusiwm  biekromaU  and  nUphwrio  add  forms  benzoic  acid,  and  further  resembles 
dnnamic  add  in  its  behaviour  Xobrondnet  of  which  it  takes  up  2  atoms. 

The  solution  of  atropie  add  in  aqueous  ammonia  leaves  on  evaporation  an  acid 
residue  only  partially  soluble  in  water.  The  potauium  salt  forms  shining  laminae 
soluble  in  adoohol.  The  sUwr  salt  CH'AgO'  crystallises  from  hot  water  in  nodules. 
The  ettleintm  aalt  C"H'*GaO*.5HK>  separates  by  slow  evaporation  in  large  monodinic 
prisms,  having  a  bright  vitreous  lustre,  and  exhibiting  the  combination  oP  .  [Poo  1 . 
•f-aPoo  .  odPco  ,  and  with  the  approximately  determined  angles  oP:[Pao]  a  160®; 
oP  :  +»Peo  «  129®;  oP  :  ooPoo  =  77®-78®.  The  crystals  are  tabular  from 
p««dominance  of  oP,  and  deave  parallel  to  this  face.  The  salt  effloresces  slowly  in 
the  air,  more  quickly  over  oil  of  vitriol,  but  does  not  become  perfectly  anhydrous  till 
heated  to  between  190®  and  200®,  and  then  quickly  takes  up  about  12  p.  c.  water  from 
the  air.  It  dissolves  in  42  to  44  pts.  water  at  18®  (calcium  dnnamate  in  608  pts.). 
There  appear  also  to  be  caldum-salts  of  atropie  add  which  contain  smaller  quantitiee  of 
water  and  gire  it  up  more  easily  (Kraut).  Lossen  describes  a  salt,  C*'H*^CaO*. 2H'0, 
which  crystallises  imperfectly  in  needles. 

Atropie  add  is  resolved  by  oxidation  with  potassium  dichromate  and  sulphuric  acid 
into  benzoic  add  and  carbon  dioxide,  with  a  trace  of  formic  acid.  When  2  grms.  of 
it  are  fused  with  40  grms.  potassium  hydrate  till  a  brisk  evolution  of  gas  takes  place, 
a  small  quantity  of  a  solid  add  is  produced  resembling  bensoic  acid ;  but  if  the  fusion 
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be  interrupted  aa  sood  as  a  bright-boming  gas  begins  to  escape,  the  products  formed 
are  formic  and  alphatoluic  acids.  Atropic  acid,  heated  to  137^  for  six  hours  with 
hydrochloric  acid  of  sp.  gr.  1*18,  forms  an  amorphous  chlorinated  acid,  tocether  with 
an  acid  which  is  precipitated  from  its  alkaline  solution  by  mineral  acids,  dissolves  in 
ether  and  in  benzol,  and  is  converted  by  prolonged  boiling  with  water  into  isatropic 
acid.  Possibly  an  additive  product  of  atropic  acid  with  hydrochloric  acid  is  formed 
in  the  first  instance.  Atropic  acid  is  converted  by  sodium-amalgam  into  an  acid, 
CH'^0',  which  is  different  from  homotoluic  acid,  forms  a  very  soluble  calcium  salt, 
and  a  sUver  salt,  C*H'AgO',  crystallising  from  boiling  water  in  scales.  Ftom  these 
facts  Kraut  infers  that  atropic  acid  has  the  constitution  represented  bv  the  formulA 
Cr'H.CH(C'H*).COOH,  containing  a  bivalent  carbon-atom  {Zeitsohr,  /  Chem,  [2]  v. 
147). 

Isatroiilo  Aold,  CH'O',  is  produced,  as  above  mentioned,  by  the  action  of  baryta- 
water  on  tropic  acid  ;  also  by  heating  the  latter  for  several  hours  to  140^  with  strong 
hydrochloric  acid.  It  differs  considerably  in  its  properties  both  from  atropic  and 
from  cinnamic  acid.  It  is  nearly  insoluble  in  cold  water,  dissolves  but  slightly  in 
boiling  water  and  in  ether,  and  is  still  less  soluble  in  alcohol  than  atropic  acid.  It 
suffers  no  loss  of  weight  at  120^,  and  does  not  melt  till  heated  to  about  200^,  whereas 
atropic  acid  melts  at  about  106°  and  sublimes  at  a  slightly  higher  temperature. 
When  precipitated  from  its  alcoholic  solution  by  water,  it  gradually  forms  microsoopie 
thin  rhombic  lam i nan. 

Bom  obtained  from  Atropine. — Commercial  atropine  does  not  dissolve  completely  in 
boiling  baryta-water,  but  separates  oily  drops,  which  on  cooling  form  a  resinous  mass, 
consisting  of  a  base,  C'^H^NO*.  the  chloroplatinate  of  which  crystallises  from  boiling 
water  in  small  yellow  needles  (Kraut,  Ann.  Ch.  Pharm,  czlviii.  236). 

A1K08XW.  A  black  substance  contained  in  small  quantity,  according  to 
F.  Hiibschmann  (Chem.  Centr.  1863,  p.  864),  in  the  alcoholic  extract  of  the  root  of 
deadly  nightshade,  from  which  it  is  precipitated  by  ammonia.  It  is  insoluble  in 
water,  alcohol,  and  ether,  but  dissolves  m  aqueous  acids,  and  is  precipitated  therefrom 
as  a  black  powder  by  ammonia.  Hiibschmann  supposes  that  this  substance  in  the 
pure  state  forms  the  deep  bhick  of  the  ripe  deadly  nightshade  berries,  and  in  combi- 
nation with  an  acid,  the  red  colour  of  the  juice. 

AUBBBACSXn.  This  name  is  given  bjr  B.  Hermann  (J.  pr.  Chem,  Ixxiii. 
209)  to  a  zirconium  silicate  occurring  in  the  silicious  slate  in  the  Circle  of  Marinpel» 
Government  of  Jekaterinoslaw.  It  forms  small  quadratic  octohedrons,  having  the 
angle  P  :  f  in  the  lateral  edges  »  86^-87°;  in  the  terminal  edges  >«  121^ 
Colour  brownish  grey.  Sp.  gr.  »  4-06.  Hardness  e  6*5  (Hermann),  7 '5  (Kokscharow, 
Jahresb.  1860,  p.  756).  It  gave  by  analysis  42*91  p.  c.  SiO*,  56*18  ZrO*,  0*93  FeO, 
and  0*95  loss  by  ignition  (»  99*97)i  whence  it  appears  to  consist  of  2ZrO*.3SiO', 
and  to  contain  one-half  more  silica  than  zircon.  It  likewise  differs  from  zircon,  with 
which  it  is  isomorphous,  by  its  greater  hardness  and  density. 

AVCIXTB.  On  the  composition  of  augite  and  amphibole  (hornblende),  see  G-. 
Tchormak  (Deut.  Chem.  Geedls.  Berlin.  1869,  p.  384 ;  Zeitschr.  /.  Chtm.  [2]  v.  633). 

JkUBZCKAIiOZTB.  A  copper-zinc  bloom  allied  to  aurichalcite  is  described  by 
Bisse  and  Brann  {Jahreeb,  1862,  p.  759).  It  occurs  at  Ouipuzcoa  in  Spain,  in 
crystallo-radial  and  fibrous  light-blue  aggregates  imbedded  in  calamine.  Its  analysis 
gave  18*41  p.  c.  CuO,  55*29  ZnO,  1408  C0>,  10*30  H*0,  and  1*86  residue  («  100*44), 
leading  to  the  formula  (Cu ;  Zn)''C0'.2Zn"H>0'. 

A  commercial  name  of  rosolic  acid  (q.T.). 

•    See  AcxmjBKE  (p.  36). 

See  TuBFENTxira  On.  (v.  921,  924,  925). 

Uranite^  Lime-uranite,  Uranium  mica^  Caleio-uranic  Phosphate. — 

f^m  analyses  by  Laugier  {Ann.  Ch.  Phye.  [3]  xxiv.  239)  and  Pisani  {Compt.  rend. 
lii.  817 ;  Jahresb.  1862,  p.  1030),  this  mineral  appears  to  contain  21  p.  c.  water, 
instead  of  15  p.  c.  as  formerly  supposed.  According  to  Pisani,  the  amount  of  water 
IS  reduced  to  15  p.  c  when  the  mineral  is  dried  at  70°,  but  remains  unaltered  when  it 
is  kept  at  ordinary  temperatures,  even  for  months.  In  the  mineral  from  Autun, 
Pisani  found : 

P^)"  U«0"  CaO  HX>  Sum 

13-4         56*47         5-60         2010         320  »     98*07 

140         69-0  6-8  21-2  —     =  1000 
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These  numben  lend  to  the  fonnnla  GaO . 2U*0*. FK)*.  12aq.  or  Ga''(U^')*FK)*.  12aq. 
Aooordinglj,  aatunite  is  not  analogoiia  in  composition  to  chalcolite  or  coprico-uranic 
phosphate,  which  contains  only  8  molecules  of  water  (iv.  685).  Moreover,  iSescloizeaux 
has  shown  that  the  two  minerals  are  dissimilar  in  crystalline  form,  chalcolite  being 
dimetric,  whereas  autonite  is  trimatric  In  small  crystals  from  Cornwall  he  found 
the  form  to  bederiTable  from  a  rhombic  prism  of  90^  43',  and  exhibiting  the  com- 
bination oP  .  Foo  .  Pco  .  JP,  with  the  angles  oP  :  f  oo  « 109®  19' ;  oP  :  iP=  116<>  14' 
{Attn,  Mm.  [5]  ziv.  839 ;  Jahreab.  1858,  p.  724). 

Jk'VOMMXM.    This  name  is  giTen  by  Eubly  (Zeitsekr.  f.  Ckem,  1887,  p.  26)  to  a 
gincoside  which  he  has  obtained  (thongh  not  pore)  from  the  bark  of  Skamntu/ramffula, 


{ZeUsekr.  f.  Chem,  [2]  t.  18),  avomin  and  ayomic  add  are  identical  with  frangolin 
and  frangnlic  add  respectively. 


A  &t  obtained  in  Mexico  by  boiling  a  species  of  coccus.  (See  Additxoks, 
ToL  T.  p.  1087.) 

AT IM>XEACHTA  XKlUlOJkm  The  almonds  of  this  plant  yield  41*5  p.  c  of  a 
yellow  oil  haying  a  bitter  taste,  an  alliaceous  odour,  sp.  gr.  0*921,  and  solidifying  at 
•I-  7^.  By  saponification  it  yields  35  p.  c.  of  fatty  acicb  melting  at  80^,  and  65  p.  c 
melting  at  44^ 

A 16 Acinar.    One  of  tile  varieties  of  aniline  red. 

AlCTiATO  AMSO^m  CH'H)^ — This  acid  agrees  in  composition  and  most  of  its 
properties  with  anchoic  or  lepargylic  add,  but  differs  from  it  in  its  melting  point, 
which  is  8®  or  10°  lower  (iii.  572).  According  to  Overbeek  {Ann,  Ch,  Pkarm.  od.  89  ;' 
Jakretb.  1866,  p.  332),  it  is  produced,  together  with  azelaic  aldehyde,  CH*H)',  and 
stearozylic  add,  C**H^^,  by  the  action  of  fuming  nitric  acid  on  stearoleic  add  (q.v.). 
The  azelaic  add  and  aldehyde  remain  in  the  alcoholic  mother-liquor  left  idter  the  first 
cTystallisataon  of  the  stearozylic  acid.  This  liquid  after  some  time  deposits  an  oil 
which  has  a  peculiar  ethereal  odour,  and  after  distillation  with  water  is  nearly  colour- 
less, mobile,  and  insoluble  in  water.  It  is  not  saponified  by  alkalis,  and  in  alcoholic 
solution  forms  with  ammoniacal  silver  nitrate  a  precipitate  which  turns  black  when 
heated.  It  is  not  altered  by  nitric  acid,  but  in  contact  with  bromine  and  water  it  is  gra- 
dually converted  into  azelaic  acid.    It  exhibits  the  composition  of  aselaic  aldehyde. 

I    See  the  last  article. 

^OCOntTBAXmo  ACZB.    See  Ghbtsaxxic  Aero. 

^OBSACT&ZC  ACID.    See  Dbactlic  Acid,  under  Benzoic  Acid. 

CC  ACZD.    See  Anisic  Acid  (p.  173). 

SeeBsMZBNB. 

.    See  Bbnzoic  Acid. 

The  constitution,  general  properties,  and  modes  of  forma- 
tion of  these  compounds  are  described  under  Abokatic  Sebies  (p.  208). 

C«H«N«0«.    See  vol.  ii.  Addenda  (p.  964). 

See  CrxBNE-DEBiyATivBS,  and  Benzenb,  Homoloottss  of. 

AHimJiL    See  Naphthylaxinbs. 

lOZta    See  IsATiN. 

nra.    Syn.  with  DiAzoAMiDOBBSZBNB  (iv.  459). 

tiCnxxo  ACZB.    See  DaAcruc  Acid,  under  Benzoic  Acid. 

Syn.  with  Biazobenzenb  (iv.  430). 

C»H"N«  =  C»(H»»K»)N«  (Caio  a.  Wanklyn,  Chem.  Boc,  Jl 
[2]  iv.  324). — A  base  related  to  rosaniline  in  the  same  manner  as  azopbenyl- 
amine  (diazobenzene)  to  aniline,  and  produced  in  like  manner  by  the  action  of  nitrous 
acid  on  a  salt  of  rosaniline : 

C»H>»N«  +  3NH0»  -  C»H'»N«  +  6H*0. 
It  resembles  azophenylamine  in  yielding  explosive  salts,  and  when  boiled  with  hydro- 
chloric add,  it  is  converted  into  roaolic  add,  which  is  related  to  rosaniline  in  the  same 
maaner  as  phenol  to  aniline : 

C«»H"N«  +   3H*0  =  G^WG*   +  N«. 
Aioronnfliiw.  B08(dic  tidd^ 
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ASOTO&USVa.    See  Tolvkke-dsbiyatitxs,  under  BnmifB,  HoMOLOom  of. 

JiXOZZWBOla.    See  Isatim. 

JLSOZTBXVXBVa.    See  BxHZRinL 

ASOZTBaMZOZO  ACSZB.    See  Bbmioxc  Acid. 

AXOZnuank    See  XTLKini-DBBnrATim,  under  BiiisiifB,  Hoxologubs  of. 

ASOTO&innrB  and  AJKOXTTO&mnm.  See  ToLUBMi-DBBiTATrvBfl,  under 
Bbmzbmb,  Homolooubb  of. 

AXVUnra  or  OJnmaZV*  A  deep  blue  substance  contained  in  many  essen- 
Uals  oils  (iy.  185). 

ASmbZV  or  AXUMXMm  A  blue  colouring  matter  obtained  by  boiling  peomne 
gtable  (iv.  824)  with  aniline. 

AXTMZO.  A  term  applied  by  Pasteur  to  those  infusoria  which  act  as  ferments 
only  in  presence  of  air,  those  which  act  independently  of  the  air  being  called  tymie. 


B 

A  substance  resembling  caoutchouc  and  gutta-percha,  obtained  from 
the  dried  milky  juice  of  the  Bully-tree  of  Ouiana  {Sapota  MuMeri)  (Sperling, 
ZeUwhr.f,  Chem,  [2]  y.  480). 

See  Copaiba  and  Fbbu  BAMAif. 

This  name  is  applied  by  Beimann  (Dtn^l,  pol,  J.  clxxxy.  49 ; 

Jahresb,  1867*  p.  960)  to  the  aniline  oil  prepared  fiom  crude  iMnflol  boiling  between 
100^  and  160^  that  which  is  obtained  from  bensol  boiling  below  100°  being  called 
cuphanilme.  According  to  Beimann,  the  best  yield  of  aniline  red  is  obtained  ftom  a 
mixture  of  8  pts.  cuphaniline  and  1  pt.  boraniline,  or  approximately,  8  pts.  aniline  to 
1  pt.  toluidine. 

IITUBZC  AOZB.    See  Ubic  Acid,  BsBiyATiyBS  of  (y.  962). 

COMIUM.    A  compound  of  barium  and  ammonium,  described  nnder 
SoDAHMOinuM  (y.  820). 

BAXZirx.  Crookes  (Chem,  News,  yi.  194)  prepares  metallic  barium  as  follows : 
A  saturated  solution  of  tne  chloride  is  heated  to  98^  with  sodium-amalgam ;  the 
supernatant  liquid  is  decanted  from  the  amalgam  thereby  produced ;  and  this  amalgam 
is  again  boiled  with  the  biurium  solution,  then  freed  from  salts  by  kneading  under 
water,  and  from  excess  of  mercury  by  pressure  in  a  doth.  The  yeiy  oomptctcEystal- 
line  amalgam  thus  produced  is  placed  m  a  bent  tube  under  petroleum,  and  this  liquid, 
together  with  the  mercury,  is  remoyed  by  distillation,  the  heat  being  ultimately  raised 
to  redness.  The  metallic  barium  which  remains  tarnishes  quickly  on  exposure  to  the 
air,  and  is  gradually  oxidised  to  pulyerulent  baiyta ;  when  scratched  under  petroleum, 
it  exhibits  metallic  lustre.  In  water  it  gradually  sinks  and  oxidises,  with  yiolent 
disengagement  of  hydrogen.    In  an  alcohol  flame  it  bums  with  red-gxeen  colour. 

Barium  AJoobolatev  Ba(C*H^O)',  separates  on  boiling  an  alcoholic  solution 
of  baryta.  It  can  only  be  dried  in  an  atmosphere  of  perfedly  dry  hydrogen  gas  at 
100*^.  In  contact  with  the  liquid  in  which  it  has  bMU  formed,  it  redissolyes  on 
cooling,  yielding  a  solution  more  concentrated  than  the  originaL  A  solution  thus 
formed  contained  2*188  grms.  barium  oxide  in  10  cub.  cent.,  and  had  a  sp.  gr.  of  1*031 
(Borthelot,  BuU,  8oc.  CJdfk,  [2]  yiii.  289). 

Barium  AIlojs.  When  an  alloy  of  sodium  with  lead,  tm,  humuth,  or  antimony 
(not  containing  more  than  a  third  of  its  weight  of  sodium)  is  introduced  into  a 
crucible  in  which  barium  chloride  is  fused  at  a  strong  red  heat  (the  quantity  of  the 
barium  chloride  being  more  than  equiyalent  to  the  soidium  contained  in  the  alloy), 
the  heat  continued  fbr  a  few  seconds  longer,  and  the  crucible  then  remoyed  from 
the  fire,  a  crystalline  alloy  of  barium  and  the  hoayy  metal  is  produced  containing  only 
a  trace  of  sodium.  An  alloy  thus  prepared  with  sodium  bismuthide  and  barium 
chloride  contained  28  p.  c  barium.  Sucn  alloys  may  also  be  prepared  without  the 
use  of  reduced  sodium,  by  heating  an  intimate  mixture  of  sodium  carbonate,  charcoal. 


BARIUM. 


258 


bariimi  eUoiide,  sod  finely  divided  Un,  8te.,  u  lonjg;  u  Taponn  of  aodinm  continue  to 
flseape.  The  nme  methods  seire  for  the  preparation  of  aUoye  of  tin,  antimony,  &e., 
wiUi  stzonttnm  and  calcinm.  The  allojs  of  the  earth-meUde  thus  obtained  are  not 
deeompoBed  br  strong  heating  in  a  cmcible  lined  with  charcoal ;  they  oxidise  qnickly 
in  the  air,  and  if  they  contain  more  than  6  p.  c  of  the  earth-metal,  decompose  water 
with  fibdlity,  the  other  metal  then  remaiung  nnattacked,  in  the  form  of  a  black 
powder ;  thoM  which  contain  antimony  give  on  gaseons  hydrogen  antunonide  (Garon, 
Cbs^.  fmd,  zlTiii.  440 ;  Jakr€9b,  1869,  p.  129). 

A  oystalline  alloy  of  barium  and  (dymmium  is  obtained  by  heating  baiyta  with 
alnmininm  and  a  small  quantity  of  barium  chloride.  This  aUoy,  whi<£  contains  28 
or  24  p.  c.  barium,  is  somewhat  daiker^oloozed  than  aluminium,  and  exhibits  a  yellow 
reflex  on  some  of  its  ftces ;  it  decomposes  water  quickly  at  ordinair  temperatures, 
fonning  a  solution  which  does  not  exhibit  any  alkaline  reaction,  probably  because  the 
beoyta  and  alumina  unite  to  form  an  aluminate  (Beketoff,  BuU*  Soe.  Ckim.  11  man  1869]k 

Aplatmmm  wire  plunged  into  fused  barium  chloride,  and  attached  to  the  negative 
pole  of  a  batteiy,  the  current  of  which  is  passing  through  the  chloride,  becomes  covered 
with  a  yellow  brittle  alloy  of  barium  and  platinum,  which  slowly  decomposes  water, 
leaving  platinum  in  the  form  of  a  fine  powder  (Matthiessen,  Chem,  8oc,  J.  viii. 
294). 

Garon  {Oomot,  rend,  L  647)  obtained  an  alloy  of  barium  and  jmc  by  melting  sine 
with  barium  caloride  and  sodium. 

WmHmak  BramMie.  The  hydrated  bromide  BaBr*.  2BH)  crystallises,  according  to 
Haodl  (JoArub.  1869  p.  182),  in  rhombic  combinations  of  a  prism  of  106°  8'  and 
78^  62',  having  the  acute  edges  truncated,  and  terminated  at  both  ends  by  several 
pjnmids  and  bradiydomes.  Bammelsbeig  (Bogff»  ^fm.  cxxii.  616 ;  Jakrttb,  1864,  p. 
189)  refers  the  oystals  to  'a  primary  form  in  which  the  axes  a  :  h  \  c  a 
0-8768  :  1  :  0-4848  (Handl's  injsm  of  lOO*' 8' and  JS^*  62' then  becoming  oofo).  He 
observed  combinations  of  P  .  8^3  .  oofo  .  JPoo  .  3Foo  .  Poo  .  qoI>qo.  Angle  P  :  P 
(faiach.)  »  148''  16' ;  P  :  P  (maer.)  »  86<'  86*;  P  :  P  (baeal.)  »  102®  2*.  Thehemi- 
■Kirphoas  and  partial  development  of  the  oprstals  gives  them  a  monodinic  character ; 
and  in  fact  G.  Werther  (</.  pr,  Chan,  xa.  167)  supposed  them  to  belong  to  the 
nonoclinie  system. 

The  specific  gravity  of  anhydrous  barium  bromide  is  4*23;  of  the  hydrated  salt, 
8*890  (Hi  Sehiir;  Jahretb.  1868,  p.  11). 

The  specific  gravities  (referr^  to  water  at  19-6^  as  unity)  of  solutions  of  barium 
bromide  of  various  strengths  have  been  determined  by  Kremers  {Jahretb.  1867,  p.  67) 
with  the  following  results : 

S^r*  in  100  pts.  water  .     17'81  3883  60*92  8107        104*68 

SpL  gr.  of  solution    .        .  11440  1-3006  1-4607  1*6816        1*7116 

B  GhlOTlde.     Sp.  gr.  of  the  anhydrous  chloride  BaCl'  ->  3*82 ;  of  the 
chloride,  BaCl'.2H*0  »  8*062  (Schifi;  loe,eiL)\  8081  (Buignet,  Jahre^. 


hjdrated 
1861,  p.  16). 


Spec^ 


qfAqueouB  SoluHons  of  Barium  CMoride, 


KiemefB* 

Oerbttht 

Sehlff) 

eCBaCP 

8p.gr. 
(walor  St  lf*ft« 

-1) 

Percentage 
ofBaCI' 

Spedflo 
gtm-ntj  at  W 

Peroantage  of 
BaCP.SH^ 

Spaciflo  grmvity 
at  S1-60 

8*88 
18-24 
27-68 
86-44 

10760 
1-1621 
1*2246 
1-2837 

6 
10 
16 
20 
26 
26-97 

1-0468 
1*0961 
1-1486 
1-2061 
1*2702 
1-2827 

8-60 
700 
10-61 
1401 
21*02 
81*63 

1*0261 
1-0681 
10816 
1-1123 
1*1770 
1-2878 

Bcspecting  the  solubility  of  barium  chloride  in  aqueous  alcohol  of  various  strengths, 

firiBTX.  AlXX>H0L. 


>sAmm,tdx.t9;  Jakrttb.l9S7,p,97,  _    . 

Oewidm  der  gi/brOmehUdkdm  aaldommgm  bei  vtrKkkdmtm  CoMmlrathiugrttdem,  Rraiboig, 
.  18M,  p.  4S. 
.  OL  Pkarm,  cviL  »3 ;  Jahrt^.  1868,  p.  88. 
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Bairliim  Iodide.  Bal*. — ^Liebig  prepares  this  salt  by  drenching  1  pt.  of  finely 
diyided  amorphous  phosphorus  in  a  porcelain  dish  with  40  pts.  of  warm  water, 
gradoally  adding  20  pts.  of  dry  iodine,  and  bringing  it  into  contract  with  the  phos- 

C'  ^us  by  trituration  with  a  pestle.  As  soon  as  the  originally  dark  brown  liquid  has 
me  colourless  (a  change  whidi  may  be  accelerated  by  warming  in  the  water-bath) 
it  is  to  be  decanted  from  the  slight  residue  of  pho^horus,  and  saturated  with  barium 
carbonate ;  barytarwater  then  added  sufficient  to  produce  a  slight  alkaline  reaction ; 
the  liquid  filtered  £rom  the  separated  barium  phosphate  ;  and  the  solution  of  barium 
iodide  evaporated,  any  slight  excess  of  baiyta  that  it  may  contain  being  separated  by 
absorption  of  carbonic  aeid  during  the  eraporation  (Ann.  Ch,  Pharm.  cxxi.  229.). 
O.  Werther  (J.pr,  Cbem.  xei.  331)  obtained  this  compound  as  a  bye-product  in  the 
preparation  of  barium  tetrathionate  (t.  641),  in  rather  large,  well-defined  oystals 
containing  Bal'.  2H'0,  and  isomorphous  with  the  bromide ;  they  aro  very  deliquescent, 
and  quickly  turn  red-brown  in  contact  with  the  air.  Werther  did  not  obtain  the 
heptaliydrated  crystals  described  by  Croft  (i.  504). 

According  to  kremers  (Jahresb,  1868,  p.  40),  1  pt.  of  anhydrous  barium  iodide 
dissolres  in  the  following  quantities  of  water  at  t^e  temperatures  under-mentioned : 

Temperature       .    .     0^        19-6°        30®        40<*        60<*        90"*        l(^ 
Quantity  of  water   .  059        0*48        044      0*43        041      0*37       0*35 

Solutions  of  rarious  strengths  were  found  by  Kremer»  to  hare  the  specific  grarities 
stated  in  the  following  table,  referred  to  that  of  water  at  19*5°  as  unity; 

Quantity  of  Bal*  Spedflo  gravity 

In  100  pte.  of  water  of  aolntioa 

270 1-2167 

538 1-4099 

86-« 1-6186 

115-5 1-7953 

1460 1-9585 

Respecting  the  expansions  of  solutions  of  barium  iodide  of  various  strengths,  soo 
Kremers,  Pogg,  Ann.  cxi.  60;  Jahresb.  1860,  p.  47. 


Oxtdes.  The  monoxide  or  Anhydrous  BaTyia^  BaO,  may  be  prepared  ob 
the  laige  scale  by  igniting  a  mixture  of  barium  carbonate  and  ehazcoal  in  a  rever- 
beratory  ftimace,  and  directing  a  stream  of  oxygen  gas  on  the  hearth  towards  the  end  of 
the  reaction ;  the  remaining  chaicoal  is  thereby  burnt,  but  in  consequence  of  the  high 
temperature  the  carbon  dioxide  produced  is  not  absorbed  by  the  baiyta  (atmospheric 
air  cannot  be  substituted  for  pure  oxygen  in  the  process).  The  baiyta  thus  obtained 
is  said  to  be  pure,  witJi  the  exception  of  a  small  amount  of  alkali  (TessiS  du  Mothay, 
BuU,  Soe.  Chim.  [2]  viii.  454).  Bivi^  ignites  barium  sulphate  with  ^  of  its  weight 
of  pounded  coal ;  decomposes  the  barium  sulphide  by  means  of  the  carbonic  add  gas 
prcxluced  in  the  reduction ;  and  finally  converts  the  preciptated  barium  carbonate 
into  oxide  by  ignition  with  ^  of  its  weight  of  coal ;  but,  according  to  Scheurer-Kestner, 
the  process  does  not  yield  veiy  good  results  (BuU.  Soc.  industr,  d€  Mulhouse^  xxxvi. 
446 ;  Jahregb.  1867,  p.  908). 

Dioxide  or  Peroxide,  BaO*. — ^The dioxide  prepared  by  passing  oxygen  over  heated 
baryta,  or  by  igniting  baiyta  with  potassium  chlorate  (i.  5061,  always  contains  a  certain 
proportion  of  the  monoxide.  To  obtain  it  pure,  Brodie  (Proe.  Boy.  8oe.  xii.  655) 
converts  the  crude  peroxide  produced  by  either  of  the  metliods  just  mentioned  into  a 
hydrate  by  trituration  with  water;  then  gradually  supersaturates  it  with  dilute 
hydrochloric  acid  ;  mixes  the  filtered  solution,  first  with  a  slight  excess  of  baryta- 
water,  and  then  (after  quickly  filtering  off  the  precipitate  of  alumina  and  ferric  oxide 
through  linen)  with  more  baryta-water,  whereby  the  hydiated  dioxide  is  thrown 
down  in  shining  laminee.  It  is  insoluble  in  water,  and  when  pressed  between  paper 
and  dried  under  the  air-pump,  gives  off  its  water  and  leaves  the  anhydrous  dioxide, 
in  the  form  of  a  white  perfectly  stable  powder  resembling  magnesia. 

Barium  dioxide  is  decomposed  by  the  sulphates  of  the  alkali-metals,  yielding  barium 
sulphate  and  a  hydrate  of  the  alkali-metal,  together  with  rapidly  diminishing 
quantities  of  hydrogen  dioxide;  with  alkaline  carbonates  in  slight  excess,  the 
hydrogen  dioxide  produced  is  somewhat  more  stable  (Weltzien,  Jahresb.  1866,  p. 
110).  With  othylsulphuric  acid,  it  yields  ethyl  oxide  and  ethylene  gas  (Baudrimont, 
Coi^^.  rend.  Ixii.  829). 

The  chlorides  and  oxides  of  oxygenated  organic  radicles  are  conreited  by  barium 
dioxide  into  the  corresponding  peroxides  (Brodie).    See  voL  iv.  p.  309. 
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A  substance  of  oi^nic  origin,  oocmring  in  the  ooal- 
measures  of  the  neighbourhood  of  BathTiUe  (boidering  on  the  Torbane  Hill  district) 
in  brown  brittle  himpa  of  sp.  gr.  1*010.  It  is  infusible  and  does  not  yield  anything 
to  benzol.  Moderately  dilute  nitric  acid  has  no  action  upon  it,  but  strong  sulphuric 
acid,  with  aid  of  heat,  chars  it  completely.  Heated  in  a  platinum  crucible,  it  emits  a 
fatty  odour,  gires  off  ga^es  which  bum  with  a  smoky  flame,  and  leases  a  pure  white 
ash.    Its  analysis  gave 

O  B  H,    O,    a,    too.  Adi 

' . ^^ 

58-89  8-66  7*23  26*32  -   100 

or,  calculated  on  the  substance  free  from  ash,  C  76*86,  H  11*46.  The  difference  from 
100  being  redLoned  as  oxygen,  the  composition  answers  to  the  formula  C**H'*0* 
(C.  Or.  WiUiams,  Chem,  News,  vn,  153). 

BAVXZra.  This  name  was  originally  applied  by  Berthier  (Ann.  Mm.  [5]  vi. 
531)  to  a  ferruginous  aluminic  hydrate,  containing  55*4  p.  c.  alumina  and  44*5  ferric 
oxide,  oocmring  in  roundish  masses  in  the  crystalline  limestone  of  Baux,  near  Arles^ 
in  Trance.  This  mineral  fused  with  aUcalis  gives  traces  of  vanadic  acid  (H.  DeyiUe, 
Ann.  Ch.  Phys.  [3]  bd.  309). 

Analyses  of  bauxite  and  allied  minerals  have  been  made  by  M.  y.  Lill  {Jahresb. 
1866,  p.  928),  Schnitser  {Drngl,  pol.  J,  clxxxiv.  329;  Jakrmb.  xx.  982).  and  H. 
DeTille  (Anm.  Ch,  Pkjfs.  [3]  Ixi.  321,  324^ 

BATUKMi IT JL  A  hydrated  arsenate  of  lead  and  copper  from  Cornwall, 
occurring  in  small  warty  concretions,  of  grass-green  or  blackish-green  colour,  slightly 
conchoi'dal  fracture,  and  more  or  less  distinct  resinous  lustre.  Hardness  =  4*5. 
Sp.  gr.  -  6-35.  Analysis  gave  30*13  p.  c  PbO,  30-88  CuO,  31*76  AsK)».  4-68  H«0, 
with  2-65  ferric  oxide  and  loss,  leading  to  the  formula  PbO.8CuO.AsK)'.2H'0  or 
PbCn»(AsO*)«.CuHH)«.H«0  (Chureh,  Chem.  Soe.  J.  [2]  iii.  265). 

The  bean  from  which  Dr.  Stenhouse  obtained  bases  (apparently  of  the 


pyridine  series)  by  destructive  distillation  {Phil.  Mag.  [3]  xxxr.  534)  was  the 
xidney-bean  {rhaseolm  tmlgarie),  not  the  common  field-oean  {Faba  vulgaris)  as 
originally  stated  {ComMunication  from  Dr.  Stenhouse)., 

XSAimo  Ji  T  AT  JL  Desdoizeaux  (Ann.  Mm.  [5]  xi.  261)  concludes  from  the 
optical  properties  of  this  mineral  that  it  is  identical  with  heulimdite  (stilbite).  See 
fikriLBrrs  (t.  432). 

MMBXMMMM  or  MMBMMMXMM,  According  to  J.  Trupp  (Jahresb.  1863,  p.  702), 
this  alkaloid  gires  with  phoephomolybdic  acid  a  yellow  precipitate,  which  dissolTos 
in  ammonia,  fbrming  a  bhte  solution  which  becomes  colourless  on  boiling. 

According  to  Wahs  (N.  Jahrb.  Pharm.  xiv.  15 ;  Jahresb.  1860,  p.  548),  buxine,  the 
alkaloid  obtained  from  the  leaves  and  other  parts  of  Btucns  sempervirens,  is  identical 
with  bobirine,  the  analysis  of  the  alkaloid  itself,  and  of  its  hydrochloride,  platino- 
diloride,  and  mercurochlofride,  leading  to  the  formula  of  bebirine  C**H''NO'.  The 
alkaloid  dissolves  in  6,000  pts.  of  cold  water,  forming  a  feeble  alkaline  solution,  in 
1,800  pts.  of  boiling  water,  m  2  to  8  pts.  alcohol  of  sp.  0*85,  in  5*2  pts.  of  anhy^us 
alcohol,  and  in  13  pts.  of  pure  ether,  the  alcohohc  and  ethereal  solutions  being 
strongly  alkaline.  It  remains  in  the  amorphous  state  when  its  solutions  are 
evaporated,  and  all  its  salts  are  uncrystallisable. 

According  to  Fluckiger  (ZeUschr.  /.  Chem.  [2]  vi.  251),  parisine  obtained  by 
^Wiuckler  from  a  cinchona-bark,  and  pelosine  from  the  root-  and  stem-bark  of 
Cissampdos  Pereira  and  Botryopsis  platyphglla  are  likewise  identical  with  bebirine. 
This  alKaloid  is  especially  distinguished  by  the  readiness  with  which  it  is  precipitated 
fmrn  solution  in  hydrochloric  acid  by  potassium  nitrate,  ammonium  chloride,  and 
potassium  iodide. 

MMCMJPTM.  For  Church's  observations  on  this  mineral,  see  PhU.  Mag.  [4] 
xxiii.  95. 


A  erystallisable  acid  contained,  together  with  gum,  resin,  and 
tannin,  in  the  red  jnioe  of  Mjfristica  bicul^ba  (Th.  Feckolt,  Chem.  Centr.  1861,  p.  726). 

IIMMI.  A  large  number  of  analyses,  recently  made,  show  that  in  the  various 
classes  of  malt-liquor  sold  in  London  there  is  a  variation  in  the  amount  of  alcoholic 
contents  from  3*87  to  8*41  per  cent,  of  absolute  alcohol  by  weight,  these  two 
extreme  corresponding  to  '98  and  2*18  fluid  ounces  of  absolute  alcohol  in  the  pint 
of  beer.  The  amount  of  extract  varies  from  2*  16  to  13*32  per  cent,  by  weight,  or 
from  '73  to  2*77  ounces  per  pint  of  beer,  as  will  be  seen  from  the  accompanying 
tabic. 
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Kind  of  malt  liquor 


Burton  ale  [ 
(Allsopp's)   . 

Bass's  Barley 
wine t 

Edinburgh  ale. 

Guinness's  stout 

Truman,  Han-^ 
bury,  &  Go.'s  1- 
porter  .  .  .  .j 

Whitbread's) 
porter  •  •  •  •( 

Hoare's  porter . 

Perry's  ^e .  .  . 


Etpodflc 
giavlty 


1040-88 

1082-81 

1006*68 
1016-61 

1018*16 


1014*04 

1012*99 
1006-48 


lloohol 


Feroontoso  of 


8-26 

8-41 

4-41 
6-81 

4-02 


4-28 

4-18 
8-87 


Extract  Aoetic 
add 


18*82 

11-76 

8-68 
617 

6-12 

6*16 

604 
8*66 


•82 

-23 

•19 
•24 

•24 


-18 

•18 
•14 


Original 
graTity 
of  wort 


1121-68 

1114-78 

1048*88 
107806 


1061-88  1-90 


1064-11 

1052*42 
1046-82 


Malt 

par 

barrel 


4-60 

4-26 

1-77 
2-88 


200 

1-94 
1-69 


ObnCentB  per  pint 

Juoohol 
iLoa. 


2-16 

2-18 

1-12 
1-74 


1*08 


1*09 

1*06 
0*98 


Bxtraot 


2*77 

2*42 

•72 
1*26 

1*01 


1*03 

1*03 
0-78 


Acid 
gra. 


29-12 

20-77 

16*78 
21*82 

21*27 


16*97 

16*96 
7*97 


The  relatiye  proportiona  of  alcohol  and  extract  also  differ  according  to  the  class  of 
malt-liquor,  and  independently  of  the  actual  strength  measured  by  the  quantity  of 
malt  per  berrel  used  in  brewing.  Thus,  for  instance,  pale  ale,  as  a  nile,  contains  less 
extract  relatiyely  to  the  alcohol  than  old  or  mild  ale.  This  difference  is  chiefly  due 
to  the  way  in  which  the  fermentation  is  conducted,  and  to  its  being  carried  farther  in 
the  brewing  of  pale  ale  than  it  is  in  other  cases. 

In  comparing  the  resulta  of  analysis,  with  the  object  of  judging  as  to  the  quality  of 
beer,  some  considerable  allowance  must  be  made  for  those  differences  in  the  character 
of  beer  which  are  not  clearly  expressed  by  the  amount  either  of  alcohol  or  of 
extract,  nor  CTen  by  the  proportion  of  malt  used  in  brewing,  as  indicated  by  the 
estimated  original  gravity.  In  this  respect,  the  system  of  brewing  adopted  in 
particular  cases  may  be  of  far  greater  influence  in  deteimining  the  ^uaaty  and 
character  of  beer  than  the  mew  amounts  of  alcohol  and  of  extract  that  it  contains ; 
but,  subject  to  this  influence,  the  amount  of  malt  indicated  by  the  estimated  original 
giavity  of  beer,  as  having  been  used  in  the  brewing,  may  be  regarded  as  the  best 
approximative  test  of  quality.  It  must,  however,  be  bone  in  mind  that  sugar  is 
now  lazgely  used  in  brewing  as  a  substitute  for  malt,  and  that  there  aire  no  means  of 
ascertaining  by  analysis  when  this  is  the  case. 

The  relative  proportions  of  alcohol  and  extract  in  beer  will  also  have  some  influence 
on  its  fltness  in  a  medical  point  of  view  for  certain  persons ;  and  in  some  instances 
thin  dry  beer  that  has  had  Uie  fermentation  carried  so  fiur  as  to  reduce  the  amount  pf 
extract  to  a  minimum,  may  be  very  preferable  to  beer  containing  a  larger  amount  of 
extract.  In  ^thi8  respect,  some  samples  of  the  Prestonpans  beer  are  remarkable  for 
the  small  proportion  of  extract  ihey  oontain. 

In  resard  to  the  nutritive  value  of  beer,  over  and  above  the  stimulant  and  tonic 
actions  due  to  the  alcohol  and  to  the  bitter  principle  of  the  hop^  it  is  worth  notice 
that  a  pint  of  pale  ale  contains  from  ^  an  ounce  to  1  ounce  of  solid  extract,  while 
mild  ana  old  ale  contain  from  1  Ato  2|  ounees  in  the  pint. 

The  amount  of  firee  add  in  Britisn  beer  appears  to  be  uniformly  larger  than  in 
the  Viennese  and  Bavarian  beer  recently  introduced  here,  and  sometimes  it  is  very 
much  larger.  This  free  acid  is  represented  in  the  tables  as  acetic  acid ;  but  there  is 
reason  to  believe  that  beer  probably  contains  lactic  acid  or  other  fixed  acids,  together 
with  a  substance  analogous  to  glucic  acid,  which,  according  to  Q-raham,  Hofxnann,  and 
Redwood,  appears  to  be  produced  in  the  fennentation  of  beer-wort,  as  practised  in 
this  country. 

There  appear  to  be  great  differences  in  the  quality  of  beer  sold  by  publicans  at  a 
given  price.  Thus,  for  instance,  the  variation  in  the  pale  ale  sold  at  fourpence  per 
pint  is  f^om  4*08  to  7'10  per  cent  of  alcohol,  and  nom  3*22  to  7*68  per  cent,  of 
extract ;  in  the  mild  ale  sola  at  twopence  per  pint  it  is  from  4*43  to  6*62  per  cent 
alcohol,  and  from  6*01  to  6*66  per  cent  of  extract ;  and  in  old  ale  sold  at  fourpence 
per  pint  it  is  from  6*20  to  8*31  per  cent  of  alcohol,  and  from  4*56  to  6*2  per  cent  of 
extract  These  differences  represent  respectively  1*68,  -27  and  -49  bushels  of  malt 
per  barrel  of  the  beer. 

From  the  great  alcoholic  strength  of  some  kinds  of  old  ale,  they  partake  teore  of 
the  nature  of  wine  than  of  beer,  in  the  usual  sense  of  this  term.  They  are,  in  fact, 
qute  equal  in  that  respect  to  most  of  the  cheaper  wine  imported  from  the  Continent, 
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while,  in  flaTomr  and  genezal  character,  old  ale,  snch  as  that  brewed  at  Burton-on- 
Trent  and  in  Scotland,  is  fiir  superior  to  any  wine  of  the  kind  referred  to,  which 
can  be  sold  here  at  a  price  even  double  that  of  the  best  old  ale.  This  kind  of  ale, 
however,  is  but  rarely  sold  by  publicans.  B.  H.  P. 


»Uro  AOSB.  Cm^*  (Haussknecht,  Ann.  Ch,  Pkarm,  czliii.  40).— An 
add  produced  by  the  abstraction  of  the  elements  of  hydrogen  bromide  from  bromide 
of  eroeic  acid,  C^^'Bi*.  When  this  latter  compound  is  enclosed  in  a  sealed  tube 
together  with  4  or  6  moL  of  potassium  hydrate  in  alcoholic  solution,  and  heated  to 
145^  for  seven  or  eight  hours,  the  product,  after  cooling,  dissolved  in  water,  and 
hydrochloric  add  added,  benolic  acid  separates,  and  may  be  obtained  by  recrystallisa- 
tion  from  alcohol  in  tufts  of  white  needles.  It  melts  at  57'6^,  becomes  electric  when 
rubbed,  dissolves  easily  in  ether  and  in  absolute  alcohol,  less  easily  in  cold  aqueous 
alcohol,  and  is  insoluble  in  water.  It  does  not  take  up  hydrogen  when  heated  with 
sodium-amalgam. 

The  benolates  of  the  alkali-metals  are  soluble  in  water,  the  rest  insoluble.  The 
potataum  and  sodium  salts  forni  nodular  crystals  ;  the  ammonium  salt  separates  from 
dilute  alcoholic  solution  in  colourless  laminse,  which  soon  give  off  ammonia  and 
become  opaque.  The  silver  salt  CH^AgO'  is  insoluble  in  water  and  in  alcohol. 
The  barium  salt  Ba(CH''0')*,  obtained  by  prodpitating  barium  chloride  with  the 
acid,  is  insoluble  in  water,  alcohol,  and  ether.  The  strontium  and  calcium  salts 
resemble  it.  The  magnemtm  salt  is  precipitated  by  the  add  f^m  an  alcoholic  solu- 
tion of  magnesium  acetate,  and  separates  from  boiling  alcohol  in  crystals  containing 
Mg(C"H*0')'.3HK>.  It  is  efflorescent,  and  melts  at  lao^*  with  loss  of  its  crystal- 
lisation-water. 

As  erucic  add,  which  belongs  to  the  acrylic  series,  is  bivalent,  benolic  acid,  which  is 
derived  from  it  by  abstraction  of  H',  must  be  quadrivalent  Accordingly  it  forms  a 
dibromide  and  a  tetrabiomide. 

The  dibromide,  0*H^Br*0',  is  produced,  with  slieht  evolution  of  hydrobromic 
add,  when  rather  more  than  1  mol.  of  bromine  is  gradually  added  to  1  mol.  of  the 
benolic  acid.  IX  forms  shining  white  lamins,  melting  between  46®  and  47®,  heavier 
than  water,  easily  soluble  in  alcohol  and  ether.  Heated  for  several  hours  with  alcoholic 
potash  in  a  sealed  tube  to  150®  Tnot  in  the  cold),  it  gives  up  bromine  and  appears 
to  bo  chiefly  reconverted  into  benolic  add ;  an  add  containing  less  hydrogen  does  not 
appear  to  be  formed.  • 

The  tetrabromide»  O"il**Br*0',  is  formed,  with  violent  hissing  and  copious 
evolution  of  hydrobromie  add,  when. benolic  add  is  added  by  small  portions  to  excess 
of  bromine,  and  separates  as  a  fused,  afterwards  solidifying  mass,  which  may  be 
purified  by  solution  m  soda-ley,  predpitation  with  hydrochloric  acid,  and  crystallisation 
from  alcohol.  It  forms  white  shining  laminn,  melting  at  77®  to  78®.  It  is  decom- 
posed by  alcoholic  potash,  but  without  yielding  any  definite  products.  Sodium- 
amalgam  at  the  boiling  heat  slowly  withdraws  the  whole  of  the  bromine,  forming  an 
add  melting  at  33®,  probably  erucic  add. 

StazjrbeBoUe  Aoldf  C"H^O\  is  produced,  together  with  another  solid  acid 
(brassylic  add)  and  a  liquid  oil  (brassylic  aldehyde),  when  red  fuming  nitric  acid  is 
added  by  drops  to  melUng;  benolic  acid ;  and  if  the  semisolid  product  of  the  oxidation 
be  carefully  washed  wiu  water  and  then  dissolved  in  hot  absolute  alcohol,  the 
dioxybenolie  add  ciystallises  out  for  the  most  part  on  cooling,  while  the  other  solid 
add  and  the  oil  mnain  in  solution,  and  separate  out  after  some  time  only.  Dioxy- 
benolie  add  is  obtained  by  repeated  crvstallisation  in  small  yellowish  scales ;  it  melts 
at  90®-91®,  and  solidifies  again  in  the  crystalline  state.  It  is  insoluble  in  water, 
less  soluble  in  alcohol  than  benolic  acid,  not  further  attacked  by  nitric  acid.  It  is 
monobasic  The  dioxybenolates  of  the  alkali-metals  separate  from  alcoholic  solution 
in  crystalline  crusts ;  those  of  the  alkaline  earth-metals  are  insoluble  in  water  and  in 
alcohol.  The  stfeer  salt  CH^AgO^  is  a  white  precipitate  not  much  affected  by 
Itg^t 


I.  According  to  Petersen  (Ann.  Ch.  Pharm.  cv.  277)*  benzamide  is 
formed  on  distilling  a  mixture  of  sodium  benzoate  and  sal-ammoniac ;  according  to 
J.  Head,  on  the  oontxaiT  (Jakresb.  1858,  p.  314),  no  bensamide  is  formed  under  these 
drcomstances,  but  a  sublimate  of  benxoio  add  is  obtained,  with  evolution  of  ammonia ; 
probably  thus : 

C»H»NaO«  +  NH«a  «  C'H«0»  +  NH»  +  NaCL 

The  crystals  of  bensamide  obtained  by  melting  it,  and  decanting  the  still  fluid  from 
the  partially  solidified  portion,  are  tabular  rhombic  combinations,  oo  Poo  .  ao  P . 
00 ^  .  00 f  00  .  poo ,  liaving  the  axes  a  :  b  :  c  in  the   ratio   0*9338  : 1 :  0227,  and 
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the  angle  ooP  :  ooP  (macr.)  »=  89^4';  Poo  :  Poo  in  the  same  »  153^56'.  deavage 
perfect  parallel  to  ooPoo  (G.  vom  Bath,  Pogg.  Ann,  ex.  107). 

Sutphurie  anhjfdride  conyerts  benzamide  into  a  brovniBh-yellow  mass  smelling  of 
bensonitrile,  and  containing  (together  with  unaltered  benzamide)  ammonia  and  sulpho- 
benzoic  acid,  the  benzamide  being  probably  first  resolved  into  ammonia,  benzonitrilo, 
and  benzoic  acid,  which  latter  is  then  converted  into  sulphobenzoic  acid.  Sulphuric 
chlorhvdraUt  SO'HCl,  heated  with  benzamide,  yields  benzoic  chloride,  benzonitrile, 
benzoic  acid,  and  probably  also  sulphobenzoic  acid  (Engelhardt,  Jakredf,  1864, 
p.  850). 

Benzamide  boiled  with  bromine  and  water  is  converted  into  sal-ammoniac  and 
bromobenzoic  acid : 

C'H^NO  +  HK)  +  Br»  «  NH*Br  +  C'H'BrO'. 

The  bromobenzoic  acid  thus  produced  appeared  to  be  a  mixture  of  two  isomeric  acids, 
inasmuch  as  on  recrystallisation  the  melting  point  rose  from.  149®  to  nearly  20^ 
(W.  Brauns,  Arch,  Pharm,  [2 J  cxxvi.  214). 

Benzamide  gently  heated  with  phosphoric  wlphide^  P*S\  yields  a  distillate  of  ben- 
zonitrile, and  a  residue  probably  consisting  of  cyaphenine  mixed  with  phosphoric 
anhydride  (L.  Henry,  Zeitechr./,  Chem.  [2]  v.  446), 

Metachlorobemamide,  C^H'CINO,  is  formed  by  triturating  metachlorobenaoyl 
chloride  (salyl  chloride)  with  ammonium  carbonate  (Gerhardt  a.  Drion  ;  see  i.  540) ; 
also  by  the  action  of  ammonia  on  ethyl  metachlorobianzoate.  It  crystallises  in  veiy 
beautiful  nacreous  needles,  soluble  in  alcohol  and  ether,  veiy  slightly  soluble  in 
boiling;  water,  melting  at  139®,  and  sublimable  without  decomposition  (Kekul^,  Ann, 
Ch.  Pharm.  cxvii.  146). 

KiTBOBSKZAjnDB,  (7H'(N0')N0,  is  most  easily  obtained  from  the  product  of  the 
action  of  phosphorus  pentachloride  on  nitrobenzoic  acid  (after  removal  of  the 
oxychloride  at  about  130®)  by  dropping  this  product  into  strong  aqueous  ammonia. 
It  melts  at  140®  to  142^,  ana  is  converted,  by  treatment  with  ammonium  sulphide, 
into  amidobenzamide,  CH*(NH<)NO  or  oxybenzodiamide,  N«(C*H«0)'^\ 
isomeric  with  phenyl-carbamide.  This  com^und  separates  from  solution  in  crystals 
containing  C'H'N'O.H*0,  which  melt  and  give  off  their  water  at  75®  (Beilstein,  Ann. 
Ch.  Phann.  cxxzii.  137).  Compare  Chancel's  statements,  under  Oxtbsmzodiamidb 
(iv.  294). 

Paranitrobenzamide  (nitrodiacylamide),  prepared  similarly  to  (ortho-)  nitro- 
benzamide,  is  less  soluble  in  water,  and  melts  at  197°  to  198^.  By  ammonium 
sulphide  it  is  converted  into  para-amidobenzamide  (amidodiacylamide),  which 
forms  large  light  yellow  crystals,  2C^H'NH) .  H'O,  much  less  soluble  in  water  than 
(ortho-)  amidobenzamide,  and  melting  at  178®  to  179®  with  loss  of  82  p.  c  water. 
By  boiling  with  potash,  it  is  resolved  into  ammonia  and  para-amidobenzoic  (amido- 
dracylic)  acid  (Beilstein,  loe,  eit.). 

Thiobbnzaxidb,  C^H'NS,  is  converted  by  iodine  into  the  compound  C**H**N*3, 
which  crystallises  from  boiling  alcohol  in  long  colourless  needles ;  melts  at  90® ;  sub- 
limes without  decomposition  at  a  higher  temperature ;  is  decomposed  by  boiling  with 
alcoholic  soda,  the  sulphnr  being  separated  as  sodium  hyposulphite ;  not  altered  by 
boiling  with  hydrochloric,  nitric,  or  dilute  sulphuric  acid ;  but  converted  by  boiling 
with  moderately  strong  sidphuric  acid  into  a  base,  C*^H**N^  which  melts  at  71**  and 
forms  C2Tstallisable  ^t«.  Chlorine,  bromine,  and  dilute  nitric  add  act  upon  thio- 
benzamide  in  the  first  instance  in  the  same  manner  as  iodine,  but  their  action  has  a 
tendency  to  go  further,  giving  rise  to  substitution-products  (Hofimum,  2}aU.  ChenL 
Ges.  Berlin.  1869,  646;  Zeiiechr.f,  Chem.  \2]  vi.  208). 

DiAZOBBHZAMiDB,    CH»N»0     -     NJ^,    ^*^.— The    nitrate    of    this    amide, 

C'H»NH).NHO«,  is  described  in  vol.  iv.  p.  296. 

The  nitrates  of  the  isomeric  compounos  diazodracylamide  and  diazosalyl- 
amide  are  produced  in  like  manner  b^  the  action  of  nitrous  acid  on  amidodiacylamide 
and  amidosalylamide  in  ethereal  solution. 

DiAZOBENZiMiDB,  C'H»N«0«  =  N  |  ^'^'^'^')',  is    produced    by   the    action    of 

aqueous  ammonia  on  the  perbromide  of  diazobenzoic  acid : 

C'H«NX)«.HBr.Br«  +  4NH«  -  8NH«Br  +  C'H»N»0». 

It  crystallises  in  almost  white  thin  huninae,  which  dissolve  easily  in  alcohol  and  ether, 
less  easily  in  boiling  water,  scarcely  at  all  in  cold  water,  melting  at  160®,  and  decom- 
posing with  slight  detonation.  It  forms  well-defined  salts ;  the  silver  salt  is  a  white 
amorphous  precipitate. 
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Isomeric  ocmpoimds  are  formed  by  the  action  of  ammonia  on  ihe  perbromides  of 
diaxodracjlic  and  diazoealylic  acid.  Diazodraeylimide  likewise  crystalliseB  in 
laminae,  but  melta  at  185^.  JDiazotalylimide  is  moderately  soluble  in  boiling  water, 
and  crystallises  therefirom  in  long  needles  which  melt  at  145^  and  sublime  at  100^ 
(OriesB,  ZeUsekr,/,  Okem.  [2]  iii.  164). 

DiEsaiMiDB  or  Dibbitzotiakidk,  C"H"N0»  =  N(CTI*0)«H,  is  produced,  together 
with  benzamide,  by  the  action  of  potassamide  on  benzoyl  chloride  dissolved  in  anhy- 
drous ether  (ir.  695) : 

3CH*0C1  +  3NKH«  -  (TH^O  +  C"H"NO«  +  8KC1  +  NH«. 

The  maas  of  coloorless  crystals  thereby  produced  is  freed  from  ether  by  distillation, 
and  rapidly  washed  with  cold  water  to  remove  potassium  chloride :  the  residue,  on 
reoTstallisation  from  boiling  water,  separates  into  more  soluble  benzamide  and  less 
soluble  dibenzamide.  Dibenzamide  crystallises  in  rhombic  combinations  of  a  pyramid 
with  a  aeeondazy  prism,  soluble  in  800  pts.  of  water  at  16°,  and  melting  at  138°. 
Its  reactiooa  are  similar  to  those  of  benzamide  (Beilstein  a.  Landolt,  Ann.  Ck,  Pharm, 
czi.  1^  According  to  G.  Yom  Bath  (Poffff.  Ann.  ex.  I07)i  the  crystals  exhibit  the 
combination  P  .  ool^,  with  the  axes  a:  b:  e  in  the  ratio  0'9305 : 1 : 1 '0690  ;  and 
angle  P :  P  (brach.)  -  109°  60;  P  :  P  (macr.)  =  103*^  46';  oofe :  ooJ^2  (macr.) 
a  123°  30*.    Oeayage  perfect  parallel  to  oo  pao . 

la  and  SZBBVKAJrzXAIIB.  See  Phbntl-bbmzaiiidbs  (ir.  476). 

rib  CBSMWLXDMm  This  name  was  given  by  Gerhardt  {Jnn.  Ck. 
Pfyt.  [3]  liii.  307)  to  a  compound  obtained  by  the  action  of  phosphorus  pentachloride, 
aansted  by  a  genUe  heat,  on  benzanilide  (iv.  476).  A  bnsk  reaction  takes  place ; 
hydrochloric  acid  is  evolved ;  phosphoric  oxychloride  distils  over ;  and  the  small  quantity 
of  that  eompound  remaining  in  the  liquid  product  may  be  removed  by  adding  a  small  piece 
of  {^osphorus,  whereby  it  is  converted  into  phosphorous  chloride,  PCl',  which  is  easily 
driven  off  by  a  gentle  neat  Benzanilidyl  chloride,  N(C^H*)'^(CH*)(^,  then  remaina 
in  the  form  of  a  viscid  mass,  which  colours  flame  green,  fumes  in  the  air,  is  decom- 
posed by  water  and  aqueous  alcohol,  with  formation  of  benzanilide,  dissolves  without 
decomposition  in  ether,  and  is  resolved  by  heat  into  benzonitrile,  NC^H*,  and 
phenyl  chloride,  CHH^H.  Heated  with  excess  of  anUine,  it  gives  off  hydrochloric 
add  and  forms  a  solid  mass,  consisting  of  a  diamide,  C»Hi*N*  or  N>(C'H*)'*(C«H*)«H. 
If,  on  the  other  hand,  the  chloride  is  in  excess,  the  resulting  thick  maas,  treated  with 
boiling  alcoholic  potash,  gives  off  the  odour  of  phenol  and  forms  an  alkaline  solution 
(ootaiaing  salicylic  acid : 

C»H>«N»  +  KHO  +  4H«0  -  2C«HK)  +  CH»KO»  +  2NH»  +  H». 
IXamlde.  FheooL         PotaoBiiun 

salicjlate. 

Benzanilidyl  chloride  is  violeotlv  attacked  by  dry  ammonium  carbonate,  and  the  solid 
product^  after  being  washed  with  water,  yields  to  boiling  alcohol  a  solution  fh>m  which 
bencanilidylamide  crystallises  in  brownish-yellow  radiate  nodules,  which  are  but 
abwiy  attacked  by  alcoholic  potash  solution,  even  at  the  boiling  heat 

MMMMMMMat  MMMnjOltm*  C^'.  ^offno/tMi.— I.  From  other  hydrocarbons. 
Ck  Acetylene,  heated  in  a  bent  glass  tube  over  mercury  to  the  softening  point  of  the 
glass,  is  converted  into  a  numbor  of  polymeric  hy&rocarbons,  among  which  is  benzene, 
fomrng  about  half  the  entire  liquid  product :  3C*H*  »-  C^*.  &nzene  may  there- 
fore be  regarded  as  triaoetvlene  (Berthelot).  See  AcarmjEim  (p.  32). — fi.  Toluene, 
(^H*,  passed  through  a  red-lwt  porcelain  tube  yields  a  liquid  distillate  containing  a 
ooDsiderable  q;nantity  of  benzene,  together  with  naphthalene : 

4C'H«  -  3(>H»  +  C>rH»  +  3H». 

y.  Xylene,  C*H**,  and  Cumene,  CH"  (from  coal -tar),  similarly  treated,  yield  ben- 
zene, together  with  some  of  its  homologues  and  other  hydrocarbons. — 8.  Cinnamene 
or  6 1  y  r  o  I,  C*H*,  passed  through  a  red-hot  tube  is  partly  resolved  into  benzene  and  acety- 
lene, (C^*  +  (7H').  The  same  hydrocarbon  heat»d  in  a  sealed  tube  filled  with 
hydrogen  is  resolved  into  benzene  and  ethylene : 

c  Diphenvl,  C"H**,  heated  in  a  tube  filled  with  hydrogen  is  partly  converted  into 
benzene  and  chirsene,  C"H'*,  the  latter  probably  resulting  from  polymerisation  of 
previously  formed  phenylene,  C^^ : 

*  The  term  &eium«  wfU  bo  natA  to  denote  the  pnre  hydrocarbon  C*H*  ;  and  beruol  for  the  oosnmer- 
cjal  pcodoct,  containing  olao  Uic  higher  homologaes  of  bensene. 
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(.  A  mixture  of  diphenyl-vapour  and  ethylene  passed  through  arod-hot  tube  is 
partly  resolved  into  benzene  and  cinnamene : 

fl.  A  mixture  of  chrysene- vapour  and  ethylene  yields,  under  the  same  circum- 
stances, beoEene  and  anthracene,  with  a  small  quantity  of  naphthalene : 

C"H»  +  C«H«  -  C«H«  +  C'*H»«  (anthracene). 

C"H"  +  2C»H*  =  2C«H«  +  C"H«  (naphthalene). 

0.  Ethylene  and  anthracene  also  yield  benzene  and  naphthalene: 

C"H"  +  C«H«  =»  C«H«  +  C'«H«. 

1.  Chrysene  heated  with  hydrogen  yields  benzene  and  diphonyl : 

C"H«  +  2H«  -  OH*  +  C>«H»». 

2.  From  Menhaden  oil  (obtained  from  Jlosa  Menhaden^  &  kind  of  herring), 
which  is  resolved  by  the  dry  distillation  of  its  lime-soap  into  benzene  and  its  homo- 
logues,  together  wiUi  a  number  of  hydrocarbons  of  the  marsh-gas  series  (Warren  and 
Storer,  ZeiUckr.f.  Chem.  [2]  iv.  229). 

3.  From  chlorobenzol,  C^H^Cl',  and  from  benzoic  trichloride,  C'H*C1*  = 
C*H'(CC1'),  by  heating  witii  soda-lime  (Limpricht,  Ann.  Ch.  Pharm,  cxxxiz.  303 ; 
JaAr«6.  1866,  693,  595): 

C»H«C1«  +  H«0  -  OH*  +  CO  +  2Ha 
and 

CH»C1«  +  2H«0  =  C«H«  +  C0«  +  SHQ. 

4.  From  diazobenzene,  by  heating  its  nitrate  or  sulphate  with  alcohol,  or  the 
latter  with  alcoholic  potash,  aldehyde  and  other  products  being  formed  at  the  same 
time  (Griess ;  tnde  iv.  432) : 

C-H^in  +  C»H»0  «  C«H«  +  C»H*0. 

5.  From  bromobenzoic  acid  by  distillation  with  lime  (A.  Riche,  JahreA.  1S6I, 
p.  615). 

6.  From  einnamic  acid  by  distillation  with  a  large  excess  of  lime  or  baryta  (D. 
Howard,  Chem.  8oc.  J.  xiii.  135). — 7.  From  trimesic  acid,  C*H*0',  by  oeating 
strongly  with  excess  of  lime :  C»H«0«  «  C«H«  +  3C0»(Fittig  a.  Furtenbach,  ZeUsekr. 
f.  Chem.  [2]  iv.  4). 

Purification  of  Commercial  Benzol. — When  1  vol.  rectified  coal-tar  naptha,  contain- 
ing about  50  p.  c  benzene,  is  mixed  with  6  vol.  strong  sulphuric  acid  previously 
diluted  with  1  vol.  water,  and  the  mixture  is  heated  in  a  still,  the  hydrocarbons  of 
higher  boiling  point  dissolve  for  the  most  part  in  the  acid,  while  the  benzene  remains 
unattacked.  If  lumps  of  pumice-stone  are  moistened  with  the  acid,  its  action  becomes 
more  decided  (Churcn,  Phil.  Mag.  [4]  xxi.  176). 

E.  Kopp  {Monitew  »eient{fimiey  vi.  329)  recommends  for  the  purification  of  benzol, 
for  conversion  into  nitrobenzol,  aniline,  &c.,  to  cool  it  in  Carry's  refrigerator  to  —15^, 
press  the  resulting  crystalline  mass  quickly,  fuse  it,  and  again  subject  it  to  the  same 
treatment. 

Berthelot  {BvU.  8oe.  Chim.  [2]  >i.  289)  enumerates  the  following  properties  of 
benzene  as  readily  available  for  its  separation  from  mixtures  of  hydrocarbons  of  which 
it  forms  only  a  small  fraction :  a.  Its  unalterability  when  heated  in  sealed  tubes  to 
200^-400^  (cinnamene,  terebenthene,  &c.,  pass  under  these  circumstances  into  poly- 
meric modifications  of  hich  boiling  point). — fi.  Indifierence  towards  iodine,  saturated 
solutions  of  hydriodic  and  hydrochloric  acids,  and  concentrated  sulphuric  acid,  and  its 
comparative  indifference  towards  bromine. 

Density. — ^Louguinine  {Ann.  Ch.  Phya.  [4]  xi.  465)  has  given  the  following  table  of 
the  densities  and  volumes  of  benzene  at  varioxis  temperatures : 


Tnaperatoroi 

Densities 

Volumes 

Ttanpentoxes 

DeiudtioB 

yolnmea 

OO 

0-8995 

10000 

45<> 

0*8512 

1-0567 

6 

0-8939 

1*0063 

50 

0-8468 

1-0622 

10 

0-8887 

10122 

55 

0-8402 

10706 

15 

0-8833 

10183 

60 

0-8349 

10774 

20 

0-8780 

1-0245 

65 

0-8293 

1-0846 

25 

0*8726 

10308 

70 

0-8238 

1-0919 

30 

0-8678 

10371 

76 

0-8181 

10996 

35 

0-8620 

1-0435 

80 

0-8129 

11065 

40 

0-8567 

1-0500 
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DeeompoaUumt, — 1.  Benxene  may  be  heated  in  a  dose  vessel  to  200°,  800^,  or  400° 
vithout  altentkm  ;  but  when  passed  through  a  porcelain  tabe  heated  to  bright  red- 
ness, it  is  partly  decomposed,  yielding  hydrogen  gas  containing  a  little  acetylene, 
and  a  liqmd  raodact  separable  by  fractional  distillation  into:  (1)  Diphenyl,  C"H'* 

-  20H«  -  H«,  distilling  between  260° and  800° —(2)  Chrysene,  C»H»«  =  3C«H« 

—  3H',  distilling  above  860°. — (3)  Benzerythrene,  which  distils  at  a  dull  red 
heat  and  solidifies  into  an  oian^red  resin  of  the  consistence  of  colophony. — (4)  A 
snbetanoe  called  by  Berthelot  bitumen e,  which  remains  in  the  retort  at  a  dull  red 
heat,  as  a  blackish  liquid,  solidifying  as  it  cools ;  it  dissolves  slightly  in  ether,  form- 
ing a  fluczescent  liquid,  which  leaves  on  evaporation  a  film  having  a  metallic  lustre 
(Berthelot,  BuU.  8oe,  Ckim.  [2]  vi.  272,  279 ;  Jahresb,  1866,  p.  541). 

2.  Benzene  heated  in  a  glass  tube  over  mercury  with  aee^dene  absorbs  it,  forming : 
(1)  A  small  quantity  of  cinnamene,  CH'  -  C*H*  +  (^H'.~(2)  A  solid  hydro- 
carbon, which,  after  Uie  excess  of  benzene  has  been  evaporated,  remains  in  the  form 
of  slender  needles,  volatilising  with  difficulty. — (8)  Tany  products. 

S.  A  mixture  of  benzene  and  ethylene  passed  through  a  red-hot  tube  yields:  (1) 
Cinnamene  in  considerable  quantity  at  a  red  heat,  and  as  chief  product  at  a  white 
hflat^»(2)  Naphthalene,  the  chief  product  at  a  red  heat.— (3)  Acenaphthene 
(p.  3),  formed  chiefly  at  a  white  heat. — (4)  Anthracene  mixed  with  a  liquid 
hydzocarbon.  The  formation  of  cinnamene,  naphthalene,  and  anthracene  is  represented 
by  the  equatioDB 

C«H*  +  C»H*  =  C«H»  +  H«. 


era*  +  20m*  «  C«»H«  +  8H«. 

Haphtbalane. 

2C^«  +  C«H«  -  C«*H"  +  8H*. 

Naphthalene. 

4.  Benzene  and  marsh  gae  do  not  act  on  one  another  under  the  same  conditions  as 
beiuene  and  ethylene ;  out  when  they  are  brought  together  in  the  nascent  state,  as 
when  a  mixture  of  bensoate  and  acetate  of  sodium  is  subjected  to  dry  distillation, 
they  react  so  as  to  form  toluene  or  methyl-benzene : 

CW  +  CH«  -  C«a».CH»  +  H«. 

6.  A  mixture  of  benzene  and  dnnamme  vapour  passed  through  a  red-hot  tube 
yidds  anthracene,  together  with  small  quantities  of  naphthalene  and  a  hydrocarbon 
nsembling  diphenyl : 

C"H«    +    OH*    -    C"H'«    +    2H«. 
flnnamwie.      Beuene.      Anthnnwie. 

6.  Benzene  vapour  and  naphthalene  vapour  at  a  white  heat  yield  an  thrace  ne : 

C'H"  +  3C«H«  -  2C"H"  +  8H« 

(Bezthelot,  Bull.  Soe.  Chim.  [2]  vii.  113,  274;  Jahreeb.  1866,  p.  644). 

7.  Benzene  oxidised  by  a  mixture  of  tnanaaneee  dioxide  and  sulphuric  add,  is  con* 
verted  into  formic,  carbonic,  benzoic,  and  pnthalic  adds  (Carius,  Zeiiechr.f.  Chem.  iy. 
505): 

C^*  +  H.CO^  +  O  =  H«0  +  C«H».CO«H 
Benwne.       Fonnlo  Bensoioacid. 

add. 

and 

C5^».C0«H  +  H.CO«H  +  0  »  HK)  +  C»H*(CO»H)« 

Benaoio  Fbnnio  Phihallc 

add.  add.  acid. 

It  is  not  attacked  by  potassium  dichromate  and  sulphuric  acid  even  after  prolonged 
boUing  (Church,  PhU.  Mag.  [4]  xxi.  176). 

8.  Whan  100  to  120  drops  of  benzene  are  taken  into  the  stomach  of  men  or  dogs, 
the  urine  is  found  to  contain  phenol  (Schultzen  a.  Naunyn,  Chem.  Cewtr.  1867»  p.. 
705). — 9.  Benzene  treated  with  |>otoMnffln  chlorate  and  niirio  add  (sp.  gr.  1*4)  gives 
oflTa  lanra  quantity  of  gas,  and  yields  a  brownish  oil  which  decomposes  on  distillation, 

yielding  the  compound  (?«H*«KO*a  or  Qfj^^oH'  ^  ^o^^^^  ^<1^<^  smelling  like 

bitter  ahnond  oiL — 10.  Heated  for  some  time  with  iodic  acid  or  potaeeium  iodate  and 
tulpkurie  o^ti,  benzene  yi^ds  phenyl  iodide,  C'H*I,  together  with  a  ciyatalline 
sufastaDee  (H.  Peltzer,  Asm,  Ch»  Pharm.  cxxxvi.  194).— 11.  Benzene  heated  to  160° 


2G2  BENZENE. 

in  scaled  tubes  with  sulphuric  cfdoride,  SOK)l^,  is  completely  deoompoeed,  yielding 
monochlorobenzene,  hydrochloric  acid,  and  sulphurous  oxide: 

CR*  +  so«ci«  =  c«H»a  +  Ha  +  so« 

(Dubois,  ZeUsekr.f.  Chem.  [2]  ii.  705). 

With  sulphuric  chlorhydrale,  80^. HO. CI,  benzene  yields  sulphobenzide, 
together  with  smaller  quantities  of  sulphobenzoic  acid  and  sulphobensoic 
chloride: 

2C«H«  +  SO'.HO.Cl  =  C»«H'»SO«  +  H^O  +  HCl. 

Sulphobenzide. 

•  C«H«  +  SOVHO.a  -  C«H».SO«OH  +  HCl. 

Sulphobenxoio 
acid. 

C«H«  +  SO'.HO.Cl  «  C«H»S0*C1  +  H«0 

Sulphobenioic 
chloride. 

(Knapp,  Zeiischr.f.  Chem.  [2]  v.  41;. 

12.  Benseno  is  not  attacked  by  alkalis  or  by  phosphorus  pentachloride. — 13. 
According  to  Lauth  (Bull.  Soc.  Chim.  [2]  iv.  3),  sodium  attacks  it  with  evolution  of 
hydrogen  and  formation  of  a  solid  substance  which  encrustfl  the  excess  of  sodium;  but 
according  to  Berthelot,  pure  benzene  is  not  attacked  by  sodium. 

14.  Benzene  in  the  state  of  vapour  unites  with  carbonyl  chloride ^  forming  benzoyl 
chloride  (Harnitz-Hamitzky,  Ann,  Ch.  Pharm.  cxi.  192): 

C«H»  +  C0C1«  «  HCl  +  C«H».CO.CI. 

According  to  Berthelot,  however  (Deut.  Chem.  Gesellsch.  1869,  p.  288;  Zeitsehr.  f, 
Chem.  [2]  v.  480),  pure  carbonyl  chloride  does  not  act  upon  benzene  (or  upon  ethylene 
or  acetylene)  either  at  ordinary  or  at  higher  temperatures ;  and  when  benzene  is  treated 
with  ordinary  phosgene  gas  (a  mixture  of  carbonyl  chloride  with  free  chlorine), 
no  benzoyl  chlonde  is  produced,  the  only  action  which  takes  place  beingdue  to  the  free 
chlorine. 

On  the  other  liand,  Schiitzenbei^ger  finds  (Zeitsehr.  /.  Chem.  [2]  v.  631)  that  when 
benzene  is  act4)d  upon  by  a  mixture  of  sulphuric  anhydride  and  carbon  tetrachloride, 
which  yields  carbonyl  chloride,  (2S0«  +  CCl*  =  S*0*C1*  +  C0C1«),  and  the  product 
is  heated  with  water,  a  considerable  quantity  of  benzoic  acid  is  obtained,  together  witli 
hydrochloric  acid,  sulphobenzide,  and  benzene-sulphuric  acid. 

15.  Benzene  unites  directly  with  3  molecules  of  hypocMorous  add,  forming  the 

rc*H*y )  O' 

trichlorhydrin  of  phenoso,^        ^, > ^,,  (Carius,  ^iin.  Ch.  Pharm.  cxxvi.  323). 

See  Phbxc 08B. 

16.  Benzene  agitated  with  aqueous  chlorous  acid  is  oonverted  into  trichloro- 
phenomalicacid,  C«H'C1'0»: 

c^«  +  3Hao«  -  c«H'a»o»  +  h»o, 

monochloioboDzone  and  dichloioquinone  being  formed  at  the  same  time  (Carins,  Ann. 
Ch.  Pharm.  cxlii.  129 ;  Jahresb.  1866,  p.  559).  These  last  two  products  are  formed  in 
larger  quantity*when  gaseous  chlorous  anhydride  is  made  to  act  on  dry  benzene, 
4C«H«  +  3Cl«0»  -  2C«H*C1  +  2C«H*a«0»  +  5H«0  (Carius,  Ann.  Ch.  Pharm.  cxliii. 
315;  Bull.  Soc.  Chim.  [2]  x.  49). 

17.  The  method  given  by  Hofmann  (i.  542)  for  detecting  the  presence  of  benzene  in 
a  mixture  of  volatile  oils  has  been  mooifled  as  follows  by  Bcrthelot  (BuH.  Soc.  Chim. 
[2]  vi.  292),  with  the  view  of  increasing  its  delicacy.  A  few  drops  of  the  liquid  to  bo 
tested  are  mixed  in  a  cooled  tube  with  4  times  their  volume  of  fuming  nitric  acidj  and 
the  mixture,  after  bein^  briskly  agitated  and  left  to  itself  for  a  quarter  of  an  hour,  is 
mixed  with  ten  times  its  bulk  of  water,  which  throws  down  drops  of  nitrobenzene. 
The  whole  is  then  agitated  with  an  equal  volume  of  conunon  ether,  which  takes  up  the 
whole  of  the  nitrobenzene.  The  ethereal  solution  is  decanted,  filtered,  and  rapidly 
distilled  in  a  small  retort  to  expel  the  ether.  The  drop  of  nitrobenxene  remaining 
in  the  retort  is  then  treated  with  1  to  2  cubic  centimetres  of  acetic  acid  and  a  particle 
of  iron-filings,  and  distilled  over  a  very  small  fiame.  As  soon  as  the  liquid  in  the 
retort  is  nearly  evaporated,  2  or  3  cub.  cent,  of  water  are  added,  the  distillation  is 
repeated,  and  the  mstillates  are  mixed  together.  The  liquid  thus  obtained  is  ready 
to  be  tested  for  aniline  with  chloride  of  lime.  Sometimes,  however,  the  presence  of 
acetic  acid  interferes  with  the  reaction.  In  tliat  case  a  small  piece  of  slaked  lime  is 
added,  and  the  filtered  liquid  is  placed  in  a  porcelain  capsule  and  treated  with  a  dilute 
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aquaoas  solntion  of  chloride  of  lime.    By  proceeding  in  this  manner  bensene  maj  be 
detected  in  a  enbic  centimetre  of  a  mixtoze  containing  not  more  than  2  per  cent,  of  it, 

18.  With  ekhrine  and  braminej  benzene  forme  additive  or  snbetitation-prodncts, 
aeoording  to  the  circametances  of  the  reaction.  In  sonehine  additive  compounds  for 
the  moet  part  are  obtained ;  bnt  in  difineed  daylight  only  eubstitation-prodaGte  are 
formed.  Kespeeting  the  oonetitntion  of  the  additive  componnds,  see  Abomjltig  Sxriib 
(p.  196). 

Bbomxnatbd  Bbbxvatxvbs  of  Bbkzbnb. 

The  hejAromide  OH*Br*,  produced  by  the  action  of  bromine  on  benzene  in  sun- 
ihine,  is  described  in  voL  i.  p.  543,  under  the  name  of  hydrcbroTnate  of  iribromo' 
bengene,  C^'Br' .  3HBr. 

KoBOlwainobeiiseBe.  C^^Br.  Described  at  vol.  i.  p.  642,  and  iv.  414. — Griees 
has  shown  that  it  is  produced  in  the  decomposition  of  diazobenzene-platinobromide  by 
eaostic  soda,  actording  to  the  equation  2(C^*N«.HBr).PtBr«  =  2C«H*Br  +  Pt  + 
231*  •¥■  2N* ;  also  by  heating  diaaobenzene-perbromide  with  sodium  carbonate,  or  by 
wanning  its  alcoholic  solution,  C«H*N«.HBr»  -  C«H*Br  +  N«  +  Br»  (lee  iv.  331). 
Heated  for  several  days  with  ethyl  ckloroearbonate  and  sodium  amalyam,  it  yielas 
ethyl  benzoate  (Wurtz,  Zeitsehr.f.  Chem,  [2]  iv.  385): 

C»H»Br  +  COJ^^^^'  +  Na«  -  NaCl  +  NaBr  +  C«H».CO«(C»H»). 

BfbroiBObeiisenef  C^^Br'  (i.  543 ;  iv.  414),  may  be  obtained,  together  with 
the  tetzabrominated  compound,  by  distilling  monobromophenol  with  phosphorus 
pentabzomide :  C<H'BrO  -f  FBr*  -  C^«Br>  +  HBr  +  POBr*  (A.  Mayer,  Ann,  Ch. 
Pkarm.  cxzxvii.  210).  According  to  Friedel  {BtdL  8oe.  Chim.  [2]  xi.  38),  the  crystals 
(obtained  by  Ck>uper)  are  oblique  rhomboidal  prisms,  isomorphous  with  those  of 
dichlorobenzene.  F.  ]&eae  {Berlin,  Chem,  Gesellach,  1869,  p.  60)  m  preparing  ordinairy 
(a)  dibromobenzeno,  obtained  a  small  quantity  of  a  liquid  modlncation  (fi).  This 
modification  solidifies  below  0^,  melts  at  —  1^,  and  boils  without  decomposition  at 
214°,  whereas  »-dibromobenzene  melts  at  89^,  and  boils  at  219^.  By  solution  in 
faming  nitric  acid  and  precipitation  with  water,  a  /3-nitrodibromobenzene  is  obtained, 
which  forms  needles  melting  at  58^  (a-nitrodibromobenzene  melts  at  84^).  Sodium  acts 
slowly  on  a-dibromobenzene,  producing  brominated  compounds,  diphenyl,  and  a 
hydrocarbon  boiling  above  360°  but  below  the  boiling  point  of  sulphur. 

TftteramobeMCiief  OH'Br',  is  obtained:  (a)  By  treating  the  hexbromide 
C^*Br*  with  boiUng  alcoholic  potash  (i.  643).-~(3)  By  treating  dibromobenzeno 
with  bromine. — (7)  By  the  action  of  pnosphorus  pentabromide  on  dibromophenol 
(Mayer).  It  crystallises  in  tufts  of  white  shining  needles ;  sublimes  at  about  60°  in 
highly  lustrous  needles ;  melts  at  44°,  and  distils  between  266°  and  280°,  the  greater 
part  passing  over  at  275°.  It  is  soluble  in  alcohol  and  ether.  By  strong  nitric  acid 
It  is  convertiMl  into  mononitro-tribromobenzene,  and  by  a  hot  mixture  of  nitric  and 
sulphuric  acids  into  dinitro-tribromobenzene  (Mayer). 

VetraliTomolieiiseiiev  C*Jl*Br*,  exists  in  two  modifications,  one  of  which, 
obtained  by  heating  the  preceding  compound  with  bromine,  has  been  already  described 
(iv.  415) ;  it  melts  at  160°  (Biche  a.  B^rard);  at  187^-140° (KekuI6,Ji»fi.  Ch,  Pharm, 
cxxxvii.  72).  The  other  modification  is  obtained  by  the  action  of  phosphorus  penta- 
bromide on  tribromophenol.  It  forms  shining  needles  melting  at  95°  (Komer) ;  at 
98°  (Mayer) ;  and,  like  the  preceding,  yields  a  crystallised  nitro-derivative. 

FeatalnroiiiolieiiaeBet  C*HBr*,  is  produced  in  small  quantity,  together  with 
tetzabromobenzene,  by  heating  nitrobenzene  or  dinitrobenzene  with  bromine  to  250°. 
It  ciystallises  in  silky  needles  fusible  and  volatile  without  decomposition ;  its  melting 
point  is  above  240°.  Nearly  soluble  in  cold,  slightly  soluble  in  boiling  alcohol ; 
dissolves  easily  in  benzene  or  in  a  mixture  of  benzene  and  alcohol, 

Chlobinatbd  Dbbxvativbs  of  Bbnkbnb. 

I.  Additive  Compounds. 

mmnwtmm  Kexdiilorlde,  C<H*C1*,  described  at  p.  548,  vol.  i.,  as  hydroehloraie 
0/  trieklcfobenzeme,  is  produced  by  the  action  of  chlorine  in  sunshine  under  the 
isfliiaDce  of  the  direct  solar  rays.  According  to  Berthelot,  the  formation  of  this 
crjstalliDe  body  affords  a  test  of  the  purity  of  the  benzene,  as  with  impure  benzene 
the  crystals  are  not  produced.    According  to  Lesimple  {BvU,  8oc,  Chim,  [2]  vi.  161), 
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titp  compoand  is  cAsWy  oLtAined  bj  passing  chlorine  into  tbe  mpoor  of  bensBne 
[in  flnn^bine?]. 

Chlwrtd—  &r  CtMtofrinmtmd  gframaiiai.  These  compounds  are  produced  by  the 
action  of  chlorine  in  sanshine  on  monochl(jr<jbenzene  and  on  solphobenzide. 

a.  When  monochlorobenxene  is  intnxinced  into  a  flask  of  colourless  glass  filled 
with  drj  chlorine  and  exposed  to  the  sun's  rars,  the  flask  becomes  hot  and  filled  with 
white  rap^mrs,  and  the  chlorine  is  rapidly  absorbed.  If  the  chlorobenzene  is  in  excess, 
the  gus  djs.ippears  completely,  and  a  thick  oil  is  (voduced ;  but  if  the  chlorine  is  in 
excess,  hydrochloric  acid  is  formed,  and  a  crystalline  body  makes  its  appearance, 
Ut^ethcT  with  the  oil.  In  the  former  case  the  product  consists  of  a  mixture  of  the 
four  compounds 

c^Kn.a*,   c«H»ci.ci«,  c^*a.ci«,  c«H»ci.a«; 

in  the  bitter,  of  these  same  compounds,  together  with  others  formed  from  them  by 
replacement  of  1  at.  hydn)gen  with  chlorine,  namely,  0(H*C1)C1.C1',  &c  The 
oil  drained  from  the  crystals  is  partly  decomposed  by  distillation  into  hydrochloric 
acid  and  chlorinated  benzenes:  e.g.  C«H*a . Cl«  into  HQ  and  C«H*C1*.  The 
same  decomposition  is  completely  elTected  by  heating  with  alcoholic  potash.  The 
resulting  alcoholic  solution  mixed  with  water  deposits  a  heary  oil  mixed  with  crystals  ; 
sud  on  washing  this  oil  with  water,  drying  it,  and  submitting  it  to  repeated  fractional 
distillation,  there  are  obtained  (besides  a  laige  quantity  of  nnattacked  monochloro- 
benzene  passing  over  at  140°) :  dichlorodensene,  distilling  at  about  175° ;  trickloro- 
benzene^  at  210°;  tetraehhrobefurene,  at  245°;  pentacklorobfnsene,  at  275°;  and  at  a 
higher  temperature  a  mixture  of  the  latter  with  hexchlorobengene  (Jungfleisch,  Bull, 
8oc.  Chim.  [2]  ix.  346 ;  Zeitschr.f,  Chtm.  \i\  it.  484). 

The  crystals  obtained  as  above  described  when  the  chlorine  is  in  excess  consist 
chiefly  of  dichlorobenzene  hexchloride,  C*H*a«  =  OH*a«.a«;  and  by 
separating  them  from  the  oily  product,  washing  them  with  cold  alcohol,  and  recrystal- 
lising  sereral  times  frt>m  chloroform,  this  compound  is  obtained  in  colourless^  well- 
deflned,  oblioue  rhomboidal  prisms.  Heated  with  alcoholic  potash,  it  yields  potassium 
chloride  and  pentachlorobenzene,  melting  at  74°,  and  identical  with  that  which  is 
produced  by  direct  substitution  (p.  266). 

fi.  When  Bulphobenzide  is  exposed  to  the  action  of  dry  chlorine  in  sunshine,  a  thick 
yellowish  oil  is  formed,  and  by  prolonged  action,  also  a  ciystalline  body,  which  covers 
the  sides  of  the  retort  and  receiver.  The  oil  is  a  miztore  of  chlorinated  compounds, 
containing  a  portion  of  the  crystalline  compound  in  solution,  and  when  decomposed 
by  alcoholic  potash  yields  a  mixture  of  chlorinated  benzenes,  chiefly  C*H*CP  and 
C^Cl*.  The  crystalline  body,  after  separation  from  the  oil  by  filtration  through 
asbestos,  washing  with  ether,  pressing,  and  reciystallisation  from  boiling  absolute 
alcohol,  forms  small  quadratic  prisms,  having  a  vitreous  lustre,  melting  between  255° 
and  257°,  sublimable  without  deoompoeition,  insoluble  in  water,  slightly  soluble  in 
cold  alcohol  and  ether,  very  soluble  in  hot  alcohol.  Alcoholic  potash  decomposes 
them,  with  formation  of  potassium  chloride.  The  analysis  of  those  crystals  leads  to 
the  formula  C*H*C1%  which  is  thai  of  monochlorobenzene-nezchloride, 
C*H*CI.C1*  (Otto  a.  Ostrop,  Ann,  Ch,  PAorm.  cxli.  105;  Jahresb.  1866,  p.  673). 
Jungfleisch,  on  the  other  hand,  regards  them  as  identical  with  dichlorobenzene 
hexchloride,  C*H^C1'.  CI*,  and  this  view  has  bees  confirmed  by  subsequent  experiments 
of  Otto  (Zeitaehr,/,  Chem,  [2]  vi.  36).  When  heated  with  potash  they  are  converted 
into  pontaehloiobenj»ne,  melting  at  86° :  C*H<C1*.C1*  -  3HC1  +  C*H01*  (Otto). 

n.  Substitutum-produds.    Chlorobenzene*, 

There  are  two  general  methods  of  preparing  these  compounds:  a.  By  passing 
chlorine  into  benzene  containing  iodine  (Hugo  Miiller,  iv.  414;  Jungfleisch,  Ann.  Chi 
Ph^8.  [41  XV.  186-329;  Jahresb.  1867,  pp.  842-355).-H9.  By  heating  the  additive 
oompounas  above  described  with  alcoholic  potash  (Jui^eisch,  Ann.  Ch.  Phys.  [4]  xv. 
291 ;  Jahresb.  1867*  p.  355).  The  monochlorinated  compound  is  the  same,  whether 
obtained  by  the  one  or  the  other  process ;  but,  according  to  Jungfleisch,  the  di-,  tri-, 
tetra-,  and  pentachlorobenzenes  obtained  by  the  second  process  are  not  identical, 
but  only  isomeric,  with  those  obtained  by  direct  substitution.  The  existence  of 
two  isomeric  modifications  of  the  di-,  tri-,  and  tetra-chlorinated  compounds  is  easily 
explained  on  Kekul^'s  view  of  the  constitution  of  benzene,  by  the  different  relative 
I>ositions  of  the  chlorine-atoms ;  they  are,  in  fact,  susceptible  of  three  such  modifica- 
tions ;  but  the  existence  of  two  pentachlorobenzenes,  if  established,  requires  that 
theory  to  be  modified  in  the  manner  suggested  by  Stadrler.  (See  Abouatic  Sbbos, 
p.  19i.) 
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Lesimple  {ZeiUekr,  /.  Ciem.  [2]  it.  236)  reoommeiidB  diy  antimony  trichloride  as 
the  best  Tehide  of  chlorine  for  the  preparation  of  these  oompoonds ;  it  dissolves 
easily  in  henaene  with  aid  of  heat,  and  may  afterwards  be  oompletely  removed  by 
hydrochloric  acid. 

KoDOtililorobeiiseBe.  C^^Cl.— 1.  In  preparing  this  oom|ponnd  by  passing 
chlorine  into  benzene  containing  iodine  (iv.  414),  Jnngfleisch  finds  it  advantageous  to 
distil  the  liqnid  from  time  to  time,  in  order  to  wi&draw  the  portion  boiling  above 
ISO^fiom  the  further  action  of  the  chlorine.  The  erode  chlorobensene  (also  con- 
taining iodobenzene)  is  purified  by  alternate  agitation  with  potassium  hydzate  and 
exposure  for  several  days  to  sonshine,  and  finally  by  fractional  distillation. — 2.  The 
same  compound  is  obtained  by  the  action  of  phosphorus  pentachloride  on  phenol 
(ir.  414);  see  also  Gluts  (Ann.  Ch.  Pharm,  czliii.  181 ;  Jahresb,  1867,  p.  607).— 

3.  Together  with  chloride  of  sulphobenzene,  by  the  action  of  chlorine  in  difibsed 
diylight  at  120^-130°,  or  of  phosphorus  pentachloride,  on  sulphobenride  (Otto, 
Ajm.  Ch,  Pharm.  cxzxvi.  154 ;  Otto  a.  Ostrop,  ibid,  cxli.  93) : 

((ra»)«so«   +   a»     =   CTa»ci   +    c^»so«ci 

Bnlphobenzide.  Ohloxoben-  Bulphobeniene 

lene.  chloride. 

(C«H»)«BO*     +     PCl»     =     C«H»C1     +     C«H»SO«a     +     PC1«. 

When  chlorine  acts  on  sulphobenzide  in  direct  sunshine,  part  of  the  chlorobenzene 
producid  takes  up  2  at.  chlorine,  forming  the  crystalline  compound  above  described. — 

4.  By  heating  diazobenzene-platinochloride  with  sodium  carbonate  (Griess,  iv.  432).— 

5.  By  the  action  of  chlorous  anhydride  on  benzene  (Carius,  p.  262). 
Mbnoehlorobenzene  (prepared  by  1)  boils  at  138^,  is  indifferent  to  alcoholic 

potash,  and  is  not  attacked  by  zinc  or  tin,  even  at  140^;  with  an  alloy  of  tin  and 
sodium  it  yields  a  white  pulverulent  body,  soluble  in  alcohol,  and  oonvezted  by  nitric 
add  into  nitrobenzene  and  stannic  oxide  (Jnngfleisch).  According  to  Sokoloff 
(Jakretb.  1865,  p.  517 ;  1866,  p.  551),  the  action  of  phosphorus  pentachloride  on 
phenol  yields  a  compound  (phenyl  chloride)  differing  in  its  properties  from  the 
moDodilorobenzene  obtained  by  tiie  action  of  iodine  chloride  on  benzene;  thus 
phenyl  chloride  has  a  sp.  gr.  of  1*1199  at  ^  and  1*092  at  30^,  and  boils  at  136^ 
(bar.  at  0*767  met.),  whereas  chlorobenzene  has  a  sp.  gr.  of  1*499  at  0^  and  1*1188  at 
30°,  and  boils  at  132*5°.  Moreover,  nitric  acid  acts  more  rapidly  on  the  former  than 
on  the  latter,  though  the  products  of  the  reaction  are  the  same  in  both  cases.  These 
differences  are,  however,  not  of  sufficient  magnitude  to  warrant  the  conclusion  that 
the  monochlorobenzenes  produced  by  the  two  processes  are  merely  isomeric  and  not 
identieaL 

Monochlorobenzene  treated  with  sulphurio  anhydride  is  converted  into  dichloro- 
solphobenzide  and  sulphochlozobenzolic  acid : 

8C^»a  +  2S0»  «  ^^'^^cij    +  C^'CISO*  +  HK) 

Ohloroben-  Dichloxo-  SoIphocUoroben- 

aene.  solpbotenalde.  aolic  add. 

(Otto,  Jn».  Ch.  Pharm,  cxlv.  28). 

Bj  the  gradual  action  of  a  mixture  of  manganese  dioxide  and  diltUe  sulphuric  acid^ 
chlorobenzene  is  converted  into  parachlorobenzoic  acid,  in  the  same  manner  as 
benaene  into  benzoie  add  (p.  261)  : 

CTtt»Br  +   CH«0»  +  O  «  H«0  +  C«H*C1.C0«H 

(Carius,  ZeUsehr.  /.  Chem,  [2]  iv.  505 ;  C.  MiiUer,  ibid.  t.  137). 


C«H*CP  (H.  Muller,  Zdtschr.  /.  Chem,  1864,  p.  401; 
Jungfleisch,  loe.  cii.). — ^This  com^und  is  prepared  by  passing  chlorine  into  a  solution 
of  iodine  in  benzene,  till  the  liquid  paitly  solidifies  in  the  crystalline  state  on  cooling, 
and  again  subjecting  the  liqmd  drained  from  the  crystals  to  the  action  of  chlorine. 
The  oystals  are  washed  with  a  cold-saturated  alcoholic  solution  of  dichlorobenzcnc, 
then  decolorised  by  washing  with  alkaline  water,  and  finally  crystallised  from  alcohol 
or  ether.  It  forms,  especially  after  very  slow  evaporation  of  the  ethereal  solution, 
large  rig^t  rhombic  prisms,  which  melt  at  53^  and  boil  at  171°  (Jungfleisch) ;  172^ 
(Koller).  According  to  Miillor,  it  sublimes  in  closed  vessels,  even  at  ordinary 
temperatures,  in  large  four-sided  prisms.  Sp.  gr.  1'46  at  20°.  Insoluble  in  water, 
easily  soluble  in  alcohol  and  ether,  hot  decomposed  by  sulphuric  acid  or  alcoholic 

Sttaah.    With  faming  nitric  acid  it  forms  two  nitro-compounds,  one  of  which  forms 
stioct  crystals.    In  ethereal  solution   it  is  decomposed  by  sodium  or  sodium- 
amalgam,  without  evolution  of  gas.    The  dichlorobcnzone  which  Griess  obtained  by 
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decomposition  of  the  platinmn  salt  of  diazochlorobenzene  (it.  416)  appean  to  bo 
identical  with  that  just  deecribed.  Another  modification,  melting  below  0^,  and 
distilling  at  175°,  is  formed,  together  with  other  prodncts,  by  the  action  of  alcoholic 
potash  on  the  oily  product  of  the  action  of  chlorine  on  monochlorobensene  in 
sunshine,  apparently  by  abstraction  of  HCl  from  the  oomponnd  CH'Cl .  CI'  (Jung- 
fleisch). 

THehlarobenaenef  OH'Cl',  is  known  in  two  modifications,  one  bung  that  which 
Mitscherlich  obtained  (i.  543)  by  decomposing  the  compound  C*H*C1*  with  alcoholic 
potash.  According  to  Jungfloisch,  the  same  modification  is  formed  by  the  action  of 
iodine  chloride  on  benzene,  and  may  be  separated  from  the  other  products  of  this 
reaction  by  submitting  the  liquid  drained  from  the  ciystals  of  dichlorobenzene  to 
fractional  distillation,  collecting  the  portion  which  boils  above  215°,  and  freeing  it 
from  the  more  easily  crystallisable  products  by  cooling.  The  trichlorobenzene  uixm 
obtained  melts  at  16^  or  17°*  and  boils  at  206°,  whereas  Mitscherlich's  product 
remained  liquid  below  0°  and  boiled  at  210°.  Nevertheless,  Jungfleisch  regards  his 
product  as  identical  with  Mitscherlich*s,  since  the  nitro-compounds  obtained  from  the 
two  are  identical  in  every  respect ;  he  attributes  the  difierent  physical  properties  of 
Mitscherlich's  compound  to  impurities,  inasmuch  as,  in  the  action  of  potash  on  the 
compound  C*H'C1',  other  compounds,  especially  chlorinated  phenols,  are  simultaneously 
produced.  The  same  modification  of  trichlorobenzene  is  found  among  the  products 
obtained  by  decomposing  with  alcoholic  potash  the  oil^  product  of  the  action  of 
chlorine  on  monochlorobenzene,  together  with  another,  which  is  crystalline  at  ordinary 
temperatures,  and  melts  at  60°  (Jungfleisch). 

Tetraclilorobenmene.  CH'Cl^. — Of  this  compound  also  two  modifications  are 
known,  both  crystalline  at  ordinary  temperatures.  One  of  them  is  obtained  by  the 
action  of  chlorine  on  benzene  containing  iodine,  and  separates  on  cooling  from  the 
fraction  of  the  distillate  boiling  above  220°.  For  purification  it  is  washed  with 
potash,  crystallised  from  alcohol,  subjected  to  fractional  distillation,  to  froo  it  from 
the  pentachlorinated  compound,  and  finally  recrystallised.  It  forms  long,  white, 
silky  crystals,  melting  at  139°,  and  boiling  without  decomposition  at  240°.  Insoluble 
in  water,  easily  soluble  in  hot  alcohol  and  in  ether,  not  decomposed  by  sulphuric  acid, 
but  convertible  by  fuming  nitric  acid  into  a  crystalline  nitro>compound  (Jungfleisch). 
This  modification  is  also  obtained,  as  a  secondary  product,  in  the  preparation  of 
trichlorobenzyl  trichloride,  C«H«C1" .  CCl*,  from  trichlorotoluene,  C*H«C1".CH«  (Beil- 
stein  a.  Kidilberg,  2^Uchr,  f.  Chem,  [2]  v.  529).  The  other  modification  is  obtained 
in  considerable  quantity  by  the  action  of  alcoholic  potash  on  the  oil  obtained  by  the 
action  of  chlorine  on  monochlorobenzene  (p.  264) ;  it  passes  over  nearly  pure  between 
245°  and  250°,  and  is  easily  rendered  quite  pure  by  a  few  recrystallisations  from 
alcohol  (Jungfieisch).  The  same  modification  is  obtained  (together  with  other 
chlorobenzenes)  by  the  action  of  alcoholic  potash  on  the  yellow  oil  which  is  formed, 
together  with  hexchlorido  of  monochlorobenzene  (p.  263),  by  the  action  of  chlorine  on 
sulphobenzide.  The  tetrachlorobenzene  is  contained  in  the  portion  of  the  product 
which  on  fractional  distillation  passes  over  between  250°  and  260°  (Otto  a.  Ostrop). 
This  modification  crystallises  in  long,  colourless  nacreous  needles  ;  melts  at  35° ; 
boils  at  253° ;  dissolves  easily  in  boiling,  less  easily  in  cold  alcohol ;  is  soluble  also  in 
ether,  benzene,  chloroform,  and  carbon  bisulphide.  Antimonio  chloride  converts  it 
into  hexchlorobenzene  (Jungfieisch). 

Fentaetalorobensenef  CHCl^,  is  contained  in  that  portion  of  the  liquid  produced 
by  the  action  of  iodine  chloride  on  benzene,  which  distils  at  about  275° ;  it  crystallises 
easily  in  stellate  groups  of  needles,  melting  at  74°,  and  boiling  at  272°  (Jungfieisch). 
The  same  compound,  in  two  modifications,  constitutes  that  portion  of  the  product  of 
the  action  of  alcoholic  potash  on  the  oil  obtained  by  treating  monochlorobenzene 
with  chlorine  (p.  263),  which  passes  over  at  about  270°,  and  in  larger  quantity 
than  any  of  the  other  distillates.  The  crvstalline  mass  thus  obtained  may  bo 
separated  into  the  two  modifications  of  pentacnlorobenzene  by  fusing  it  and  treating 
it  with  boilinff  alcohol,  which  dissolves  the  modification  above  described,  and  leaves 
the  other  in  uie  form  of  powder.  The  first  modification  may  be  obtained  perfectly 
pure  by  recrystallisation  from  alcohol,  and  the  second  f^m  a  mixture  of  alcohol  and 
benzene.  The  latter  crystallises  in  very  slender  silky  crystals,  nearly  insoluble  in 
alcohol  and  in  ether,  soluble  in  benzene  and  in  chloroform.  The  crystals  melt  at 
175°,  if  brought  directly  into  a  bath  heated  to  this  temperature,  but  after  solidification 
they  do  not  fuse  below  198°;  they  melt  also  at  nearly  the  same  temperature  if 
the  heat  of  the  bath  be  slowly  raised  (Jungfleisch,  Jahreth.  1868,  p.  357).  The  same 
modification  is  found  among  the  products  of  the  action  of  alcohobc  potash  on  the  oil 
obtained  by  treating  sulphobenzide  with  chlorine  (Otto  a.  Ostrop ;  see  further,  Otto, 
Zeitschr.  f.  Chan.  [2]  vi.  26).     See  p.  264,  also  Aromatic  Sebiks  (p.  194). 
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According  to  BeiUtein  a.  Kuhlberg  (ZeiUekr.  f,  Chem.  [2]  y.  529),  the  first 
modification  is  likewise  obtained,  in  an  impure  state,  by  passing  cUorine  into 
tetncblorobenzyl  chloride,  C*HC1*.CH*C1,  at  the  boiling  heat.  Both  modifications 
are  oonverted  by  antimonic  chloride  into  hezchlorobenxene. 

IfemeMittroHgnBene,  CH]^*,  is  obtained:  1.  By  pouring  bonsene  on  antimonic 
chloride  and  passing  chlorine  into  the  liquid  as  long  as  it  is  absorbed.  The  antimony 
chloride  is  then  removed  by  hydrochloric  acid,  and  the  hexchlorobensene  is  purified  by 
oystaUisation  or  sublimation  (H.  Muller,  ZeiUehr,  Ch.  Pharm,  1864,  p.  40). — 2.  It  is 
present  in  small  quantity  amongst  the  highest  products  of  the  action  of  alooholic 
potash  on  the  oil  resulting  from  the  action  of  chlorine  on  monochlorobenxene  ( Jung- 
fidach,  p.  263). — 3.  By  the  action  of  phosphorus  pentachloride  on  tetnichloroquinone, 
tetrachlorhydroquinone,  and  trichloroquinone : 

o»aH)«  +  2PCi»  -  c«ci«  +  2Poa»  +  a« 

Tetrachloroqnlnone. 

(?»H«C1K)«  +  2Pa»  «  C«a«  +  2P0C1*  +  2Ha 
TetEadilorfaydroqninone. 

C«Ha»0«  +  2Pa»  =  CCl*  +  2P0C1«  +  HCI  ; 

Tricfaloroquixiono. 

also,  together  with  pentachlorobenzene,  by  the  action  of  phosphorua  pentachloride  on 
triehloraydroquinone  (C.  Giaebe,  .^1»».  Ch,  Pharm.  cxlvi.  1 ;  Jahreab.  1867>  p.  651). — 
4.  Aecoiding  to  Beilstein  a.  Kuhlbeig  (Zeiixhr.f.  Chem,  [2]  t.  183),  it  isUie  ultimate 
product  of  the  action  of  antimonic  chloride,  SbCl^  on  all  chlorotoluenes  and  chloro- 
xylenes.  It  crystallises  in  fine  silky  prismatic  needles  of  a  dazzling  whiteness ;  melts 
at  2*20®;  begins  to  sublime  at  a  lower  temperature;  is  insoluble  in  water,  slightly 
soluble  in  cold  alcohol,  easily  in  boiling  alcohol,  ether,  and  bensene ;  is  with  difficulty 
attacked  by  potash,  not  at  all  by  nitric  acid  (Miiller).  It  is  identical  with  Julin*s 
chloride  of  carbon  produced  by  the  decomposition  of  chloroform  vapour  at  a  bright 
red  heat.  According  to  Berthelot  a.  Jungfleisch  {Zgitschr.f,  Chem,  [2]  iv.  565),  hex- 
chloiobensane  melts  at  226°  and  boils  at  326°  (corr.) ;  Julin's  diloride  of  carbon  melts 
at  226°  and  boils  at  331°  (corr.^.  Both  dissolve  to  very  nearly  the  same  extent  in 
carbon  bisulphide  at  corresponding  temperatures.  Moreover,  the  vapour-density  of 
the  compound  prepared  from  chloroform  was  found  by  Bassett  (Chem.  8oc,  J,  [2]  v. 
243)  to  be  10*06,  and  the  density  calculated  for  the  formula  C*C1'  is  9*87. 

loDOBBMZEKSS. 

Xone-iodobeBsaney  CH^I,  originally  obtained  by  the  action  of  iodine  and 
phosphorus  on  phenol  (Scmgham,  iv.  415),  is  likewise  produced :  a.  In  the  decomposi- 
tion of  iodine-benzoate,  or  in  the  action  of  iodine  chloride  on  sodium  benzoate 
(Sehntsenberger,  Compt.  rend.  lii.  963).  See  Benzoatrs. — /3.  By  heating  benzene  for 
some  time  with  iodic  acid,  or  with  potassium  iodate  and  sulphuric  acid  HPeltzer,  AfM. 
Ch.  Pharm.  cxxxv.  194). — 7.  By  the  action  of  hydriodic  acid  on  diazobenzene : 
OH<N«  +  HI  «  C«H»I  +  N«  (Griess).— ^.  By  the  action  of  iodine  and  iodic  acid  on 
benzene.  A  mixture  of  20  grms.  benzeno,  15  grms.  iodine,  and  10  grms.  iodic  acid  is 
heated  in  sealed  tubes  to  200°-240°,  tho  tubes  being  opened  from  time  to  time  to  give 
vent  to  carbon  dioxide  resulting  from  a  secondary  action.  The  product  is  distilled, 
either  immediately  or  after  washing  with  water  and  alkali,  the  mono-iodobenzene  then 
passing  over  between  180^  and  190°,  while  di-,  and  sometimes  also  tri-iodobenzene 
remains  behind  (Kekul^,  Ann,  Ch.  Pharm.  cxxxvii.  157).    ■ 

Hono-iodobenzene,  when  purified  by  repeated  rectification,  is  a  colourless  liquid, 
insoluble  in  water,  smelling  like  benzene  and  phenol.  It  does  not  solidify  at  — 18° ; 
boils  at  185° ;  has  a  sp.  gr.  of  1*69  (Schiitzenberger)  1'833  at  15°  (KekuU).  By 
sodium-amalgam  and  water  it  is  easily  reoonverteid  into  benzene,  also  by  aqueous 
hydriodic  acid  at  250°.  It  is  not  decomposed  by  solid  potassium  hydrate,  or  by  the 
ateoholic  solution  of  potash  or  ammonia  (Kekul6). 

]|ft-iodob«iiaieBe«  C*H*I*,  is  likewise  produced  in  the  decomposition  of  iodine- 
benaoate  by  heat  TSchntzenbergor),  and  by  the  action  of  iodine  and  iodic  acid  on 
mono-iodobenzene  (or  the  crude  product  of  its  preparation).  On  distilling  the  washed 
product,  liquid  mono-iodobenzene  passes  over  first,  while  the  following  czystallisable 
pjTtion  contains  di-  and  tri-iodobenzene  (the  former  greatly  predominating)  which 
may  be  separated,  though  with  difficulty,  by  crystallisation  from  alcohol  (Kekul^). 

Di-iodobcnzene  forms  white  nacreous  laminsa  resembling  naphthalene,  melting  at 
122°  (Sch-),  at  127°  (B«),  boiling  at  250°  (Sch.),  at  277  (corr.  285°)  (KekuW),  and 
BoblimiDg  at  comparatively  low  temperatures. 

TM->ftodobenBeae»  C^H'P,  forms  small  needles,  melting  at  76°  and  subliming 
without  decomposition  (Eckul^). 
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aiononltrobenxene.  CH'(NO>).— Schiff  (i^n.  Ch,  Pharm.C3dY.  201)  has  found 
this  compound  amongst  the  productB  of  the  action  of  strong  nitric  add  on  turpentine- 
oil.  These  products  evaporated  at  a  gentle  heat,  mixed  with  sand  and  distilled,  yield 
a  strongly  acid  watery  liquid,  and  a  brown  oil  containing  nitrobenzene. 

Nitrobenzene  is  prepared  on  the  large  scale,  for  the  manufacture  of  aniline,  by 
treating  benzene,  either  with  a  mixture  of  sodium  nitrate  and  sulphuric  acid,  or  with  a 
mixture  of  ordinary  nitric  acid  of  sp.  gr.  1*3  and  strong  sulphuric  acid.  The  apparatus 
used  consists  of  large  cast-iron  pots  provided  with  stirrera.  (See  Perkin's  '  Lectures  on 
Aniline  Colours,'  Journal  of  the  Society  of  ArU.) 

Beactions. — Nitrobenzene  is  converted,  by  oxidation  with  potassium  dichromate  and 
sulphuric  acid,  into  nitrophenoic  acid,  C*H'(NO")0*  (Church,  iv.  888). 

Most  of  the  reagents  employed  for  the  reduction  of  nitrobenzene  to  aniline  are 
mentioned  under  Phbkyulmimb  (iv.  420).  The  reduction,  may  alao  be  effected  by 
heating  with  carbon  bisulphide  to  160^  (Schlagdenhauffen,  J.  Pharm.  [31  zxxiy.  176); 
by  heating  it  to  104<)  with  hydriodic  acid  of  sp.  gr.  1*44  (E.  J.  Mills,  Jakresb.  1864,  p. 
625) ;  and  by  means  of  tin  and  hydrochloric  acid,  operating,  however,  only  with  small 
quantities,  as  the  reaction  is  very  violent  (Scheurer-Kestner,  Rip,  Chim,  app.  iv.  121). 

Heated  in  sealed  tubes  with  hydrobromic  acid  to  186^-190^,  nitrobenzene  yields 
mono-  and  di-bromaniline.  The  reduction  takes  place  in  the  same  way  as  with 
hydriodic  acid,  viz., 

C«H»NO*  +  6HBr  =  C«H»NH«  +  3Br«  +  2H«0, 

the  difference  in  the  products  arising  merely  from  the  circumstance  that  bromine 
exerts  a  substituting  action  upon  aniline  salts,  whereas  iodine  does  not  (H.  Baum- 
hauer,  Zeitechr^f  Chem,  [21  v.  1981  With  hydrochloric  aoid  in  like  manner  to  246^ 
it  yields  dichloraniline,  witn  a  small  quantity  of  aniline  ^Baumhauer,  ibid,  vL  8). 

With  iron-JUinys  and  hydrochloric  acid  nitrobenzene  yields  a  red  colouring  matter 
called  e ry throb  enzin  (F.  Laurent  a.  J.  Castlehaz,  Jahresb,  1862,  p.  698). 

Nitrobenzene  in  alcoholic  solution  is  reduced  hy  eodiumromalyam  to  azoxyben- 
zene,  C'*H**NK),  or,  if  the  sodium-amalgam  is  in  excess,  into  azobenzene,  C"H**N*, 
which  by  further  action  is  converted  into  hydra zobenzene,  C'^^'N'.  Exactly  the 
same  reactions  are  produced  by  zinc-dust  in  presence  of  a  small  quantity  of  potash  or 
soda  (Alexeyeff,  Btdl,  8oc,  Chim,  [2]  i.  824;  Zeitschr.f.  Chem.  [8]  iii.  88). 

Nitrobenzene  dissolved  in  dilute  alcohol  and  boiled  with  8  moL  ammonium  etdphite 
is  converted  into  disulphanilic  acid,  CH^'NSH)*  (Carius,  Jahretb,  1861,  p.  684): 

C«H»NO«  +  8(NH*)«S0»  «  C^"NS«0«  +  (NH*)»SO«  +  H«0  +  2NH». 

Bi-DiirobeiiBeiiet  C'H*(NO')*,  is  reduced  by  iron  and  acetic  acid  to  phenylene- 
diamine,  C*H'N'  (Hofinann,  Proc,  Boy.  Soc.  xi.  618).  A  mixture  of  dinitrobenzene 
(1  mol.^  and  metallic  tin  (6  at)  dissolves  rapidly  in  strong  hydrochloric  acid,  forming 
a  liquia  which  on  evaporation  deposits  a  double  salt  of  phenylene-diamine  hydro- 
chloride with  stannous  chloride,  C'H'N*.2HCl.2SnCl%  in  needles  having  a  silky 
lustre  (K.  Gerdemann,  Jahreab.  1865,  p.  412). 

In  ttxe  reduction  of  nitro-compounds  by  tin  and  hydrochloric  acid,  it  is  to  be 
observed :  (1)  that  the  reaction  does  not  necessarily  stop  at  the  formation  of  stannous 
chloride,  but  may  proceed  to  the  formation  of  stannic  chloride^  inasmuch  as  many 
nitro-compounds  are  reduced  by  stannous  chloride  (nitrobenzene,  for  example,  with 
violence) ;  and  (2)  that  the  result  depends  also  upon  the  nature  of  the  solvent  and  the 
solubility  therein  of  the  nitro-oompound  and  of  any  possible  intermediate  product  of 
reduction.  Thus  when  di-nitrobenzene  is  treated  with  tin  and  ajueous  hydrochloric 
acid,  in  which  it  is  insoluble,  whereas  the  intermediate  product  of  reduction  (para- 
nitraniline)  is  soluble,  then  even  if  the  nitro-comix>und  is  in  excess,  the  final  product, 
paraphenylene-diamine,  is  formed,  chiefly  or  exclusively,  together  with  stannic  diloride, 
and  the  excess  of  dinitrobenzene  remains  unattacked,  because  the  soluble  intermediate 
product  formed  in  the  first  instance  is  exposed  to  the  full  action  of  the  reducing  agent. 
6ut  if  an  alcoholic  solution  of  dinitrobenzene  is  used,  and  the  tin  added  in  the 
quantity  required  for  the  formation  of  stannic  chloride,  then  on  passing  hydrochloric 
acid  gas  into  the  liquid,  only  paranitraniline  is  produced  (Kekul^  ZeUeckr.f  Chem. 
[2]  ii.  696). 

VitrolnromolMnxeiiM.    The  compounds  C*HXNO<)Br  and  C*H*(NO*)Br>  have 
been  already  described  (iv.  416).  • 

Binitrobromobenztncy  C*H'(NO')*Br,  produced  by  heating  monobromobenzone 
with  a  mixture  of  fuming  nitric  acid  and  sulphuric  acid,  crystaUiBes  in  huge  yellow 
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transparent  prifims,  melting  at  72°,  soluble  in  boiling  alcohol  (Koknld,  Ann.  Ch, 
Pharm,  cxzzyii.  129). 

Nitroiribromobeneene,  C*H*(NO*)Bp',  obtained  by  treating  tribromobenzene 
with  imning  nitric  acid,  piecipitating  with  water,  and  crystallising  from  hot  alcohol, 
forms  long  yellow  needles,  sparingly  soluble  in  cold,  easily  soluble  in  hot  alcohol, 
also  in  ether,  benzene,  and  carbon  bisulphide  (A.  Mayer,  Ann.  Ch.  Pkarm.  cxxxvii.  219). 

Dinitrotribromobenseney  OH(N0')'Br',  is  produced  (together  with  a  little 
bromopicrin)  by  heating  the  preceding  compound  with  a  mixture  of  fuming  sulphuric 
and  nitric  acids.  It  dissolves  easily  in  hot  alcohol,  ether,  benzene,  and  carbon  bisid- 
phide,  and  crystallises  from  the  latter  in  yellowish  scales  melting  at  125°  (Mayer,  loc. 
eit,). 

Nitrotetrabromobensene,  C*H(NO*)Br*,  produced  by  the  action  of  fuming 
nitric  add  on  tetrabromobenzene,  is  white,  crystalline,  melts  at  88°,  sublimes  in  flocks, 
and  dissolves  sparingly  in  cold,  more  freely  in  hot  alcohol  and  ether  (Riche  a.  Birard ; 
Mayer). 

MItroClilarobeiiBeBes.  Nitroehlorobemene,  C*H\N0')C1,  has  been  already 
described  (i.  416)  as  a  crystalline  body  produced  by  treating  monochlorobenzene  with 
fuming  nitric  acid.  According  to  Sokoloff  (Jahresb.  1866,  p.  551)  and  Lesimple 
{^ZeUtekr.  /.  Chem.  [2]  iv.  225),  an  oily  modification  of  the  compound  is  formed  at  the 
same  time. 

NitrodichlorobenrenCt  C*H'(N0*)C1',  produced  by  treating  dichlorobenzeno 
with  fuming  nitric  acid,  crystallises  from  alcohol  in  thin  plates,  insoluble  in  water, 
slightly  soluble  in  cold  alcohol,  more  freely  in  ether,  benzene,  and  hot  alcohoL  Melts 
at  55°,  distils  without  decomposition  when  strongly  heated,  and  smells  like  cinnamon. 
An  oily  modification  appears  to  be  formed  simultaneously  with  this  crystalline  body 
(Lesimple,  Zeiisckr.f.  Chem.  [2]  iv.  226 ;  see  also  Jungfleisch,  BuU.  8oc.  Chim.  [2]  It. 
241). 

Nitrotriehlorobenzenet  (XH'(NO')Gl',  produced  by  the  action  of  fuming 
nitric  add  at  the  boiling  heat  on  trichlorobenzene,  crystallises  in  colourless  needles 
melting  below  100°.  It  boils  without  decomposition  at  273*5°,  is  insoluble  in  water, 
slightly  soluble  in  cold  alcohol,  freely  in  boiling  alcohol,  ether,  and  benzene.  Treated 
in  alcoholic  solution  with  zinc  and  hydrochloric  add,  it  is  converted  into  tridiloraniline 
(Lesimple,  BtiU.  Soe.  Chim,  [2]  vi.  161). 

Nitroteirdehlorobenzene^  C'H(N0')C1\  is  a  crystallisable  compound,  formed 
by  heating  tetrachlorobenzene  with  fuming  nitric  acid  (Jungfleisch),  or  by  repeated 
treatment  with  a  mixture  of  fuming  nitric  and  sulphuric  adds,  and  even  then  with 
difficulty.  Crystallises  from  hot  alcohol  in  needles,  absolutely  insoluble  in  water,  and 
Tm  sparingly  soluble  in  most  alcoholic  solvents.  Melts  at  75°-78°,  solidifies  at  62°, 
and  distils  at  about  300°  (Lesimple).* 

Mltro-iodo1>eiixeiie«  C*HXNO')I,  is  known  in  two  modifications :  the  one,  pro- 
duced by  the  action  of  iodine  monochlorideon  sodium  nitrobenzoate,  is  a  vellow  liquid 
having  a  distinct  odour  of  bitter  almonds,  and  boiling  at  about  290°  (Schiitzenberger 
a.  Segenwald,  Rep.  Chim.puret  1862,  p.  144).  The  other,  produced  by  the  action  of 
fuming  nitric  acid  on  mono-iodobenzene,  crystallises  in  beautiful  pale  yellow  needles, 
melting  at  171^t  and  subliming  without  decomposition  (Kekui^,  Ann.  Ch.  Pharm. 
cxxxvii.  129). 

COICFOTJXDS  FOBHED   BY  RBDUCnON  OF  THE  NrTltOBBNZBMBS. 

Respecting  amidobenzene,  CH*(NH*),  diamidobenzene,  CH*(NH')*,  and 
their  oerivatives,  see  Phsntiamuvbs  and  PHBimjfiirB-DTAMiNBS  (iv.  419-484) ;  also  the 
same  artides  and  Aniltitb  in  this  volume. 

Thediazobenzenes  and  diazo-amidobenzenes  are  described  under  Azo- 
TPBMKYJJkMnrEB  and  AzoDiPHBNTL-DiAMnrES  (iv.  430,  459). 

Axobenaene*  C"H*"N'. — This  compound  is  formed  by  the  action  of  sodium- 
amalgam  on  an  alcoholic  solution  of  nitrobenzene  acidulated  with  acetic  acid  (Werigo, 
Ann.  Ch.  Pharm.  cxxxv.  176).  According  to  Alexejeff  (Zeitschr.f.  Chem.  [2]  iii.  83), 
the  product  of  this  reaction  is  azoxybenzene  or  azobenzene,  accordingly  as  the  nitro- 
benzene or  the  sodium-amalgam  is  in  excess ;  in  the  latter  cases  the  azobenzene  is 
converted,  by  prolonged  action  of  the  sodium-amalgam,  into  hydrazobenzene,  C»*H"N*. 
Exactly  the  same  effects  are  produced  by  zinc-dust,  with  addition  of  a  small  quantity 
of  potash  or  soda  (Alexejeff,  ZeUachr.  /.  Chem.  [2]  iv.  497). 

•  Further  details  on  Hm  nitrochlorobenxenes,  according  to  the  latest  investigation  of  Jungfleiach, 
will  be  given  ootler  K. 
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Azobenzene  is  also  jproduced,  together  with  azoxybenzene  and  hydrazobenzenc,  by 
oxidation  of  aniline  with  solution  of  potassium  permanganate.  Manganic  oxide  is 
thereby  separated,  carrying  down  with  it  the  greater  part  of  the  azoHX>mpounds  pro- 
duced. The  precipitate  washed  with  cold  water  yields,  on  distillation  in  the  wator- 
bath,  red  drops  of  azobenzene  which  solidify  on  cooling.  The  azobenzene  may  also 
be  extracted  from  the  precipitate  by  hot  alcohol ;  the  mother-liquor,  from  the  first  cry- 
stallisation of  the  azobenzene,  often  yields  lighter-coloured  needles  of  azoxybenzene ; 
and  on  distilling  the  crude  product,  quadratic  laminae  were  once  obserred,  which  exhi- 
bited the  reactions  of  hydrazobenzene.  The  formation  of  azobenzene  from  aniline  is 
represented  by  the  equation 

2C»H'N  +  0»  =  C"H»»N»  +  2H»0 

(E.  Glaser,  Ann.  Ch.  Pharm.  cxlii.  364).  Kespectiug  the  constitution  of  these  bodies, 
and  their  relation  to  nitrobenzene  and  aniline,  see  Abomatic  Sbbibs  (pp.  208-210). 

In  the  action  of  reducing  agents  on  azobenzene,  the  latter  is  in  the  first  instance 
converted  into  hydrazobenzene,  afterwards  into  the  isomeric  and  more  stable  compound 
benzidine  (Hofmann,  Proc.  Roy.  Soc.  xii.  676). 

A  mixture  of  1  mol.  azobenzene  with  2  mols.  anUine  hydrochloride  heated  to  170^- 
230^  in  closed  vessels,  yields  a  blue  and  a  violet  colouring  matter.  1  mol.  azobenzene 
and  1  mol.  toluidine  hydrochloride  yield,  in  like  manner,  violet  and  blue  substances, 
together  with  a  small  quantity  of  a  product  having  a  fine  ruby  colour  (Stadeler,  J.  pr. 
Chem.  xcvi.  65 ;  Jahresh.  1865,  p.  409). 

Azobenzene  unites  directly  with  2  at.  bromine^  forming  the  compound  C"H"N*Br*, 
which  is  slightly  soluble  in  alcohol  and  other,  and  crystallises  in  golden-yellow  needles 
melting  at  205^,  and  subliming  in  large  iridescent  needles.  This  compound  is 
isomeric  with  dibromobenzidine.  It  dissolves  in  hot  strong  sulphuric  acid,  and  is 
converted  by  fuming  nitric  acid  into  the  compound  C"H*(NO^)N'Bi'  melting  at 
150°  (Werigo,  Ann.  Ch.  Pharm.  cxxxv.  176). 

Azobenzene  heated  with  strong  hydrobromic  acid  is  converted  into  a  white  crystal- 
line body,  forming  with  water  a  solution  from  which  sodium  hydrate  throws  down  an 
oil,  quickly  solidifying  in  the  crystalline  form  (Werigo,  Zeiuchr.  f.  Chem.  [2]  iv. 
210). 

Azobenzene-sulphurie  acid,  G'*H**N'SO',  is  produced  by  heating  azobenzene  with 
fuming  sulphuric  add  to  150°.  It  forms  yellow  crystals  or  rod  scales,  and  yields 
crystallisable  salts.  The  silver  salt  contains  C"H"AgN*SO*  (Oriess,  Ann.  Ch.  Pharm. 
cxviii.  89). 

Amidasobbnzknb  or  Amidodiphemtlimidb.  C"H"N*  =  C"H»(NH*)N» 
(Martins  a.  Griess,  ZeiUchr.f.  Chem.  [2]  i.  132 ;  G.  A.  Schmidt,  ibid.  v.  417).— Pro- 
duced :  1.  By  oxidation  of  aniline : 

SOH'N  +  0»  «  C"H»>N«  +  C«HH)  +  2H*0. 
Aniline.  Amidazo-        Phenol. 

benaene. 

a  When  nitrous  acid  gas  is  passed  into  a  gently  warmed  solution  of  aniline  in  3 
pts.  alcohol,*  till  the  liquid  acquires  a  deep  red  colour,  and  moderately  strong  hydro- 
chloric add  is  then  added  in  excess,  a  thick  brown-red  pulp  is  produced,  from  which, 
after  it  has  been  freed  by  pressure  from  the  mother-liquor  and  washed  with  weak 
spirit,  hot  water  extracts  hydrochloride  of  amidazobenzene,  and  from  this  the  base  may 
be  precipitated  by  ammonia. — fi.  It  may  also  be  prepared  by  heating  a  mixture  of  1  pt. 
aniline  nitrate,  3  pts.  sodium  stannate,  and  10  pts.  water  to  100°,  gradually  adding 
soda-ley  till  a  sample  is  coloured  deep-red  by  hydrochloric  acid,  then  supersaturating 
in  the  cold  with  hydrochloric  acid,  digesting  the  separated  red-brown  resin  with  soda- 
ley,  dissolving  it  m  hot  water  containing  hydrochloric  acid,  and  precipitating  with 
ammonia  (Martins  a.  Griess). 

2.  Amiaazobenzene  is  produced,  together  with  amidazoxybenzene,  by  reduction  of 
mononitro-azoxybenzene.     The  reaction  appears  to  take  place  as  shown  by  the 
equation : 
3C'»H»(N0«)K«0  +  llH^S  =  2C"H»(NH«)N«  +  C»2H»(NH«)N«0  +  8H«0  +  S". 

1  pt.  of  this  nitro-compound  is  heated  to  boiling  with  10  pts.  of  strong  alcohol,  and 
gradually  mixed,  while  the  boiling  is  continued,  with  a  conc«^ntrated  alcoholic  solution 
of  ammonium  sulphide,  in  small  portions  (2-3  cc),  each  being  added  only  after  the 
odour  of  the  former  portion  has  disappeared,  and  the  process  continued  till  all  the 
nitroazoxybenzene  is  dissolved,  and  a  sample  taken  out  of  the  liquid  no  longer  cry- 
stallises on  cooling.     (If  the  ammonium  sulphide  were  added  more  quickly,  a  further 

*  In  a  cold  Bolation  the  only  imxlnct  is  diazoamidobenzGne  (iv.  409). 
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ndnction  would  take  place,  resulting  in  the  formation  of  aniline  and  pamphenylene- 
diamine.)  The  liquid  decanted  from  the  separated  sulphur,  freed  from  the  greater 
part  of  uie  alcohol  by  distillation,  and  mixed  with  water,  deposits  a  yellow  lamino- 
crystalline  mixture  of  amidazobenxeneand  amidaaoxybenzene,  which  may  be  separated 
by  the  different  solubilities  of  their  hydrochlorides  in  dilute  alcohol.  The  crude  pro- 
duct drenched  with  weak  spirit  and  excess  of  hydrochloric  acid,  yields  a  red-brown 
crystalline  pulp,  the  greater  part  of  which  remains  undissolyed  when  heated  to  the 
boiling  points  The  whole  filtered  at  the  boiling  heat  yields  a  dark-red  filtrate,  which 
on  cooling  first  deposits  a  small  quantity  of  amidasobenzene  hydrochloride  in  charac- 
teristic steel-blue  needles ;  and  if  the  solution  be  again  filtered  at  the  boiling  heat, 
the  filtrate  yields  almost  pure  amidasoxybenzene  hydrochloride  in  rose- 
coloured  laminar  crystals.  The  united  residues  on  the  filters,  repeatedly  boiled  with 
weak  spirit  containing  hydrochloric  acid,  then  crystallised  from  acidulated  spirit  of 
50  p.  c,  or  from  veiy  dilute  aqueous  hydrochloric  acid,  yield  pure  amidazobenzene 
hydrochloride  in  laminse  or  needles  baring  a  dark  yiolet-blue  colour  and  metallic 
lustre.  They  are  decomposed  even  by  pure  water,  more  readily  by  ammonia,  yielding 
the  free  base  (Schmidt). 

3.  By  the  action  of  aniline  and  its  salts — most  readily  with  the  hydrochloride — on 
the  isomeric  compound  diazo-amidobenzene,  a  small  quantity  of  the  aniline  salt 
sufficing,  as  alreaay  explained  under  Abokatic  Sbjubs  (p.  209),  for  the  conversion  of 
a  large  quantity  of  diazo-amidobenzene.  Hence  this  transformation  takes  place  to 
a  certain  extent  in  the  preparation  and  in  all  the  decompositions  of  diazo-amido- 
benzene, inasmuch  as  in  these  reactions  aniline  is  always  set  free.  Amidazobenzene 
is  also  found  amongst  the  products  of  the  action  of  bromine  on  aniline  (Kekul^, 
ZeUackr,/.  Ckem,  12]  i.  687,  %%^\  Jahreah,  1866,  pp.  429,  467). 

Propertin  and  aeactioiu. — A midazobenzene  is  but  very  slightly  soluble  in  water, 
eren  at  the  bcnting  heat ;  it  dissolves  more  freely  in  ether  and  in  hot  alcohol,  and 
crystallises  from  the  latter  in  yellow  rhombic  needles  or  prisms  of  about  49^  20', 
having  their  acute  lateral  edges  perpendicularly  truncated  by  broad  faces.  It  melts 
U  lao^'  (Martins  a.  Griess),  at  127*4^  (Schmidt),*  solidifies  at  120'^  and  distils  without 
decomposition  at  a  temperature  above  the  boiling  point  of  mercury. 

A midaTobcpzene  heated  with  tin  and  hydrochloric  acid  is  resolved  into  aniline  and 
paraphenylene-diamine : 

C»«H"N»  +  H*  =  C«H»N  +  C^»N«. 

It  is  nearly  related  to  diphenine  or  diamidazobenzene,  CH'(KH^)'N*,  and,  like  that 
compound,  yields  with  manganese  dioxide  and  sulphuric  acid  a  large  quantity  of 
qninone,  and  with  aniline-nitrate  a  blue  colouring  matter. 

With  acids  amidazobenzene  forms  well-defined  salts,  most  of  which  crystalliso 
eanly ;  they  are  decomposed  by  water,  and  their  slightly  add  solutions  have  a  fine 
oochineal-red  colour.  It  is  a  mono-add  base,  its  hydrochloride  being  C"H"N'.HC1 ; 
the  pladnochloride,  a  red-brown  crystalline  precipitate,  2(C»«H"NMIC1)RCI*;  the 
solphate  (Ci'HUN*)* .  H^SO*,  &c  The  alcoholic  solution  of  the  base  mixKl  with  silver 
uiiraie  yields  the  compound  (CH"N')'.AgHO,  which  crystallises  in  golden-yellow 


Wool  and  silk  are  coloured  deep  lemon-yellow  by  slightly  acid  solutions  of  amidazo- 
benxene ;  the  picrate  dyes  wool  a  fine  cochineal  red ;  but  the  colours  are  very  fugitive. 
The  oxalate  of  amidazobenzene  constitutes  aniline  yellow  (p.  169). 

The  alcoholic  solution  of  the  base  kept  in  contact  for  some  time,  at  ordinary  tem- 
pefattnreB,  with  ethyl  iodide  yields  a  crystalline  hydriodide  of  ethyl-amidazobemene, 
C«^H»^C«H»)N».HL 

Htdbazobxnzbnb.  C"H>*N>  (Hofmann,  Proc.  Roy.  8oc.  xii.  176).— This 
neutral  body,  isomeric  with  benzidine  (which  is  basic),  is  the  first  product  of  hydrogen 
tmlphide  and  other  redudng  agents  on  azobenzene,  being  in  some  cases  sul^e- 
queDtlj  converted  into  benzidine.  It  is  prepared  by  passing  a  stream  of  hydrogen 
nlphide  into  a  solution  of  azobenzene  in  alcoholic  ammonia,  whereupon  the  yellowish- 
red  Ijqaid  quickly  loses  it  colour,  and  on  adding  water  hydrazobenzene  is  thrown 
down  na  a  crystalline  precipitate,  which  may  be  punfied  by  two  or  three  crystallisations 
fnmi  alcohol  (Hofmann).  According  to  Glaser,  it  is  sometimes  found  amongst  the 
pirodiicta  of  the  oxidation  of  aniline  by  potassium  permanganate. 

HydraEobenzene  crystallises  in  well-defined  lamins,  slightly  soluble  in  water, 
moderately  soluble  in  alcohol  and  ether.  It  is  not  dissolved  by  acetic  acid,  but  the 
Wronger  acids,  such  as  hydrochloric  and  sulphuric,  convert  it  into  benzidine,  and  then 

•  Scbznidt  focnd  Che  aame  melting  point  with  amidaaEObeiuone  prepared  by  tho  method  of  Maitius 


272  BENZENE    (AZOXY-). 

difisolye  it.  It  melts  at  131°  (benzidine  at  118^),  and  ia  reflolyed  by  distillation  into 
azobenzene  and  aniline  :  2C'«H'«N«  «  C"H"N«  +  2C«H'N.  Hydrazobenzene  is 
also  reconyerted  into  azobenzene  by  oxidising  agents,  as  nitrous  acid,  chlorine,  bromine, 
iodine,  potassium  chromate,  and  potassium  permanganate.  The  same  transformation 
takes  place  when  hydrasobenzene  is  simply  moistened  with  alcohol,  and  exposed  to 
the  air.    Benzidine  does  not  undergo  this  change  (HofinannV 

Azobenzene-sulphuric  acid  treated  with  hydrogen  sulphide  yields  a  sulpho-acid  of 
hydrazobenzene  (Griess). 


C'^H**N*0. — ^Formed  by  the  action  of  sodium-amalgam,  not  in 
excess,  and  of  ammonium  sulphide,  on  nitrobenzene  in  alcoholic  solution,  and,  together 
with  azobenzene,  by  oxidation  of  aniline  with  potassium  permanganate  (p.  269). 
PrMtaration  (i.  479). — ^By  prolonged  action  of  reducing  agents  it  is  conyertod  into 
hy(Lrazobenzene.  Dichlorazoxybenzene  treated  in  like  manner  is  conyerted  into 
dichlorhydiazobenzene  (Alexejeff). 

Azoxybenzene  heated  with  strong  hydrobrofnic  acid  to  250^  in  sealed  tubes  dissolyes 
in  it  and  forms  dibromaniline,  according  to  the  equation 

C"H"N«0  +  4HBr  -  2C«H»Br«N  +  HK)  +  fl«. 

Other  products  are  formed  at  the  same  time,  but  in  ycry  small  quantity,  when  a 
considerable  excess  of  hydrobromic  acid  is  present  (Sendzink,  Zeitschr.  f.  Ckem.  [2] 
yi.  266). 

AmidaeoxybeMene.  C'«H"N"0  -  C"H»(NH«)N«0  (G.  A.  Schmidt,  Zritwkr,  /. 
Chem,  [2]  y.  419). — ^Produced,  together  with  amidazobenzene,  by  the  action  of 
ammonium  sulphide  on  nitro-azoxybenzene  in  alcoholic  solution.  The  crude  hydro- 
chloride of  amidazoxybenzene,  crystallising,  as  aboye  mentioned  (p.  270),  in  rose- 
coloured  laminae,  cannot  be  freed  by  reczystallisation  from  obstinately  adhering  traces 
of  amidoazobenzene  hydrochloride ;  but  it  is  easily  purified  by  dissolying  it  in  the 
smallest  possible  quantity  of  hot  water  acidulated  with  hydrochloric  acid,  and  agitating 
it  for  a  few  seconos  with  a  little  granulated  tin  till  it  is  decolorised.  The  solution 
quickly  decanted  from  the  excess  of  tin  (to  preyent  further  reduction)  deposits  on 
cooling  pure  amidazoxybenzene  hydrochloride  in  colourless  silyexy  laminae.  From 
this  salt  the  base  may  be  separated  by  ammonia,  and  after  one  or  two  crystallisations 
from  weak  spirit,  it  is  easily  obtained  in  large  tabular  brittle  crjrstals  of  a  somewhat 
paler  yellow  colour  than  amidazobenzene.  It  is  nearly  insoluble  in  cold  water,  slightly 
soluble  in  boiling  water,  easily  in  strong  alcohol,  ether,  and  benzene.  It  melts  at 
138*5°,  and  begins  to  decompose  at  about  200^,  giying  off  nitrogen  gas,  yielding  a 
brown  oily  distillate  containing  water,  aniline,  and  amidazobenzene,  and  leayinga  small 
quantity  of  loose  spongy  charcoal.  It  does  not  appear  to  be  conyerted  into  amidazo- 
benzene by  the  action  of  reducing  agents :  ammonium  sulphide  does  not  act  upon 
it,  and  by  tin  and  hydrochloric  acid  it  is  reduced  to  anuine  and  paraphenylene- 
diamine. 

The  salts  of  amidazoxybenzene  are  colourless,  well  crystallised,  and  mostly  sparingly 
soluble,  especially  the  sulphate.  The  h^rochloride,  C"H"N'0 .  HCl,  cryst^dlises  in 
silvery  laminae ;  gi yes  off  hydrochloric  acid  when  heated,  eyen  at  100° ;  and,  like  the 
corresponding  amidazobenzene  salt,  is  decomposed  by  water,  with  yellow  coloration. 
It  dissolyes  sparingly  in  cold,  yery  dilute  hydrochloric  acid,  much  more  easily  at  the 
boiling  heat,  still  more  easily  in  acidulated  alcohol.  Its  solution  giyes  with  plaHnic 
chloride  a  yellow  indistinctly  crystalline  precipitate  of  the  platino-chloride 
2(C"H"N*0.HCl).FtCl«,  slightly  soluble  in  water  and  in  alcohoL  aUver  mirate 
added  to  the  alcoholic  solution  of  the  base  forms  a  precipitate  consisting  of  long, 
slender,  straw-yellow  needles. 

Trinitro-azoxybenzene.  C'«H'(NO«)«NH)  (G.  A.  Schmidt,  Zeitsckr.  f.  Ckem. 
[2]  y.  421). — Produced  b^  treating  azoxybenzene  with  a  mixture  of  strong  nitric  and 
sulphuric  adds  (with  nitric  acid  alone  only  the  two  modifications  of  mononitro- 
azoxybenzene  are  formed :  i.  479).  20  grms.  of  azoxybenzene  are  heated  in  a  flask 
with  a  mixture  of  200  grms.  nitric  acid  (sp.  gr.  1*50)  and  100  grms.  sulphuric  acid 
(sp.  gr.  1*80).  It  then  dissolyes,  with  considerable  rise  of  temperature,  but  without 
emission  of  red  fumes,  and  the  solution,  if  immediately  poured  into  water,  yields  a 
light  yellow  crystalline  mass,  caked  together  by  a  resinous  substance.  To  remoye  the 
latter,  the  mass  is  triturated  with  a  little  water,  washed  on  a  filter,  dried,  and  repeatedly 
exhausted  with  ether,  till  it  no  longer  colours  that  liquid  yellow  (Schmidt!  It  is 
also  formed  by  the  action  of  strong  nitric  acid  at  the  boiling  heat  on  azobenzene, 
another  body,  probably  trinitrazobenzene,  being  formed  at  the  same  time  (Petrieff, 
ibid.  yi.  264). 

Tiinitrazoxybenzene  thus  prepared  is  an  indistinctly  crystalline  yellow  powder,  yery 
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nnch  resembling  the  mononitiated  compound  in  appearance.  It  is  insoluble  in  water, 
disaolTes  very  sparingly  in  alcohol  and  ether,  easily  in  bensene,  but  is  best  crystallised 
from  nitric  acid  (sp.  gr.  1*38))  in  which  it  dissolres  somewhat  freely  at  the  boiling 
heat,  and  separates  on  cooling  in  needle-shaped  crystals  recognisable  by  the  naked  eye, 
and  looking  in  the  mass  Yeiy  much  like  flowers  of  sulphur.  It  melts  at  152^,  solidifies 
in  the  crystalline  form  at  140^,  and  detonates  with  some  violence  at  a  stronger  heat, 
leBving  a  small  quantity  of  chazcoal.  When  carefully  heated  above  its  melting  point 
it  does  not  oystallise  again  on  cooling,  but  solidifies  to  a  transparent  yellow  glass, 
which  if  again  heated  nearly  to  its  melting  point  suddenly  becomes  crystalline :  the 
fonnula  of  this  glassy  substance  is  C"H'N*0'. 

The  resinous  substance  dissolved  by  the  ether,  and  forming  about  a  sixth  of  the 
crude  product,  probably  contains  dinitrthazoxybenzene,  or  bodies  isomeric  therewith. 

StJI«PBO  DE&IVAITVBS  OP  BeNZBNS. 

Bettsmie-MiWuunlde  or  SnliAiobenxolamlde,  G«H*NSO>  «  C*H* .  SO*(NH<), 
was  obtained  by  Stenhouse  by  heating  ammonium  benzene-sulphate  to  200°  (v.  489). 
Otto  a.  Ostrop  {Jakretb.  1866,  p.  570)  prepare  it  by  the  action  of  ammonium  on  ben- 
zenennilpbobromide.  It  is  also  formed,  together  with  phenyl  bisulphide,  by  the  action 
of  hoi  ooncentxatad  aqueous  ammonia  on  bromophenyloxysulphide  (Otto,  Jakresb, 
1867.  pw  629): 

2C««H*BiSK)«  +  2NH«  =  2C«H'NS0«  +  (C«H»)«S»  +  Br«. 

It  is  nearly  insoluble  in  cold,  more  soluble  in  hot  ammoniacal  water,  dissolves  easily 
in  alcohol  and  ether,  and  crystallises  in  large  nacreous  laminae,  melting  at  149°. 

When  1  moL  benaene-sulphamide  is  heated  with  about  2  mol.  potassium  hydrate,  a 
violent  reaction  takes  place  near  the  melting  point  of  the  amide,  the  mass  becoming 
fluid,  but  soon  giving  off  water  and  solidifying  again.  The  product  dissolves  easily 
in  water,  and  acids  added  to  the  solution  throw  down  the  unaltered  amide.  Probably 
the  potassium  replaces  part  of  the  t^ic  hydrogen  in  the  amide  (with  simultaneous 
hrmaiian  of  HH)),  and  a  compound  ui  formed  which  dissolves  easily  in  water.  If  the 
product  after  solidification  be  heated  to  2dO°-300^,  it  solidifies  again,  and  the  amide 
B  resolved  into  sulphurous  anhydride  and  phenol : 

C^».SO«NH«  +  8KH0  -  NH«  +  C«H*KO  +  SO»K«  +  H«0 
TVm  M]i>nA-Miiph«.Tw<<iA-  PotasBiiixn 

pbenate. 
(Lindow  a.  Otto,  ZeUaehr.  /.  Ckem,  [2]  iv.  39). 

CUorobemzene'Sutphamide  or  SulphocMorobenzolamide,  CH'CINSO*,  is  formed  by 
treating  chlorobenzene-sulphochloride  with  alcoholic  ammonia,  and  ciystallises  from 
hot  water  (after  the  sal-ammoniac  has  been  removed  by  cold  water)  in  small  needles, 
or  by  slow  evaporation  in  large  four-sided  rhombic  pnsms.  Dissolves  easily  in  hot 
water,  ether,  and  alcohol,  and  melts  at  143°-144°  (Otto  a.  Brummer).  When  heated 
with  potassium  hydrate  it  appears  to  react  like  benzene-sulphamide,  and  on  adding 
hydrochloric  acid  to  the  solution  of  the  product,  sulphurous  anhydride  is  evolved,  and 
a  resinous  body  is  separated  which  orystallises  from  alcohol,  but  no  chlorophenol 
appears  to  be  formed  (Lindow  a.  Otto). 

BmiaeBe-OTitpbvHo  or  SulpbobeiiaoUe  aoid.  OH«S0*  >c  C«H\  SO'H.— This 
acid,  described  in  vol.  v.  p.  664  as  Pkenyl-stUphurous  acid,  is  produced  by  oxidation  of 
bensene-sulphurous  acid,  CH*SO',  eitner  slowly  by  exposure  to  the  air,  or  more 
qui^y,  together  with  nitrobenzene-sulphuric  acid,  by  the  action  of  nitric  acid  (Otto 
a.  Ostrop,  Ann.  Ck.  Pharm.  cxli.  365).  Also,  together  with  phenyl-oxysulphido,  by 
heating  benzene-sulphurous  acid  with  water  to  130° : 

3C«H«S0«     «     G*H«SO»     +     C»«H»»S»0«     +     H«0 
Benxene  Benaene  Phenyl 

sniphiiroai  acid,     snlpharlo  acid.  ozysUlpUde. 

(Otto,  Ann.  Ck  Pharm.  cxlv.  317).  The  sodium-^alt  of  this  acid,  CH^NaSO*,  yields 
by  dry  distillation,  carbon  dioxide,  sulphur  dioxide,  and  phenyl  sulphide  (Stenhouse, 
iVve.  Bojf.  8oe.  ziv.  351).  The  potaseinm  salt  heated  with  alkaline  carbonates  yields 
a  small  quantity  of  benzoic  add.  Larger  quantities  of  the  latter  are  obtained  by 
bsatinft  the  benzene-sulphate  with  potassium  cyanide,  whereby  phenyl-cyanide  or 
benzdoitrile,  C*H*.CN,  is  formed,  ana  heating  the  latter  with  potash  (Merz,  Zeiixhr. 
/.  CJkem.  [2]  V.  33). 

Bensene'iulpkurio  or  Sulpkobenzolic  chloride^  C*H*S0*C1,  described  in 
rr»L  T.  p.  564  as  PhtnyUulpkurous  chloride,  is  also  produced  by  passing  chlorine  into 
St^.  T 
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water  in  which  benzene-sulpharotis  acid  is  siuipended  (Otto) ;  8  moL  solphobensol' 
chloride  and  4  mol.  potassium  cyanide  form  a  solution  from  which  water  throws 
down  a  resinous  precipitate  yielding  to  alcohol  a  not  inconsiderable  quantity  of  phenyl 
bisulphide,  (C«H»)«S«  (Lindow  a.  Otto,  Zeitschr,  f.  Chem,  [2]  iv.  40). 

Chlorobeneene-stdphuric  bromide^  OH*ClS0^r,  is  produced  by  the  action  of  bromine 
on  chlorobenzene-sulphurous  acid  (p.  275)  suspended  in  water,  and  remains,  on 
evaporating  the  ethereal  solution,  as  an  oil  which  solidifies  to  a  crystalline  mass.  It 
melts  at  52°  to  53°,  and  is  resolved  by  alkalis  into  metallic  bromide  and  chlorobenzene- 
sulphite  (Otto,  Jahreab.  1867,  p.  630). 

Chlorobenzene'Stdphuric  chloride,  C*H*C1S0'C1,  is  formed,  together  with  phosphorus 
oxychloride,  by  triturating  1  mol.  dzy  sodium  sulphochlorobensolate  with  1  mol. 
phosphorus  pentachloride,  remaining  undissolved  when  the  product  is  treated  with 
water.  It  crystallises  from  ether  (free  from  alcohol)  in  well-defined  four-sided 
rhombic  tables,  or  prisms-  resembling  those  of  sulphotoluol -chloride,  melting  at 
50°-51°,  insoluble  in  water,  but  easily  soluble  in  ether  and  in  benzene.  On  dissolving 
it  in  alcohol,  ethylic  sulphochlorobenzolate  is  formed,  which  separates  a«  a  heavy, 
non-distillable  oil.  Heated  with  alkalis  or  baryta-water,  it  is  resolved  into  metallic 
chloride  and  sulphochlorobenzolate.  With  fuming  nitric  acid,  after  prolonged  action, 
it  forms  nitrochlorobenzene-sulphuric  acid  (Otto  a.  Brummer,  Jahreab,  1867*  p.  632). 

Bromobenzene-aulphurie  acid,  CH^Br.SO'H,  is' produced  by  dissolving 
bromobenzene  in  fuming  sulphuric  acid  (Ck>iiper,  Compt.  rind.  zlvi.  230).  When 
separated  from  its  lead-salt  by  hydrogen  sulphide,  it  forms  a  rodio-CTystalline  deli- 
quescent mass,  melting  at  88°.  It  is  specially  distinguished  by  the  czystallising 
power  and  beauty  of  its  salts.  The  lead  salt  (C*H*BrSO*)'Pb  forms  very  character- 
istic, large,  hemispherical  aggregates,  having  almost  the  aspect  of  fungi ;  not  veiy 
soluble  in  cold  water.  The  potassium  salt  CH^BrSO'K  crystallises  from  water  in 
well-developed,  flat,  rhombic  crystals,  very  soluble  in  water.  The  potassium  salt 
fused  with  caustic  potash  yields  resorcin  :  consequently  bromobenzene-flulphurie  acid 
belongs  to  the  para-  series  (1:4)  (A.  Boss  Oarrick,  Zeitschr.f,  Chem,  [2]  v.  649). 

Isobromobenzcne-sulphurie  acid,  CH^BrSO'H,  is  produced  by  the  action  of  bromine 
on  sulphobenzolic  acid.  The  action  does  not  take  place  in  the  cold,  and  is  slow  even 
at  100° ;  to  complete  it,  the  two  substances  must  be  heated  together  for  several  days 
in  a  sealed  tube.  The  product  is  to  be  mixed  with  water,  and  evaporated  over  the 
water-bath  till  all  the  n^drobromic  acid  has  evaporated,  then  neutralised  with  lead 
carbonate,  and  the  resulting  lead  salt  purified  by  repeated  crystallisation.  From  this 
salt  the  acid  and  the  other  salts  are  prepared.  All  the  salts  of  this  acid  are  totally 
dififerent  from  those  of  the  preceding  acid.  The  acid  itself  may  be  obtained  in  the 
solid  state,  by  leaving  its  concentrated  solution  to  stand  for  some  time,  but  it  is 
so  deliquescent  that  its  melting  point  cannot  be  determined.  The  lead  salt 
(OH*BrS0*)»Pb  +  3H*0  forms  white  granular  crystals,  more  soluble  in  water  than 
the  lead  salt  of  the  preceding  acid.  The  potasHum  salt  C^*Br80«K  +  H«0  is 
extremely  soluble  in  water,  ana  crystallises  in  small  stellate  groups.  The  salt  fused 
with  potassium-hydrate  appears  to  yield  hydroquinone,  showing  that  the  acid  belongs 
to  the  ortho-  series  (1  :  2).  Hence  it  appears  that  the  group  SO'HO  introduces  the 
bromine  into  the  same  place  as  the  group  COHO  in  benzoic  acid  (Ross  (Warrick,  loc. 
cit.).  According  to  K.  Genz  (ibid.  692),  the  acid  prepared  by  the  action  of  bromine  on 
sulphobenzolic  acid  appears  to  yield  resorcin  as  well  as  hydroquinone  when  Aised  with 
potash. 

Chlorobengene'sulphuric  or  Sulphochlorobengolic  acid,  CH^Cl.SO'H,  is 
produced  by  heating  monochlorobenzene  with  fuming  sulphuric  acid.  When  separated 
from  its  lead-salt  by  hydrogen  sulphide  and  evaporated,  it  remains  as  a  syrup,  which 
when  left  over  oil  of  vitriol  crystallises  in  large  deliquescent  prisms.  Its  salts  are 
very  stable.  The  sodium  salt  C*H*ClSO'Na.H'0  forms  cubic  crystals;  the  silver 
salt  C«H*ClSO«Ag,  nacreous  scales;  the  barium  salt  (C«H^ClS0*)«Ba.2H«0,  also 
nacreous  scales;  the  lead  salt  (C*H^ClS0')'Fb.5H'0,  a  laminar  mass;  the  copper 
salt  (C«H*ClSO«)«Cu.6H20,  greenish  needles  (Glutz,  Ann.  Ch.  Pkarm.  cxliii.  181; 
Otto  a.  Brummer,  ibid.  100). 

Sodium-amalgam  converts  the  arid  into  benzene-sulphuric  acid,  identical  with  that 
formed  from  benzene  and  sulphuric  acid.  The  chlorinated  acid  is  not  acted  upon  by 
zinc  and  sulphuric  acid,  or  by  boiling  potash-ley.  In  concentrated  solution  it  is 
oxidised  by  a  mixture  of  potassium  chromate  and  sulphuric  acid,  with  evolution  of 
chlorine  and  carbon  dioxide.  The  lead  salt  yields  with  nitric  add,  nitrochloroben- 
zene-sulphate  and  sulphate  of  lead,  together  with  nitrochlorobenzene,  C*H*C1(K0-), 
which  melts  at  75°  and  solidifies  at  65°-60°  (Glutz).  The  sodium  salt  triturated  with 
phosphorus  pentachloride  yields  chlorobenzene  sulphochloride,  C*H*CIS0'C1,  together 
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vith  phoephonis  oxychlonde  (Otto  &.  Brammer).  The  potassium  salt  fused  with  a 
in*ll  quantity  of  potash  turns  red  and  probably  forms  chlorophenol ;  heated  with 
twice  its  weight  of  potassium  hydrate,  till  the  red  colour  almost  disappears,  it  yields 
resQitin:  consequently  the  acid  belongs  to  the  para-  series  (Oppenheim  a.  Vogt, 
ZeUaekr./.  Ckeau  [2]  ▼.  722). 

Dicklorohenzene-sulphuric  or  Svlphodiehloroben^olic  Acid,  C*H*C1'. 
SO*H  (Lesimple,  ZeUschr,  /.  Ckem,  [2]  iv.  226).— Fuming  sulphuric  acid  does 
not  set  on  dichlozobenzene  at  ordinary  temperatures,  and  may  therefore  be  used  for 
the  separation  of  mono-  and  di-chlorobensene.  But  when  the  latter  is  strongly 
heat«d  and  occasionally  agitated  with  excess  of  the  fuming  acid,  it  dissolves  completely, 
and  the  sulpho-add  crystallises  out  on  cooling.  An  easier  method  of  preparing  it  is 
to  pass  the  Taponr  of  sulphuric  anhydride  into  a  flask  containing  dichlorobensene, 
diasolve  the  product  in  water,  and  treat  the  filtered  solution  as  above.  The  acid, 
aeparattfl  from  the  purified  lead-salt  by  hydrogen  sulphide,  crystallises  from  aqueous 
solution  in  small  colourless  rhombic  prisms,  containing  2  at.  water,  melting  at 
a  temperature  above  100°,  easily  soluble  in  wat^r,  sparingly  in  ethereal  liquids. 
Its  salts  crystallise  with  great  facility,  dissolve  somewhat  sparingly  in  water,  are 
nearly  insoluble  in  alcohol  and  ether>  and  bear  a  temperature  of  more  than  200^ 
withooi  deoomposition,  but  decompose  at  a  red  heat,  with  evolution  of  sulphurous 
anhydride: 

Potassium  salt,  (>H"Gl*SO*E .  H*0,  small  prisms  and  tables. 

Sodium        „     C^>Cl<SO*Na.H*0,        six-sided  tables. 
Ammonium  „     C*H'Cl'SO'(NH*) .  H-0,  needles  moderately  soluble  in  water. 
Silver  „     C'H'Cl'SO'Ag,  greyish-white  nacreous  pointed  needles. 

Barium        „     (C«H>a«SO»)«Ba,  laminae. 

Magnesium  „     (C*H*Cl*SO*)*Mg .  6H^0,  colourless  interlaced  needles. 
Lead  „     (C*H»Cl«SO")*Pb .  3H*0,  tufts  of  needles,  or  large  crystals  which  on 

exposure  to  air  give  off  water  and  assume  a  dull  appearance  like  porcelain. 

(SO'HO 
3.  Btnzene-disulphurie   or  Disulphobensolic  acid,  ^^*)gomO'  ^'^* 

eoveied  by  Buckton  and  Hofmann,  is  prepared  by  heating  sulphobenzolic  acid  for  two 
boon  witn  an  equal  volume  of  Aiming  sulphuric  acid.  The  lead  stdi  C*H*(SO')'Pb 
+  2HH)  forma  small  granular  crystals,  Very  soluble  in  water.  The  potamum  ttUt 
OH*(S0'K)'  +  l^H)  crystallises  in  small,  but  well-defined,  shining,  transparent 
pyBtals,  easily  soluble  in  water.  Heated  to  230°  with  excess  of  potassium  hydrate, 
it  yields  lesordn ;  consequently,  disulphobenzolic  acid,  like  sulphobromobeuEolic  acid, 
belonn  to  the  para-  series  (1  :  -i).  Its  potassium  salt,  distilled  with  potassium 
cyanide,  yields  dicyanobensene,  CH^CN)'  (Ross  Garriek,  loc.  eit.). 


Add.  C^».SO»H  (Otto  a.  Ostrop,  Ann,  Ch.  Pharm, 
czli.  366 ;  Otto,  ibid.  cxlv.  317). — This  compound,  discovered  by  Kolbe,  and  described 
in  voL  V.  p.  664  as  Pkenyhtdpkurous  hydride^  was  originally  obtained  as  a  zinc-salt 
by  the  action  of  zinc-ethyl  on  benzene-sulphochloride  (phenylsulphurous  chloride). 
Otto  and  Ostrop  find  that  it  may  be  more  easily  prepared  by  treating  this  chloride 
with  sodium-amalgam : 

C«H»S0»C1  -I-  Na«  «  NaCl  +  C^*SO«Na. 

Perfectly  dry  benzene-sulphochloride  (50-60  grms.)  is  mixed  with  several  times  its 
volume  of  pure  anhydrous  ether  in  a  retort  provided  with  an  upright  condenser,  and 
sodium-amalgam  is  added  by  small  portions,  till  a  sample,  fr^  from  ether  by 
evaporation,  no  longer  smells  of  benzene-sulphochloride,  and  forms  a  clear  solution 
in  water.  When  the  reaction  is  completed,  the  ether  is  evaporated  off  on  the  water- 
bath  ;  the  sodium  salt  is  dissolved  in  the  smallest  possible  quantity  of  water ;  the 
c2^  decanted  solution  is  mixed  with  hydrochloric  acid ;  and  the  separated  acid, 
OH*S0*,  is  freed  firom  an  adhering  oily  body  by  crystallisation  from  hot  deaerated 
vater,  as  -far  as  possible  apart  ftorn  the  air. 

Benzene-sulphurous  acid  thus  obtained  cxystallises  in  stellate  groups  of  large 
prisms,  exhibiting  the  properties  described  by  Kolbe  (i.  565).  Its  aqueous  solution 
first  reddens  litmus  and  then  bleaches  it.  The  crystals  melt  at  68^-69^  and 
deeompoae  when  heated  above  100^.  They  deliquesce  in  the  air,  taking  up  oxygen 
and  forming  benzene-sulphuric  acid,  2C<H*S0*.8H»0. 

Benzene-sulphurous  acid  dissolves  in  moderately  concentrated  nitric  acid,  forming 
benzene-sulphuric  and  nitrobenzene-sulphuric  acids.  Fuming  nitric  acid  attacks  it 
strrmgly,  forming  a  nitro-compound,  C^H^'N'S'O*,  which  is  precipitated  by  water, 
and  riystallises  from  alcohol  in  hard  vitreous  rhombohedral  crystals,  having  two  of 

T  2 
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their  diametrically  opposite  lateral  edges  truncated ;  it  melts  at  98*5°,  detonatet 
slightly  on  platinum  foil,  is  insoluble  in  water  and  ether,  but  easily  soluble  in 
alcohol ;  its  constitution  has  not  been  exactly  determined.  The  aqueous  solution 
filtered  from  this  compound  contains  nitrobenzene-sulphuric  acid  (Otto  a.  Ostrop). 

Benzene-sulphurous  acid  heated  with  water  to  130°  is  resolved  (analogously  to 
toluene-sulphurous  acid,  p.  288)  into  phenyl  ozysulphide  and  benzene-sulphuric 
acid: 

3C^«S0»  =  C"H'«SH)»  +  C«H«SO»  +  H«0. 

Its  potassium  salt^  heated  to  250^-300°  with  rather  more  than  1  mol.  potassium 
hydrate,  yields  benzene  and  potassium  sulphite : 

C*H»SO«K  +  KHO  «  C«H«  +  SO*K«. 

The  acid  suspended  in  water  into  which  a  stream  of  chlorine  gas  is  passed  is 
converted  into  benzeue-sulphochloride  (Otto) ;  by  bromine,  in  like  manner,  into 
benzene-sulphobromide  (Otto  a.  Ostrop). 

Chlorobemene-sulphurous  Acid.  CH^Cl .  SO^  (Otto  a. Brummer, ^^n.  CA. 
Pharm,  cxliii.  191). — ^Produced  by  the  action  of  sodium-amalgam  on  chlorobenzene* 
sulphochloride.  When  separated  from  the  resulting  sodium  salt  and  recrystallised 
irom  water,  with  addition  of  aninud  charcoal,  it  forms  long  four-sided  rhombic 
prisms,  which  melt  at  88^-90°,  dissolve  sparingly  in  cold,  easily  in  hot  water,  also  in 
alcohol  and  ether : 

Sodium  salt,  C*H«aS0>Na.2H*0,  four-sided  rhombic  tables. 
Barium    „    (C-H*ClSO«)«Ba  >    -^u  ^e^aies 
Calcium,,    (C«H*ClSO»)»Ca{'"™*^°®®*^®®- 
Lead        „    (C«H*ClSO»)«Pb.  crystalline  precipitate. 

Elhf/l  Chlorobemene'sulpkiie,  C«H«(nSO«(C«H»),  produced  by  heating  the  acid  with 
alcohol  containing  hydrochloric  acid,  is  precipitated  by  water,  as  an  oil  which 
solidifies  in  the  crystalline  form,  and  crystallises  firom  alcohol  in  small  needles 
melting  at  123°.  Converted  by  aqueous  chromic  acid  into  chlorobenzene-sulphurio 
acid,  by  chlorine-water  into  chlorobenzene-sulphochloride,  and  by  zinc  and  sulphuric 
acid  into  chlorophenylic  sulphydrate. 

Bnlpliobeiiaide.  C**H**SO'.— Discovered  by  Mitscherlich,  who  obtained  it  by 
the  action  of  siQphuric  anhydride  on  benzene  (v.  486).  It  is  also  produced  by 
treating  benzene  with  sulphunc  chlorhydrate :  S0*(H0)C1  +  2C«H«  =  C'«H»«SO«  + 
H^O  +  HCl  (Earl  Enapp,  Zeitschr.f.  Chem,  [2]  v.  41).  Stenhouse*s  sulphobenzolene 
(v.  489),  obtained  by  oxidation  of  phenyl  sulphide,  C"H**S,  and  originally  regarded  as 
isomeric  with  sulpnobenzide,  is  really  identical  therewith,  the  melting  point  of 
sulphobenzide  being,  according  to  Enapp,  125°-126°,  which  is  the  same  as  that  of 
sulphobenzolene.     (See  also  Eekul^  a.  Szuch,  BtiU,  8oc.  Chim.  [2]  viii.  204.) 

Sulphobenzide  dissolves  without  alteration  in  hot  dilute  sulphuric  add,  and 
crystallises  out  again  on  cooling ;  but  the  concentrated  acid  dissolves  it  with  blacken- 
ing and  formation  of  sulphobenzolic  acid :  C"H"SO»  +  SO*H«  «  2C"H«S0*.  It  is 
not  acted  upon  by  alcoholic  potash,  even  at  180°  in  sealed  tubes  (Oericke,  Ann.  Ch, 
Pharm.  c.  207). 

The  results  of  the  action  of  chlorine  on  sulphobenzide  have  been  variously  stated 

by  different  chemists.    According  to  Gericke,  an  adrlitive  compound,  C"H**SO' .  CI*, 

CI*  C*H*SO*) 
or        *Qi,  rvTTs  [ » '^^  formed,  either  at  ordinary  temperatures  in  difiused  daylight,  or 

more  quickly  in  direct  sunshine,  or  when  the  sulphobenzide  is  heated  to  its  melting 
point ;  and  this  compound  is  resolved  by  rapid  heating,  or  by  the  action  of  potash,  into 
hydrochloric  acid  and  dichlorosulphobenzide :  C"H'«SO«a*  =  2Ha  +  C»H*C1«S0*. 
According  to  Otto  a.  Ostrop,  on  the  contrary  (Ann.  Ch.  Pharm.  cxli.  93),  chlorine, 
either  dry  or  moist,  exerts  no  action  whatever  on  sulphobenzide  in  difiused  daylight 
at  ordinary  temperatures ;  but  if  the  sulphobenzide  be  heated  to  its  melting  point, 
it  is  resolved  by  chlorine  in  difiused  daylight  into  monochlorobenzene  and  benzene- 
sulphochloride : 

C"H'»SO»  +  Cl»  «  C-H^Cl  +  C*H>C1S0«. 

In  direct  sunshine,  according  to  the  same  chemists,  chlorine  acts  on  sulphobenzide 
at  ordinary  temperatures,  producing  an  oily  mixture  of  several  chlorinated  benzenes, 
and  a  crystalline  body  consisting  of  monochlorobenzene  hexchloride,  C*H^Cl .  CI*  (see 
p.  264).  These  results  have  been  Ailly  confirmed  by  the  more  recent  experiments  of 
Otto  a.  Gruber  {Zeitschr.  /.  Chem.  [2]  iv.  630).  Sulphobenzide  dissolved  in  carbon 
bisulphide,  either  pure  or  containing  iodine,  is  not  attacked  by  chlorine  either  in 
shade  or  in  sunshine,  the  action  of  the  chlorine  being  entirely  confined  to  the  solvent. 
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Neither  does  sulphobenzide  take  up  ehlorine  when  suspended  in  water  containing 
iodine,  and  treated  therewith  (Otto  a.  Graber). 

A  modification  of  sulphobenzide  called  by  Stenhouse  parasulvhobeiuide  *  is 
obtained  by  oxidation  of  parasulphide  of  phenyl.  It  melts  at  230°,  is  soluble  in 
boiling  alcohol,  from  which  it  ciystaUises  in  long  white  shining  needles ;  insoluble  in 
water,  soluble  in  benxol,  ether,  and  carbon  bisulphide;  dissolves  readily  without 
blackening  in  warm  sulphuric  acid,  and  is  precipitated  unchanged  by  water.  It 
dissolves  also  in  hot  strong  nitric  acid  and  crystallises  out  on  cooling  (Prvc.  Boy.  Soe. 
xriii.  543). 

DiekloroMulphobenside^  C**H'C1*S0*,  is  produced  by  exposing  sulphobenzide, 
mixed  with  a  few  grains  of  iodine  and  heated  to  lOO*',  to  a  slow  stream  of  dry 
chlorine  in  difiused  daylight,  till  it  is  wholly  converted  into  a  viscid  non-crystallising 
mass.  The  remainder  of  the  iodine  is  then  expelled  by  chlorine ;  the  product  is 
washed  with  warm  water  containing  a  little  sodium  carbonate,  then  dissolved  in 
ether ;  and  the  ethereal  solution  is  evaporated.  Dichlorosulphobenzide  thus  obtained 
is  a  thickish,  transparent,  nearly  colourless  oil,  which  becomes  mobile  when  warmed ; 
heavier  than  water,  insoluble  therein,  easily  soluble  in  ether  and  in  benzol,  less 
soluble  in  absolute  alcohoL  It  has  a  &int  odour,  becoming  stronger  on  wanning,  and 
distantly  resembling  those  of  chlorobenzol  and  camphor;  distils  without  decom- 
position at  a  temperature  above  300°.  It  is  not  altered  by  alcoholic  potash  or  by 
sodium-amalgam,  if  the  latter  be  kept  in  contact  with  its  solution  in  anhydrous 
benzene;  but  in  alcoholic  solution  it  is  quickly  decomposed  by  sodium-amalgam, 
yielding  products  not  yet  examined  (Otto  a.  Gruber). 

A  compound  isomeric  with  this  liquid  dichlorosulphobenzide,  and  crystallising  in 
beautiful  silky  inodorous  needles  melting  at  140°-141°,  is  obtained  by  the  action  of 
sulphuric  anhydride  on  monoehlorobenzene  (Otto,  p.  265). 

Kepresenting  sulphobenzide  by  the  formula 

^^*^^H»|     ^'   C>H*-S-0-0— (>H% 
the  crystalline  modification  of  dichlorosulphobenzide  may  perhaps  be  represented  as 
^^C^Cl!  ^  C^*C1-S— 0— 0— C«H*C1,  and  the  liquid  modification  produced 

by  the  action  of  chlorine  in  presence  of  iodine  on  sulphobenzide,  as  n«uft  [ 

-  C«H>C1«— S— O— O— (>H»,  or  as  ^H»a*|  "  C^*^S— O— O— CH«C1«.    The 

veaetion  of  sulphobenzide  with  chlorine  in  difihsed  daylight,  at  its  melting  point, 
whereby  it  is  resolved  into  monoehlorobenzene  and  sulphobenzolic  chloride,  justifies 
the  formuhi  assigned  to  it  by  Kekul^,  viz.  C«H»— S— 0— 0— C*H» :  for  if  the  two 
benzene-residues  were  symmetrically  united  with  the  oxygen,  as  represented  by  the 
formula  C*H* — O — S— O — C^*,  the  action  of  chlorine  should  give  rise  to  sulphuryl 
chloride  and  chlorinated  derivatives  of  benzene  (Otto  a.  Gruber,  Ann,  Ch,  Pharm. 
czlix.  174). 

Kitrosulphobemidet  C"H»(NO*)SO',  is  produced  by  heating  sulphobenzide 
with  fuming  nitric  acid  till  it  is  completely  dissolved.  On  adding  water,  and 
treating  the  resulting  precipitate  with  not  alcohol,  nitrosulphobenzide  dissolves, 
while  ^nitrosulphobenzide  remains  behind ;  and  the  hot  saturated  solution  deposits 
mtiosnlphobenzide  on  cooling,  as  a  honey-yellow  unctuous  mass  which  solidifies  on 
cooling.  It  melts  at  90^-92^,  decomposes  completely  at  250°,  is  but  slightly  soluble 
in  water  either  hot  or  cold,  easily  soluble  in  ether.  From  solution  in  dilute  alcohol, 
it  separates  on  cooling;  in  soil  microscopic  crystals.  Pinitrosuiphobenzide, 
C**B\HO^ySO\  is  obtained  bv  prolonged  boiling  of  sulphobenzide  with  fuming 
nitric  acid,  or  more  quickly  by  the  action  of  a  mixture  of  fuming  nitric  and  sulphuric 
acids.  It  forms  small  white  silky  rhombic  tables,  insoluble  in  water,  slightly  soluble 
in  alcohol  and  ether;  melts  at  164°;  solidifies  in  a  radio-crystalline  mass;  and 
sublimes  without  decomposition  below  820^  (Gericke,  loc,  cit.). 

Amidosulphobenzid$,  C"H'(NH*)SO^  is  produced  by  the  action  of  ammonium 
sulphide  on  nitrosulphobenzide  dissolved  in  alcohol.  When  purified  by  solution  in 
hydrochloric  acid  and  precipitation  by  potash,  it  forms  microscopic  prisms,  slightly 
soluble  in  cold  water,  easily  in  hot  water  and  in  alcohol.  The  hydrochloride, 
(?fH*(NH*)SO*.HCl,  crystalbses  in  reddish  four-sided  prisms,  easily  soluble  in  water 

*  As  the  prefix '  pars,*  when  applied  to  aromaUo  bodies,  has  a  peculiar  signification  not  hero 
fmpiSed,  it  would  perhaps  be  hotter  to  call  this  modification  iio*ulpko6etuide. 
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and  in  alcohol,  melting  at  about  90^.  The  platimocJdoride,  2[C"H»(NH«)S0« .  HQ] .  RCl*, 
is  a  yellowiah-brown  amorphous  precipitate  soluble  in  aloohoL 

Diamidotulphjbetizide,  C"H"(NH^*SO*,  is  obuined  by  the  action  of  ammoninm 
sulphide  on  dinitrosnlphobenzide,  and  is  thrown  down  from  its  solution  in  hydiochloric 
acid  by  potash,  as  a  yellowish-white  precipitate,  which  soon  becomes  darker.  It  dissolres 
with  difficulty  in  cold,  easily  in  hot  water  and  alcohol,  and  oystallises  in  foor-sided 
prisms,  easily  melting  to  a'brown  mass.  The  hfdroekiaride,  C"H*(NH*)*S0'.2HCU 
ciTstallises  in  long  neddish  rhombic  prisma,  easily  soluble  in  water  and  in  alcohol, 
not  decomposing  at  100^.  Its  solution  forms  with  platinic  eklorkU  a  brown-red 
indistinctly  ciystalline  procipitate,  consisting  of  2[C»H*(NH*)SO«.2Ha].Pta« 
(Gericke). 

mmanMmm^  SOMO&0«ras  or.  OH*^-*.— The  deriyation  of  these  hydro- 
carbons from  benzene,  the  general  methods  of  producing  them  synthetically,  and  the 
nature  of  the  isomerism  existing  in  the  sereral  groups  of  hydrocarbons  and  their 
derivatives,  have  been  discussed  in  the  article  Aromatic  Sbribs.  Those  which  occur 
in  coal-tar  naphtha  (C*H%  C*H»*.  C^H'*)  appear  to  be  methylic  deriratiyes,  coal-tar 
rumene.  for  example,  being  trimethvl-benzene,  CH'(CH')'.  Toluene  and  xylene  haye 
1>een  found,  together  with  benxene,  among  the  hydrocarbons  produced  by  subjecting  to 
dry  distillation  the  lime-soap  of  Menhaden  oil  (Warren  a.  Storer,  ZgUtckr.  /,  Ckem. 
iy.  229). 

The  specific  gravities  and  expansions  of  these  hydrocarbons  haye  been  determined 
by  Louguinine  {Ann.  Ck.  Pkys.  [4]  xi.  153  ;  also  with  remarks  by  H.  Kopp,  Ann.  Ck. 
Pharm.  Suppl.  y.  295,  303 ;  Zritsckr.  /.  Ckem.  [2]  iy.  194).  The  specific  gravities 
at  0^  were  found  to  be  as  follows : 

C^.  gr.  at  0^ 
Benzene,  from  benzoic  acid  .......     0*8995 


0-8841 
0-8770 
0-8703 
0-8732 


Toluene,  from  coal-tar :  B.  P.  lll®-lll-6<*  . 
Xylene,  from  coal-tar :  B.  P.  138''~139^ 
Cymene,  from  Roman  cumin-oil :  B.  P.  176^-176® 
Cymene,  from  camphor:*  B.  P.  174°-rl75**  . 

Hence  it  appears  that:  1.  The  densities  at  0^  of  the  aromatic  hydrocarbons 
decrease  as  they  ascend  in  the  series  from  bensene  to  cymene. — 2.  The  successive 
differences  exhibit  a  certain  regularity,  that  between  bensene  and  toluene  being  0-0154, 
and    that  between   toluene    and    xylene    0*0071,    or  nearly    half   the  preceding. 

Calling  the  first  difference  a,  the  second  will  be  -  ;  and  if  we  suppose  the  same  law 

to  hold  good  throughout  the  series,  the  difference  of  density  between  xylene  and 
cumono  will  be  •,    and  that  between  cumene  and   cymene  --.     Accordingly  the 

4  o 

density  of  cymene  should  be  equal  to  that  of  bensene  diminished  by 

a        a        a 

that  is,  by  00154  +  0*0077  +  00039  +  00019  -  00289 ;  this  would  give  for  the 
density  of  c3rmone 

d  -  0*8996  -  0*0289  ->  08706, 

which  is  nearly  the  same  as  the  experimental  number  0*8075. 

The  specific  yolumes  of  the  five  hydrocarbons,  that  of  each  at  0^  «  1 ,  aro  calculated 
by  means  of  the  following  interpolation  formuln: 

0*000002226/*  for  Benzene.  ' 

0000001779/*    „  Toluene. 
0-000001632^    „  Xylene. 
0*000001277^    „  Cymene  from  Cumin-oil. 
0*000001311^    „  Cymene  from  Camphor. 

The  following  table  contains  the  yolumes  of  these  five  hydrocarbons  at  different 
temperatures :  I.  As  calculated  from  the  preceding  interpolation  formulae ;  II. 
As  deduced  from  the  expansion  curve  constructed  according  to  Louguinine*s 
experiments : 

*  Oymene  from  camphor  ia  in  all  probability  identical  with  that  from  Raanan  oomin-oil.  Kopp 
Aonbta  the  purity  of  the  hvdrocarbona  need  in  LoagoininerB  experiments,  inaonnch  ss  none  of  them, 
except  the  bensene^  exhibited  oonstont  boiling  points. 


V    — 

1*0000 

A- 

0*00116^ 

+ 

V    -■ 

1-0000 

+ 

0*001028^ 

+ 

V    — 

10000 

+ 

0-0009506^ 

+ 

V    « 

1-0000 

+ 

00008952^ 

+ 

V    r= 

10000 

+ 

0000898^ 

+ 
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e 

0 

.— 

Toluene 

ZylOM 

QymeiM  fram 
Bom.  Comln-oil 

• 

pjmeno  from 
Camphor 

I. 

IT. 

I. 

n. 

I. 

n. 

I. 

n. 

I. 

II. 

1-0000 

1-0000 

10000 

1-0000 

1-0000 

1-0000 

10000 

1-0000 

• 

10000 

1-0000 

10 

1-0118 

10122 

1-0104 

10104 

1-0096 

1-0094 

10090 

1-0093 

10090    1009? 

20 

10241 

10245 

10213 

1-0214 

1-0197 

1-0195 

1-0184 

10190 

10184 

10186 

30 

1-0368 

1-0371 

1-0824 

10324 

10300 

1-0297 

10280 

1-0285 

10282 

10282 

40 

1-05O0 

10600 

1-0439 

10438 

10407 

1-0408 

1-0378 

1-0379 

10380   1-0378 

50 

10636 

1-0622 

10558 

10554 

1-0516 

1-0513 

1-0480 

10478 

10481    1-0478 

60 

1-0776 

1-0774 

1-0681 

10678 

10629 

10626 

1-0583 

10583 

10586    10584 

70 

10921 

10919 

10807 

1-0804 

10745 

1-0739 

10692 

1-0690 

1-0693 

10689 

80 

11070 

11066 

1-0987 

1-0937 

10865 

1-0859 

10798 

10800 

10802 

1-0799 

90 

11069 

1-1069 

1-0987 

1-0985 

1-0910 

1-0912 

10914 

10913 

100 

1-1206 

11206 

1-1113 

11113 

1-1023 

11026 

1-1029 

1*1056  ? 

By  eitfBiidiiig  the  interpolation  formoltt  above  given  to  temperatnTes  bejond  the 
limitB  of  LoDgainine'B  experiments  (whieh  prooeee  of  extra-jpouUion  has  been  found 
in  other  ciisee  to  give  resnltB  agreeing  with  those  of  observation),  Kopp  has  calculated 
the  spedlle  volumes  of  the  five  hydrocarbons  at  the  boiling  points  given  by  Louguinine, 
that  of  each  hydrocarbon  at  0®  being  taken  as  unity:  for  bensene  and  cymene  the 
muttbera  dednesd  from  Kopp's  own  experiments  are  also  given : 


According  to  Louauinine, 
Qp.  roh   Dilt. 


cm*   for    81«>  .    961 


CH« 


>» 


111®    118-2 


I 

'2) 


Aocording  to  Kopp, 

Bp,  ToL     Diff. 
C«H«    for   81°  961' 


221 


122-3 


C^"    „  188<>    140-6 


C?»H'«»  „  US*'    184 


-.1 


2  X  21-8 


C»»H»«»  „  175°  183-5^ 


4  X  21-9 


and 


Henee  it  appears  that  in  this  series  of  liquid  hydrocarbons,  the  specific  volumes 
at  the  boiling  points  differ  by  about  »  x  22  for  a  difference  in  the  formuls  of 
•  CH«. 

■srdrocttrbon  CH*. 

The  only  hydrocarbon  of  the  series  containing  7  at.  carbon  is  metliyl-'beiiaene 
or  totoeae,  G'H*(CH'\  To  the  modes  of  formation  of  this  body  already  mentioned 
(v.  851)  must  be  addea :  a.  The  passing  of  the  vapour  of  ethyl-benzene  through  a 
led-hot  tnbe,  naphthalene,  C**H',  and  its  hydride,  C**H**,  being  formed  at  the  same 
time  (Berthelot,  Zeittehr,/,  Ckem.  [2]  iv.  589) : 

3CR\Cm*)  -  2CE*  +  C"H«  +  3H« 

8C^*((?H»)  -  2C»H»  +  C"H"  +  2H«. 

0.  The  heating  of  nitric  acid  with  lime  (Baeyer,  ibid.  119). — y.  The  dry  distillation 
of  the  lime-salt  of  Menhaden  oil  (p.  278). 

Toluene,  agitated  with  an  alxaline  solution  of  potassium  pervumganate,  yields 
benaiie  add,  and  a  neutral  solid  aromatic  body,  insoluble  in  water  and  in  alkalis, 
soluble  in  ether,  but  no  phthalic  acid  (Berthelot,  Bull.  Soc.  CMm.  [2]  vii.  124). 
Heated  with  80  pts.  of  strong  hydriodie  acid,  it  is  completely  converted  into  septane, 
C^** ;  with  20  pts.  of  the  acid  it  yields  propane  and  charcoal : 

CH»  +  2HI  «  C«H»  +  O  +  H»  +  I» 

(Berthelot,  ibid.  53).  Treated  with  kydriodUe  ofpkoaphine,  PH*  .HI,  it  takes  up 
2  tt  H,  and  is  converted  into  methyl-benzolone,  C*H**  (&ieyer,  ZaUchr.f.  Chem.  [2] 
iv.  445).  Toluene  introduced  into  the  stomach  is  converted  into  hippuric  acid,  which 
is  found  in  the  urine  (Schultzen  a.  Naunyn,  ibid.  29). 

BroBMitahian— ,  MonobromotoluenSt  0*H*Br.CH*,  boils,  according  to 
KeknU  (Am%.  Ch.  Pkarm.  cxxxvii.  198),  at  182-5<>-183<'  (coir.  185^-185-5^),  and 
Itts  a  sp.  gr.  of  1*4109  at  22^  (referred  to  water  at  0°).  Bentyl  bromide,  C*H* .  GH*Br, 
boils  at  197^-199-5<'  (corr.  201-5''-202'5''),  and  has  a  sp.  gr.  of  1*4380  at  22^ 

*  From  Boman  cumin*oU. 
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Acooiding  to  Beilstein  {Ann.  Ch.  Fharm.  cxliii.  369),  the  action  of  bromine  on 
boiling  toluene  always  produces  benzyl  bromide  more  or  less  mixed  with  biomotoluene  ; 
but  when  toluene  is  acted  upon  by  bromine  in  presence  of  iodine,  the  only  product 
formed,  even  at  the  boiling  heat,  is  bromotoluene,  which  may  thus  be  easily  obtained 
pure.  Cannizzaro  finds  (Ann.  Ch.  Pharm.  cxli.  198)  that  the  product  formed  by  the 
action  of  bromine  on  toluene  at  comparatively  low  temperatures  consists  of  a  mixture 
of  bromotoluene  and  benzyl  bromide.  When  toluene,  boiling  between  110^  and  114**, 
is  mixed  by  drops  with  bromine  in  a  well-cooled  vessel,  and  the  brominated  product, 
after  washing  with  water  and  sodium  carbonate,  and  diying  with  calcium  chloride,  is 
distilled,  the  liquid  which  passes  over  between  160°  and  190°  consists  mainly  of 
bromotoluene,  and  that  which  distils  at  190^-200°  of  benzyl  bromide.  On  these 
observations  Fittig  {Ann.  Ch.  Pharm.  cxlvii.  39)  founds  a  process  for  obtaining 
pure  bromotoluene  free  from  benzvl  bromide.  Pure  toluene  contained  in  a  retort 
standing  in  cold  water  is  mixed  graaually,  and  by  very  small  portions,  with  somewhat 
less  than  the  theoretical  quantity  of  bromine,  made  to  flow  into  it  through  a  funnel- 
tube  ;  and  the  mixture,  after  standing  for  12  hours,  is  washed  with  soda-ley  aiid 
water,  dried  over  calcium-chloride,  and  distilled,  the  portion  which  goes  over  between 
178°  and  181°  being  collected  apart.  The  bromotoluene  thus  obtained  is  freed  from 
hydrobromic  acid,  by  blowing  a  stream  of  air  over  it  while  it  is  briskly  agitated ;  and 
by  a  second  distillation,  a  colourless  liquid  is  obtained  which  boils  between  179°  and 
180°,  gives  off  vapours  which  do  not  at  all  irritate  the  eyes,  and  solidifies  completely 
in  a  freezing  mixture. 

Monohromotoluene  exhibite  two  modifications  besides  the  metameric  compound 
benzyl  bromide,  C*H».CH'Br,  viz.  arthobromotalume  (1,2),  which  is  flmd  at 
ordinary  temperatures,  and  ^ra^mo^ti«n«  (l>4)t  which  is  crystalline.  Ordinary 
liquid  bromotoluene,  obtained  by  the  processes  above  described,  consiste  mainly 
of  the  solid  modification  held  in  solution  by  a  small  quantity  of  the  liquid.  It 
may  be  made  to  solidify  by  treating  it  witii  fuming  sulphuric  add;  the  portion 
not  attacked  by  the  acid  then  solidifies  on  slight  cooling,  in  crystals,  which  melt  at 
28°-29°.  Again,  if  ordinary  bromotoluene  be  freed  from  benzyl  bromide  by  treatment 
with  alcoholic  ammonium  sulphide  and  subsequent  distillation,  the  portions  distilling 
at  178°-179°,  181°,  and  182°  being  perfectly  dried  and  then  cooled  and  the  crystals 
which  separate  be  taken  out  of  the  still  liquid  portion  and  dried  on  bibulous  paper, 
they  will  then  no  longer  melt  at  the  ordinary  temperature  of  a  room,  but  only  at 
28°-29°  (Hubner  a.  Walkoh,  Zeitschr.f,  Chem.  [2]  v.  22,  138,  499). 

Parabromotoluene  forms  shining,  rather  hani  crystals,  belonging  to  the  rhombic 
system,  melting  at  28*5°,  and  boiling  at  181°-183°.  By  oxidation  with  chromic  acid 
it  is  converted  into  parabromobenzovD  acidf  melting  at  a  temperature  above  230°.  By 
converting  it  into  nitrobromotoluene,  reducing  this  compound  to  bromotoluidine  with 
tin  and  hydrochloric  acid,  and  treating  this  base  with  sodium-amalgam,  tduidine 
is  obteined,  boiling  at  196°  and  remaining  fiuid  at  —  21°  (  identical  with  RosensUehVs 
pseudo-toluidino). 

The  liquid  bromotoluene,  separated  from  the  crystallised  modification  by  pressure 
between  cooled  metallic  plates,  likewise  boils  at  181°-188°,  but  deposite  only  a  few 
crystals  at  -20°  (Rosenstiehl  a.  Nikiforoii;  Zeittckr,  [2]  v.  636).  Wroblevsky 
{ibid.  322)  obtains  this  same  modification  of  bromotoluene  by  converting  nitrate  of 
bromotoluidine,  by  Griess's  process,  into  the  corresponding  diazo-compound  (v.  867), 
and  decomposing  the  sulphate  of  this  base  with  absolute  alcohol.  The  bromotoluene 
thus  obtained  is  a  colourless  liquid,  having  a  faint  odour  and  boiling  at  182°.  By 
oxidation  with  chromic  acid  it  is  converted  into  orthobromobemoic  acid,  melting  at 
153°,  and  identical  with  that  which  is  obtained  from  ordinary  benzoic  acid :  hence 
the  liquid  bromotoluene  is  orthobromotoluene  (1,2). 

A  mixture  of  ethyl  chlorocarbonate  and  sodium-amalgam  acte  upon  bromotoluene 
in  the  same  manner  as  on  bromobenzene  (p.  263),  forming  ethyl  toluate,  C*H'(CH*)0'. 
Benzyl-bromide  treated  in  like  manner  yields  the  ethylic  ether  of  an  aromatic  acid, 
C'^H'^0',  which  appears  to  be  formed  by  the  union  of  two  benzyl  groups  (Wurtz, 
Zntschr.  f.  Chem.  [2]  v.  386). 

Dihromotolueney  C'H*Br*  =»  CH*Br*.CH*,  is  formed  by  the  action  of  bromine  in 
excess  on  toluene  at  ordinary  temperatures — but  only  in  small  quantity,  even  after  a 
considerable  time — and  separates  in  crystals  from  the  portion  of  the  product  of 
higher  boiling  point  It  crystallises  from  alcohol  in  long  colourless  needles,  melt- 
ing at  107°-108° ;  boils  without  decomposition  at  about  246° ;  and  dissolves  easily 
in  hot,  less  easily  in  cold  alcohol.  It  is  not  attacked  by  alcoholic  potash,  or  by  a 
mixture  of  potassium  dichromate  and  sulphuric  acid  (Fittig). 

Another  modification  of  dibromotoluene  is  obtained  by  direct  bromination  of 
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orthobromotolnene.  I'  remains  liquid  at  —20°,  boils  without  decomposition  at  236°. 
has  asp,  gr.  of  1*8127  at  19°,  dissolTes  easily  in  alcohol,  is  not  oxiaised  by  chromic 
acid  (Wroblersky,  Zeitwekr.  /.  C^em.  [2]  vi.  289). 

Btneylene  Bromide^  0*H*.CHBi*,  metameric  with  the  preceding,  is  obtained  by 
findnally  adding  phoephoms  pentabromide  to  bemsoic  aloehyde,  C'H'.CHO,  and 
digesting  the  product  for  a  few  hours  in  the  water-bath  with  excess  of  the  penta- 
bromide; porifled  by  washing  with  aqueous  potash  and  with  a  strong  solution  of 
aodium  bisulphite^  then  drying,  and  distilling  in  a  Tacuum.  It  is  a  strongly 
refracting  liquid,  which  becomes  red  on  exposure  to  li^^ht ;  reiy  soluble  in  alcohol 
and  ether,  insoluble  in  water.  Decomposed  by  distillation  under  ordinary  pressure, 
but  distils  between  130°  and  140°  under  a  pressure  of  20  mm.  Decomposed  by 
sodium  at  about  180^,  yielding  toluene  and  a  black  resinous  residue,  which  when 
distilled  in  a  current  of  steam,  solidifies  to  a  crystalline  mass  of  bensyl,  C**H** 
(Michaelaon  a.  Lippmann,  Btdl,  8oe.  CUm,  [2]  iv.  251). 

CblorotolvMMS.  (MAom<>n^A/(>ft>toA(enf,  C'H^Cl.CH',  is  obtained  from  chlori- 
nated orthotoluidine  (see  Tolttidines)  by  converting  the  latter,  by  Guess's  process,  first 
into  nitrate,  then  into  sulphate  of  diazochlorotoluene,  and  boiling  this  sulphate  with 
aloohoL  It  is  a  colourless  liquid,  which  boils  at  156°  and  is  oonyerted  by  oxidation 
into  orthochlorobencoic  acid  (Wroblewsky,  ZeiUehr,/,  Chem,  [2]  t.  460).  Paranumo^ 
ehlorotoUtene,  (>H'C1H>.CH*,  and  the  metameric  body  Bemyl  chloride,  C«H*.CH*C], 
are  described  in  toI.  y.  ^p.  853,  854. 

Of  iheihnedichlorinated  toluenes,  (PH'Cl', 

C«H«C1«.CH«  C^*Cl.CH«a  C«H».CHC1« 

Diohlocotoiaene  CShlorobeniyl  Beuylene 

chknElde  ohloride, 

the  second  and  third  are  also  described  in  vol.  v.  pp.  854,  855.  The  following 
additional  observations  are  by  Beilstein  a.  Geitner  (jahresb,  1866,  p.  590)  and 
Neuhof  (ZetUckr.  /.  Chem,  12]  ii.  653  ;  Jahreeb,  1866,  p.  597). 

1.  Dichhrotoluenef  CH'C1*.CH*,  is  obtained  (together  with  monochlorotoluone) 
by  passing  chlorine  into  toluene  mixed  with  iodine.  It  is  liquid,  boils  at  196° 
(Beilstein  a.  Geitner),  197°'199°  (Neuhof),  and  retains  its  two  chlorine-atoms  with 
equal  force.  By  oxidation  with  chromic  acid,  it  is  converted  into  paradichlorobetizoic 
(dichlorodracylic)  acid : 

OH'Cl'.CH"  +  0«  =  HH)  +  C«H»C1«.C0«H. 

2.  Chhrobetuyl  chloride,  C*H^C1.CH*C1,  is  produced  by  the  action  of  chlorino  on 
monochlorotoluene  at  the  boiling  heat,  or  by  the  action  of  chlorine  in  the  cold,  in 
presence  of  iodine,  on  benzyl  chloride.  It  boils  at  212°-214^,  gives  up  one  of  its 
chlorine-atoms  more  easily  than  the  other,  and  is  accordingly  converted  by  oxidation  into 
foranumochlorohtneoie  (chlorodracylic)  acid  (Neuhof) : 

c^*a.cH«ci  +  o«  =  Ha  +  c"H*a.co«H. 

By  boiling  with  alcoholic  solution  of  potassium  sulphydrato,  it  is  converted  into 
an  oily  mcrcaptan  which  crystallises  ftom  alcohol : 

Cra*Cl.CH«a  +  KHS  -  KCl  +  C«H*C1.CH»SH. 

Boiled  with  alcoholic  potassium  cyanide,  it  yields  the  amide  of  alpha-toluic  acid : 

(>H*Cl.CH«a  +  KCN  +  H»0  -  KCl  +  C»H«C1.C0H«N. 

Heated  with  the  solution  of  potassium  cyanide  in  a  sealed  tube,  it  yields  the  nitrile 
of  alpha-toluic  acid  (Neuhof). 

3.  Bemylene  chloride,  Chhrobenzol,  or  BUter  almond  oil  chloride,  CK*,CRCV,  is 
produced  by  passing  chlorine  into  benzyl  chloride  at  the  boiling  heat,  or  (i.  855)  by 
the  action  of  phoephorus  pentachloride  on  bitter  almond  oil. 

Of  the  triehlorinated  compound  C^H*C1*,  there  are  four  possible  modifica- 
tions, depending  on  the  distribution  of  the  chlorine-atoms  between  the  principal  and 
lateral  chains :  viz., 

Trichlorotoluene,    C«H«a'.CH"   boiling  at  235°. 
Benzotrichloride,    0«H».Ca»,  „  214°. 

^""SlSidr^^i    C«H»Cl«.CH«a,      „  2410. 

^"^k^ride!^°''i  ^S*^.CHa«.       „  2340. 

The  first  and  third  may  also  admit  of  further  modifications  depending  on  the  relative 
positions  of  the  chlorine-atoms  in  the  principal  chain. 
The  second  and  third  of  the  above  compounds  are  described  in  vol.  v.  p.  855. 
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They  have  been  further  Btadied,  together  with  the  other  two,  by  Beilstein  a.  Enhlbeig 
(Ann,  Ch,  Pharm,  cxlyi.  317).  1.  Trichlarotolume,  C*HKn>.CH",  is  easily  obtained 
by  passing  chlorine  into  toluene  mixed  with  iodine,  till  100  pts.  by  weight  of  the 
toluene  have  increased  to  216*5  pts.  According  to  Limpricht  (Ann.  C&.  Pharm^ 
czzxiz.  303),  it  is  also  found,  together  with  benzotrichloride,  and  probably  also  with 
the  other  two  modifications  above  mentioned,  in  the  product  resulting  from  the 
action  of  chlorine  alone  upon  toluene,  and  separates  in  czystals  when  the  portion  of 
the  chlorinated  product  which  boils  at  230^-240^  is  exposed  to  a  low  temperature. 
When  reoystallised  from  ether  it  forms  long  vitreous  prisms  which  melt  ana  solidify 
again  at  75^  to  76° ;  boils  without  decomposition  at  237°i  and  is  not  altered  by 
prolonged  heating  with  water  to  200^-220°  (Limpricht).  By  oxidation  with  chromic 
acid  it  is  converted  into  paratrichlorobenzoic  (trichlorodracylic)  add  (Janasch, 
Jakredt,  1867,  p.  660).-2.  DicMorobeneyl-chloride,  G^H^Cl^.CKKH,  ia  obtained  by 
passing  chlorine  into  benzyl  chloride,  CH*.  CH*C1,  mixed  with  iodine,  or  more  readily 
by  treating  dichlorotoluene,  0^*01*.  CH',  with  chlorine  at  the  boilinff  heat  It  boils 
without  decomposition  at  241°,  and  contains  a  loosely  combined  ehlorine-atom, 
replaceable  by  aouble  decomposition ;  thus  when  heated  with  an  alcoholic  solution  of 
potassium  acetate,  it  yielos  potassium  chloride  and  paradichlorobenzyl  acetate^ 
C«H>C1*.CH'(C«H*0*)  (Beilstein  a.  Euhlberg).— 3.  Ckhrobentylene  eUoride  (chlori- 
nated bitter  almond  oil),  C*H^C1 .  CHCl',  is  produced  when  chlorine  is  passed  into 
benzylene  chloride  (chlorobenzol  or  chloride  of  bitter  almond  oil)  mixed  with  iodine, 
or  more  readily  by  the  action  of  chlorine  on  monochlorotoluene,  CH^Cl.CH',  at  the 
boilinff  heat  (Beilstein  a.  Kuhlberg) ;  also  by  the  action  of  phosphorus  pentachloride 
on  dichlopocresol,  C«H*(OH) .  CHC1«  (L.  Henry,  ZeiUchr,  f.  Chem,  [2]  t.  871).  Boils 
at  284°  (B.  and  K) ;  at  227°-230°,  and  has  a  sp.  gr.  of  1*4  at  9°  (Henry).  It  is 
decomposed  bv  water  at  170°,  with  formation  of  parachlorobenxoic  aldehyde, 
CH^Cl .  CHO  (chlorosalicylol,  according  to  Henry),  and  is  oxidised  by  chromic  acid  to 
paiachlorobensoic  add,  CH'Cl.CO'H  (Beilstein  a.  Kuhlberg).— 4.  Bentotriehloride, 
C^*.CC1',  is  easily  obtained  quite  pure  by  passing  chlorine  into  boiling  toluene  as 
long  as  the  product  continues  to  increase  in  weight  (100  pts.  toluene  take  np 
1 12*6  pts.  chlorine).  It  boils  constantly  at  213°-214°,  and  is  decomposed  by  water  at 
160°,  with  formation  of  benzoic  add : 

C«H».CC1»  +  2H«0  =  8HC1  +  C«H».COHO. 

Benxoic  add  is  also  formed,  together  with  chlorobenzoie  acid  as  a  secondary  product, 
when  benaotrichloride  is  oxidised  by  chromic  acid  (Beilstein  a.  Kuhlbeig).  Ntiro- 
benzotriehloride,  OH^(NO*^.GC1*,  appears  to  be  formed  by  the  action  of  fuming  nitric 
add  on  benzotrichloride,  but  is  immediately  decomposed  by  water  into  hydrochloric 
and  nitrobenzoic  acids.  NUrobensylene  ohioride,  C^H*(N0').CHC1',  is  formed  on 
dropping  benzylene  chloride  (chlorobenzol),  prepared  from  bitter  sdmond  oil,  into 
fuming  nitric  acid,  as  a  heavy  oil  which  cannot  be  obtained  in  the  pure  state ;  by 
oxidation  with  cbromic  add  it  is  converted  into  nitrobenzoic  add  (Beilstein  a. 
Kuhlbeig). 

Tetraehlorinated  Toluenes.  C^HH>1*. — This  formula  indudes  four  posdble 
modifications,  viz., 

craa*.cH*     c«H«a».cH«ci     c«H»a«.CHci*     c«H*ci.ca« 

Tetraduffotoiaene.       Tiicblorobeiuyl  Dichlorobenxyleiie      MoiiochlorobeniO' 

chloride.  chloride.  trichloride. 

The  first  and  fourth  of  these  bodies,  mentioned  in  vol.  ▼.  p.  866,  have  lately  been 
fiirther  studied,  together  with  the  other  two,  by  Beilstein  a.  Kuhlberg  (ZeUackr,  /. 
Chem.  [2]  iv.  276). 

1.  TetracJdorotoluene,  C«HC1«.CH',  is  formed  by  the  prolonged  action  of  chlorine 
on  toluene  mixed  with  iodine,  100  pts.  toluene  increasing  thereby  in  weight  to 
260  pts.  It  is  separated  by  fractional  distillation  and  purified  by  crystallisation 
f^m  absolute  alcohol.  It  is  very  stable ;  boils  without  decomposition  at  270° ;  melts 
at  92°-96° ;  is  slowly  acted  upon  by  filming  nitric  add.— 2.  TricJdorobengyl  chloHde, 
C*H*C1*.CH'C1,  is  easily  produced  by  treating  trichlorotoluene  with  chlorine  at  the 
boiling  ^eat,  100  pts.  taking  up  17*6  pts.  chlorine.  It  is  a  liquid  boiling  without 
decomposition  at  278°;  one  of  its  chlorine-atoms  is  easily  replaced  by  double 
decomposition ;  thus  when  boiled  with  alcoholic  potassium  acetate,  it  easily  yields 
trichlorobengyl  acetate^  with  separation  of  KCl.— 3.  Dichlorobem^ene  ekloride, 
0*H»C1«.  CHC1«,  is  formed  by  the  action  of  chlorine  on  dichlorotoluene  at  the  boiling 
heat,  100  pts.  increasing  in  weight  by  48  pts.  Liquid ;  boils  without  decomposition  at 
267°.  Easily  exchanges  ttoo  of  its  chlorine-atoms ;  thus  when  heated  with  water  in 
a  sealed  tube  it  yields  hydrochloric  acid,  and  a  substance  capable  of  uniting  with  add 


BENZENE,  HOMOLOGUES  OF:   TOLUENE.  283 

iodimn  snlphita,  eridentlv  the  aldehyde  of  pamdichlotobeiusoic  acid.    By  oxidAtion 
vith  chromic  acid,  it  yielos  paradickUtrobetutoio  add : 

C-BPC1«.CHC1«  +  O  +  HH)  =  2Ha  +  C«HHn«.0O«H. 

4.  MomoMoro-benzotrichloride^  (^H^Cl.CCl*,  obtained  by  passing  chlorine  into 
bemBotzichloride,  is  a  liquid  boiling  without  decomposition  at  246^.  When  heated 
-with  vater  to  190^,  it  is  completely  resolved  into  hydrochloric  acid  and  parackloro- 
bauoie  add,  showing  that  the  three  chlorine-atoms  in  the  methyl  of  the  toluene 
moleeole  hare  exerted  no  influence  on  the  position  of  the  chlorine  in  the  phenyl : 

CTI«a.CCl«  +  2H«0  -  8Ha  +  C^«C1.C0«H. 

Pentaeklorinaied  Toluenee, — ^The  empirical  formula  CH'Gl*  likewise  admits 
of  four  modifications,  vis., 

cHn».cH«     c^a*.CH*ci      CTB[«a«.CHa«       CH«ci«.ca« 

Fntedikio-       TetncUcro-benByl       Tricfaloro-bernqrleiie  Didilobenaotaci- 

1.  PttacUoroioluenef  CCl* .  CH',  is  prepared  by  passing  chlorine  into  toluene  mixed 
with  iodine  as  long  as  it  is  absorbed,  the  absorption  being  ultimately  assisted  by  a 
RButle  heat;   then  fractionating;  and  purifying  the  portion  which  boils  at  about 
SOO®  by  washing  with  cold  carbon  bisulphide  (which  dissolves  tetracMorotoluene 
easily,  but  pentachlorotoluene  with  difficulty),  and  reciystallising  ftom  benzene. 
Crystallises  in  shining  white  slender  needles ;  melts  at  218^,  and  boils  at  about  800^. 
Very  stable,  not  being  acted  on  by  Auning  nitric  acid  at  boiling  heat — 2.  TeirO' 
eUorobensyi  cMloridet  C^Cl^.CH'Cl,  is  produced  by  treating  tetF^hlorotoluene  with 
ehiorise  at  the  boiling  heat,  100  pts.  increasing  in  weight  by  15  pts.    It  is  a  liquid, 
iwiling  without  decomposition  at  296^-297'^»  and  easily  exchsmging  one  of  its  chlorine- 
atoms,  yielding,  for  example,  tetrachlorobenzyl  acetate  when  heated  with  ^coholie 
pofcsssinm  acetate.    Treated  at  its  boiling  heat  with  chlorine,  it  is  converted  into 
pentachlorobenzene,  C*HC1*   (Beilstein  a.  Kuhlb^g,  ZeUechr.  /.   Chem,  [2] 
T.  627).— 3.    TricUorobenzylene  ekioride,  C«H»C1".CHC1«,  is  prepared  by  treating 
triehlorotoliiene  with  chlorine  at  the  boiling  heat,  100  pts.  taking  up  86  pts.    Liquid, 
boiling  without  decomposition  at  285^.-4.  Dichlorobetuotrichloride,  G«H*a*.CCl',  is 
produced  hj  passing  chlorine  into  benzotrichloride  at  the  boiling  heat  as  long  as  it  is 
absorbed.    It  is  a  liquid,  boiling  without  decomposition  at  277°»  and  easily  exdianging 
<Ay«e  of  its  chlorine-atoms :  thus  when  heated  with  water  it  yields  paradichlorobenzoic 
add  (Beilstein  a.  Kuhlbeig,  ZdUchr,/,  Chem,  [2]  iv.  277). 

Hexehlorinated  Toluenee  (Beilstein  a.  Kuhlberg,  ibid,  561). — The  formida 
CH*C1*  admits  of  the  three  following  modifications : 

C^».CH»C1  C«Ha*.CHCl«  C«H»C1».CC1« 

Fentttchlorobenvyl  Tttraohlorobeiuylene  TrichlorobeDSOtri- 

idiloKide.  chloride.  chloride. 

1.  BnUaehlorobemyl  chloride,  CC1*.CH'C1,  is  prepared  by  passing  chlorine  into 
benzyl  chloride,  C'H* .  CH*C1,  mixed  with  iodine,  as  long  as  it  continues  to  increase  in 
weight,  washing  the  product  with  potash,  then  adding  a  few  grams  of  antimony 
tri^oride,  and  finally  passing  chlorine  into  the  moderately  heated  mixture  as  long  as 
it  eontinnes  to  be  absorbed.  The  antimony  chloride  is  then  removed  by  wasMng 
with  strong  hydrochloric  acid,  and  the  expressed  product  is  purified  by  reciystallisa- 
Uon  from  alcohol  and  benzoL  It  is  also  produced  by  the  prolonged  action  of  chlorine 
on  pentachlorotoluene  at  the  boiling  heat.  Crystallises  in  white  shining  slender  needles ; 
melts  at  107^-109^;  boils  without  decomposition  at  about  325^;  dissolves  sparingly 
in  absolute  alcohol,  easily  in  benzol.  By  alooholicpotassium  acetate  at  200°,  it  la 
otmverted  into  pentaehlorohenzyl  alcohol,  G*C1*.CH*0H.  Decomposed  also  by  an 
alcoholic  solution  of  hydropotassic  sulphide. 

2.  TetraMorobeneylene  chloride,  CHCl^  CHCl*,  is  obtained  by  passing  chlorine  into 
tetnchlorotolnene,  (^Cl^.CH',  at  the  boiling  heat,  as  long  as  it  continues  to  be 
abeoibed,  and  purified  by  fractional  distillation.  It  is  a  liquid  of  sp.  gr.  1'704  at  25°, 
bdling  without  decomposition  at  305°-306°.  By  heating  with  water  to  280°,  it  i« 
nesolved  into  hydrochloric  acid  and  tetracUorobenealdehyde : 

c^a^CHa»  +  h«o  =  2Hci  +  c«hci*.cho. 

3.  TrieUorohenzo-trichloride,  C«H»C1».  CC1«,  prepared  in  like  manner  from  trichloro- 
tolnene,  forms  colourless,  highly  lustrous  needles,  soluble  in  alcohol;  boils  at 
297°-298^;  melts  at  82°,  and  solidifies  to  a  mass  exhibiting  patterns  like  frost- 
aystals.  Heated  with  water  to  250^-260°,  it  is  easily  converted  into  paratrichUmh 
bentoie  acidi 

C^«a«.Ca«  +  2H«0  «  3HC1  +  C^«C1«.C0«H. 
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Id  the  pi«pftration  of  the  compound  C*H*C1".CC1'  there  is  likewise  obtained  ft 
liquid  boiUDff  at  240^-250^,  and.depoeiting  crystals  which  melt  only  at  189^.  These 
crystals,  which  dissolve  with  difficnilty  both  in  absolute  alcohol  and  in  a  mixture 
of  alcohol  and  benzene,  consist  of  tetrachlorobensene,  C*H'C1*  (Beilstein  a. 
Kuhlberg,  Zeitsekr,/.  Ciem,  [2]  t.  529). 

Heptachlorotoluenea  (Beilstein  a.  Euhlbeig,  Zeitsekr.f,  Ckem,  [2]  y.  75). — The 
formula  C*HC1'  admits  of  only  two  modifications,  yi&, 

C^Cl«.Ca«   and    CKJl'.CHa*. 

TdraekUiTO-beiieotrickloride,  C^Cl^.CCl',  is  formed  by  the  action  of  chlorine  on 
tetrachlorotoluene  at  the  boiling  heat.  It  is  not  possible,  howerer,  to  conyert  the 
whole  of  the  tetrachlorotoluene  into  the  heptachlorinated  oompound,  the  product  being 
a  mixture  of  C^C1< .  CH*C1,  C^Q* .  CHC1«,  and  OHQ* .  Cl«,  which  may  be  approxi- 
mately separated  by  fractional  distillation.  The  portions  boiling  between  310^  and 
820^  soli<uiy  after  a  while ;  they  are  freed  from  adnering  oil  (consisting  of  the  penta- 
and  hex-chlorinated  compounds  just  mentioned)  and  purified  by  crystallisation  from 
alcohol. 

Tetrachloro-benxotrichloride  thus  obtained  forms  dassling  white  crystals;  from 
alcoholic  solution  it  separates  by  rapid  cooling  in  short  needles ;  by  slow  cooling  in 
lamina  Boils  with  slight  decomposition  at  316^ ;  melts  at  104^.  Moderately  soluble 
in  hot,  slightly  in  cold  absolute  alcohol.  By  heating  with  water  to  270^,  it  is  slowly 
resolved  into  hydrochloric  and  para-tetrachlorobenzoic  acids : 

C^C1*.CC1«  +  2H«0  =  8Ha  +  C«Ha«.CO«H. 

It  is  not  acted  upon  by  bromine,  or  under  the  ordinary  pressure  by  antimonic  chloride. 

Pentaehlorthbemylene  chloride^  C*C1*.CHC1*,  is  not  formed  by  the  action  of  chlorine 
on  pentachlorotoluene  at  the  boiling  heat,  but  may  be  prepared  by  treating  benzylene 
chloride,  C*H*.CHCl',  with  chlorine  in  presence  of  iodine,  as  long  as  absorption  goes 
on,  ultimately  with  the  assistance  of  antimonic  chloride,  which,  however,  must  not  be 
added  till  every  trace  of  iodine  has  been  removed.  The  washed  product  is  distilled, 
and  the  red  distillate  is  washed  with  aqueous  potash  and  s^in  distilled  till  a  colourless 
distillate  is  obtained,  which  is  again  to  be  mixed  with  antimonic  chloride  and 
treated  with  chlorine  as  long  as  that  gas  is  absorbed.  The  antimony  chloride  is  then 
removed  with  hydrochloric  acid ;  the  liquid  distilled ;  the  distillate  mixed  with  a  laige 
excess  of  antimonic  chloride  and  slowly  redistilled ;  and  the  portions  which  go  over 
after  the  antimonic  chloride  are  washed  with  hydrochloric  acid,  and  then  repeatedly 
boiled  witli  alcohol  of  80  p.  c,  which  dissolves  the  compound  OCl^.CHOl*,  and 
leaves  undissolved  another  heptachlorinated  compound,  to  be  presently  noticed.  The 
crystals  which  separate  from  the  alcoholic  solution  arepurified  by  repeated  crystal- 
lisation from  alcohol,  wfiereby  the  compound  CCP .  ChCI'  is  obtained  in  dasiliDg 
white,  flat,  elongated  or  triangularly  acuminated  laminn.  It  melts  at  109^-110^, 
boils  constantly  and  without  decomposition  at  333^-335° ;  is  not  altered  by  heating 
with  water  to  300^,  or  by  bromine. 

XddototaMM,  G'H^I.CH",  is  obtained  b^  decomposing  sulphate  of  diaaotoluene 
with  hydriodic  add,  washing  the  product  with  potash-ley  and  water,  and  subsequent 
distillation.  The  iodotoluene  thus  prepared  from  diazotoluene  obtained  by  the  action 
of  nitrous  acid  on  ordinary  toluidine,  forms  shining  lamine,  melting  at  35^,  boiling 
without  decomjposition  at  211*5°,  subliming  at  ordinary  temperatures,  and  conveited 
by  oxidation  with  chromic  acid  into  para-iodobensoic  acid :  hence  it  consists  of  para- 
iodoteluene  (W.  Korner,  BuU.  Acad,  Bdg,  1867,  P.  157;  Jakresb,  1867,  p.  665); 
but  the  iodotoluene  obtained  in  like  manner  from  the  diasotoluene  produced  item 
Bosenstiehl's  pseudotoluidine  is  liquid  at  ordinary  temperatures,  and  is  converted  by 
oxidation  with  chromic  acid  mixture  into  ortho-iodobenzoic  acid :  hence  it  consists  of 
ortho-iodotoluene  (Korner,  ZeUaehr.  /.  Chem,  [2]  v.  636). 

Vftrotolvenes.  MononUrotolucne,  C^«(NO').CH*,  was  originally  obtained  as 
a  liquid  (i.  574) ;  but  Jaworsky  (v.  858)  and  KekulA  {Zeitsckr.  /.  Ckem.  [2]  iii.  225) 
have  shown  that  when  this  liquid  nitrotoluene  (pre{)ared  by  the  action  of  fuming 
nitric  acid  on  coal-tar  toluene)  is  subjected  to  fractional  distiUation,  the  greater  part 
passes  over  from  220^-225°,  and  only  the  portion  boiling  above  233°  yields  pure 
nitrotoluene,  which  boils  at  237°'-238°,  and  solidifies  in  well-defined  crystals  melting 
at  54°.  On  the  other  hand,  Beilstein  a.  Kuhlberg  have  shown  that  by  heating  dinitro- 
toluene  (i.  575)  with  hydrogen,  or  by  boiling  sulphate  of  paradiasonitrotoluene  with 
absolute  alcohol,  a  liquid  mononitrotoluene  is  obtained  which  does  not  solidify,  and 
that  the  product  commonly  called  nitrotoluene  is  a  mixture  of  this  liquid  nitrotoluene 
with  the  solid  modification.    When  nitrotoluene  is  prepared  by  adding  nitric  acid 


BENZENE,  HOMOLOGUES  OP:   TOLUENE.  285 

• 
(sp.  gr.  1*475)  to  cooled  tolnene,  and  the  product  is  subjected  to  fracUonal  distillation 
at  intervals  of  2^,  we  obtain,  after  fifteen  to  twenty  distillations,  two  portions,  one 
boiling  between  222^  and  223®,  the  other  between  236°  and  286°,  the  portions  of 
intermediate  boiling  point  being  quite  insignificant.  That  which  passes  over  above  230° 
solidifies  for  the  most  part  very  qnickly  by  separation  of  solid  nitrotolnene ;  the 
portion  of  lower  boiling  point  does  not  solidify.  The  liquid  nitrotolnene  obtained  in 
the  manner  jnst  describod  is  identical  in  j^ysical  and  chemical  properties  with  that 
obtained  fnm.  dinitzotolnene ;  prepared  in  either  way  it  boils  at  222°~223®,  and  has  a 
specific  giBTity  of  1*162-1'163  at  28°.  The  sulpho-adcf^  tolnidines  and  aoetotolnides, 
preparsd  from  liquid  nitxotolnene  obtained  in  either  way,  likewise  agree  in  their 
moperties,  bat  di&r  widely  from  the  corresponding  deriyatayes  of  solid  nitcotolnene. 
xor  example,  tolnidine  obtained  from  liquid  nitrotolnene  is  also  a  liquid  which  does 
not  solidify,  and  boils  at  199°,  whereas  toluidine  from  solid  nitrotolnene  is  crystalline, 
melts  at  46°,  and  boils  at  200°  (Zeitsekr,/,  Chem.  [2]  T.  521). 

jMmonutm  ndpkUe  acts  on  nitrotolnene  in  the  same  manner  as  on  nitrobensene 
(p  268),  forming  disulphuryl-toluylic  acid,  G'H'NS'O*  (Garius,  «;<iAref6.  1861, 
p.  635). 

Nitrobensyl  chloride,  <>H«(NO<).CH*a,  produced  by  dissolving  benzyl 
chloride  in  fnming  nitric  add,  and  freed  from  an  oily  body  formed  at  the  same  time, 
by  pressure  and  redystallisation  from  alcohol,  forms  laminar  crystals  melting  at  71°. 
By  Qsdation  with  chromic  acid  it  is  easily  converted  into  paranitrobensoic  acid 
(Beilstein  a.  Qatner,  Ann.  Ch,  Pharm.  cxzxiz.  331).  According  to  Grimauz  (Bull. 
8oc,  Odm,  [2]  viii.  433),  this  compound  melts  at  73°,  remains  liquid  till  cooled  to 
60°,  and  then  solidifies  suddenly  when  touched,  the  temperature  rising  to  69®. 
Heated  with  alcoholic  solution  of  potassium  acetate,  it  is  converted  into  ni  trobenzyl 
acetate,  CS^*(^0') .  Cn'(CHH)*),  which  dissolves  sparingly  in  boiling  water,  easily 
in  aloohcd  and  ether,  and  crystallises  therefrom  in  thin  shining  lamins,  melting  at 
85°.  Benzyl  acetate  treated  with  fuming  nitric  add  yields  a  thick  oil  firom  whidi  a 
white  solid  body  may  be  separated. 

ReduetUm-deriwUiva  of  NUroUHuene, 

C^*(NH«).CH«.--See  Toltjidikb  (v.  866,  and  in  this  volume). 
CH'N*.— See  Azotolitidznb  (v.  867). 
CHH>*N>.  Azatduol.  Aeotoluid  (Werigo,  Zeiisekr.  C%.  JPftom.  1864, 
pp.  481,  721 ;.  Jaworsky,  ibid.  640). — Produced  by  the  action  of  sodium-amalgam  on 
aitnCohiene  dissolved  in  aqueous  alcohol.  On  acidulating  with  acetic  acid  and 
removing  the  unaltered  nitrotolnene  by  distillation,  the  asotoluene  remains  as  a  soft 
red  mass,  which,  after  washing  with  cold  and  reciystallisation  from  hot  alcohol, 
is  obtained  in  shining  orange-red  needles.  It  melts  at  137°>  sublimes  without 
deeomposition,  is  insoluble  in  water,  dilute  adds  and  alkalis,  but  dissolves  in  strong 
solphaxic  add,  and  is  predpitated  therefrom  by  water.  By  the  fnrther  action  of 
Mxuimi-anaalgam,  it  is  converted  into  hvdrasotoluene,  C*'H'*N*. 

Aaotoluene,  like  aaobenzene,  unites  directly  with  bromine,  forming  the  compound 
C^'H'^NfBr' ;  but  when  bromine  is  added  to  a  solution  of  azotoluene  (such  as  that 
obtained  in  its  preparation),  a  crystalline  precipitate  is  formed,  which  after  recrystal- 
lisation,  with  addition  of  animal  charcoal,  forms  white  shining  laminse.  This  body 
has  the  composition  C'^H^NTBr*,  and  has  one  half  of  its  bromine  more  intimately 
combined  than  the  other  half.  It  may  be  regarded  as  the  tetrahydrobromide  of  hydrazO' 
tobtate,  C»*H»«N».4HBr.  or  as  the  dihydrobromide  of  the  diamine  C"H»»Br*N».  It 
dissr^ves  in  water  and  in  alcohol,  but  not  in  ether;  sublimes  without  residue  in  white 
needles ;  decomposes  above  100°,  with  formation  of  red  vapours ;  reacts  strongly 
add  in  aqueous  solution ;  and  forms  with  ammonia  or  soda  a  precipitate  soluble  in 
excess  of  the  reagent.  With  chlorine,  azotoluene  forms  the  analogous  compound 
C'«H*^»C1*. 

On  mixing  a  hot  concentrated  aqueous  solution  of  the  bromine-compound  C'^H^N'Br* 
with  a  qnantity  of  silver  nitrate  equivalent  to  half  the  bromine,  the  solution,  after 
remov&l  of  the  predpitated  silver  bromide,  yields  long  needle-shaped  crystals,  soluble 
in  water  and  alcohol,  but  not  in  ether,  and  consisting  of  the  nitrate  C*^H"Br'N'. 
2IfO*H.  The  aqueous  solution  of  the  bromine-compound  C'H^N'Br*  forms  with 
caustic  soda  a  white  crystalline  precipitate,  which,  after  reprecipitation  from  alcoholic 
solution  by  water,  forms  long  colourless  needles,  easily  soluble  in  alcohol  and  ether, 
but  only  slightly  in  water.  This  compound  is  neutral,  melts  at  67'6°,  and  consists  of 
C»«H"N*Br»  (Werigo,  Zeitachr.  f.  Chem.  1866,  p.  631 ;  1866,  p.  196 ;  Jahreab.  1866, 
p.  466). 

2fUrajsc€olmenes. — ^Nitric  add  of  sp.  gr.  1*5,  gradually  added  to  cooled  azotoluene. 
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converts  it  almost  wholly  into  mononitnuotoluene,  C"H"(NO')N',  which  crystallises 
from  alcohol  in  two  forms — first  in  reddish  needles  melting  at  67^,  afterwards  in  small 
yellow  crystals  melting  at  63^.  When,  on  the  other  hand,  crystals  of  azotolnene  are 
gradually  added  to  strong  nitric  acid  without  cooling,  two  other  bodies  are  formed, 
viz. :  (n  TrinUragotolue»e,  C*«H"(Na>)*N^  which  dissolyes  with  moderate  facility  in 
hot  alcohol,  and  separates  on  cooling  in  thin  yellow  needles  sparingly  soluble  in  ether, 
and  melting  at  about  186^— (2)  7H«t^raarr«y^<>/f«jw^,  C"H"(NO«)»NK),  nearly  insoluble 
in  alcohol,  but  soluble  in  nitric  add  ana  in  benzol,  and  separating  therefrom  in 
sulphur-yellow  crystals  melti^  at  201°,  and  decomposing  at  a  higher  temperature 
with  explosion  and  separation  of  charcoal  (Petrieff,  Zkuchr.  f,  Chem,  [2]  vi.  264). 

Axozytoliieiie«  C^^H^^KK),  is  obtained,  together  with  azotoluene,  by  the  action  of 
sodium-amalgam  on  nitrotoluene  in  alcoholic  solution,  and  separates  from,  the 
alcoholic  mother-liauor  in  the  form  ef  a  red  oil  (Jaworsky,  Jahresb.  1864,  p.  527). 
Petriefif  {Zeitschr,  f.  Chem,  [2]  vi.  30)  has  more  recently  obtained  it  in  red  crystalline 
laminae  melting  at  67°»  more  soluble  in  alcohol  than  azotoluene,  and  therefore 
remaining  in  the  mother-liquor  after  the  latter  has  separated.  By  the  further  acUon 
of  sodium-amalgam  it  is  reduced  tohydrazotoluene,  C^^H^N*. 

SXTLPHO-DBBITATTVBS  OF  TOLUBNB. 

Tolnene-salpliiuie  Aold.  C'H'.SO'H  (Engelhardt  a.  Latschinoff,  ZeiUchr,  /. 
Chem,  [2]  y.  617). — Toluene  heated  with  sulphuric  acid  yields  two  isomeric  sulpho- 
acids.  To  prepare  them,  600  grms.  of  pure  toluene  are  heated  for  two  days  in  the 
water-lMith  with  an  equal  volume  of  faming  sulphuric  acid ;  the  resulting  mass  is 
dissolved  in  water  and  neutralised  with  lime;  the  filtered  soluticm  is  freed  from 
excess  of  sulphuric  acid  by  barium  hydrate ;  the  excess  of  lime  and  baryta  precipitated 
by  carbonic  acid ;  the  filtered  solution  decomposed  by  potassium  carbonate ;  and  the 
solution  of  the  potassium  salts  concentrated  by  evaporation.  This  solution,  not  too 
concentrated,  deposits  on  slow  cooling  two  potassium  scdts,  a  and  i9,  sharply  distin- 
guished from  one  another  by  their  crystalline  forms  ;  the  former  separating  in  large 
prismatic  crystals ;  the  latter,  which  is  the  more  soluble  of  the  two,  in  kx>se  nodular 
groups  of  slender  needles.  They  crystallise  together,  but  may  be  mechanically 
separated  by  a  sieve,  the  a  salt  remaining  thereon,  while  the  /3  imlt  passes  through 
with  the  mother-liquor.  The  a  salt  is  easily  purified  by  recrystallisation  from  water ; 
but  the  fi  salt  can  only  be  approximately  purified  by  several  ciystaUisations,  first 
from  water,  afterwards  from  alcohol.  To  prepare  the  other  salts  of  these  two  acids, 
the  potassium  salts  are  decomposed  by  sulphuric  acid,  and  the  separated  acids  are 
dissolved  out  by  alcohol  and  neutralised  with  barium  carbonate,  &c 

a  Toluene'»ulphate». — ^The  potassium  salt  C^H'SO'K.HH)  dissolves  easily 
in  hot  water,  and  crystallises  by  slow  cooling  of  the  moderately  concentrated  solution, 
in  beautiful  elongated,  six-sided  tables,  or  long  prisms  resembling  saltpetre ;  from 
highly  concentrated  solutions  in  long  needles.  It  ia  soluble  in  hot  alcohol,  and 
crystallises  therefrom  in  needles.  The  crystals  effloresce  in  the  air.  The  sodium  salt 
crystallises  from  alcohol  in  shining  laminse.  The  barium  salt  (C'H^SO')'Ba  is  easily 
soluble  in  boiling  water,  and  crystallises  on  cooling  in  shining  laminae.  The  calcium 
salt  crystallises  from  alcohol  in  needles. 

fi  Toluene-sulphates.— The  potassium  salt  2CH'S0»K . 3H«0  is  very  soluble 
in  water  and  in  boiling  alcohol,  and  crystallises  from  the  former  in  nodular  groups  of 
slender  needles,  from  the  latter  in  shining  laminse.  The  barium  salt  (C^H'SO')*Ba .  H*0 
is  easily  soluble  in  boiling  water  and  crystallises  in  white  nodules. 

OBTOBROMOTOLUENB-sxTLPinTBic  ACID,  C^H'CH'Br .  SO*H,  is  produced  by  heating 
toluene  bisulphoxide  with  excess  of  bromine  in  sealed  tubes  and  remains  on 
evaporation  as  a  yellow  mass.  Its  barium  salt,  (C*H»CH«BrS0>)*Ba.2H«0,  forms 
beautiful  laminse,  very  slightly  soluble  in  water,  and  sustaining  a  heat  of  200°  without 
decomposition  (Otto,  Lowenthal  a.  Oruber,  Zeitschr.  [2]  iv.  626).  The  calcium  salt 
(C«H»CH'BrS0*)»Ca.3H'0  crystallises  from  water  in  slender  needles,  which  have  a 
great  tendency  to  creep  over  the  sides  of  the  vessel.  When  slowly  ciystallised  from 
alcohol  or  water  it  forms  thick,  often  crossed  needles,  having  a  silky  lustre  (Hiibner 
a.  Wallach,  ibid.  602). 

Metabromotolxtene-sulphitbic  Acid.  OH*BrCH".S0'H. — Hiibner  a.  Wallach 
(Zeitschr.  /.  Chem.  [2]  v.  600)  describe  two  modifications  of  this  acid — the  one 
obtained  fVom  fluid,  the  other  from  crystallised  bromotoluene ;  they  may  be  distin- 
guished by  the  prefixes  /and  c. 

f  Metabromotoluene-sulphuric  acid  is  easily  produced  by  dissolving  liquid  bromo- 
toluene in  fuming    sulphuric  acid;    it   salts    crystallise   well;    the    calcium   sail 
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(C'H<Bt60')H}a.l|£P0  in  tofts  of  delicate  crystalB  which  give  off  their  water  at 
100°.  ^e  todiitm  aeit  OH'BrSO'Na  crysiallifles  firom  water  in  nodular  groups  of 
needlot,  from  alcohol  in  transparent  lamingi.  The  crystals  contain  i^ter,  which 
«0eapeB  so  easily  that  its  amount  could  not  be  determined. 

e  Metabromaioluene'tulphufie  acid,  prepared  from  solid  bromotoluene,  dystallises 
fiom  water  or  ether  in  very  small  colourless  needles  or  plates,  which  appear  oblique- 
angled  under  the  microscope.  A  very  concentrated  solution  of  solid  bromotoluene  in 
fhming  sulphuric  acid,  mixed  with  a  small  quantity  of  water,  deposits  the  acid  on 
cooling  in  small  shining  lamins.  The  lead  salt  of  this  acid,  (OH*Bi€H*S0*)'Fb, 
crystallises  in  ftircate  groups  of  long  transparent  needles,  which  in  thick  layers 
appear  opaque  and  exhibit  a  fine  satiny  lustre.  The  9odi»m  salt,  crystallised  from 
alcohol,  forms  small  needles,  passing  by  slower  crystallisation  into  large  Tery  thin 
plates ;  they  also  give  off  their  water  of  crystallisation  too  easily  to  allow  of  its 
exact  determination. 

/  Metaifromtttolume-aulphockloride,  C*H'BrGH".SOK;i,  is  produced  by  heating  the 
Bodimn  salt  of  the  corresponding  sulpho-acid  with  phosphorus  pentachloride.  On 
adding  water  to  the  product  the  sulphochloride  separates  as  a  light  brown  fetid  oil, 
which  does  not  solidify  eren  in  a  freezing  mixture.    It  dissolves  easily  in  alcohol. 

e  Mdabfvmoioluene' sulphochloride  from  solid  bromotoluene,  does  not  differ  sensibly 
from  the  compound  just  described. 

CHLOBOTOLVBcs-strLFHUBic  ACID,  C*H*C1.S0'H,  is  formed,  as  above  mentioned, 
by  the  action  of  chlorine  on  toluene  bisulphoxide  suspended  in  water,  and  remains 
on  evaporation  as  a  colourless  syrvLp,  gradually  crystallising  over  oil  of  vitriol.  The 
barmm  saU  oL  this  acid  ciystallises  in  splendid  shining  flat  needles,  almost  an  inch 
long,  very  subtly  soluble  in  cold  water,  and  consisting  of  (C^H*ClS0*)'Ba.2HK) 
(Otto,  Lowenthal  a.  Qruber). 

1.  NiTROTOLUKHs-suLFHUBic  or  SuuPHOKTrBOTOLUoLic  Aero.  C*H«(NO*) .  SO*H, — 
This  add  has  been  supposed  to  exhibit  two  modifications,  accordingly  as  it  is  prepared 
on  the  one  hand  by  the  action  of  sulphuric  acid  on  nitrotoluene  ( Jaworsky),  or  on  the 
other  by  the  oxidation  of  metabenzylsulphydrate  with  nitric  acid  (Marckerl  or  by  the 
action  of  fruning  nitric  acid  on  toluene-sulphurous  acid  (Otto) ;  see  vol.  v.  p.  860. 
These  acids  have  been  further  examined  by  Engelhardt  a.  Bek  (ZeUschr,  f,  Chem.  [2] 
V.  209)  wi&  the  following  results:  (1)  The  barium  salt  of  Jaworsky*s  acid  has  the 
some  composition  as  that  of  Miircker^s  acid,  viz.  [CH'(N0')S0*}*Ba.2H'0.  This 
salt  is  sparingly  soluble  in  cold  water. — (2)  In  the  action  of  nitnc  acid  on  toluene- 
snlphozous  acid,  there  is  obtained,  as  principal  product,  a  nitrotoluene-sulphuric  acid, 
Dot  differing  in  any  essential  particular  from  the  acid  obtained  from  nitrotoluene. — 

(3)  The  nitro-acid  obtained  from  either '  source  yields,  by  reduction  with  hydrogen 
sulphide,  one  and  the  same  amidotoluene-sulphuric  acid,  which  is  different  from  the 
two  sulpho-acids  obtained  by  the  action  of  sulphuric  acid  upon  toluidine  (p.  288). 

(4)  The  action  of  nitric  add  on  toluene-sulphurous  acid  likewise  yields,  as  a  secondaiy 
product,  another  nitzo-add,  which,  when  reduced  by  hydrogen  sulphide,  yields  an 
amidated  aeid  very  similar  to  the  toluidine-sulphuric  adds  just  mentioned.  The 
barium  sail  of  this  nitio-acid,  which  was  not  obtained  pure,  remains  in  solution 
after  the  above-mentioned  sparingly  soluble  barium  salt  has  crystallised  out. 

Mirotoluene'Wlphochloridc,  C^H*(N0')S0^C1,  produced  by  the  action  of  1  mol. 
phosphorus  pentachloride  on  1  mol.  sodium  nitrotoluene-sulphate,  is  a  yellowish  oil, 
insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether,  and  is  decomposed  by 
alkalis,  with  formation  of  nitrotoluene-stdphuric  add  (Otto  a.  v.  Gruber,  Jahresb.  1867, 
p.  678). 

fHlroUdmcne-snlphamide  or  Nitrosulphotduolamide,  C'H"(NO*)NSO^  produced  by 
the  action  of  aonmonia  on  the  sulphochloride,  crystallises  in  four-sided  rhombic  prisms 
or  long  needles,  which  melt  at  120^,  and  dissolve  readily  in  hot  water  and  alcohol 
(Otto  a.  V.  Graber). 

2.  AjfiiKyroi.i7SNS-suLPHURic  ACID,  C'H'(NH')SO',  is  prepared  by  saturating  the 
solution  of  ammonium  nitrotolueneHralphato  in  ammonia  with  hydrogen  sulphide, 
boiling  the  solution  to  expel  the  excess  of  ammonium  sulphide,  mixing  the  filtered 
liquid  with  hydrochloric  acid  at  the  boiling  heat,  again  concentrating,  and  filtering 
to  separate  any  sulphur  that  may  still  be  present.  On  cooling,  the  amidated  acid 
sfparates  in  slightly  coloured  prismatic  crystals,  which  may  be  purified  by  treatment 
with  animal  charcoal  and  reciystallisation.  Amidotoluene-sulphuric  acid  is  sparingly 
soluble  in  cold,  more  easily  in  boiling  water,  almost  insoluble  in  alcohol,  and  crystal- 
lises from  the  aqueous  solution  by  slow  cooling,  in  long  shining  four-sided  prisms 
with  end-facee,  by  rapid  cooling  in  needles,  the  crystals  in  both  cases  containing 
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G'II'(NH')SO'.H^O.  The  acid  docomposes  carbonates,  and  its  solutioiu  hare  a 
strong  acid  reaction.  Its  salts  are  easily  soluble  in  water  and  crystallise  well.  On 
adding  silver  nitrate  to  the  solution  of  an  amidotoluene-Bulphate,  and  heating  to  the 
boiling  point,  metallic  silver  separates,  and  the  solution  turns  violet.  The  barium 
salt  2[C'H'(NH')SO*]<Ba.5H<0  crystallises  in  beautiful  tables;  the  calcwm  salt 
[C'H«(NH*)S0'pCa.2H*0,  in  shining  six-sided  Ubles;  the  potassium  saU 
C'H«(NH«)SO»K.H«0  is  easily  soluble  in  water;  the  sodium  salt  (rH«(NH»)SO»Na. 
4HK)  crystallises  from  a  boiling  alcoholic  solution  in  shining  flat  needles. 

The  ammonium  salt  of  the  nitrotoluene-sulphuric  acid  corresponding  to  the  easily 
soluble  barium  salt  above  mentioned,  yields  in  like  manner  by  reduction  with  hydrogen 
sulphide,  a  small  quantity  of  an  amidotoluene-sulphuric  acid  which  ciystallises  in 
rhombic  tablesi  and  closely  resembles  /3-sulphotolui(Uc  acid  (Engelhardt  a.  Beck). 

ToLuiDiNB-suLFHURic  or  SuLFHOTOLUiDic  AciD.  G'H'NSO*  (Malyscheff,  Zeitackf.f, 
Ckem.  [2]  V.  212^. — An  acid  of  this  composition  (sulphotolylamic  acid)  was  obtained 
by  Sell  (v.  527)  by  heating  toluidine  with  fuming  sulphuric  acid,  together  with 
another  acid  which  he  regarded  as  toluidine-disulphuric  (benzyldisulphamic)  acid* 
Malyscheff  has  found,  however,  that  the  two  acids  thus  obtained  are  isomeric,  l>oth 
having  the  composition  C^H*NSO*,  and  being  likewise  isomeric  with  Bek's  amido- 
toluene-sulphuric acid. 

In  preparing  these  acids  it  is  of  special  importance  to  regulate  the  heat  carefully, 
as  if  it  rises  too  high,  the  mass  chars,  and  if  the  heat  is  insufficient,  nothing  but 
toluidine  sulphate  is  obtained.  The  product  of  the  properly  conducted  action  is  a 
black  thick  liquid,  which,  when  diluted  with  water  and  left  to  itself,  deposits  a  black 
crystalline  mass,  to  be  decolorised  by  solution  in  boiling  water  and  treatment  with 
animal  charcoal.  The  solution  filtered  at  the  boiling  heat  deposits  on  c(f>ling  slender 
needles  of  a-toluidine-sulvhurie  acid  and  large  well-<lefined  rhombic  plates  of  fi-toiui- 
dine-sulphuric  acid,  whicn  may  be  separated  from  one  another,  first  bv  levigation — the 
a-acid  being  carried  away  by  the  water  more  easily  than  the  /^Hicia — and  finally  by 
recrystallisation,  the  a-acid  dissolving  more  readily  than  the  /9-Bcid  when  hot  water  is 
poured  upon  the  mixed  crystals  of  the  two, 

o  Tbluidine-sulphuric  acid,  C»H»NSOMiH«0  (air-dried),  the  acid  described  by 
Sell,  crystallises  in  slender  light  yellow  needles,  which  cannot  be  completely  decolorised 
by  animal  charcoal ;  it  is  moderately  soluble  in  oold,  more  easily  in  boiling  water. 
The  barium  salt  6(C'H*NS0>)<Ba .  8H'0  dissolves  easily  in  boiling  water,  some- 
what less  easily  in  cold  water,  and  crystallises  fVom  a  hot  solution  on  cooling  in 
beautiful  shining  plates,  which  do  not  give  off  their  water  over  oil  of  vitriol.  The 
silver  salt  C'H*NSO*Ag  forms  colourless  shining  laminae.  The  potassium  salt 
C^H"NSO'K .  ^H'O  crystallises  in  needles  or  in  elongated  six-sided  plates,  very 
soluble  in  boiling,  somewhat  less  in  cold  water  and  alcohol. 

/3  Totuidine-sulphuric  acid,  C*H*NSO' .  H«0,  is  formed  in  larger  quantity  than  the 
a-acid  in  the  process  above  described.  It  is  very  slightly  soluble  in  cold,  moderately- 
soluble  in  boiling  water,  and  crystallises  in  fine  large  shining  rhombic  plates,  which 
are  commonly  yellowish,  but  may  be  decolorised  by  animal  charcoal.  The  aqueoua 
solution  has  an  acid  reaction  and  dissolves  carbonates,  with  evolution  of  carbon 
dioxide.  The  salts  of  the  i3-acid  are  easily  soluble  in  water ;  the  solutions,  when 
evaporated  over  the  water-bath,  decompose  partially  and  turn  red.  On  adding  silver 
nitrate  to  the  ammoniacal  solution  of  the  /3-acid,  and  warming,  silver  separates  in  tlio 
specular  form,  and  the  liquid  acquires  a  violet-red  colour. 

Potassium  salt,  C'H^SO'K,  shining  six-sided  laminse. 

Ammonium  „         colourless  laminae. 

Barium        „     (C'H"NSO«)«Ba .  3H«0,  shining  lamina*. 
Lead  „     {C'H»NSO«)«Pb,       -     crystalline  powder. 

Totaene-siUpbiiroiis  Add.  CH'SO*  »  C'H'.SO*H.->The  following  additional 
observations  on  this  acid  have  been  made  by  Otto  a.  v.  Gruber  (Ann,  Ch.  Pkarm.  cxiv. 
10;  Jahresb.  1867t  p>  678).  A  mixture  of  this  acid  with  phospnorus  pentachloride  in 
equivalent  quantities  forms,  with  violent  action,  a  liquid  mass,  which  solidifies  on 
cooling,  and  when  treated  with  water  yields  (together  with  a  small  quantity  of  an  oily 
product^  toluene-sulphochloridc,  CH'SOHJl,  melting  after  reciTStallisation 
from  etoer  at  69^-70^.  Toluene-sulphurous  acid  is  not  acted  upon  by  sodium- 
amalgam  in  alkaline  solution ;  heated  with  water  to  130^,  it  is  resolved  into 
oxybenzyldisulphide  and  toluene-sulphuric  acid : 

3C7H»SO«  =  C"H'<S-02  +  C'H«SO»  +  H«0. 
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Heated  to  800®  with  potasdom  hydrate,  it  is  lesolTed  into  potassiimi  sulphite  and 
toluene : 

CH'KSO*  +  KHO  -  SO»K«  +  C'H«. 

Fiom  a  solntion  of  tolnene-snlphnioas  acid  in  Aiming  nitric  acid,  a  compound 
C*H*iraH)*,  called  diasotrisulphotoluene  hydride,  is  precipitated,  whilst 
nitrotolDene-valphuric  acid,  C'H'(NO')SO',  remains  in  solntion.  The  diazo-compound 
is  insoluble  in  irater,  slightly  soluble  in  hot  alcohol,  easily  in  benzol,  and  crystallises 
ftom  the  latter  in  wlute  hard  rhombic  tablets,  melting  at  190^.  The  same  compound 
18  produced  by  the  prolonged  action  of  nitrous  acid  on  an  aqueous  or  alcoholic  solution 
of  toluene-sulphurous  acid,  its  formation  in  this  latter  case  being  preceded  by  that  of 
another  ai^^i^  body  of  lower  melting  point,  which  crystallises  out  first  on  cooling. 
The  formation  of  diasotrisulphotoluene  hydride  is  represented  by  the  equations, 

«C»H»80«  +  4N0«  -  0«»H«N«S^O«  +  2(rH»(N0«)S0»  +  2HH). 
Tolnme*  DlaMfarlsnlpho-  NitzotoloaiA- 

■olpiiuium  add.  tolneiie  hjdride.  sulphuric  add. 

4C»H"S0«  +  2NH)«  =  C«»H"N«S»0«  +  C^»(NO*)SO»  +  NHO«  +  H«0. 

SUrotolmme'Mdpkunms  Acid,  C'H'(NO<)SO*.— The  sodium  salt  of  this  acid, 
CH*(NO')aO'Na.}HH),  is  produced  by  the  action  of  sodium-amalgam  on  a  solntion 
of  nitiotoUiene-eulphochloriae  in  pure  ether.  It  is  easily  soluble  in  water  and  in  hot 
alcohol,  and  oystsJlises  in  featheiy  tufts  of  striated  needles  (Otto  a.  von  Omber). 

•ol^tovtotaMe.    G>«H*«SO*  «  (yK\CH^)  -  SO*  -  G^«(CH').--FirBt  obtained  by 
Derille  (Jan.  C%.  PAotm.  zliv.  806) ;  further  examined  by  Otto  a.  Omber  (ZeitKkr. 
/,  deat,  [2]  Ti.  83).    Prepared  like  sulphobenride  by  passing  vapour  of  sulphuric 
aahydridtf  into  toluene : 

iMTf*'"''^^"^  ntxt 

8(C^».CH«)  +  2S0»  -  c»H«^^^^*  +  ^^*^*^SO»H  +  ^^^' 

Totaene.  Snlphototaide.  Bulphnrlc  add. 

On  pouring  the  oily  mass  into  water,  washing  the  precipitate  with  water,  and  crystal- 
linng  firofn  benaol,  sulphotoluide  is  obtained  in  transparent  clino-rhombic  prisms 
having  a  vitreous  lustre ;  from  hot  alcohol  it  crystallises  in  small  tabular  prisms. 
It  melU  at  155^-166**,  is  insoluble  in  water,  slightly  soluble  in  cold  alcohol  ana  ether, 
mon  freely  in  boiling  alcohol  and  in  bensol,  ddoroform,  and  carbon  bisulphide. 
When  heated  in  small  quantities,  it  volatilises  without  decomposition.  Heatea  with 
stioQg  solphuric  add,  it  dissolves  as  toluene-sulphuric  add.  Red  fuming  nitric  acid 
dissolves  it  without  decomposition,  but  a  mixture  of  this  add  with  sulphuric  acid 
eonvexts  it,  with  aid  of  heat,  into  cxystallisable  nitro-derivatives.  It  is  not  altered  by 
heatiBg  to  160^  with  alcoholic  potash.  With  chlorine  and  phosphorus  pentachloride, 
it  appears  to  react  like  snlphobenxide,  but  the  products  are  less  definite  and  have  not 
been  thocooghly  examined  (Otto  a.  Qruber). 

Mbrl  Btoolpboslde.  C"H>«S*0'  (Otto,  Lowenthal  a.  Omber,  ZeiUckr,/.  Chem, 
[2]  iv.  628). — ^This  compound,  first  obtained  by  Miircker  (benzyl-dioxysulphide,  v. 
859)  ty  oxidising  toluene  sulphydrate  with  nitric  add,  was  afterwards  prepared  by 
Otto  a.  von  Qruber  (Zeiisekr,  [2]  iii.  600,  611)  by  heating  toluene-sulphurous  add 
with  water  to  120<'-130^  in  sealed  tubes : 

3CH"S0«  -  C"H"S«0«  +  CH^O*  +  H«0. 
Tolneiia  anlphiir*         Toljrl  Tdueofe- 

ooi  add.  biaolpbozida.     iolphiuio  add. 

It  is  iosolnble  in  water,  but  dissolves  easily  in  boiling  alcohol,  ether,  and  benzol,  and 
eryatallisefl  in  laige  transparent  glassy  crystals  resembling  the  scalenohedrons  of 
ealcspar  and  melting  at  76^  (not  at  74^  as  stated  by  Hiircker).  By  nascent  hydrogen 
(evolved  either  by  zinc  and  sulphuric  add  or  by  sodium-amalgam)  it  is  converted 
into  tolyl  sulohydiate :  C'<H"SK)»  +  8H»  -  2H»0  +  2C*H»S.  By  boiUng  with 
alec^lic  jotasn,  it  is  converted  into  toluene-sulphite  and  toluene-sulphate  of  potas- 
sium, which  dinolve,  and  toluene  bisulphide  (or  metabenzylic  bisulphide,  v.  659), 
which  zvmains  undissolved : 

20"H"SK)»  +  H»0  -  CH«SO«  +  Cm«SO«  +  C"H"S» 

Tblyl^  Tdoeiie^-    Toln«aie*«al-        Tolyl- 

tianlpiiqilda.  phnrons  add.   pharioadd.     bimlpbide. 

Toljl  bisulphide  is  not  attacked  by  boiling  potash.    Fuming  sulphuric  add  colours  it 
first  yellorw  and  then  green  in  the  cold,  and  dissolves  it  on  warming  to  a  deep  indigo- 
eoloiuvd  liquid  which  is  decolorised  by  water. 
Bmp.  U 
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Bromide  of  Ihlyi  Bisulphoxide.  (C"H"8«0*)«Br*.— Obtained  by  dropping  1  at. 
bromine  into  a  molecule  of  the  bisulphoxide  suspended  in  water,  and  heating  the 
liquid  to  the  melting  |)oint  of  the  bisulphoxide.  Small  white  needles  insoluble  in 
water,  easily  soluble  m  ether  and  in  benzol.  By  boiling  with  strong  aqueous 
ammonia,  it  is  resolved  into  ammonium  bromide,  sulphotoluamide  (v.  527),  and  tolyl 
bisulphide : 

(C:*H'*8«0«)«Br«  +  4NH«  =  2NH*Br  +  N«(C*SO»)«H»  +  C'*H"S». 

With  strong  aqueous  potash,  it  yields  bromide,  toluene-sulphite,  and  toluene-sulphate 
of  potassium,  together  with  tolyl  bisulphide,  probably  in  two  stages,  the  first  consist- 
ing in  the  formation  of  potassium  toluene-sulphite  and  tolyl  bisulphoxide : 

(C"H"S«0»)»Br*  +  4KH0  »  2KBr  +  2C'H'KS0»  +  C'*H'<S«0»  +  2H»0, 

and  the  second  in  the  conversion  of  the  bisulphoxide  into  toluene-sulphurous  acid« 
toluene-sulphuric  acid,  and  tolyl  bisulphide,  in  the  manner  already  explained. 

Tolyl  bisulphide  exposed  for  some  time  under  water  at  100^  to  the  action  of  bromine 
in  excess  is  oxidised  to  tolyl  sulphobromide  (i.  859)  : 

C'*H'<S«0«  +  Br«  +  0*  «  2C'H^BrS0«. 

Heated  for  an  hour  or  two  with  excess  of  bromine  and  water  in  sealed  tubes,  it  dissolros 
almost  completely  as  bromotoluene-sulphuric  or  sulphobromotoluicacid: 

C>*H"8»0»  +  Br»  +  0*  -  2C'H'BrS0«. 

Chlorine  acts  on  the  bisulphoxide  in  the  same  manner  as  bromine,  but  more  ener- 
getically. On  passing  the  gas  into  water  at  about  80°  in  whidi  tolyl  bisulphoxide  is 
suspended,  long  needles  of  tolyl  sulphochloride,  C'H'CISO^  (i.  859),  melting  at  68^, 
sublime  in  the  stream  of  chlorine,  and  the  bisulphoxide  gradually  dissolves,  leaving 
only  a  very  small  residue  of  secondary  products,  while  the  solution  contains  chloro- 
toluene-sulphuric  acid,  C'H'CISO". 

Tolyl  Salphlde.  C"H'«S  -  (C'H')«S  «  ^il^OT*)!^'    "^^  ^    obtained    by 

distilling  the  lead-compound  of  the  sulphydrate,  (C'H')«PbS«  -  PbS  +  (C"H-)*S, 
and  is  easily  purified  by  redistillation.  It  is  a  colourless  oil,  smelling  like  the 
sulphydrate,  neavier  than  water,  insoluble  theroin,  easily  soluble  in  absolute  alcohol, 
other,  and  benzene  (Otto,  Lowenthal  a.  v.  Gruber,  loc,  cit.). 

Tolyl Bulpbydrate.  C*H*S  -  C<H«(SH).CH'.  Metabengyl Sulphydrate,  Cresylie 
Mercaptan  (v.  858). — In  preparing  this  compound  by  the  action  of  zinc  and  sulphuric 
acid  on  tolyl  sulphochloride,  the  zinc  often  becomes  enveloped  by  the  sulphochloride  in 
such  a  manner  as  greatly  to  interfero  with  the  action.  To  avoid  this  inconvenience, 
it  is  best,  first  to  convert  the  sulphochloride  into  the  sodium  salt  of  toluene-sulphurous 
acid  by  the  action  of  sodium-amalgam,  and  distil  the  aqueous  solution  of  this  salt — 
without  previous  separation  of  sodium  chloride — with  zinc  and  dilute  sulphuric  acid. 
The  process  thus  modified  yields  almost  the  theoretical  quantity  of  tolyl  sulphydrate. 
The  same  compound  is  produced  by  the  action  of  nascent  hydrogen  on  tolyl  bisulphoxide 
(Otto,  Lowenthal  a.  Gruber,  Zeitschr.  [2]  iv.  623,  628). 

Metabromotolyl  Sulphydrate,  C*H'Br(SH).CH',  is  obtained  in  two  modifica- 
tions— fiuid  (/)  and  crystalline  (c) — by  the  action  of  nascent  hydrogen  on  the  corre- 
sponding sulphochlorides  (p.  287)  (Hiibner  a.  Wallach,  Zeitsehr,/,  Chem.  [2]  v.  600). 

/  Metabromotolyl  Sulphydrate  may  be  prepared  by  boiling  the  corresponding  sulpho- 
chloride with  zinc  and  sulpnuric  acid,  but  much  more  quickly  with  tin  and  hydrochloric 
acid :  it  may  be  conveniently  distilled  off  the  metallic  chloride  by  means  of  a  current 
of  steam.  It  is  a  mobile  liquid,  of  disagreeable  odour,  not  solidifying  at  —  20° ;  it  may 
be  dried  over  calcium  chloride  or  potassium  hydrate,  and  then  boils,  with  slight 
decomposition,  at  245°-246°.  Insoluble  in  water,  easily  soluble  in  alcohol ;  dissolved 
by  strong  sulphuric  acid,  with  fine  blue  colour  and  copious  evolution  of  sulphurous 
oxide.  The  hydrogen-atom  of  the  SH  group  is  easily  exchanged  for  metals,  forming 
amorphous  salts  which  aro  distinguished  by  very  sparing  solubility  in  water  and  for 
the  most  part  also  in  alcohol. 

/  Metatolyl  Sulphydrate,  CH^CH'.SH,  is  produced  by  agitating  tlie  preceding 
compound  ror  several  days  with  sodium-amalgam.  It  is  also  a  mobile  oil  having  a 
pungent  odour  like  that  of  the  brominatod  compound,  but  stronger.  Boils  constantly 
and  without  decomposition  at  187°-188°,  and  does  not  solidify  in  a  freezing  mixture. 
Towards  solvents  and  metallic  solutions  it  behaves  like  the  brominated  sulphydrate, 
but  its  salts  are  much  more  soluble. 

c  Metabromotolyl  Sulphydrate  prepared  from  the  corresponding  sulphochloride 
with  tin  and  hy<uochloric  acid,  boils,  not  quite  without  decomposition,  at  245^,  and 
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solidifies  at  about  7^  to  a  white  ndio-cryitalline  maae.    Its  salts  resemble  those  of 
the  corresponding  solphjdrate  obtained  from  liquid  bromotolnene. 

e  Metaiolyl  SkUpk^rate,  obtained  from  the  lastoomponnd  by  the  action  of  sodium- 
amalgam,  boils  at  188^  and  solidifies  in  a  freezing  mixture  to  a  splendid,  perfectly 
imiform,  colonriess  crystalline  mass,  melting  at  about  2^.  Its  salts  do  not  differ 
perceptibly  from  those  of  the  corresponding  snlphydrate  obtained  from  liquid  bromo- 
tolnene. 

The  following  table  gives  a  oomparatiTe  view  of  the  physical  properties  of  these 
metatolyl  sulphydrates  and  their  salts,  together  with  those  of  orthotoiyl  sulphydrate 
(Marcker's  metabensyl  sulphydrate,  v.  868),  and  of  benzyl  sulphydrate  or  benzylic 
mercaptan : 


Boiling  point . 
Melting  point 


Beuyl  siUphjdiBte 


Solubility 


Lead  salt 


Mercury  salt . 


Silver  salt 


Copper  salt 

Reaction  with 
nitric  add  . 


194«-196° 


Soluble  in  al- 
cohol. 


Light    yellow 
laminie 


Orthotoiyl 
■ulphydrste 


Long       silky 
needles. 


White. 


Oreon. 

Yields  sul- 
phuric acid, 
small  quan- 
tities of 
benzoic  acid 
and  benzoic 
aldehyde. 


188<> 

426° 

Crystallises 
very  easily 
in  huge  la- 
mime. 


Metstoljl 

gaij^ydrmie 

from  liqnid 

fafoiiiotoliieD6 


188*' 

Still  fiuid    at 
-20<». 


Ketatolyl 
■alphydnte 

from  solid 
bromoColoene 


188° 

+  2 
Crystallises  in 
beautiful 
broad  trans- 
parent need- 
les. 


Insol.  in  water :  sol.  in  alcohol ;  dissolving  in 
strong  sulphuric  acid  with  splendid  blue 
colour. 


Orange-yellow 
flodLB,  do- 
compoeible 
by  light 


White  lamine 
decomposi- 
ble  by  light. 


Siskin-green. 


Green. 


Deep  yellow; 
amorphous. 
Melts  at 
about  70°; 
not  altered 
by  light; 
white  need- 
les with 
fine  lustre. 

Melts  at  100°; 
not  altered 
by  light. 


Light  yellow. 


Dirty  yellow. 


Deep  yellow; 
amorphous. 
Melts  at 
76°-78° ; 
not  altered 
by  light ; 
white  need- 
les with 
fine  lustre. 

MeltBatl23°> 
126°;  not 
altered  by 
light. 

White  (soon 
turning  yel- 
low). 

Dirty  yellow. 


/         \ 

Yield  small  quantities  of  sulphuric  acid. 


C«H'». 

This  formula  admits  of  the  two  metameric  modifications : 

C«H».C^»  C^«.(CH»)» 


RtltyMiensene  Dimethyl-bemene, 

the  second  of  which  is  further  susceptible  of  isomeric  modification,  as  ortkp'f  meta-,  and 

u2 
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para-,  according  to  the  relatire  position  of  the  two  methyl-atoioB,  vie.  1 : 2, 1 : 9, 
1  :4. 

SChjl-beBxene.  C«H*.C^*.— The  synthetical  formation  of  this  body  by  the 
action  of  sodium  on  a  mixture  of  monobromobensene  and  ethyl  bromide  has  been 
already  noticed  (t.  1056).  It  is  also  produced,  together  with  diethyl-beiusene  uA 
a  small  quantity  of  benzene,  by  heating  naphthalene  for  some  time  with  20  pts.  of 
saturated  aqueous  hydriodic  acid : 

Naphtbalene.  Diethyl-beoKoe. 

C"H"         +      4H«      -      C*H"     +      C«H« 

BChfl-  Btbaae. 

benaene. 

C>«H«         +      fiH«      -      C»H«      +      2C«H« 

Benzene.  Ethane. 

(Berthelot,  BuQ.  8oc,  Chim.  [2]  ix.  289.)  See  Nafhthaisnb.  Also  by  beating 
cinnamene  (styrol),  G*H*,  with  20  pts.  of  hydriodic  acid  (Berthelot,  JaArtsb.  1867,  p> 
349}. 

Ethyi-benzene  is  almost  completely  decomposed  when  itsTapour  is  passed  throagn 
a  red-hot  tube,  yielding  cinnamene  with  smaller  quantities  of  benzene,  toloe&e, 
naphthalene,  and  naphthalene  hydride,  C**H** : 

8C«H»«  =  2(rH«  +  C"H»   +  8H« 
3C«H»  -  2C'H«  +  C»«H»  +  2H» 

(Berthelot,  Zeitaohr.f,  Chem.  [21  iv.  689). 

By  prolonged  oxidation  with  ailute  nitric  acid,  or  by  chromic  add,  ethyl-benzeoe  ii 
conyerted  into  benzoic  acid,  without  preyious  formation  of  o-toluic  acid  (Fittig  a. 
Konig,  Jahresb.  1867,  p.  609). 

The  bromo-  and  nt^nnleriyatiyes  of  ethyl-benzene  are  partly  described  in  toL  t. 
pp.  1057,  1058. 

BroTnetkyl-hemene,  OH<Br(C«H»),  has  a  sn.  gr.  of  1*34  at  86®  and  boils  at  199^.  By 
oxidation  with  chromic  acid  mixture  it  yields  parabromobenzoic  acid  (^ttiga.  Konig). 
By  the  action  of  carbon  dioxide  and  sodium  it  is  conyerted  into  ethyl-bencoic 
acid,  isomeric  with  xylic  (dimethyl-benzoic)  acid  (Eekul6,  Ann.  Ch.  Pharm.  cxarii. 
178 ;  Eekuli  a.  Thorpe,  Chem,  8oe,  J.  [2]  yii.  366) : 

C«H*Br(C«H»)  +  Na«  +  C0«  «  NaBr  +  C«HXC^»)  •  CO«Na. 

Beilstein  a.  Kuhlberg  {ZeiUchr,/.  Chem.  [2]  y.  624)  haye  recently  demonstrated  the 
existence  of  two  modifications  of  mononiiro-ethyl-hemzene.  When  nitric  acid  of  sp. 
gr.  1*475  is  added  to  ethyl-benzene  till  a  clear  solution  is  formed,  and  the  product 
after  washing  with  water  and  ammonia,  is  distilled,  it  passes  oyer  on  the  first  distilU- 
tion  at  226°-251**,  and  if  then  fractionated  twenty  times  at  interyals  of  2^  separates 
almost  entirely  into  two  portions,  yiz.  a  and  iS,  both  of  which  are  liquids  not  solidify- 
ing eyen  in  a  freezing  mixture,  a-nitroethylbmgene  boils  at  246^-246^,  has  a  sp.  gr. 
of  1*124  at  25°,  and  is  easily  oxidised  by  diromic  acid  mixture  yielding  nitrodncylie 
acid.  fi-nUroethylbenzene  boils  at  227*-228<»,  has  a  sp.  gr.  of  1*126  at  24*6**,  and 
when  treated  with  the  chromic  acid  mixture  does  not  yield  any  add,  but  if  the  actioa 
be  continued,  suffers  complete  combustion. 

The  xylidines  and  sulpho-acids  obtained  from  these  two  nitroethylbenzenes 
likewise  exhibit  different  properties.  The  a-xylidine,  C^<(NH*) .  CH*,  is  a  clear 
liquid  of  sp.  gr.  0*975  at  22°,  boiling  at  213^-214°,  and  quickly  becoming  brown  iu 
contact  with  the  air.  The  fi-xyiidine  has  a  sp.  gr.  of  0*975  at  22°,  boils  at  210°-2I1°. 
and  also  becomes  coloured  on  exposure  to  the  air.  Of  the  aceto-xylidea 
OH».C«H*NH(C»H"0)  formed  by  continuous  boiling  of  these  bases  with  acetic  acid, 
the  a  modification  melts  at  94°,  boils  at  315°-317°i  and  is  yery  sliffhtly  soluble  in 
boiling  water,  whereas  the  fi  modification  boils  at  304^-305°,  ana  dissolyes  yery 
easily  in  boiling  water. 

The  a  and  0  sulpho-acids  are  produced  by  yeiy  prolonged  contact  of  the  corre- 
sponding nitroethylbenzenes  with  fuminff  sulphuric  add  at  100°.  The  barium  nit 
of  the  a  eulpho-acid  crystallises  in  broad  fiat  needles  half  an  inch  long,  containing 
water  of  crystallisation  and  yery  sliffhtly  soluble  in  cold  water.  The  barium  salt  of 
the  $  sulpho-acid  crj'stallises  in  snining  silyer-white  anhydrous  laminae,  also  yery 
slightly  soluble  in  cold  water. 

Blmetbyl-bensene  or  Xylene.  C'H\CII*)«.— The  three  modifications  of  this 
hydrocarbon  are  represented  by  the  following  formulas : 
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H  H  CH" 

(  I  1 


H-C  ^C— H  H-C  ^C-CH"  H— C  ^C  H 


I      I         I 


H-C  ^C— CH»  H— C-  ^C— H  H-C  ^C— H 

^c^  ^0^  \c<^ 

CH"  CH«  CH» 

Orthosyloia  a  :  *)•  lietazyleDe  (1  : 8).  FhXBzylone  (1:4). 

Xylene  from  coal-tar  was  fonnerly  suppoeed  to  be  identical  with  methyl-tolnene 
produced  snrnthetically  by  the  action  of  sodium  on  a  miztnre  of  monobromotolnene  and 
methyl  iomde  (▼.  1056) ;  but  in  1867,  ^ttig,  Ahrens,  and  Mattheides  (Ann,  CH. 
Pkarm.  czlTii.  15}  showed  that  the  brominated,  nitmted,  and  amidated  derivatiYeB  of 
methyl-toluene  differ  in  many  important  particulars  from  those  of  coal-tar  ^lene, 
80  that  these  two  hydrocarbons  must  be  regarded  as  isomeric,  not  identical.    In  the 


year,  Yittig  a.  Velguth  {Zeiitckr.f.  Chem,  [2]  iii.  526),  by  heating  mesitylenic 
acid,  G^H^H)*,  with  lime,  obtained  a  modification  of  the  hydrocarbon  G"H**,  which 
they  called  isozylene: 

0»H»»0«  -  C«H»*  +  CO*. 

This  hydrocarbon  di^rs  from  methyl-toluene  in  not  being  oxidised,  or  but  Teiy 
slowly,  by  dilute  nitric  acid,  and  not  yielding  toluie  acid,  whereas  that  acid  is  easily 
obtained  by  oxidising  methyl-toluene  with  nitric  add.  When  oxidised  with  chromic 
acid,  it  yields,  not  pulTerulent  terephthalic  acid,  but  an  isomeric  compound,  iaopkthalie 
and,  wlueh  crystallises  in  long  slender  needles,  nearly  insoluble  in  oold,  very  slightly 
soluble  in  hot  water,  easily  soluble  in  aloohoL  Quite  recently  (1869)  Fittig  has 
shown  (ZeiUckr,  [2]  T.  19)  that  coal-tar  xylene  is  not  a  definite  substance,  but  a 
mixture  of  methyl-toluene  and  isoxylene,  the  latter  greatly  predominating.  Sy  oxidation 
with  potassium  dichromate  and  sulphuric  acid,  Fittig  obtained  isophthalic  acid  and 
a  am^  quanti^  of  terephthalic  acid,  which  were  senarated  by  means  of  boiling 
water,  the  terephthalic  acid  being  nearly  insoluble  therein.  Nearly  half  of  the  hydro- 
carbon, however,  remained  unattached  after  12  to  14  hours'  treatment  with  the  oxiiusing 
nuxture,  and  this,  after  further  oxidation  for  16  hours,  was  for  the  most  part 
eonyerted  into  isophthalic  acid  with  only  a  very  minute  quantity  of  terephthalic 
arid.  The  result  showed  that  the  coal-tar  xylene  examined  contained  about  90  p.  c. 
of  isoxylene,  the  rest  consisting  of  methyl-toluene. 

As  isoxylene  is  formed  by  the  decomposition  of  mesitylenic  acid,  the  two  methyl- 
atoms  in  its  molecule  have  in  all  probability  the  arrangement  1 : 3,  whereas  in  methyl- 
toluene,  which  corresponds  to  parachlorobenzoic  add,  &c.,  the  arrangement  of  the 
methyl^toms  is  1  :  4  (p.  199).  In  other  words,  the  so-called  isoxylene  is  a  meta- 
componnd,  and  is  better  designated  as  jnetaxylene  or  metadimeihyl-benzene ;  and  methyl- 
toluene  is  a  para-  compound,  and  may  be  ^W.^  paraxylene  or  paradimetM-bemene. 

Now  it  has  been  shown  by  Fittig,  Laubinger,  a.  Jannasch  (Zeitsehr.  /.  Chem,  [2]  iii. 
577)  that  when  an  additional  methvl-atom  is  introduced  into  dimethyl  benzene, 
the  compound  obtained — ^the  so-called  paeudocuTMne^  G*H'(CH")" — ^is  identically 
the  same  whether  the  dimethylbenzene  used  be  synthetically  prepared  methyl-toluene, 
or  ooal-tar  xylene ;  hence,  according  to  the  results  above  explained,  the  pseudocumene 
obtained  will  be  the  same,  whether  prepared  for  iso-  or  meta-xylene,  or  from  para- 
xylene  (methyl-toluene).  Consequently  in  the  trimethyl-benaene  or  pseudocumene 
obtained  from  either  source  the  three  methyl^toms  must  exhibit  the  arrangement 
1:3:4.  Further,  pseudocumene,  when  oxidised  with  dilute  nitric  acid,  yields  simul- 
taneoosly  two  isomeric  acids,  xylie  and  panun/lic,  C*H'*0*,  which  can  differ  from  one 
another  oonstitiitionally  only  in  this  respect,  that  of  the  three  methyl-atoms  in 
pseodocamene,  <m$  has  been  converted  into  carboxyl,  CO*H,  in  the  formation  of  xylic, 
and  emotAer  in  the  formation  of  paraxylio  acid.  Pseudocumene  must  thereforo  contain 
two  equally  oxidable  methyl-atoms.  To  determine  which  two  out  of  the  three  possess 
this  cliaaeter,  and  which  of  the  two  is  concerned  in  the  formation  of  xylic  or  paraxylic 
acid  fespectively,  it  is  necessary  to  remove  the  carboa^l  groups  from  the  two  acids, 
aod  obMrva  what  modifications  of  dimethyl-bensene  are  thereby  produced.  Now 
when  xyb'e  acid  prepared  from  synthetically  formed  pseudocumene  is  moderately 
bested  with  quicklime,  it  yields  a  distillate  which,  after  one  rectification,  exhibits  all 
the  characters  of  pure  motaxylene,  boiling  at  137^-1 38^  ginn^  isophthalic  acid  by 
oxidation  with  chromic  arid,  and  not  being  attacked  by  dilute  nitric  acid. 
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Since  then  in  metaxylene  the  methyl-atomB  hare  the  places  1  :  3,  it  foUovB  thai  in 
tlie  formation  of  xylic  acid  from  peendocnmene,  the  methyl-atom  staoding  at  the  place 
4  moat  haTo  been  oxidised  to  carboxyl ;  and  from  thia  it  may  be  inferred  that  in  the 
formation  of  paraxylic  acid,  the  methyl-atom  standing  either  at  1  or  at  3  most  hare 
been  oxidised  to  carboxyl.  If  in  this  add  the  carboxyl  group  OO'H  stands  at  the 
place  3,  its  remoTal  most  yield  methyl-tolnene  or  paraxylene  (1:4);  in  the  oontraiy 
case  a  third  hitherto  unknown  modification  of  dimethyl-benaene,  rix.  ortho xylene 
(1  :  2),  most  be  formed.  Now  it  has  qnite  recently  been  shown  by  Bieber  a.  Fittig 
(ZeiUchr.  /.  Chem.  \2'\  t.  495)  that  paraxylic  add  heated  with  qnicklime  yields  a 
hydrocarbon  C*H'*  differing  both  from  para-  and  from  meta^xylene.  The  deoomposi- 
tion  of  the  paraxylic  add  requires  a  rery  high  temperatore,  but  nereitheless  takes 
place  quite  definitely,  the  hydrocarbon  which  distils  off  being  obtained  pore  alter  one 
rectification.  This  hydrocarbon,  ortho xvlene,  boils  constantly  at  1 40^-1 4 1**,  that 
is  to  say,  3^  higher  than  metaxylene,  and  has  a  peculiar  odour,  much  less  agreeable 
than  that  of  meta-  or  of  para-xylene.  It  is  most  readily  distinguished  from  these  two 
modifications  by  its  behaviour  with  a  mixture  of  nitric  and  sulphuric  acids,  para-  and 
meta-xylene  being  easily  and  rapidly  conrerted  thereby  at  a  gentle  heat  into  well- 
crystallised  trinitro-oompounds ;  whereas  from  orthoxylene  it  is  very  difficult  to  obtain 
a  solid  nitro-compound  (infra). 

Dilute  nitric  acid  slowly  oxidises  orthoxylene  to  a  rolatile  add,  isomeric  with  toluic 
acid,  which  may  be  called  orthotoluic  acid.    (See  Tolvic  Acid.) 

Xylene  is  produced,  together  with  other  hydrocarbons  of  the  serira,  in  the  dry 
distillation  of  camphor  (B.  F.  138^-143^),  and  of  the  lime-soap  of  Menhaden  oil  (B.  P. 
140<»-144^). 

By  hydriodvD  acid  xylene  appears  to  be  oonyerted  into  octane,  OH**  (Berthelot, 
Jahretb.  1867,  p.  347)  ;  by  phasphonium  iodidCf  PH*I,  into  dimethyl-benaolin,  C*H** 
(Baeyer,  Zeiitchr.  [2]  iy.  455). 

In  the  animal  organism  it  is  oonyerted  into  a  peculiar  modification  of  toluric  add 
(Schultaen  a.  Naunyn,  ibid,  29). 

Broxoxtlbkb 8. — Dibromometaxylene,  CH^Br* . 2CH',  farmed  by  treating  coal- 
tar  xylene  for  twenty-four  houn  with  excess  of  bromine,  crystallises  from  alocmol  in 
nacreous  laminie,  melts  at  69^,  boils  without  decomposition  at  255^-256^,  and  does 
not  giye  up  any  of  its  bromine  to  alcoholic  potash  at  the  boiling  heat.  BEuadi- 
dibromoparaxylene  (from  methyl- toluene)  differs  from  the  preceding  only  by  its  higher 
boiling  point  (72<'-73<>)  (Fittig,  Ahrens  a.  Matthddes,  Ann,  Ck,  Pkarm,  cxlyii.  15 ; 
Jahresb.  1867,  p.  697). 

Chloboztlsmbs.    See  yol.  y.  p.  1057. 

NiTBOxTLBiTBS. — The  properties  of  the  nitrometa-  and  nitzopara-xylenes,  as 
determined  by  Fittig,  Ahrens,  a.  Mattheides,  agree  for  the  most  part  with  those 
preyiously  obtained  by  Glinser  a.  Fittig  (y.  1058) ;  but  the  former  haye  further 
obtained  two  modifications  of  dinitropaiaxylene  from  artificially  prepared  methyl- 
toluene  [?  arising  from  different  distribution  of  the  two  atoms  of  NO'). 

DinitrometaxyUne  (from  coal-tar  xylene)  crystallises  f^m  alcohol  in  colourless, 
generally  fiattened,  needles,  easily  soluble  in  hot»  slightly  in  cold  alcohol,  melting  at 
93^ 

Dinitrchparaxylcne  is  separated  by  repeated  crystallisaUon  from  alcohol  into  two 
modifications,  a  and  /3,  the  former,  which  is  the  less  soluble,  crystallising  in  yery 
brittle  needles  an  inch  long,  melting  at  123*5^,  the  latter  in  rather  huge  monodinic 
crystals,  melting  like  dinitrometaxylene  at  93^. 

Trinitrometaxylene,  C^X^O')'*  J«  very  easily  formed  by  gently  heating  coal-tar 
xylene  with  a  mixture  of  nitric  and  sulphuric  acids ;  it  is  yeiy  slightly  soluble  in 
boiling,  nearly  insoluble  in  cold  alcohol,  and  crystallises  in  thin,  sometimes  flattened 
needles,  melting  at  176^-177°.  Triniiroparaxylene^  from  methyl-toluene,  is  much 
more  soluble  in  hot  alcohol,  and  crystallises  in  larger  needles,  melting  at  137^  (Fittig, 
Ahrens  a.  Mattheides).  Trtnitro-orthoxylme  differs  from  the  other  two  modifications 
in  being  much  more  difficult  to  cirstallise.  When  orthoxylene  Lb  heated  for  an  hour 
with  the  nitrating  mixture,  and  the  product  poured  into  water,  the  mass  which 
separates  is  almost  wholly  fiuid,  and  eyen  after  six  or  eight  hours'  action,  with  a  laige 
excess  of  the  acid  mixture,  only  a  semifinid  mass  Lb  obtained,  which  gradually  solidifies, 
and  yields  by  solution  in  a  little  alcohol  and  eyaporation  in  a  yacuum,  groups  of 
small  colourless  ciystals  melting  at  56^,  and  afterwards  drops  of  oily  Uquid  (Bieber  a. 
Fittig). 

Nitrobrofnoiyiene^  OH»N0*Br,  prepared  by  dissolying  monobromoxylene  (R  P. 
203^-204°)  in  cooled  fuming  nitnc  acid,  is  a  slightly  yellow  liquid,  which  turns 
reddish  on  exposure  to  light,  and  boils,  with  partial  decomposition,  at  260^-265^. 
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yUrodibromthnutaxuline,  (>B['(NO*)Br*,  oTBtallises  from  alcohol  in  long  needles, 
melting  at  108^.  SUrohrcmo^raxylene,  which  is  veiy  similar  to  the  latter,  melts  at 
about  112^  (Fittig,  Ahrens  a.  Mattheides). 

AwsoxTUDvas.    See  Xtudikbs. 

AzoxTuncs.  C**H**N*. — Produced  by  the  action  of  sodinm-amalgam  on  nitroxyleno. 
CiTstalliaes  in  brick-red  needles,  easily  soluble  in  alcohol  and  ether ;  melts  at  120^, 
and  Tolatilises  completely  at  higher  temperatures,  producing  a  Tapour  having  the 
colour  of  that  of  bromine.  Treated  with  excess  of  sodium-amalgam  it  is  converted 
into  a  colourless  body,  which  easily  sublimes  in  needles ;  prolukbly  hydrazoxylene 
(Werigo,  Zeitsekr.  Ch.  Pkarm,  1866,  p.  812). 

Bulpk(hdtrivaiive$  of  Xylene, 

Xtlbnb-sttlphubous  acid,  CH'.SO^,  prepared  by  the  action  of  sodium- 
amalgam  on  an  ethereal  solution  of  xylene-sulphochloride  (v.  1058),  is  a  faintly  yellowish 
inodorous  thickish  oil,  slightly  soluble  in  boiling  water,  easily  soluble  m  alcohol, 
ether,  and  benzol,  not  volatile  without  decomposition.  It  absorbs  oxygen  from  the 
air,  but  much  less  quickly  than  benzene-  or  toluene-sulphurous  acid,  passing  into 
xylene  sulphuric  acid.  Its  salts  are  not  altered  by  oxygen.  The  potaeeium  and 
todium  ealU  are 'easily  soluble  in  water.  The  barium  salt  (&H*S0*)*Ba.2H'0  forms 
small  white  laminse  easily  soluble  in  water,  less  soluble  in  alcohol.  The  calcium  soli 
is  similar  in  composition  and  properties.  The  eilver  and  lead  ealte  are  heav^  white 
precipitates  slighUy  soluble  in  water.  The  etkylic  ether  C*H*-.SO'CH*,  obtained  by 
boiling  the  add  with  alcohol  containing  hydrochloric  acid,  is  at  ordinary  temperatures 
an  amber-yellow,  scarcely  fluid,  nearly  inodorous  mass,  not  volatile  without  decompo- 
sition, insoluble  in  water,  easily  soluble  in  alcohol  and  ether. 

Xylene-sulphurous  acid  is  converted  by  chlorine  into  xylene-sulphochloride, 
OH*SO*C1 ;  by  eine  and  mlphurie  acid  into  xylyl  snlphydrate,  C*H*(SH) ;  by 
melting  potash  into  potassium  sulphite  and  xylene ;  by  nitroue  aeid^  in  alcoholic  solu- 
tion, into  nitroxylene-sulphuric  acid,  and  a  resinous  mass  probably  containing  xylene- 
sulphurous  ether.  Heatod  with  water  in  a  sealed  tube,  it  yields  xylene- sulphuric  acid 
and  xylyl  oxysulphide : 

3C»H»«S0«  =  C«H»»SO»  +  C"H"S«0»  +  H«0. 

Xplyloxy sulphide^  C*'H**SH)',  is  a  yellowish  inodorous  oil,  insoluble  in  water 
and  m  aqueous  alkalis,  soluble  in  ether,  alcohol,  and  benzol.  Nascent  hydrogen  quickly 
converts  it  into  xylene  snlphydrate :  C"H'«S«0«  +  H«  -  2H«0  +  2C«H»«S.  Its 
alcoholic  solution  is  not  precipitated  by  silver  or  lead  salts.  With  bromine  it  forms 
an  nncrystallisable  substitution-product,  which  is  insoluble  in  water,  soluble  in  ether 
and  in  alcohol,  and  dissolves  partially  in  aqueous  ammonia,  forming  ammonium 
bromide,  and  an  amide  which  crystallises  from  the  hot  solution  on  cooling  (Lindow  a. 
Otto,  ZeUechr.f,  Chem.  [2]  iv.  37). 

Bydroesj^ons  C*H>*.    Cmnenes. 

This  molecule  admits  of  the  three  metameric  modifications 

fCH* 
CH« 

Frop7l-benaene.  Methyl-ethyl-benzene.       Trlmethyl-beniene. 

All  three  have  been  formed  synthetically,  the  first  by  the  action  of  sodium  and  propyl 
iodide  on  bromobenzene ;  the  second  by  that  of  sodium  and  ethyl  bromide  on  bromo- 
toluene  ;  the  third  by  that  of  sodium  and  methyl  bromide  on  bromotoluene. 

Propyl  benzene  prepared  as  above  is  very  much  like  ordinary  cumene  obtained 
by  distilling  cumic  acid  with  lime,  and  existing  ready  formed  in  Roman  cumin-oil, 
but  boils  at  a  temperature  about  6°  higher,  namely  at  167°,  whereas  ordinary  cumene 
boils  at  161^-161*6^.  The  synthetical  compound  further  differs  from  ordinary  cumene 
in  not  yioldine  a  crystalline  trinitro-derivative  when  treated  with  strong  nitric  and 
sulphuric  acids,  and  in  forming  with  excess  of  bromine  a  viscid  tetrabrominated 
product,  OH'O*,  instead  of  the  finely  crystalline  pentabrominated  compound 
CH^H*,  obtained  from  ordinary  cumene.  Both,  however,  when  oxidised  with  chromic 
acid  mixture  yield  the  same  product,  namely  benzoic  acid.  Hence  it  is  probable  that 
ordinary  cumene  likewise  has  the  composition  C*H*.CH\  but  that  it  consists  of 
isoprof^'bensene,  G*H*.GH(CH')',  whereas  the  product  obtained  by  the  action  of 
sodium  and  propyl  iodide  consists  of  normtd  propyt'bemene,  C*H* .  CH'CH'CH*.  This 
supposition  is  in  accordance  with  the  lower  boiling  point  of  ordinary  cumene,  as  it  is 
a  general  role  that  isopropyl-compounds  boil  at  lower  temperatures  than  the  oorro- 
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spending  normal  propyl-compounds.  It  has  not,  howerer,  been  tend  possible  to 
Terify  this  oonclusion  by  the  synthetical  preparation  of  isc^ropjl-beaxene,  isopropyl 
iodide  not  being  attacked  by  sodium  eren  when  heated  with  it  in  sealed  tubes  (Fittig, 
Schaffer  a.  Konig,  Ann.  Ch.  Pharm.  czliz.  824). 

The  compounds  C«H*(CH*)(C*H»)  and  C*H*(CH*)'  each  admit  of  three  isomeric 
modifications,  those  of  the  former  being  denoted  by  the  formulae  1 :  2,  1 :  8,  1  :  4 ; 
thoee  of  the  latter  by  1  :  2  :  3,  1  :  2  :  4,  and  1:3:5.  Of  ethyl-methyl-benaene, 
howeTer,  only  one  modification  is  actually  known ;  but  of  tiimethyl-benaene  two  hare 
been  distinguished  with  certainty,  and  the  third  appears  also  to  occur  in  eoal-naphtha. 

Fittig  has  shown  that  the  trimethyl-benaenes,  or  pseudocumenes,  produced  syntheti- 
cally by  the  introduction  of  an  atom  of  methyl  into  metaj^lene  and  pararjrlene 
(p.  293),  are  identical,  both  boiling  at  166^  and  exhibiting  exactly  the  same  behayiour 
with  rarious  agents,  yielding,  for  example,  the  same  highly  chantcteristic  bromo- 
and  nitro-eubetittttion-products,  and  the  same  oxidation-products,  via.  two  isomeric 
monobasic  acids,  xylic  and  paraxylic,  and  one  bibasic  acid,  xylidic  acid.  The 
identity  of  the  two  trimethyl-benaenes  thus  produced  is  easily  explained,  if  we  suppose 
that  when  an  atom  of  bromine  is  introducea  into  metaxylene  and  paraxylene  respec- 
tirely,  it  takes  the  place  of  a  hydrogen-atom  which,  in  the  isomeric  compound,  is 
replaced  by  methyl :  thus  the  compounds 

C«MeHMeBrHH    and    G*MeHBrMeHH 
BromomeCazykDe  BromopanzyteDe 

must  evidently,  when  the  bromine  in  each  is  replaced  by  methyl,  yield  the  same 
trimethyl-bensene,  1  :  8  :  4  or  C*MeKBfeMeHH. 

The  9-carbon  homologne  of  benzene,  boiling  at  about  164^-167^.  obtained  firom 
coal-naphtha,  is  generally  regarded  as  a  definite  modification  of  trimethyl-bensene  and 
designated  aspseudocumene.  But  the  recent  experiments  of  Fittig  a.  Wackenroder 
have  shown  that  this  portion  of  coal-naphtha  contams  in  all  cases  two,  and  sometimes 
three  modifications  of  trimethyl-benzene,  one  of  which,  often  greatly  predominating, 
ismesitvlene;  the  second  identical  with  the  synthetically  formed  compound  just 
mentioned ;  while  the  third  is  a  modification  not  hitherto  obserred.  These  three 
modifications  are  separated  by  treatment  with  a  mixture  of  nitric  and  sulphuric  acid, 
whereby  they  are  converted  into  trinitro-compounds,  C*H*(NO^)',  easily  separable  by 
solution  in  hot  benzol,  the  trinitromesitylene,  melting  at  232^,  separating  out  first ; 
then  the  trinitro-pseudocumene,  melting  at  186^  (identical  with  that  obtained  from 
synthetically  prepared  pseudocumene) ;  and  lasUy  the  trinitro  compound  of  the  third 
modification  above  mentioned,  which  melts  at  a  lower  temperature.  The  relative 
positions  of  the  three  methyl-atoms  in  the  three  modifications  have  not  yet  been 
determined.  The  hydrocarbon  boiling  between  164°  and  167°  obtained  by  distilling 
camphor  with  zinc  chloride  appears  also  to  consist  mainly  of  mcsitylene  (Fittig, 
ZeiUckr.f.  Chem.  [2]  iv.  677-684). 

Pseudocumene  (crom  coal-tar)  is  almost  completely  decomposed  when  its  vapour  is 
passed  through  a  red-hot  tube,  yielding  benzene,  toluene,  xylene,  naphthalene,  and  a 
naphthalene  hydride  boiling  at  200°,  together  with  smaller  quantities  of  liquid 
hydrocarbons  boiling  between  260°  and  320° ;  also  anthracene  and  chrysene,  and  a 
gaseous  mixture  of  hydrogen  and  marsh-gas,  with  a  small  quantity  of  ethylene  and  a 
trace  of  acetylene.  The  formation  of  naphthalene  appears  to  be  correlative  with  that 
of  the  lower  homologues  of  cumene ;  thus : 

2C»H"     =     C"H»     +     C»H"    8H«. 
Cumene.         KaphttaslsDe.       Xylene. 

(Bcrthelot,  Bull.  8oc.  Chim.  [2]  vii.  229 ;  Jahresb.  1866,  p.  648.) 

Pseudocumene  heated  with  80  pts.  of  strong  kydriodic  acid  is  converted  into 
nonane,  C»H*»,  with  separation  of  a  laige  quantity  of  iodine;  with  20  pts.  of  the 
acid,  the  products  are  propane  and  free  carbon : 

C»H'*  +  6HI  «  2C«H«  +  C"  +  H«  +  8P 

(Berthelot,  BvU.  Soc.  Chim.  [2]  vii.  63 ;  Jahreab.  1867,  p.  346). 

Pseudocumene  (obtained  from  coal-tar  and  by  synthesis)  yields  by  oxidation  Vith 
chromic  acid  the  two  isomeric  acids  xylie  and  paraxylic,  C*H'*0*;  according  to 
Beilstein  {Zeitschr.  [2]  iv.  672),  coal-tar  cumene  also  yields  another  acid  isomeric 
with  these,  viz.  mesitylenic  acid. 

Propyl-benzene,  from  Roman  cumin-oil,  is  converted  by  bromine  in  contact  with 
water  into  dibromobenzoic  acid  (Meusel,  Jahresb,  1867,  p.  698). 

^^oiKoQvu^ix^s.-^M(molmmocumene,  C«H*Br.C"H',  formed  when  bromine  is 
mx  in  contact  with  cumene  from  Eoman  cumin-oil,  boils  after  repeated  rectification 
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at  218^-220^,  and  ha«  a  Bp.  gr.  of  1-3228  at  IZ^.  It  ia  not  attacked  by 
alooholie  potash,  and  when  ozidiied  with  potassinm  4ichiomate  and  sulphuric  acid 
yields  pazabzomobenaoic  (bromodncylic)  acid  and  acetic  add.  The  same  hydrocarbon 
treatea  for  a  considerable  time  with  excess  of  bromine  forms  the  oompoond  CH^Br*, 
or  probably  CBr*. Cfi*,  which  crystallises  from  warm  alcohol  in  concentric  groape  of 
prisms  melting  at  90^-100°,  and  decomposing  at  a  higher  temperature  (£.  Mensel, 
ZeUsehr.  /.  Chem,  [2]  iii.  822  ;  Jakrub.  1867,  p.  698).  Synthetically  prmared  propyl 
bensene  forms  with  excess  of  bromine  a  viscid  unczystallisable  piodxnct,  t^A^K*  (p.  294). 

Pftendoemnene  gently  treated  with  6  at.  bromine  forms  the  inbromimUed  compound 
OH"Bi*,  which  crystallises  in  a  freezing  mixture.  With  4  at  bromine,  a  dtbrominated 
compound  appears  to  be  formed,  since  it  is  converted  by  fuming  nitric  acid  into 
0'H^NO«)<Br«  (Riche  a.  B^zaid,  BuU,  8oe.  Ckim.  [2]  ii.  806). 

When  bromine  is  dropped  into  cooled  pseudocumene,  prepared  synthetically  from 
bramometaxylene,  the  whole  quickly  solidifies  to  fnonobromopteudocumene,  C*H*Br. 
(CH*)* ;  but  on  adding  more  bromine,  the  whole  again  becomes  liquid,  and  is  converted 
into  tribromopseudocumenef  C'H'Br',  or  probably  CBr'.(CH')',  which  dissolves  very 
sparingly  in  boiUng  alcohol,  and  crystallises  therefrom  in  capillary  needles  an  inch 
long,  melting  at  225^,  and  resembling  tribromomesitylene  in  every  respect,  excepting 
that  they  are  flexible,  whereas  the  crystals  of  tribromomesitylene  are  brittle  and 
easily  crumbled  to  powder  (Fittig  a.  Laubinger,  Zeitseka^,  /.  Chem,  [2]  iv.  678). 

NiTBOCTTXiNBS. — MonoHitroptmdoeumene  is  formed  when  pseudocumene  (pre- 
pared from  bromometa^lene)  is  (uopped  into  cold  fuming  nitric  acid ;  also  as  a  bye- 
product  in  the  oxidation  of  pseudocumene  by  dilute  nitric  acid.  It  crystallises  from 
alcohol  in  long  colourless  needles,  melting  at  71^t  u>d  boiling  without  decomposition 
at  266^.  By  reduction  with  Hn  and  hudrochliirio  add  it  yields  the  double  salt  of 
cnmidine  hydrochloride  and  stannous  chloride,  G*H"(NH.') .  HCl .  SnCl*.  By  oxidation 
with  chromic  acid,  it  is  converted  into  paranitro^lic  acid,  CH'(NO*)0*  (Schaper, 
ZeiUekr,  f.  Chem,  [2]  iii.  12;  Fittig  a.  Laubinger,  ibid,  iv.  677).  Ammonium 
sulphite  converts  nitrocumene  into  dmUphurjfl-cumenylic  acid,  C*H*'NSH)'  (Garius, 
Jahresb,  1861,  p.  636). 

Dmiiropseudccumene  was  not  obtained  by  Fittig  a.  Laubinger  in  the  pure  state,  but 
it  appears  to  be  fluid  at  ordinary  temperatures. 

TrinUropBeudoeumetiet  C*H*(NO')',  is  obtained  by  dropping  the  hydrocarbon  into  a 
cooled  mixture  of  Aiming  nitric  and  sulphuric  acios,  and  separates  immediatelv  as  a 
crystalline  mass.  It  is  very  slightly  soluble  in  boiling  alcohol,  more  soluble  in 
benaol,  and  crystallises  from  idcohol  by  slow  cooling  in  stellate  groups  of  colourless 
needles ;  from  benzol  in  ^ort  compact  hard  prisms  mostly  flattened.  It  melts  at 
186*^  and  sublimes  at  a  stronger  heat.  Treated  in  alcoholic  ammoniacal  solution 
with  hydroeen  sulphide,  it  is  at  first  converted  into  a  compound  very  much  like 
dinitro-amidomesitylene,  but  much  less  stablcf  which  is  dissolved  by  strong  hydro- 
chloric acid,  but  precipitated  therefrom  by  water.  By  prolonged  treatment  with  the 
reducing  agent,  there  is  formed  a  well-marked  very  stable  base,  crystallising  from 
water  and  alcohol  in  golden-yellow  prisms,  melting  at  137°,  but  consisting,  not,  as 
might  be  supposed,  of  diamido-nitropseudocumene,  CH*(NH')'NO',  but  of  amido* 
niiropseudccumene,  G*H**(NH')NO^.  The  diamidonitro-comnound  is  doubtless  formed 
in  the  first  instance,  but  afterwards  loses  an  atom  of  NH'  by  inverse  substitution. 
AmiaUmiiropseudoeumene  is  distinguished  by  the  sparing  solubiliU^  and  great  crystal- 
lisinff  tendency  of  its  salts,  especiaUy  the  sulphate,  rC"H<*(NH>)NO>]*H<SO* .  H<0, 
whi<£  is  quite  insoluble  in  cold  water,  and  crystallises  from  boiling  water  in 
extremely  thin,  perfectly  transparent  and  colourless  quadratic  tables  (Fittig  a. 
Laubinger). 

Trinitropeeudocumene  is  also  formed  by  the  action  of  the  nitro-sulphuric  acid 
mixture  on  the  cumene  of  coal-tar,  but  not  nearly  in  so  large  a  quantity  as  the 
isomeric  compound  trinitzo-mesitylene  (p.  299). 

PsBUDOcuxaxa-sxTLPHUAic  ACID,  CH**SO'H,  is  obtained  by  the  action  of 
a  mixture  of  ordinary  and  fuming  sulphuric  acid  on  rectified  coal-tar  cumene.  The 
solution  diluted  with  water  and  neutralised  with  barium  carbonate,  yields  barium 
pseudoeumene-iulphaie,  (C*H**S0')'Ba.2H*0,  as  a  white,  fine-grained  powder,  which 
IS  but  slightly  soluble  in  water,  and  gives  off  its  water  of  crystallisation  above  170^. 
The  iead,  copper,  and  calcium  salts  are  very  soluble  in  water.  The  acid  separated 
from  the  barium  salt  is  resolved  by  heating  its  concentrated  solution  in  the  oil-bath 
into  sulphuric  acid  and  pseudocumene  boiling  at  166°. 

Fuming  sulphuric  acid  alone  acts  with  great  violence  on  pseudocumene,  forming  a 
smaller  quantity  of  pseudoeumene-sulphuric  acid ;  and  on  diluting  with  water,  a  solid 
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body  separates,  insoluble  in  water,  alcohol,  ether,  and  benzene,  and  probably  consisting 
of  sulphocumide.  (C»H")«gO». 

Pteudoeumene-nUphoehhridef  C'H"S0'C1,  which  separates  as  an  oil  on  triturating 
sodium  pseudocumene-Bulphate  with  phosphorus  pentachloride,  and  adding  water,  is 
converted  by  the  action  of  zinc  and  sulphuric  acid  into  a  solid,  inodorous  b<^y  having 
the  composition  of  cumyl  sulphydrate,  CH"SH  ;  it  crystallises  from  alcohol  in 
nacreous  laminee,  meltinff  at  86^-87°  and  boiling  at  about  235°  (Beilstein  a.  Kogler, 
Jam,  Ch.  Pharm,  czzxvii.  117 ;  Jahresb,  1865,  p.  559). 

Xesitjlene.  C*H*(CH')*. — This  hydrocarbon,  originally  obtained  by  the  action 
of  sulphuric  acid  upon  acetone,  has  been  shown  by  Fittig  a.  Wackenroder  to  constitute 
the  chief  portion  of  the  fraction  of  coal-naphtha  which  boils  at  1 64^-1 67^f  also  of 
that  portion  of  the  distillate  obtained  by  heating  camphor  with  zinc  chloride  which 
boils  at  Uie  same  temperature.  This  being  the  case,  it  is  evident  that  many  of 
the  supposed  derivatives  of  pseudocumene  obtained  by  former  ej^rimenters  weie 
not  pure  products,  but  consisted  to  a  great  extent  of  derivatives  of  mesitylene,  the  latter 
sometimes  greatly  predominating.  Even  the  purified  pseudocumene  which  Beilstein  a. 
Eogler  obtained  by  distilling  the  sulpho-acid  prepared  from  coal-tar  cumeno  (p.  297) 
has  been  shown  by  Fittig  a.  Wackenroder  to  consist  of  mesitylene.  On  the  other 
hand,  the  great  similarity  between  pseudocumene  and  mesitylene,  as  exhibited 
especially  in  their  tribromo-  and  trinitro-  derivatives,  while  it  shows  that  mesitylene 
is  in  all  probability  an  isomeric  variety  of  trimethyl-benzene,  renders  it  a  matter  of 
great  difficulty  to  separate  mesitylene  from  pseudocumene  in  mixtures  of  the  two, 
such  as  coal-tar  cumene.  Hence  to  obtain  pure  mesitylene  we  must  still  resort  to 
Kane's  mode  of  preparation  from  acetone. 

Fittig  a.  Briickner  (Ann.  Ch.  Pharm.  cxlvii.  42)  prepare  mesitylene  as  follows : 
1  vol.  commercial  acetone  is  introduced  into  a  large  tubulated  retort  containing  dry 
sand ;  a  cooled  mixture  of  1  vol.  sulphuric  acid  and  ^  vol.  water  is  added  in  a  slow 
but  continuous  stream ;  and  the  mixture,  after  standing  for  24  hours,  is  distilled,  the 
receiver  being  changed  as  soon  as  oily  streaks  appear  in  the  neck  of  the  retort  There 
then  passes  over,  together  with  the  watery  vapours,  an  oil,  chiefly  consisting  of 
mesitylene,  after  which  sulphurous  anhydride  is  evolved,  and  the  contents  of  the 
retort  acquire  a  transient  but  deep  indigo-blue  colour.  The  oily  distillate  washed 
with  wates  and  soda-ley  yields  by  fractional  distillation,  finally  over  sodium,  pure 
mesitylene  boiling  constantly  at  163°.  The  higher  portion  of  the  crude  mesitylene, 
passing  over  up  to  300°,  contains  a  hydrocarbon  boiling  at  194°-196°,  probably 
C««H". 

Mesitylene  boiled  for  16  to  20  hours  with  dilute  nitric  acid^  is  oxidised  to  mesity- 
lenic  acid,  C»H"0«,  isomeric  with  xylic  acid  (Fittig,  Jahreab.  1866,  p.  610).  With 
potassium  dichromate  and  sulphuric  acid  it  yields  a  large  quantity  of  acetic  acid, 
and  by  complete  oxidation  also  a  small  quantity  of  an  acid  which  is  sparingly  soluble 
in  cold  water,  sublimable,  crystallises  Tn  prisms,  and  forms  a  barium  salt  crystallising 
fh)m  hot  water  in  long  needles  (Fittig,  Jahresb.  1865,  p.  560^.  By  phosphonium 
iodide  at  280°,  it  is  converted  into  a  hydrocarbon,  C*Bl'*,  boiling  at  138°  (Baeycr, 
Zeitsekr.f.  Chan,  [2]  v.  320). 

Bboxombsittlenbs. — MonobromoTnesitylene^  OH"Br,  produced  by  carefully 
mixinff  well-cooled  mesitylene  with  2  at.  bromine,  and  purified  m  the  usual  way,  is  a 
limpid  oil,  having  an  aromatic  odour,  a  sp.  gr.  of  1*3191  at  10°,  boiling  at  225°, 
solidifying  completely  in  a  freezing  mixture,  and  melting  again  at  +  1° ;  not  attacked 
by  sodium-amalgam  at  any  temperature.  Dv-  and  tri-bramomesitylene  are  contained  in 
the  residue  left  after  distilling  off  the  monobrominatcd  compound  obtained  as  above, 
and  are  produced  in  larger  quantity  by  the  action  of  4  at.  bromine  on  mesitylene. 
On  recrystallising  fh>m  alcohol,  the  tribrominated  compound  separates  out  almost 
completely,  while  dibromomesitylene,  (D'H^'^Br',  remains  in  the  mother-liquor,  and 
may  be  crystallised  therefrom  in  colourless  needles  an  inch  long,  melting  at  60°,  and 
distilling  without  decomposition  at  285°.  Tribromomesitylene^  CH'BH,  previously 
obtained  by  Hofmann  and  Cahours  (iii.  930),  is  nearly  insoluble  in  cold  alcohol,  ana 
crystallises  from  benzol  by  spontaneous  evaporation  in  transparent  monoclinic 
prisms  melting  at  224°  (Fittig  a.  Storer,  Ann.  Ch,  Pharm.  cxlvii.  1 ;  Jahresb.  1867i 
p.  703). 

Crlobombsittlbnbs  (Fittig  a.  Hoogewerff,  Zeitsehr.  /.  Chem.  [2]  v.  168). — 
Chlorine  acts  very  strongly  on  mesitylene,  even  in  the  cold,  the  three  hydrogen-atoms 
in  the  benzene  residue,  C*H",  being  easily  replaced  by  chlorine.  The  di-  and  tri- 
chlorinated  compounds  are  indeed  always  produced,  together  with  monochloromesity- 
lene,  even  when  the  quantity  of  chlorine  passed  into  the  liquid  is  less  than  sufficient 
for-the  complete  conversion  of  the  mesitylene  into  the  latttf .    To  separate  the  three 
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■t  218^-220<>,  and  has  a  sp.  gr.  of  1*8228  at  IS^'.  It  is  not  attacked  by 
alcoholic  potash,  and  when  oxidised  with  potassium  4icluomate  and  sulphuric  acid 
yields  paiabioniobenaoic  (bromodracylie)  acid  and  acetic  add.  llie  same  hydrocarbon 
treated  for  a  considerable  time  with  excess  of  biomine  forms  the  compound  CH^r*, 
or  probably  CBr*.  CH',  which  crystallises  from  warm  alcohol  in  concentric  groups  of 
prisms  melting  at  90^-100®,  and  decomposing  at  a  higher  temperature  (£.  Meusel, 
ZaUckr.  /.  Chem,  [2]  iii.  822 ;  Jahrub,  1867,  p.  698).  SvntheticallyTOepared  propyl 
bensene  forms  with  excess  of  bromine  a  viscid  unciystallisable  product,  0'H*H^  (p.  294). 

PiBendocumene  gently  treated  with  6  at  bromine  forms  the  tribrominated  compound 
l71i1Br",  which  crystallises  in  a  freezing  mixture.  With  4  at.  bromine,  a  dibrctinnaUd 
eomponnd  appears  to  be  formed,  since  it  is  converted  by  fuming  nitric  acid  into 
(^H"(KO')'Br'  (Biche  a.  B^raid,  BuU,  8oe,  CUm.  [2]  ii.  305). 

When  bromine  is  dropped  into  cooled  peeudocumene,  prepared  synthetically  from 
bromometazylene,  the  whole  quickly  solioifies  to  monobramop§eudoeumene,  C'H'Br. 
^CH')* ;  but  on  adding  more  brominei,  the  whole  again  becomes  liquid,  and  is  converted 
into  tribromiOp$eudoeumene,  C*£['Br',  or  probably  OBr'.(CH")',  which  dissolves  very 
sparingly  in  boiling  alcohol,  and  crystiulises  therefirom  in  capillary  needles  an  inch 
long,  melting  at  225^,  and  resembling  tribromomesitylene  in  every  respect,  excepting 
that  they  are  flexible,  whereas  the  crystals  of  tribromomesitylene  are  brittle  and 
easily  omnbled  to  powder  (Fittig  a.  Laubinger,  Zeitac^.  /.  Chem,  [2]  iv.  578). 

NiTBOcvxaHss. — Mononitropaeudoeumene  is  formed  when  pseudoeumene  (pre- 
pared firom  bromometazylene)  is  (uopped  into  cold  fuming  nitric  acid ;  also  as  a  bye- 
prodoct  in  the  oxidation  of  peeudocumene  by  dilute  nitric  acid.  It  crystallises  from 
alcohol  in  long  colourless  needles,  melting  at  71°»  and  boiling  without  decomposition 
at  266°.  By  reduction  with  tm  and  ^droehlorie  acid  it  yields  the  double  salt  of 
eumidine  hydrochloride  and  stannous  chloride,  C'H"(NH') .  HCl .  SnCl*.  By  oxidation 
with  ehrmnie  add,  it  is  converted  into  paranitro^lic  acid,  C*H'(NO*)0'  (Schaper, 
ZeiUehr.  f.  Ckem.  [2]  iii.  12;  Fittig  a.  Laubinger,  ibid.  iv.  577).  Ammonium 
sulphite  converts  nitrocumene  into  disfUpkur^-ewmenylie  acid,  C^H'^NSK)'  (Oeuius, 
Jainab.  1861,  p.  635). 

Dmiiropaeudaeumene  was  not  obtained  by  Fittig  a.  Laubinger  in  the  pure  state,  but 
it  ai^ieara  to  be  fluid  at  ordinary  temperatures. 

Tri»itrof$eudoeumene,  C*H*(NO*)',  is  obtained  by  dropfung  the  hydrocarbon  into  a 
cooled  mixture  of  fuming  nitric  and  sulphuric  acids,  and  separates  immediatelv  as  a 
crystaUiDe  mass.  It  is  very  slightly  soluble  in  boiling  alcohol,  more  soluble  in 
bensol,  and  crystallises  from  alcohol  by  slow  cooling  in  stellate  groups  of  colourless 
needles ;  trom  benzol  in  short  compact  hard  prisms  mostly  flattened.  It  melts  at 
185*^  and  sublimes  at  a  stronger  heat.  Treated  in  alcoholic  ammoniacal  solution 
with  hydrogen  sulphide,  it  is  at  first  converted  into  a  compound  very  much  like 
dinitio-aniidomesitylene,  but  much  less  stabler  which  is  dissolved  by  strong  hydro- 
chloric acid,  but  precipitated  thereficom  by  water.  By  prolonged  treatment  witn  the 
reducing  agent,  there  is  formed  a  well-marked  very  stable  base,  crystallising  from 
water  and  alcohol  in  golden-yellow  prisms,  melting  at  137°,  but  consisting,  not,  as 
might  be  supposed,  of  diamido-nitropseudocumene,  C*H*(NH*)^0',  but  of  amido^ 
uitropseudceuTntne,  CHi*(NH')NO'.  The  diamidonitro-compound  is  doubUess  formed 
in  the  first  instance,  but  afterwards  loses  an  atom  of  NH'  by  inverse  substitution. 
Amidom/rcpatudocumene  is  distinguished  by  the  sparing  solubill^  and  great  crystal- 
lising tandtency  of  its  salts,  especially  the  atdphate,  [C"H<«(KHS)KO>]>H'SO«.H<0, 
whiSk  is  quite  insoluble  in  cold  water,  and  crystidlises  from  boiling  water  in 
extremelj  thin,  perfectly  transparent  and  colourless  quadratic  tables  (Fittig  a. 
Laubinger). 

Trimtrc^weudocumene  is  also  formed  by  the  action  of  the  nitro-sulphuric  acid 
mixture  on  the  cumene  of  coal-tar,  but  not  nearly  in  so  large  a  quantity  as  the 
isomeiie  compound  trinitro-mesitylene  (p.  299). 

PsBUDOCVXBKB-suLPHUBic  ACID,  C*H"SO'H,  is  obtained  by  the  action  of 
a  mixtuxe  of  ordinary  and  fuming  sulphuric  acid  on  rectified  coal-tar  cumene.  The 
solution  diluted  with  water  and  neutralised  with  barium  carbonate,  yields  barium 
itagudoewmeme-aulpkate,  (CH'iS0')>Ba.2H'0,  as  a  white,  fine-grained  powder,  which 
IB  but  slightly  soluble  in  water,  and  gives  o£f  its  water  of  crystallisation  above  170^. 
The  iead^  copper,  and  calcium  salts  are  very  soluble  in  water.  The  add  separated 
firom  the  barium  salt  is  resolved  by  heating  its  concentrated  solution  in  the  oil-bath 
into  sulphuric  add  and  jpseudoeumene  boiling  at  166°. 

Fuming  sulphuric  acid  alone  acts  with  great  violence  on  peeudocumene,  forming  a 
•nailer  quantity  of  pseudocumene-sulphuric  add  j  and  on  diluting  with  water,  a  solid 
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AMIDOMBSITYLBNBOrMBSIDIKB.      C»H"(NH«)  «   C^«(NH«) . (CH«)*  (Kttlg 

a.  Stoirer,  Ann,  Ch,  Pharm,  czlvii.  l\ — ^Produced  by  boiling  nitrameeitylene  with  tin 
and  hydrochloric  acid,  and  separatea  from  the  hydrochloride  by  ammonia  in  colonrlesa 
oil-drope  which  do  not  solidify  at  O"".  The  hydrochloride,  C*H"(NH*).Ha,  forms 
feathery  crystals  or  large  transparent  prisms  easily  soluble  in  water  and  in  alcohol. 
The  stoHnoBO^hloride^  2(C*H"N.HCn.SnCl',  forms  needle-shaped,  rather  sparingly 
soluble  crystals,  which  are  decomposed  by  pure  water.  The  oxalate,  (CH"K)' .  CH^*, 
is  a  precipitate,  consisting  of  crystalline  laminae,  sparingly  soluble  in  cold  water,  and 
dissolving  with  decomposition  in  boiling  water,  so  that  the  salt  cannot  be  leoovered 
from  the  solution. 

Dinitro^midoTneeUyUne  or  Binitromeaidiiu,  0*H*(NO*)'.NH',  is  formed,  together 
with  nitro-diamidomesitylene,  by  prolonged  treatment  of  trinitromesitylene  with 
ammonium  sulphide.  From  the  evaporated  residue  the  latter  base  is  extracted  by 
dilute  hydrochloric  acid,  and  the  undissolved  portion  treated  with  more  concentrated 
acid  yields  the  dinitro-amidomesitylene,  whicb  may  be  purified  by  precipitation  with 
water  and  recrystallisation  from  alcohol.  It  is  insoluble  in  water,  but  dissolves  easily 
in  hot  alcohol,  and  ciystallises  therefrom  in  sulphur-yellow,  very  well  defined  short 
prisms,  melting  at  193^-194°,  and  volatilising  without  decomposition.  The  only 
acid  with  which  it  appears  to  unite  is  concentrated  hydrochlorie  acid,  and  even  the 
compound  thus  formed  is  easily  decomposed  by  water  (Fittig). 

DiAMIDOMBSITTLBNB  or  MBSITTJLBNB-DIAlf  INB,  C*H**(NH*)*,  IS  ^roduced 

by  heating  dinitromeeitylene  with  tin  and  concentrated  hydrochloric  add,  precipitating 
the  tin  by  hydrogen  sulphide,  evaporating  the  filtrate  to  dryness,  recrystallising  the 
salt  from  moderately  strong  hydrochloric  acid,  and  precipitating  with  ammonia.  It 
then  separates  as  a  nearly  colourless  oil,  which  gradually  solidifies  to  a  pulp  of  long 
slender  crystals.  It  dissolves  easily  in  hot  water,  alcohol,  or  ether,  ana  crystallises 
from  water  in  long  capillary  needles,  from  ether  in  large  monoclinic  crystals ;  becomes 
yellow  or  reddish  on  exposure  to  light ;  melts  at  90^,  and  sublimes  in  needles  without 
decomposition.  Bromine  water  added  to  the  aqueous  solution  throws  down  a  liquid 
compound  insoluble  in  hydrochloric  acid.  The  hydrochloride,  C*H**N'.2HC1,  crystal- 
lises in  square  tables,  easily  soluble  in  water  and  in  alcohol,  and  is  precipitiU^d 
almost  completely  from  the  aqueous  solution  by  hydrochloric  acid  of  a  certain 
strength ;  does  not  form  a  double  salt  with  platinic  chloride.  The  nitrate  is  very 
soluble  and  crystallisable.  The  oxalate,  C*H**N'.C'HK)^  is  sparingly  soluble  in 
alcohol,  and  crystallises  from  hot  water  in  hard  grains.  The  eulphate,  C*H*N'.8HK)^ 
is  very  soluble  in  water,  scarcely  at  all  in  cold  eJcohol,  and  crystallises  from  alcohol 
in  broad  transparent  laminae,  which  quickly  become  dull  when  exposed  to  the  air 
(Fittig). 

Nitro-diamidomesiiylene  or  NUromeeitvlene-diamme,  G*H'(NO')(KH')',  is  formed, 
as  already  observed,  simultaneously  with  dinitro-amidomesitylene,  by  the  action  of 
ammonium  sulphide  on  trinitromesitylene,  and  is  extracted  frx>m  the  evaporated 
residue  by  dilute  hydrochloric  acid.  From  this  solution  it  is  separated  by  ammonia, 
as  a  deep  yellow  amorphous  precipitate,  which  dissolves  but  sparingly  in  hot  water, 
easily  in  alcohol  and  ether.  Firom  water  it  crystallises  in  large  orange-coloured 
laminae;  from  alcohol,  by  spontaneous  evaporation,  in  very  large  well-defined  mono- 
clinic  prisms  having  a  very  brilliant  lustre  and  nearly  the  colour  of  sodium  nitzoprusside. 
They  exhibit  the  combination  ooF .  [poo  ]  .  oP,  and  are  shortened  in  the  direction  of 
the  principal  axis.  Angle  ooP  :  ooP,  in  the  orthodiagonal  principal  section, 
=  113°  14';  ooP  :oP  =  lOl®  20';  [Poo]  :  oP  =  168°  44';  [Poo]  :  [Poo]  at  the 
principal  axis  »  137^  28';  acute  angle  of  axes  »  60^  4'.  Ratio  of  clinodiagonal, 
orthodiagonal,  and  principal  axis  »  1'6248  :  1  :  0*4167.  Melting  point  184°.  The 
hydrochloride,  C*H*NO'(NH*)' .  2HC1,  dissolves  easily  in  water  ana  in  alcohol,  and 
crystallises  in  colourless  square  tables  (Fittig). 

Sulpho-^erivatives  of  Afeeitylefie, 

Mbsittlbkb-sulphttbio  or  Sulphokbsitylic  acid,  G'H^.SO'H,  is 
formed  by  dissolving  mesitylene  in  warmed  fuming  sulphuric  acid,  and  separates  for 
the  most  part  in  needles  as  the  solution  cools.  The  pure  acid  separatea  from  the 
barium  salt  forms,  when  evaporated  over  oil  of  vitriol,  a  syrup  which  soon  solidifies 
to  a  colourless  raidio-crystallino  mass.  The  barium  salt  (C*H"SO')'Ba  crystallises 
from  hot  water  in  colourless  laminae.  The  potassium  salt  CH"SO"K  is  very  soluble 
in  water,  and  crystallises  from  alcohol  in  small  laminae,  united  in  spherical  groups 

i Fittig,  Jahreab,  1866,  p.  610).    The  silver  and  lead  salts  were  examined  by  Hofmann 
iii.  981). 
The  sulpho-acid  which  Beilstein  and  Eogler  obtained  {Ann,  Ch,  Pharm,  cxzxvii. 
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chlorinated  oompoanda,  the  mixtiire  is  washed  with  soda-ley  and  disaolyed  in  boiling 
aloohoL  The  solution  on  cooling  deposits  nearly  the  whole  of  the  trichloiomesitylend, 
which  ia  easily  obtained  quite  pore  by  recrystalUsation  from  aloohoL  The  mono-  and 
dichlonnated  compounds  may  be  separated  from  the  mother-liquor  by  evaporating  off 
the  alcohol  luid  subjecting  the  remaining  liquid  to  fractional  distillation.  When 
monoehloiomesitylene  is  the  only  product  sought,  it  is  best  to  treat  the  mesitylene 
with  only  half  the  required  quantity  of  chlorine,  and  immediately  subject  the  liquid  to 
fractional  distillation. 

MonochlotomeiityUne,  C^K31.(CH*)*,  is  a  transparent  colourless  liquid,  vexy 
soluble  in  alcohol,  and  boiling  without  decomposition  at  204*^-206°.  It  is  slowly 
nxi«^ifffid  by  a  mixture  otpaUutimm  dicknmate  aiid  mU^hmnB  aeid,  yielding  acetic  acict 
together  with  other  products.  By  tUluts  nUrie  aeid  it  is  easily  oxidised  to  diloro- 
mesitylenic  add.  Fummg  nUrie  acid  attacks  it  rery  strongly,  even  when  well  cooled, 
conrerting  it  instantly  into  a  mixture  of  mono-  and  dinitzo-chloromesitylene.  Motuh 
nitrocAlorvmemtylenetC^{'SO*)Cl,(CH*yt  is  found,  in  small  quantity  only,  in  the 
reaction  just  mentioned ;  also  as  a  bye-product  in  the  oxidation  of  chloromesitylene 
by  dilute  nitric  add.  It  forms  groups  of  spicular  crystals  melting  at  66^-67^,  easily 
soluble  in  alcohoL  Dinitroekloromentylme,  G«(NO>)Kn.(CH*)*,  the  chief  product  of 
the  action  of  fuming  nitric  add  on  chloromesitylene,  crystallises  from  alcohol  in  long 
colourless  needles,  which  melt  at  no*^-!??^*  may  be  sublimed  without  decomposition, 
dissolve  easily  in  hot,  sparingly  in  cold  alcohol. 

Dieklorom€9ityl€ne,  CHC1*.(CH*)*,  dystallises  from  alcohol  in  splendid 
eolouriesB  shining  prisms,  melting  at  69^,  boilinff  without  decomposition  at  248^- 
244^,  rezy  soluble  in  hot  alcohol,  also  in  ether  and  in  benaol.  Scarcely  attacked  by 
chromic  add  mixture,  even  after  several  days'  boiling,  yielding  a  barely  perceptible 
quantity  of  acetic  acid  and  not  a  trace  of  any  aromatic  add. 

Trieklorometitylene.  OCl'.CCH')'. — This  compound,  first  prepared  by  Kane 
(iii.  930),  is  the  only  product  formed  when  mesitylene  is  treated  at  ordinary  tempera- 
tores  with  excess  of  chlorine.  It  is  very  slightly  soluble  in  cold  alcohol,  somewhat 
more  in  hot  alcohol,  easily  in  ether.  From  boilinff  alcohol  it  cxTstallises  in  long, 
slender,  colourless  needles,  melting  at  204^-205^,  and  subliming  without  decomposition 
in  long  brilliant  spiculse.  It  does  not  suffer  the  least  alteration  bv  boiling  for  several 
days  with  nitric  acid,  chromic  acid,  or  potassium  permanganate  (Fittig  a.  Hoogewerif ). 

HTi>KOXTL-KB8iTTi.s2fB.    See  MBsrrruofoi^ 

NiTBOMSSiTTLBNBS. — Monofiitrometitjflene,  C*H'(NO*) . (CH*)",  is  formed 
on  warming  medtylene  with  nitric  add  of  sp.  gr.  1*88 ;  also  as  a  bye- product  in  the 
preparation  of  mesitylenic  acid ;  it  is  purified  by  distillation  with  aqueous  vapour, 
rectification  per  ae,  and  crystallisation  of  the  solidifying  portion  from  alcohol. 
Crystallises  in  well-defined  transparent  prisms  an  inch  long,  or  in  laige  tabular 
crystals ;  dissolves  in  almost  all  proportions  of  boiling  alcohol,  melts  at  41°,  and  boils 
without  decomposition  at  240^-250^.  It  is  not  converted  into  nitromesitylenic  acid  by 
boiling  with  potassium  dichromate  and  dilute  sulphuric  add.  NUrobroTMnMsiiyltne^ 
CH>*(NO*)Br,  formed,  together  with  a  small  quantity  of  the  following  compound,  by 
leaving  bromomesitylene  in  contact  with  a  mixture  of  equal  volumes  of  fhming  and 
ordinary  nitric  add  at  ordinary  temperatures,  is  moderately  soluble  in  alcohol,  and 
separate*  therefrom  by  spontaneous  evaporation  in  colourless  crystals,  very  much  like 
thoae  of  sal-ammoniac,  crystallised  from  water ;  they  melt  at  54*^.  Dinitrobromo- 
muUyUne,  C*H*f  NO')^,  formed  at  ordinary  temperatures  by  drenching  bromo- 
mesitylene with  taming  nitric  acid,  dissolves  slightly  in  cold,  more  freely  in  boiling 
alcohol,  crystallises  in  colourless  needles,  and  melts  at  189^-190°,  emitting  a  musk- 
like odour  (Fittig  a.  Storer). 

Dinitromeaitylene,  C*H**(NO')^  is  eadly  formed  by  dropping  mesitylene  into 
cooled  fuming  nitric  add ;  melts  at  86° ;  dissolves  with  moderate  fadlity  in  hot,  less 
easily  in  cold  alcohol ;  and  crystallises  in  colourless  rhombic  prisms  an  inch  long, 
exhi'biting  the  combination  ooP  .  oo^oo  .  oP,  the  ratio  of  the  macrodiagonal  to  the 
biachydiagonal  being  1  :  0*5475;  angle  ooP  :  ooj^oo   -  118°  62'. 

Trinitromesiiylene,  C*H*(NO')*,  obtained  by  dropping  mesitylene  into  a 
mixture  of  1  voL  fiuning  nitric  and  2  vol.  strong  sulphuric  acid,  is  nearly  insoluble 
in  cold,  very  sparingly  soluble  in  boiling  alcohol,  and  crystallises  therefrom  in  slender 
colcmrless  needles ;  fh>m  acetone  in  laige  prisms  having  a  glassy  lustre ;  melts  at 
230^-232°  (Fittig,  Ann.  Ch.  Pharm,  czli.  129^.  The  preparation  of  this  compound 
from  the  mixture  of  hydrocarbons  constituting  coal-tar  cumene  has  alr^y  been 
noticed  (p.  296). 
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Dilute  nitaric  acid,  on  the  other  hand,  oxidises  only  one  of  the  ethyl-atomfl,  producing 
eth7l->ben«>ic  acid,  isomeric  with  zylie  acid : 

*^*i^  +  °*  "  C^*i^  +  C0«  +  2HK). 

By  farther  oxidation,  howerer,  with  stronger  nitric  acid,  the  ethyl-faensoic  acid  is 
oonvuted  into  terephthalic  acid  (Fittig  a.  Konig,  Ann,  Ch.  Pharm,  cxliy.  277). 

Diethyl-benzene  dissolres  in  fiunizig  sulphuric  acid,  forming  diethylbensene- 
sulphuricacid,  C*H*(CH*)* .  SO*H,  whicn  crystallises  in  deliquescent  lamins.  Its 
barium  salt^  (CH**SO')'Ba,  crystallises  from  alcohol  in  nodules  or  laminae ;  ihepotag- 
sium  saU  C*H>"SO*K  in  slender  needles  (Fittig  a.  Konig). 

acHylp-dlmetl&yl-beiiseiM  or  Bt&yl-Jiyleiie,  C*H*(CH*)*C*H*,  has  a  sp.  gr.  of 
0*8783  at  30^  and  boils  at  1 83^-1 84^  By  warming  with  a  mixture  of  nitric  and 
sulphuric  acids,  it  is  converted  into  a  trinitro-compound  which  crystallises  firom  alcohol 
in  needles  melting  at  119°.  By  oxidation  with  chromic  acid,  it  yields,  together  with 
acetic  acid,  an  add  similar  to  terephthalic  acid,  but  more  soluble  in  alcohol  (Fittig  a. 
Ernst,  Zeitsekr.  f,  Chem.  [2]  i.  572). 

Cymmie.  There  are  two  metameric  hydrocarbons  to  which  this  name  is  applied : 
a  cjrmene,  obtained  from  Roman  cumin-oil  and  from  the  oil  of  water-hemlo(^  seed, 
in  which  it  exists  ready-formed ;  also  produced,  together  with  several  of  its  homo- 
logues,  by  the  dehydration  of  common  camphor  with  frised  zinc  chloride,  phosphoric 
oxide,  F'O^,  or  phosphoric  sulphide,  P'S* ;  and  fi  cymene  which  occurs  amongst  the 
products  of  the  destructive  distillation  of  coal. 

a  CymBM, — The  preparation  of  this  modification  from  Boman  cumin-oil  and  from 
the  oil  of  Ciania  viroea  is  described  in  vol.  ii.  p.  296.  The  portion  of  the  distillate 
obtained  by  treating  camphor  with  fused  zinc-chloride,  which  passes  over  between 
178^  and  176®,  consists  mainly  of  a  cymene  ^Fittig,  Kobrich  a.  Jilke,  Jahresb.  1867, 
p.  701);  and  by  distilling  camphor  with  phosphoric  sulphide,  cymene  is  obtained 
without  any  adxnixture  of  other  hydrocarbons : 

6C"H"0  +  P«S*  =  6C"H'«  +  PK)*  +  6H«S. 

This  is  therefore  the  best  method  of  obtaining  cymene  from  camphor:  On  mixing  1 
mol.  phosphoric  sulphide  in  a  capacious  retort  with  6  mol.  coarsely  comminuted  cam- 
phor, and  applying  a  gentle  heat,  the  mass  foses  to  a  brown  liijuid,  which,  when  more 
strongly  heated,  yields  a  large  quantity  of  cymene,  to  be  purified  by  agitation  with 
strong  potash-ley,  then  with  water,  and  drying  over  calcium  chloride  (K.  Pott,  Zeitsckr. 
f.  Chem,  [2]  v.  200).  The  same  modification  of  cymene  appears  to  be  obtained 
by  the  distillation  of  cumin-oil  with  phosphoric  oxide  (Lougmnine,  Jahrub.  1867,  p. 
A92),  and  of  carvol  (from  cumin-oil)  with  zinc-powder  (a  mixture  of  metallic  zinc, 
zinc  oxide,  and  hydrate)  (Amdt,  ZnUckr,  [2]  iv.  730). 

a  Cymene  from  camphor  boils  at  176**-178°  (Pott)  ;  at  177*^-179°  (Louguinine,  p. 
278);  that  from  Roman  cumin-oil  at  177-6°  (Kopp);  at  179-6°  (corr.)  (Warren, 
JaJiretb.  1866,  p.  616);  at  176°-176°  (Louguinine).  Sp.  gr.  of  that  from  camphor 
0-8768  and  08732  at  0°  (Louguinine) ;  sp.  gr.  of  that  from  cumin-oil  0-8706  at  0° 
(Louguinine);  0*8660  at  16°  (Mendelejef,  Jahre^,  1863,  p.  7).     Cymene  from  either 

( CH* 
source  is  converted  by  oxidation  with  dilute  nitric  acid  into  toluic  acid,  CH*  ]  nrvt^ ; 

by  further  oxidation  with  chromic  acid  mixture,  into  acetic  acid  and  terephthalic 
acid,  C*H*.(CO'H)*.  Consequently  a  cymene  contains  two  lateral  chains  (p.  200), 
one  of  which  is  methyl ;  that  is  to  say,  it  has  the  constitution  ofpropyl-methyl- 

CH"' 

Propyl-methyl-benzene  prepared  by  the  action  of  sodium  and  propyl-iodide  on 
bromotoluene  boils  at  nearly  the  same  temperature  as  a  cymene  Q78°- 179°) ;  is  also 
converted  by  oxidation  into  toluic  and  afterwards  into  terephthalic  acid ;  yields  a 
sulpho-acid  whose  barium  salt  agrees  in  crystalline  form  and  amount  of  water  with 
that  of  a  cymene-sulphuric  acid,  and  indeed  appears  to  resemble  a  cymene  in  every 
respect  excepting  that  its  nitro-derivatives  do  not  crystallise.  From  the  analogy  of 
cumene  (p.  296),  it  is  probable  that  the  synthetically  prepared  compound  may  be 
normal  propyl-toluene,  and  that  a  cymene  may  be  isopropyl-toluene  (Fittig,  Schaffer 
a.  Konig,  Ann.  Ch.  Pharm,  cxlix.  337). 

a  Cymene  (from  camphor)  is  converted  by  fuming  sulphuric  acid  into  cymene-sul- 
phuric acid,  C"H»»SO»H,  the  barium  salt  of  which,  (C"H»«S0»)«Ba.6H«0,  crystallises 
in  easily  soluble  rhombic  prisms  (Fittig,  Kobrich  a.  Jilke;  Pott).  When  the  potas- 
sium  salt  of  this  acid  is  fused  with  2  pts.  potassium  hydrate,  the  fused  mass  dissolved 
in  water,  the  solution  acidulated  with  sulphuric  acid,  and  Uie  separated  brown  oil 
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distilled,  a  j^llowish  riseid  oil  is  obtained  boiling  at  280^  and  haTing  the  composition 
ofcymicphenol,  G'*H*^0,  isomeric  with  thymol.  It  is  distinguished  ftom  the  latter 
by  not  soUdi^n^^  in  a  freasing  mixture,  and  by  being  but  slowly  converted  into  a 
solpbo-aeid,  C**H*'O.SO*H,  by  the  action  of  filming  s^phnric  acid  (Pott). 

According  to  Biche  a.  B^iard  (BuU.  Soe,  CMm,  [2]  ii.  205),  cymene  from  camphor 
left  in  contact  with  4  at  bromine,  forms  crystallisable  dibromoofmene,  C^H^'Br',  but 
that  obtuned  from  Boman  cumin-oil  does  not  yield  this  compound  [?j  ;  with  an  excess 
of  bromine  howeiyer  it  forms  a  small  quanUty  of  a  more  highly  brominated  crystalline 
oomponnd.  NUrocymene  (prepared  from  the  cymene  of  Boman  cumin-oil)  is  converted 
by  sodium-amalgam  into  asocymene,  C^H*^'  (Werigo). 

fi  Cymene  is  contained  in  coal-tar,  chiefly  in  the  heavy  oil  boiling  above  170^. 
ifRfirfftM  (ii.  207)  obtained  it  from  the  portion  boiling  between  170°  and  180^. 
Bezthelot  {fivU.  8oe,  CUm,  [2]  viii.  226)  separated  by  fractional  distillation  the  por- 
tion of  heavy  coal-tar  oil  boiling  between  175°  and  190°;  then  (after  mixing  the 
distillate  wiUi  the  liquid  remaining  in  the  retort  and  the  portion  saturated  with  naph- 
thalene) collected  by  a  second  fractionation  the  portion  distilling  between  178°  and 
180°,  and  separated  the  naphthalene  therefrom  oy  means  of  an  alcoholic  solution  of 
picric  acid.  The  oil  separated  from  the  alcoholic  mother-liquid  by  ammoniacal  water 
yielded,  after  repeated  rectification,  a  hydrocarbon  C**H'*,  boiling  between  179^  and 
180°,  and  yielding  with  nitric  and  sulphuric  acids  the  usual  reactions  of  the  aromatic 
hydrocarbons.  Heated  with  80  times  its  weight  of  saturated  aqueous  hydriodic  acid, 
it  yielded  decane  or  decyl- hydride,  C^^n^t  together  with  a  small  quantity  of  a 
Teij  Tolalile  hydride,  [C"H*^?J.  Bommier  (Compt,  rend,  Ixviii.  1482),  b^  treating 
the  poztion  of  coal-tar  oil  distilling  between  200°  and  220°  with  fuming  nitric  acid, 
obtained  a  small  quantity  of  hard  colourless  crystals  having  approximately  the 
composition  of  dmitroeymenef  C**H**(NO')'. 

fi  cymene  differs  from  a  cymene  in  its  boiling  point  Its  products  of  oxidation 
do  not  appear  to  have  been  examined ;  but  as  products  of  destructive  distillation 
have  hitherto  been  found  to  yield  only  methyl-derivaUves  of  benzene,  it  most  probably 
eoosists  of  tetramethylbensene. 

AxocTM  BKB,  G*H''N',  is  formed  by  the  action  of  sodium-amalgam  on  nitio- 
cymene  (from  the  cymene  of  Boman  cumin-oil),  and  cxystallises  in  (merry-coloured 
plates  melting  at  S69  (Werigo,  ZeiUehr,  Ch.  Pharm,  1864,  p.  721). 

Bydrooarbona  C"H**. 

Of  the  seven  metameric  forms  of  this  hydrocarbon,  viz.  C*H^.G*H>'; 
C»H«.C»H'.C«H»;  C^*.C*H».CH«;  C^» .  0»H» .  (CH»)V  C«El».(C»H»)«.CH»; 
(?H«.(C*H*XCH«)";    and  C^.(CH*)»,  the  three  following  are  known: 

1 .  Jljuyl-lienaene.  CH* .  G*H". — ^Obtained  by  the  action  of  sodium  on  a  mixture 
of  biomobenzene  and  amyl  bromide  diluted  with  an  equal  volume  of  ether  (ToUens 
a.  Fittig,  Ann.  Ch.  Pharm.  cxxxi.  303).  It  has  a  peculiar  odour,  not  like  that  of 
benzene,  a  sp.  gr.  of  0*859  at  12^,  and  boils  at  193°  (Bigot  a.  Fittig,  ibid.  cxli.  160).  By 
oxidation  witn  chromic  add,  it  yields  benzoic  acid,  together  with  other  acids  not  yet 
investigated  (ToUens  a.  Fittig).  With  2  at  bromine  it  forms  a  liquid  oompoimd  in 
whidi  a  few  ciystals  gradually  appear ;  on  mixing  the  well-cooled  hydrocaroon  with 
4  at  bromine,  and  heating  the  mixture  to  100°  till  it  is  decolorised,  the  contents  of 
the  tube  solidify  to  a  ciTstalline  pulp  of  tribromamyibeneeney  C"H*'Br*.  This  com- 
pound crystallises  from  hot  alcohol  in  silky  needles,  slightly  soluble  in  cold,  easily  in 
not  alcohol,  melting  at  140°  and  decomposing  at  a  slightly  higher  temperature.  With 
eUorine  and  with  fuming  nitric  acid,  amylbenzene  forms  only  liquid  compounds. 
Coooentiated  nUpkurie  aM  converts  it  into  a  very  stable,  crystallisable,  deliquescent 
solphcHacid,  whose  barium  salt,  (C"H'*SO')'Ba,  crystallises  readily  in  long  needles 
very  slightly  soluble  in  cold  water.  The  potassium  salt  C**H**SO'K  is  a  radio- 
cryvtalline  mass  very  soluble  in  water  and  in  alcohol  (ToUens  a.  Fittig). 

2.  »ft«tlijrUiiietihjl-baiis6ne  or  Bletbyl^^tolnene.      ^S'j(c^»)s    (^ipP* 

mann  a.  Longninine,  BtJi.  8oc.  Chim.  [2]  viii.  426). — Produced  by  the  act^pn  of  zinc- 
ethyl  on  benzylene  chloride : 

C«H».CHC1«  +  Zn(C»H»)«  -  ZnQ'  +  OH" . CH»(C«H»)«. 

To  moderate  the  violence  of  the  reaction,  it  is  best  to  dilute  the  mixture  with  five 
times  its  weight  of  benzol,  and  graduaUy  add  the  weU-cooled  solution  of  the 
benzylene  chloride  to  the  solution  of  the  zinc-ethyl  in  excess.  At  the  end  of  the 
reaction,  the  white  solid  product  saturated  with  benzol  is  treated  with  hydrochloric 
add,  and  the  separated  oily  layer,  after  drying  with  calcium  chloride,  is  freed  from 
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benzol  by  distillation.  The  remaining  hydrocarbon,  after  repeated  heating  with 
sodinm  to  200°  for  sereral  days,  and  final  rectification,  yields,  in  the  portion  boiling 
between  176°  and  180^,  pure  diethyl-toluene  as  a  colourless  aromatic  liquid,  of  sp.  gr. 
0*8751  at  0°,  boiling  at  178°  (i.e.  15°  lower  than  amyl-benxene),  and  haying  a  vapour- 
density  of  5*1245,  or  by  calculation  5*1107. 

3.  9n>p jl^idliiiot]ijl«beiiaenev  Fropjl-zjrleiiev  or  XMireiie.      ^^'|(>3H' 

(Fittig,  Kobrich  a.  Jilke,  Ann.  Ch.  Pharm.  cxlv.  129 ;  Jakrtsb.  1867,  p.  701).— Produced, 
together  with  several  of  its  lower  homologues,  by  distilling  camphor  with  fosod 
zinc  chloride,  passing  over  between  185^  and  188°.  It  has  a  sp.  gr.  of  0*887  at  10°, 
and  boils  when  pure  at  188^.  In  contact  with  6  at.  bromine,  it  is  gradually  converted 
into  tribromolaureite,  G'*H*'Br',  which  crystallises  from  hot  alcohol  in  long  needles 
melting  at  125°;  not  decomposed  by  alcoholic  potash  at  the  boiling  heat  With  a 
mixture  of  nitric  and  sulphuric  adds  laurene  forms  a  nitio-compound  molting  at 
84°.  Dilute  nitric  acid  oxidises  it  to  lauroxyUe  acid,  C*H**0',  an  acid  isomeric  with 
xylic  acid : 

C»H»|^!)'  +  0»  =  C«H»|^^2*  +  2C0«  +  8H*0. 
Laurene.  Lsoxoxylio  add. 

By  chromic  acid  it  is  Airther  oxidised,  acetic  acid  being  produced,  apparently  as  the 
ultimate  product  of  its  oxidation. 

The  hydrocarbon  G"H*',  of  which  ten  modifications  are  possible,  is  known  in  only 
one,  vis., 

Q»Hii    (^*8°^  *•  Fittig, 

Ann,  Ch.  Pharm.  cxli.  160). — ^Prepared  similarly  to  amyl-bensene  (p.  303),  excepting 
that  the  weighed  quantity  of  so<uum  is  added  in  the  first  place  to  the  ether  which 
serves  as  a  diluent,  and  then,  when  all  evolution  of  hydrogen  has  ceased,  the 
thoroughly  dried  mixture  of  bromotoluene  and  amyl  bromide  is  added.  It  is  s 
colourless  liquid,  having  an  agreeable  odour  like  that  of  ethyl-benzene,  of  sp.  gr. 
0*8648  at  9<>,  boiling  at  218^,  and  not  solidifjring  at  -  20°.  By  oxidation  with  chromie 
acid  it  yields  acetic  and  terephthalic  acids : 

Heated  with  8  at  bromme  to  100°,  it  forms  tribromamyUtolun^,  C^H^Br*,  as  a 
viscid  ropy  mass,  which  becomes  mobile  at  100°,  and  decomposes  at  a  higher 
temperature.  Fuming  nitric  acid  converts  it  in  the  cold  into  dinitro-amyltoluenc, 
C"H'«(NO«^«,  a  viscid  yellow  transparent  liquid,  insoluble  in  water,  easily  soluble  in 
alcohol,  and  not  capable  of  distilling  without  decomposition.    It  does  not  appear  to 


uncrystallisable ;  the  potassium 
easily  soluble  and  not  obtainable  in  distinct  crystals. 

The  hydrocarbon  C^'H"  is  likewise  known  in  only  one  modification,  viz., 

Amyl-dlmettayl^bOBaeiie  or  Jkmyl-ByleBe,  C«H*  j[^|/  ,  which  is  prepared 

similarly  to  amyl-toluene.  It  is  a  liquid  smelling  very  much  like  amyl-benzene  and 
amyl-toluene,  boiling  at  232°~238°,  and  having  a  sp.  gr.  of  0*8951  at  9°.  It  does  not 
yield  any  well-chancterised  bromo-  or  nitro-  derivatives.  Fuming  sulphuric  acid 
dissolves  it  readily,  forming  amylxylene-sulphurie  acid,  C"H"SO'H,  the  barium  and 
potassium  salts  of  which  are  very  soluble  and  not  crystallisable  (Bigot  a.  Fittig, 
toe.  eU.). 


._  A  solid  hydrocarbon  of  unknown  composition,  formed, 

together  with  chiysene  and  other  hydrocarljons,  solid,  liquid,  and  gaseous,  when  benzene 
vapour  is  passed  through  a  porcelain  tube  heated  to  bright  redness  ;  occurring  also 
amongst  the  solid  hydrocarbons  which  pass  over  after  the  naphthalene  in  the 
distilktion  of  coal-tar,  the  hist  portions  of  this  distillate  consisting  of  chrysene  and 
benzerythene.  Still  more  abundantly  do  these  two  hydrocarbons  occur  in  the  reddish- 
yellow  product  obtained  by  the  destructive  distillation  of  the  diy  pitch  of  fir-wood. 

Benzexythrene  is  at  ordinaiy  temperatures  an  orange-yellow  resinous  body  of  the 
consistence  of  colophony,  and  distilling  at  a  red  heat  in  yellow  vapours.  It  dissolves 
but  sparingly  in  i^cohol,  even  at  the  boiling  heat,  forming  a  solution  which  gives  no 
precipitate  with  picric  acid,  but  when  heated  with  this  acid  to  the  boiling  point 
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dBpositfi  on  cooling    brownish-yellow  flocks,  consisting  of   benmythrene    picrate 
(Beithelot,  Jahresb.  1866,  p.  641  ;  1867,  pp.  699,  606). 


Syn.  with  EuanNo-Bsicioio  Akhtdbibb  (ii.  606). 

C'^'K). — ^A  monatomic  alcoholpTodnoed  by  the  action  of 
nascent  hydrogen  on  benxophenone  or  phenylbensoyl,  CH'.C'H'O,  wider  which  it  is 
described  (It.  478). 

VrnKVaVOKM  or  nZAMZBO-BXVRXMT^  C>*H"(NH*)*.— See  i.  614 ;  iv.  41 1. 
A  base,  C**H*'K',  homologous  with  benzidine,  is  produced  by  the  action  of  hydro- 
chloric acid  on  an  alcoholic  solution  of  hydrasotoluide.  It  czystallises  in  silyery 
lamins  easily  soluble  in  boiling  water,  soluble  in  alcohol  and  ether,  melting  at 
128^-129^,  and  decomposiog  at  a  higher  temperature.  It  is  a  bi-acid  base,  forming 
a  neutral  and  an  add  sulphate ;  the  latter,  Cf'*H"N'.2H*S0S  is  a  pulyerulent  salt 
partially  decomposed  by  water.  The  dikffdrochloride,  C*«H**N*.  2HC1,  crystallises  in 
colourless  ift^minm  easily  soluble  in  water,  and  forma  a  yellow  crystalline  precipitate 
with  pUtinic  chloride  (Fetrieff,  ZeUsehr,/,  Ckem,  [2]  Ti.  266). 

lorBBramOAMBTBBSBB.  Ci«H>*0*orH*C— C"H'=< 


(see  Abomatic  Skbibs,  p.  211). — This  body,  originally  obtained  by  oxidation  of 
benzoin,  CH^'O',  appears  also  to  be  produced  by  heating  bromotoluylene  with 
water  to  160^  (Limpricht  a.  Schwarert,  Jahreth,  1867»  p.  674) : 

8C««H"Br  +   2H«0  «  C»*H»»0«  +  2C'*H"  +  8HBr. 
BraaotolajrlaM,  BeniUa.         Totoytaie. 

The  benzile  thus  obtained  crystallised  in  four-sided  needles  melting  at  96°  (Zinin's 
benzile,  i.  616,  melts  at  90^-^92°,  and  crystallises  in  six-sided  prisms).  The 
hexagonal  crystals  possess  an  optical  rotatory  power  rather  greater  than  that  of 
quartz.  All  the  crystals  examined  were  dextrogyrate.  Their  double  refraction  is 
p(»tiTe  and  Texy  strong.  For  the  line  D,  at  \AP,  m  - 1*6688  and  c  » 1*6784.  They 
expand  by  heat  nine  times  as  much  as  platinum  in  the  direction  of  the  axis,  and  Atb 
times  as  much  in  the  direction  perpendicular  to  the  axis.  Hence,  contnu^  to  what 
takes  place  in  quartz,  the  original  rhombohedron  of  80°  14'  is  rendered  more  acute  by 
rise  of  temperature  (Bescloizeaux,  Compt.  rend.  Ixviii.  808). 

ChlorohengiU  O*W0Ci*  (Zinin,  Amh,  Ch.  Pharm.  cxix«  177 ;  ZaUehr.  /. 
Chem.  [2]  iv.  718). — ^When  benzile  is  heated  to  fusion  with  phosphorus  pentachloride, 
2  at.  chlorine  tdbo  the  place,  not  of  hydrogen,  but  of  1  at  ojcygen,  forming  chloro- 
benzile: 

C"ff«o«  +  Fa*  «  Foa«  +  c>«H»»oa«. 

On  expelling  the  phosphorus  oxychloride  by  heat,  and  washing  the  residue  first  with 
hot  and  then  with  cold  water,  it  solidifies  to  a  white  crystalline  mass  of  chlorobenzile. 
This  substance  dissolyes  easily  in  ether,  and  crystallises  therefrom  in  short  rhombic 
prisms  or  thin  rhombic  tables ;  it  is  less  soluble  in  alcohol,  insoluble  in  water ;  melts 
at  71^,  and  solidifies  in  the  crystalline  form  (unless  it  has  been  too  strongly  heated  or 
fused  under  water  or  alcohol,  m  which  case  it  remains  liquid  at  a  lower  temperature)  ; 
it  is  decomposed  by  distillation,  yielding  a  liquid  containing  benzoyl  chloride.  It 
dissolTes  with  rise  of  temperature  in  strong  nitric  acid ;  and  by  boiling  with  this 
acid,  or  with  an  alcoholic  solution  of  silyer  nitrate,  it  is  converted,  with  evolution  of 
red  vapours,  into  benzile,  which  separates  on  addition  of  water.  Heated  with  toater 
in  sealed  tubes  to  180°,  it  is  completely  resolved  into  benzile  and  hydrochloric  acid : 

C"H>«Oa*  +  H«0  =  C"H»»0»  +  2H(n. 

Alcohol  deoomposes  it  at  a  lower  temperature,  yielding  benzile,  ethyl  chloride,  and 
hydrochlorie  acid : 

C"H»*0C1«  +  (?»H«0  -  C"H"0«  +  CJ«H»a  +  HCl. 

Mcokolio  potash  acts  on  chlorobenzile  in  alcoholic  solution,  slowly  in  the  cold,  more 
quickly  and  oampletely  when  heated,  forming  potassium  benzoate  and  benzoic 
aldehyde: 

C»«H«»OOT  +  8K0H  «  CrH»KO«  +  C»H»0  +  2KCI  +  H«0. 

Aqueous  ammonia  does  not  act  on  chlorobenzile ;  alcoholic  ammonia  decomposes  it  in 
a  more  complex  manner.  Chlorobenzile  heated  to  200°  with  an  equivalent  quantity 
of  photphonts  pentachloride  is  converted  into  a  body  C**H''Cl^,  which  is  insoluble 
in  water,  slightly  soluble  in  alcohol  and  ether,  and  is  slowly  converted  bv  nitric  acid 
into  a  nitro-compound.  In  boiling  alcoholic  solution,  it  is  easily  coverted  by  sodium- 
8up.  X 
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amalgam  into  a  hydrocarbon  C'*H**,  identical  with  tolane.  Chlorobencile  treated 
in  alcoholic  solution  with  zinc  and  hydrochloric  acid  is  quickly  oonyertsd  into 
deoxybenzom : 

C'*H"Oa«  +  2Ha  +  Zn«  »  2ZnCl«  +  C"H«0. 

NitrobeneUe,  C"H»(NO»)0«  (Zinin,  Ann.  Ch. Pharm.  Suppl. iii.  163).— Prodnced, 
together  with  nitrobenzoic  acid  and  a  small  quantity  of  benzile,  by  prolonged  boiling 
of  deoxybenzoin  with  nitric  acid  of  sp.  gr.  1'2 ;  more  advantageously  prepared  by 
adding  Denzoin  (not  more  than  10  grms.)  to  jiitric  acid  of  sp.  gr.  1*5  cooled  to  0^,  and 
immediately  pouring  the  resulting  solution  into  cold  water.  The  colourless  body 
thereby  separated  dissolyes  in  an  equal  weight  of  ether,  and  separates  therefrom  in 
sulphur-yellow  granules,  composed  of  laminsB  and  needles,  which  are  now  much  less 
soluble  in  ether,  still  less  in  alcohol,  and  quite  insoluble  in  water.  The  nitrobenzile, 
purified  by  recrystallisation,  first  from  ether  and  alcohol,  then  from  strong  nitric  acid, 
and  lastly  from  pure  alcohol,  melts  at  1 10^,  distils  with  partial  decomposition,  dissolyes 
in  30  pts.  of  boiling  alcohol  of  85  p.  c,  and  in  27  pts.  of  92  p.  c  alcohoL  When  its 
hot  saturated  alcoholic  solution  is  mixed  with  sufficient  ajtcohdic  potash  to  produce  a 
faint  alkaline  reaction,  potassium  azobenzoate  separates  on  cooling,  and  oxybenaoate 
remains  in  solution : 

C"H»NO«  +  2KH0  -  C^*KNO«  +  CTH'KO"  +  H*0. 
Kltxobeniile.  Asobenioete.     Oxybenaoate. 

Hydrohentile^  C^H^K),  produced  by  the  action  of  ammonium  sulphide  on  benzile, 
is  described  in  yol.  iii.  p.  186. 

-    fOH 
BSnuauC  AOZB.    G><H>*0*  »  0»H'   CO'H.  (See  Abokatic  Skros,  p.  21 1.)— 

lCH» 
This  acid,  originally  obtained  by  oxidation  of  benzoin  (i.  616),  is  also  produced  by 
boiling  that  substance  with  alcoholic  potash : 

C><H»«0«  +  KHO  «  C"«H"KO»  +  H«, 

the  hydroeen  being  oxidised  in  contact  with  the  air.  If,  howeyer,  the  benzoin  be 
heated  wim  alcoholic  potash  to  120*^-160^  in  a  sealed  tube  exhausted  of  air,  it  ia 
converted  into  benzihc  acid,  hydrobenaoin,  C'*H"0',  and  a  body  crystallising  in 
needles,  which  Clans  obtained  by  the  action  of  sodium-amalgam  on  an  ethiBreal  solution 
of  bitter  almond  oil  (Zinin,  BuU,  8oe,  Chim,  [2]  yii.  260).  According  to  Boiodine 
\B^.  Chkn.  puret  iy.  433),  benzilie  acid  is  produced  by  the  action  of  solium  amylate 
on  benzile. 

Pure  benzilie  acid  melts  at  160°.  When  heated  for  some  time  to  180^  it  jrielda, 
together  with  a  red  resin,  a  substance  haying  the  composition  CH^H)*,  aoooiding  to 
the  equation  2C'*H"0*  -  HK)  »  C"H"0*.  This  substance  crystallises  in  small 
needles  mating  at  196^,  and  is  reconverted  into  benzilie  add  by  heating  with  water 
to  180^.  Benzilie  acid  heated  with  potassium  chromate  and  duute  nUpkmrie  add  is 
resolved  into  water,  carbon  dioxide,  and  benzophenone : 

C>«H»«0«  +  O  =  H«0  +  C0«  +  C»«H»«0. 

Heated  with  hydriodic  acid  to  180**,  it  forms  an  acid  which  crystallises  in  beautiful 
needles,  melts  at  146^,  and  has  the  composition  C**H*K)*  (A.  Jena,  Berlin.  Ckem. 
Gesellsek.  1869,  p.  384). 

BSnoIO  AOZB.  (rH*Os  «  C*H^CO>H.— This  add  has  been  jpioduoed 
synthetically  b^  four  different  processes:  1.  By  passing  benzene  vapour  mixed  with 
carbonyl  cUonde  (phosgene)  through  a  heated  retort  exposed  to  the  sun's  rays, 
whereby  benzoyl  chloride,  CH* .  COCl,  is  produced : 

c^«  +  coa« "  Ha  +  (>H».coa, 

and  decomposing  the  latter  with  water  (Hamitz-Hamitzky,  Butt.  8oc.  ddm.  [2]  i. 
322).  According  to  Berthelot^  this  reaction  does  not  take  place  (p.  262).  On  the 
other  hand,  Schiitzenberger  has  obtained  benzoic  add  by  treating  benzene  with  a 
mixture  of  sulphuric  anhydride  and  carbon  tetrachloride  (which  produces  carbonyl 
chloride);  and  Wurtz  has  formed  it  by  the  action  of  ethyl  ehforocarbonate  and 
sodium-amalgam  on  chlorobenzene  (p.  206). 

2.  By  adding  sodium  in  small  pieces  to  monobromobenaene  diluted  with  benzene  in 
a  long-necked  retort  provided  with  an  ascending  condensing  tube,  heating  the  retort 
in  the  water-bath,  and  passing  a  current  of  dry  carbonic  acid  gas  into  the  mixture : 

C^*Br  +  Na*  +  CX)«  =  NaBr  +  (>H».CO«Na 
Bromobeiuune.  Sodlnm  benioate. 

The  product  is  treated  with  water  which  dissolves  the  sodium  benzoate  (Kekul^,  Ann, 
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Ck.  Piarm,  cxzxvii.  129).  This  process  is  applicable  also  to  the  piepoiafion  of  the 
homolognes  of  benzoic  acid  (p.  205). 

3.  By  distilling  aniline  with  oxalic  acid,  whereby,  amongst  other  prodncta,  benco- 
nitrile,  C*H*.CN,  is  obtained,  and  decomposing  this  compound  with  potash  (Hofmann, 
Proe.  Rcy.  8oe.  xti.  484>  See  Abomatic  Sbbibs  (p.  206).  Y.  Men  (Ztii^ekr.f, 
Chem.  \2\  it.  33)  obtains  benzonitrile  by  heating  potassium  benzene-sulphate  witii 
potaanom  (^anide : 

C«H».SO»K  +  CNK  =  SO«K«  +  (>H*.CN. 

and  oanrerts  the  nitrile  into  benzoic  acid  by  distillation  with  alcoholic  potash. 

4.  By  Uie  action  of  a  mixture  of  manganese  dioxide  and  dilute  sulphuric  acid  on 
benzene,  the  reaction  consisting,  first  in  the  production  of  formic  acid  by  oxidation  of 
a  portion  of  the  benzene ;  secondly  in  the  abstraction  of  an  atom  of  hydrogen  from 
tike  former  and  tnsa  the  benzene  residue  by  oxidation,  and  in  the  union  of  the  residues 
OO'H  and  CH*  to  form  benzoic  add : 

cm*  +  H,CO«H  +  O  -  H«0  +  Cra».CO«H. 

^rt  of  the  benzole  acid  is,  howerer,  oonrerted  by  a  repetition  of  the  same  reaction 
into  pfathalie  add,  C*H^(CO'H)'  (Carius,  Ann.  Ch,  Phartn.  cxlviii.  50,  99). 

The  following  modes  of  formation  hare  also  been  obseired ;  the  fifth  and  sixth  are 
applied  to  the  industrial  preparation  of  benzoic  acid : 

6.  By  heating  phthalie  add  with  an  equivalent  quantity  of  calcium  hydrate  (slaked 
lime)  to  330^-850^  for  several  hours,  excluding  the  air  as  much  as  possible : 

2C^«.^^Ca  +  CaH*0«  -  (OH»C0')K5a  +  2C0H)a 

Ffafhalatsb  Hydnte.  Benioate.  Cubonste. 

Hie  phthalie  add  required  for  this  process  is  prepared  from  naphthalene  (P.  a.  £. 
BepOTiUy,  BuH  Soe,  Ckim.  [2]  iii.  163,  469). 

6.  By  boiling  benzoyl  chloride,  C^*.C0*C1,  with  nitric  acid  for  several  hours  in  a 
flask  connected  with  an  inverted' Liebig's  condenser^  whereby  it  is  oxidised  to  benzoic 
add  and  benzoic  aldehyde,  which  may  be  separated  by  water.  The  benzoic  add  thus 
obtained  has  a  strong  odour  of  bitter  almond  oil,  which  it  partly  loses  on  exposure  to 
the  air  (Lanth  a.  Grimaux,  ibid.  vii.  105). 

7.  By  expomng  benzylene  chloride,  CH'Cl*,  to  the  joint  action  of  air  and  water 
(Carina.  Cdi^.  rend.  Ivi.  222V 

8.  By 'heating  benzyl  disulphide  to  180^  with  bromine  and  water  (IBCSrcker,  Ann.  Ch. 
Piarm.  czL  86) : 

C««H»<8«  +  4H*0  +  5Br«  »  2C*H«0«  +  lOHBr  +  S». 

9.  By  the  oxidation  of  certain  aromatic  hydrocarbons,  viz.  those  which  contain  a 
single  lateral  chain,  e.g.  methyl-benzene,  ethyl-benzene,  &c  See  Abomatic  Sebibs, 
pi  200. 

10.  By  the  action  of  sodium-amalgam  and  water  on  amidobenzoic  acid  (Hubner  a. 
Petermann,  Zeitsekr.f.  Chem.  [2]  iv.  648). 

C«H»NH«.CO*H  +  H«  -  NH«  +  C"H».CO«H. 

11.  By  boiling  diazoealyl-nitric  add  (prepared  from  anthranilic  acid  by  the  action 
of  nitrons  add)  in  alcoholic  solution  (Gness,  ibid.  ii.  157) : 

(CTH«N*0»)MrHO«  +  2C«H«0  «  2C^*0«  +  2C»I[«0  +  NHO«  +  N*. 
Diaaosalyl-iiitric  acid.         AlooluH.       Benaoicadd.    Aldehyde. 

12.  By  heating  qninic  add  with  saturated  hydriodic  add  to  115^-120^,  or  by 
distilling  its  sympv  solution  with  4  mol.  phosphorus  diniodide.  If  the  quinic  add  be 
heated  to  140®  witL  hydriodic  acid  and  phosphorus  (the  presence  of  which  prevents 
the  separation  of  iodine),  an  acid  is  formed  containing  more  hydrogen  than  benzoic  acid : 
henee  the  reduction  appears  to  take  place  as  follows : 

C^»K)*  +  8HI  ==  C»H>H)«  +  4HH)  +  4I« 
and 

C^'H)*  +  8P    =  C»H«0«   +  6HI  . 

(LantemAnn,  Atun.  Ch.  Pharm,  exx.  9). 

IS.  By  hMting  the  anrochloiide  of  cocaine  or  of  atropine  (Niemann,  Jahresb.  1860, 
p.  867). 

IkecfTftponiions. — 1.  A  hot  solution  of  benzoic  acid  acidulated  with  hydrochloric 
add  is  decomposed  by  sodium-canaiffam  into  benzyl  alcohol,  CHH),  a  neutral  crystal- 
lising oil,  (?*H**0*,  and  benzoleicacid,  C'H**0*,  a  volatile  add  heavier  than  water  and 

x2 
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smelling  like  Talerianic  acid  (Kolbe,  Ann.  Ch.  Pharm,  cxviii.  122 ;  M.  Hennaim,  U 
cxzzii.  75). 

2.  Benxoic  add  heated  with  80  pta.  of  saturated  kydriodie  acid  yields  seplane  or 
heptyl  hydride,  CH**,  as  normal  product,  and  seztane,  C'H'^  resulting  firom  the 
splitting  np  of  the  benzoic  acid  into  benzene  and  carbon  dioxide  (Berthelot,  Jtaknab. 
1867,  p.  846).  •  •    .  , 

3.  Passed  in  Taponr  overheated  sinc-dnst,  it  is  reduced  to  benzoic  aldehyde  (Baeyvr, 
Ann.  Ch.  Pharm.  czl.  295}. 

4.  When  a  solution  of  benzoic  acid  is  boiled  with  Uad  dioxide,  and  dHuie  m^une 
acid  is  gndually  added,  the  benzoic  acid  is  oxidised  to  succinic  acid.  The  same 
transformation  takes  place  in  the  animal  oiganism  (Meissner  a.  Shepaid,  Jakreab, 
1866,  p.  897). 

5.  Iodine  monochloride  decomposes  aqueous  benzoic  acid,  with  separation  of  iodine 
and  formation  of  chlorinated  benzoic  acid  (Stonhouse,  Chem.  8oe.  J.  [2]  i.  827f  366}. 

6.  Brown  ehlonde  of  atdphuTf  (SGI'),  acts  yiolently  on  dry  benzoic  add,  fanning 
benzoyl  chloride,  together  with  sulphurous   oxide   and   hydrochloric  add.      (See 

SULFHUB,  ChLOBIDBS  OF,  T.  635). 

aietAUlc  Benaoatee.  The  ammonium  Bait  CHH)*(NH«)  crystallises  in  tabular 
rhombic  combinations,  oP.P.  oo&.^oo  ;  angle  P :  P  (macr.)  -  24°  28' ;  P:  P  (biadi.) 
«  96°  12';  P:P  (basal.)  B  143°  66';  Poo  :Poo  >basaL)  «  130°  61'  (Marignac, 
Compt.  rend.  xlv.  650).  The  potassium  salt  C*HK)*K  is  probably  isomorphous  with 
tJie  ammonium  salt,  but  it  crystallises  in  laminiB  the  form  of  which  cannot  be  azaclly 
defined  (Marignac).  Treated  with  cyanogen  bromide,  it  yields  laive  quantities  of 
carbon  dioxide  and  benzonitrile  (together  with  a  neutral  sohd  antised  body) : 

CH»0*K  +  CNBr  -  00«  +  KBr  +  (TBPN 

(Cahours,  Ann.  Ch.  Phys.  [3^  lii.  201).  Subjected  to  electrolysis  in  neutral  solution* 
it  yields  potash  at  the  negative,  benzoic  anhydride  and  oxygen  at  the  podtive  pole: 

2C'HK)«K  -  (CHH))*©  +  O  .  .  .  +  K«. 

Y 
+ 

In  a  solution  containing  a  slight  excess  of  potash,  4C'HH)*E  +  EHO,  the  same 
decomposition  takes  plaoB,  but  acetylene  is  also  given  off,  part  of  the  benzoic  add 
being  decomposed  as  shown  by  the  equation : 

cms)*  +  o»  -  cm*  +  3C0  +  2co«  +  2HK). 

In  a  very  alkaline  solution,  nothins  is  evolved  at  the  podtive  pole  but  oxygen,  with 
small  quantities  of  carbon  monoxide  and  dioxide  (£.  ^oozgoin,  ZeUsehr.  f.  Ghem.  [2] 
iv.  666). 

Sodium  Bensoate,  C'H*0*Na,  is  decomposed  b^  iodine  monochloride  at  ordinary 
temperatures,  forming  iodine  benzoate  or  benzo-iodic  add :  C'H'O^Na  +  Id  »  NaQ 
•f  G'H*IO*.  On  heating  the  product,  carbon  dioxide  and  iodine  are  evolved,  together 
with  an  oily  liquid  which  is  resolved  by  fractional  distillation  into  monoiodo- 
benzene,  C*H*I,  boiling  at  186°»  and  di-iodobenzene,  CH*P,  solidii^g  at  ordinary 
temperatures,  and  boiling  at  260°  (Schiitzenberger,  Rip.  Ckm.  pure,  iii.  146 ^  iv.  268). 

Cerous  Bemoate,  (C'H*0*)'Ce.2H*0,  obtained  by  predpitatingcerous  sulphate  with 
ammonium  benzoate,  is  a  granular  crystalline  powder  soluble  in  acids  and  in  cerous 
sulphate,  sparingly  soluble  in  water  (Ozudnowiez,  Jakresb.  1861,  p.  190).  The 
lanthanum  salt  (C'HK)*)*La.2H*0  is  a  crystallo-granular  precipitate,  slightly  soluble 
in  water,  becoming  anhydrous  at  100°  (Czudnowics,  ibid.  1860,  p.  129). 

Chromic  Bemoates. — Chromic  salts  mixed  with  potasdum  benzoate  yield  gradually 
at  ordinary  temperatures,  immediately  at  40°-60°,  a  predpitate  probably  consistiiig  ^ 
the  normal  salt  (Cr*)^(C'HH)*)«.  ^HK).    Boiled  with  water  or  alcohol,  it  gives  up 

((rH»0«)M 
benzoic  add  and  yields  the  basic  salt        (HO)nO*.HH)  (Schiff,  Amu.  Ch.  Pharm, 

cxxiv.  167). 

Aleoliolie  BeasMitaa.  Bensolo  BtHers.  MetJ^  Bmuoats,  CHK>*.CH', 
has,  according  to  Mendelqef  (Jakresb.  1860,  p.  7),  a  sp.  gr.  of  1*0921  at  12*3°.  Bj 
prolonged  digestion  at  100°  with  potassium  dichromate  and  dilute  sulphuric  add, 
it  is  oxidised  to  benzoic  add,  fozmic  acid,  and  carbon  dioxide  (R.  H.  &nith,  Ckem, 
Soe.  J.  [2]  V.  181). 

Ethyl  Benzoate.  C'H*0'.C^*.~Sp.  gr.  10517  at  141°  (Mendelejef).  1^  oxidation 
with  chromic  acid  mixture  it  yields  b«usoic  and  acetic  adds  (Smith).    Heated  with 
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biomiiie,  ultimately  to  270®,  it  yields  bensoic  acid  and  ethylene  bromide  (A.  Naumann, 
Ann,  CJL  Pkarm.  ezzziii.  199) : 

CrHH)«.C«H»  +  Br»  =  CTHK)'  +  0«H«Bi*. 

According  to  Oenther  (ZtiUekr,/.  Ckem,  [21  iv.  668),  ethyl  benzoate  is  not  attacked 
by  aodinm  ethylate  at  120^;  but  at  160r  sodium  benxoate  and  ethyl  oxide  are 
fonned,  together  with  a  colourless  liquid,  C'H**0,  and  a  solid  yellow  mass,  C^**0. 

Am^  Batsoate,  C'J1K)*.0*H'*,  is  formed  by  heating  ethyl  bensoate  with  amyl 
alcohol  to  217^-240®  for  sixty  hours,  the  ethyl  and  amyl  changing  places.  A 
mixture  of  1  mol.  ethyl  bensoate  and  1  mol.  amyl  acetate  heated  for  several  hours  to 
30<P  yielded  only  small  quantitieB  of  ethyl  acetate  and  amyl  bensoate  (Friedel  a. 
Grafts,  BwU.  Soe.  Ckim.  [2]  il  100). 

Ck^  BenMoaU,  (7HK)*.G>«H**  (i.  840). 

ChoUUer^  Bauoaie,  C'HK)>.C**H«*  (i.  926). 

a^fcocayl  BenMoate,  C*H*0*.C»H»  (r.  646). 

iVv^iyfeiM  or  Tritfkne  BensoaU,  fG'HK)*)s.C*H«,  prepared  by  heating  silyer 
benaoate  with  propylene  bromide,  ana  treating  the  product  with  sodium  carbonate 
and  ether,  forms  large  colourless  crystals  isomorphous  with  those  of  ethylene  bensoate ; 
insoluble  in  water  and  alkaline  carbonates,  soluble  in  ether  and  in  alcohol,  melting  at 
72®,  and  Tolatilising  without  decomposition  at  a  temperature  above  800®.  Antt/Une 
bemjBoaU,  (CHH>')'.OH'*,  prepared  in  like  manner  dystallises  in  long  shining 
lamine  melting  at  123®  (A.  Mayer,  BuU.  Soe.  Ckim.  [2]  ii.  461). 

Bauylau  BenroaU,  ((rHK))>.C'H*  (i.  678). 

Cmi^Une  Bengoate,  (C*HH)>)*.C>«H»  (u.  184). 


The  chlorinated,  brominated  derivataves,  &c,  of  bensoic  add  exhibit  isomeric 
modilicationB  aooordiiig  to  the  relative  positions  occupied  by  the  chlorine,  bromine, 
&e.,  and  the  ladide  Ou'H  of  the  bensoic  acid» 

Bromobeiiaolo  Jkolda* 

3£onobromohengoic  acid,  CH%.CX>'H,  is  produced  by  heating  bensoic  add 
with  bromine  and  water  to  100®  for  several  days.  The  acid  thus  obtained  is  slightly 
soluble  in  boiling  water,  dissolves  easily  in  culute  alcohol,  and  dystalliBes  in  flat 
needles,  melting  at  1620-168®.  Its  ealeitm  salt,  (CH«BrO*)*Ca.8&K),  crystallises 
from  water  or  alcohol  in  nodular  groups  of  ill-defined  needles.  The  barimm  salt 
(CrS*BrO*)'Ba.4H*0  forms  sparingly  soluble  flat  needles.  The  add  is  converted 
bj  miirie  add  into  two  isomeric  nitrobxomobensoic  adds;  by  ftirther  treatment 
with  hromins,  into  tribromobenzoic  add ;  by  potassium  ehlorats  and  hydroeklorie  add, 
into  dUmobenxoic  acid.  Its  silver  salt  exposed  to  the  action  of  bromine-vapour 
yields  a  gas,  probably  0  or  BrK),  together  with  bromobenzoic  anhydride,  whidi  is 
oonverted  by  water  into  bromobenzoic  acid : 

2(rH«BrAgO*  +  2Br»  -  (C'H«BrO)«0  +  2AgBr  +  Br*0 

(Beineeka,  Zdtsckr.  /.  Ckem.  [2]  y.  109). 

Bfomobensoic  add  is  also  formed,  together  with  hydrobromide  of  amidobenzoxc 
add,  by  the  action  of  hydrobromic  add  on  diasobenso^amidobenzoic  add  (Griess,  iv. 
292): 

CrH«N»0*.C'H'NO«  +  2HBr  =  C»H»BrO»  +  C»H'NO«.HBr  +  N». 

The  bromobenzoic  add  thus  produced  appears  to  be  identical  with  that  obtained 
directly  from  benzoic  add.  Biazobenzo-anudobenzoic  add  treated  with  bromine  and 
water  yields  a  monobromobenzoic  add,  which  dystallises  in  laminae,  and  appnears  to 
be  difuirent  from  the  preceding  (Griess).  Bromobenzoic  acid  identical  with  the 
fin*  is  also  produced  by  oxidising  orthobromotoluene  with  chromic  add  mixture 
(Wroblewsky,  ZdUekr.f.  Ckem.  [2]  v.  832) :  hence  this  modification  consists  of  ortho- 
bfOBodbensoac  add.  The  same  add  is  obtained  by  decomposing  with  boiling  alcohol 
the  parbromide  of  diazobenzoic  add  obtained  by  mixing  nitrate  of  diazobenzoic  add 
with  a  solution  of  bromine  in  hydrobromic  add  (Griess,  Jakrtsb.  1866,  p.  887) : 

<rH*N«0«.HBr.Br"  »  (TH^BrO*  +  N«  +  Br«; 

and  by  the  action  of  bromine-vapour  on  silver-benzoate  (i.  314).  Benzamide  boiled 
with  bramine  and  water  is  resolved,  according  to  the  equation, 

mSrSiO  +  HK)  +  Br*  «  CH»BrO»  +  NH«Br, 

into  ammonium  bromide  and  bromobenzoic  add,  which,  however,  appears  to  be  a 
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mixture  of  two  isomeric  acids,  inasmuch  as  its  melting  point  rises  by  rBCijBUQiflatioD 
from  U9^  to  nearly  200°  (Reinecke,  Zeitsckr,  /.  Ckem.  h]  ii.  367). 

Bromobenzoic  acid  distilled  with  lime  yields  pore  benzene ;  when  distilled  with 
pumice  it  passes  orer  nndeoomposed  (Riche,  Cotiyvi.  rend.  Uii.  686).  The  ammoniMsl 
solution  of  the  acid  (prepared  by  Peljgot's  process,  i.  654)  is  oonTerted  by  heat  into 
amidobenzoic  acid :  C'H'BrO*  +  NH"  -  HBr  +  G*H«(NH>)0*  (Aleuyef^  Buff.  8oc 
Chim.  1861,  p.  71).  Sodium  bromobenzoate  distilled  with  an  equivalent  quantity  of 
iodine  monocnloride  gives  off  carbon  dioxide,  iodine,  bromobenzoic  add,  and  an  oil 
containing  iodobenzene  and  apparently  phenyl  bromobenzoate,  (7H*BiO*.CH* 
(SchiitcenbeTger  a.  Segenwald,  Jatmb,  1862,  p.  250). 

Metabromobetuwc  or  BromotalyliB  acid,  C^*BrH.CO*H,  is  said  by  v.  Biefater 
(Zeitdckr.  f.  Ckem.  [2]  y.  457)  to  be  produced,  together  with  the  ortho-«dd,  bj 
heating  benzoic  acid  with  water  and  brcmiine.  It  is  said  to  be  less  soluble  than  th« 
ortho-acid,  and  to  separate  out  nearly  pure,  when  the  hot  aqueous  solution  of  t^e  two 
is  left  to  cool,  in  white  flocks  melting  at  90°,  and  subliming  at  89^  in  needles.  These 
results,  however,  do  not  appear  to  be  very  well  established  (oomp.  Hiibner,  ihid.  614). 
Hubner  a.  Petermann  (Ann.  Ch.  Pharm.  cxlix.  181)  find  that  only  one  monobmnMV 
benzoic  acid  is  formed  by  the  action  of  bromine  on  benzoic  add. 

Parabromobemoio  or  Bromodracylio  Acid^  C*H*BrH'.CO^,  obtained  by  ozidiBing 
bromotoluene  with  chromic  acid,  ciystallises  from  ether  in  small  volatile  needles, 
melting  at  251^,  slightly  soluble  in  cold,  more  soluble  in  boiling  water,  easily  in 
alcohol  and  ether.  Its  easily  soluble  barium  salt,  (C'H*BrO*)*Ba,  crystallises  in 
nacreous  laminae;  the  silver  salt  C^H^BrCAg  in  white  slightly  soluble  needles.  The 
ethylio  ether  is  a  fragrant  liquid  (Hubner  a.  Ohly,  Jakresb.  1866,  p.  347). 

Dihromoheneoio  acid,  C'H«Br*0*  «  C5«H»Br».C50«H,  is  formed,  togetherwith 
.other  bromobenzoic  acids,  when  benzoic  acid  is  strongly  heated  with  excess  of 
bromine  (Reinecke,  Jahrah.  1865,  p.  322 ;  Hiibner,  loc.  cit.).  It  crystallises  in  short 
needles  melting  at  223°-227^,  sparingly  soluble  in  cold  water,  easily  in  alcohol  and 
ether,  not  volatilising  with  aoueous  vapour.  The  barium  edit  (0'H'Bi^'VBa.2HK) 
forms  short,  transparent  needles  ;  the  calcium  salt,  shining  iftminaa  •  the  eodittm  sell 
is  difficult  to  crystallise  (Hiibner). 

Dihromodranylio  acid,  which  sublimes  in  needles,  is  produced  by  the  actioo  of 
nitrous  acid  on  a  hot  alcoholic  solution  of  dibromamidodracylic  add  (Geitner  a. 
Beilstein,  JakreA.  1865,  p.  335). 

Tribromobenzoic  acid,  C'H"Br»0»  =  C^«Br».CO»H,  is  formed  fiom  the 
monobrominated  add  when  the  mixture  of  benzoic  acid  with  bromine  and  water  is 
heated  to  140°>160°,  part  of  it  being,  however,  converted  into  pentabromobenxoic 
add.  The  tribrominated  acid  may  be  partly  separated  by  dissolving  the  mixture  of 
acids  which  crystallises  out,  in  a  boiling  solution  of  sodium  acetate,  the  liquid  on 
cooling  yielding  crystals  of  the  tribrominated  add  (Reinecke).  It  is  also  formed, 
together  with  monobromobenzoic  acid,  by  the  action  of  bromine  and  water  on 
diazobenzo-amidobenzoic  acid  (Griess).  It  crystallises  in  tufts  of  slender  needles 
having  a  strong  silky  lustre,  and  melting  at  234^-235^ ;  the  admixtura  of  another 
bromobenzoic  add,  however,  lowera  the  melting  point  to  below  100^.  The  oTstals 
are  nearly  insoluble  in  boiling  water,  mora  easily  in  dilute  alcohol  or  boiling  beii»ne. 
The  metidlic  tribromobenroatee  ara  sparingly  soluble,  and  crystallise  in  needles.  The 
calcium  salt  (C'H'BrH)')Ca .  5H>0  easily  gives  off  its  water  when  heated. 

Tribromobenzoic  add  is  the  most  stable  of  all  the  bromobenzoic  adds,  not  being 
altered  by  boiling  with  nitric  acid  or  by  fusion  with  caustic  potadi.  By  prolonged 
heating  in  a  sealed  tube  with  potassium  chlorate  and  hydrochloric  add  it  is 
completely  converted  into  trichlorobenzoic  acid.  The  silver  salt  C^H'Br'O'Ag, 
exnosed  to  the  action  of  bromine  vapour  [?  moist],  is  ultimately  reconverted  into 
tribromobenzoic  acid  (Reinecke,  Zeitackr.f.  Vkem.  [2]  v.  110). 

Pentabromobeneoie  acid,  CHaK)*  »  CC1^C0'H,  is  formed  by  the  long- 
continued  action  of  bromine  and  water  on  tribromobenzoic  acid  at  temptfatores 
above  200®;  but  a  considerable  portion  of  it  is  at  the  same  time  resolved  into 
carbon  dioxide  and  pentabromobenzone.  The  ramainder  treated  with  ammonia 
yields  an  ammonium  salt  which  may  be  purified  by  crystallisation. 

Pentabromobenzoic  acid  has  the  aspect  of  sublimed  benzoic  add.  It  is  nearly 
insoluble  in  boiling  water ;  crystallises  from  dilute  alcohol  in  thin  lamtme  or  long 
broad  needles ;  from  boiling  benzene,  in  which  it  is  but  slightly  soluble,  it  crystallix's 
on  cooling  in  ^ick,  laiger  needles ;  melts  at  234^-235°,  which  is  also  the  melting 
point  of  tribromobenzoic  acid.  Hoated  with  a  strong  solution  of  sodium  acetate  to 
149^-150^  in  a  sealed  tube,  it  forms  an  acid  which  crystallises  in  needles  and  turns 
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iron  nits  blue,  donbtlees  tetxabromosalicylie  add.    At  a  lugher  temperatuxe  carbon 
dioxide  ia  erolTed,  in  oonseanence  of  the  farther  decomposition  of  this  acid. 

The  metallic  petU4diromooenzoatea  are  all  sparingly  soluble.  The  ammonium  salt 
CBr*(NH*)0'  forms  shining  laminse  veiy  much  like  leucine;  the  potassium  and 
sodium  salts  also  OTBtallise  in  flat  prisms.  The  calcium  salt  (C'Br*0')'Ca.6H'0 
dTstallises  from  dilate  alcohol  in  scales  baring  a  strong  lustre  (Reinecke,  loc,  eU.). 

caaorobenBole  Aelds. 

Mouocklorobengoie  aeid,  G'H*C10,  Is  known  in  the  three  modiflcatlons  of 
ortho-  (1  :  2),  meta-  (1 :  3),  and  para-  (1  :  4). 

Ortkoeiloroben£oic  acid,   CH^Cl.CO^,  is  the  modification  which  Limpricht  a. 

Ton  TJslar  obtained  by  the  action  of  water  or   alkalis  on  chlorobenzoyl  chloride, 

C^^Cl.COCl  (i.  566).     It  is  also  produced  by  the  action  of  chlorine  or  hypo- 

ddoroiis  acid  on  benzoic  acid  (i.  666) ;  of  hydrochloric  acid  on  chloro-hippuric  acid 

(Otto,  Jakrefb.  1862,  p.  265);  of  hydrochlonc  acid  on  diazobenso-amidob^soic  acid 

(Griess).    Lastly  it  is  produced  by  the  oxidising  action  of  chromic  acid  on  ortho- 

cblocotolnene,  CfH^Cl.CH'  (Wroblewsky,  p.  281).      It  forms  a  crystalline  mass, 

slightly  soluble  in  water,  easily  in  alcohol,  subliming  in  ciystals,  and  melting  at  151^ 

(Wroblewsky);   at  152*5®,  not  under  water  ^Beilstein  a.  Schlun,  Jahresb.   1865, 

p.  330).    By  lusion  with  potassium  hydrate  it  is  converted  into  oxybenzoic  acid 

(Demb^,  Ann,  Ck.  Pharm.  ezlyiii.  221).     Its  calcium  salt,  (C'H«CiO')Ca.8HK), 

aystallises  well,  and  dissolres  in  82*7  pts.  water  at  12®. 

MeUEMorobenzoie  ist  Cklorosalfflic  acid,  C>H*G1H .  CO*H,  discovered  b;^  Chiozza,  and 
fonnexiy  called  panxehhrobetume  aeid  (i.  665),  is  prepared  b^  distilling  1  mol.  of 
salicylic  (meta-oxybenzoic)  acid,  or  better  of  its  sodium  salt,  with  2  moL  phoBphorns 
pentaehloride,  whereby  chlorosalyl  chloride,  CH^OCl',  is  obtained,  togetiier  with 
salicyl  chloride,  C'H»0*C1,  and  chlorosalyl  trichloride,  C»H*C1* ;  rectifying  the  dis- 
tillaAe ;  and  decomposing  the  portion  which  distils  above  240®  and  consists  mainly 
of  choKosalyl  chlonde,  C'HH)10.C1,  with  boiling  water.  The  chlorosalylic  acid  thus 
obtained  may  be  freed  firom  salicylic  acid  by  once  recrystallising  it  from  water 
(Kolbe  a.  Lautemann,  Asm,  Ch,  Pktu^.  cxv.  157 ;  Jahretb.  1860,  p.  288). 

Chlorosalylic  acid  is  a  dystalline  mass  composed  of  white  silky  needles,  melting  at 
140^  (Kolbe  a.  Lautemann) ;  at  137®,  and  likewise  under  water  (Beilstein  a.  Schlun). 
IMsBolTes  in  881  pts.  water  at  0®.  like  the  ortho-acid,  it  gives  with  ferric  chloride  a 
jellorv  precipitate,  but  no  violet  coloration.  It  is  not  decomposed  by  boiling 
niCaah-ley,  but  is  converted  into  sali^lio  acid  bv  melting  with  potassium  hydrate. 
In  hot  aqueous  solution  it  is  easily  reduced  to  benzoic  acid*  by  sodium-amalgam, 
whereas  orthochlorobenzoic  acid  is  scarcely  affected  by  that  reagent  (Eolbe  a. 
lAutemann).  Its  calcium  salt,  (C'HKnO')'Ca.2HK),  is  very  soluble  in  water 
(BeOstein  a.  Schlun).  The  ethnic  ether,  C*H«C10*.C*H*,  obtained  by  treating  with 
aleobol  the  product  of  the  action  of  phosphorus  pentaehloride  on  salicylic  add 
(i.  5dd),  is  a  oolouriess  fragrant  liquid,  insoluble  in  water,  and  boiling  at  2d8®-242'^ 
(Kekol^  R^.  CHm,  pmre,  1861,  p.  808). 

ParochUmtbetuoic  or  Chhrodraafiie  acid,  C*H*CIH*.C0*H,  is  produced:  1.  Bv 
heatiDg  diaao-amidodracylic  acid  (isomeric  with  diazo-amidobenzoic  acid,  iv.  292)  with 
hydrochloric  add  (Wilbrand  a.  Beilstein,  Ann.  Ck,  Pharm.  cxxviii.  257). — 2.  By 
nwjAx^jig  mono-chlorobenzene  with  a  mixture  of  dilute  sulphuric  add  and  manganese 
dioxide.  Part  of  the  chlorobenzene  then  suffers  complete  decomposition,  yielding 
formic  add,  amongst  other  products,  and  the  formic  add,  together  with  free  oxygen, 
conTexts  the  rest  of  the  chlorobenzene  into  chlorodiacylic  acid : 

C«H»a  +  H.CO»H  +  O  «  OH«a.C0»H  +  H«0. 
The  ehlorodnicylic  add,  the  greater  part  of  which  remains  mixed  with  undecomposed 
ehUxrobenzene,  may  be  extracted  therefrom  by  soda-lev,  predpitated  by  sulphuric 
add,  and  purified  by  converting  it  into  a  barium  salt,  and  decomposing  this  salt  with 
hydrochloric  add  (Carl  Muller,  Zeitxhr.f.  Chem.  [2]  v.  137). 

Chlorodracylic  add  is  easily  soluble  in  alcohol  and  ether,  sparingly  in  water,  1  pt. 
of  the  add  requiring  for  solution  5,288  pts.  water.  It  melts  at  235®,  and  sublimes  in 
fine -needle-shaped  prisms  and  in  laminie  (Miiller) ;  melts  at  236®-237®»  and  sublimes 
in  acales,  but  not  in  needles  like  the  two  preceding  modifications  (Beilstein  a.  Schlun). 
Ita  barium  salt,  (C^^C10')Ba.4H*0,  crystallises  in  prisms  and  laminsB;  the  calcium 
the  composition  (C'H«aO»)Ca .  8HH). 


The  bcBSoic  add  thxu  obtained  is  Impaxe,  sad  was  for  lome  time  regarded  as  a  distinct  add, 
piiirfrt  17  Koltw  a.  Laaiemann  ttUifNe  add :  bnt  BeOstdn  a.  Sohlnn  bava  shown  that,  when  pmifled 
tiy  dlirtkulaitlOB  in  aqueona  yapoor,  it  exhilnts  all  the  propertieB  of  ordinaiy  bensdo  acid. 


312  BENZOIC  ACIDS,  CHLOttO-. 

Diehlorobenzoic  Acid.  C^H«C1«0»  -  C«H«a«.CO«H  (Otto,  Ann.  Ck.  Phsrm. 
czxii.  129 ;  cxxiii.  216  ;  Jahresb,  1862,  253,  255.  BeiLstein  a.  Kuhlbeig,  ZeiUekr,  /. 
Chem.  [2]  iv.  661;  v.  180,  526;  Ann,  Ch.  Pharm.  dii.  224).— Produced :  1.  By 
distillixig  chlorobenzene-Bulphuric  acid  with  phosphorus  pentachloride,  whereby 
chlorobenzoyl  chloride,  C'H^CIO .  CI,  is  produced,  and  decomposing  this  chloride  with 
potash. — 2.  By  prolonged  boiling  of  dicmorhippuric  acid  with  strong  hydrochloric  acid 
(Otto). — 3.  By  oxidising  dichlorotoluene  with  chromic  acid : 

c«H«ci«.cH«  +  o«  =  cmHJiKCom  +  h*o. 

4.  By  heating  dichlorobenzene  trichloride  with  water  in  a  sealed  tube : 

C^»C1».CC1«  +  2H«0  -  C^»C1«.00«H  +  8HC1. 

5.  By  boiling  benzoic  acid  with  solution  of  chloride  of  lime,  whereby  calcium  mono- 
chlorobensoate  appears  to  be  formed  in  the  first  instance : 

2G'HH)»  +  2CaClK)  -  (C'H*C10«)«Ca  +  CaCl«  +  2H«0. 

The  chloride  of  lime  solution  acts  very  quickly  on  the  free  acid,  but  scarcely  at  all  on 
the  calcium  salt ;  hence,  as  soon  as  the  liquid  becomes  neutral,  it  is  necessary  to  pre- 
cipitate the  monochlorinated  acid  by  addition  of  hydrochloric  acid,  filter  off  the  liquid, 
and  again  boil  the  crude  acid  with  chloride  of  lime  solution ;  the  reaction  then  goes 
on  farther,  and  the  calcixun  salt  of  dichlorobenzoic  acid  is  produced : 

2C'H»C10«  +  2CaClK)  -  (C»H»a«0«)«Ca  +  CaCl«  +  2H«0. 

The  liquid  is  again  acidulated,  and  the  treatment  with  chloride  of  lime  repeated  a 
third,  and  sometimes  even  a  fourth  time ;  if,  however,  the  treatment  be  too  much 

Srolonged,  part  of  the  product  is  converted  into  trichlorobenaoic  acid.  The  crude 
ichlorinated  acid  is  then  combined  with  baryta,  the  barium  salt  purified  byreciystal- 
lisation  (1  pt  dissolves  in  100  pts.  of  water),  and  the  acid  precipitated  firom  it  by 
hydrochloric  acid  (Beilstein  a.  Kuhlberg). 

Dichlorobenzoic  acid  ezhibite  the  same  properties,  by  whichever  of  the  preceding 
processes  it  may  be  prepared  (Beilstein,  ZeUsehr.f,  Ckem,  [2]  v.  180).  It  is  sparingly 
soluble  in  cold,  more  freely  in  hot  water,  easilv  soluble  in  alcohol,  cxystallises  from 
water  in  slender  needles,  melte  at  201®,*  and  distils  without  decomposition.  Fuming 
nitric  acid  converts  it  into  monochloronitrobencoic  acid  (Beilstein  a.  Kuhlberg).  By 
sodium-amalgam  it  is  reduced  to  benzoic  acid  (Otto). 

The  barium  salt  (G'H'Cl*0*)*Ba.4H*0  crystallises  in  slender  shining  needles, 
8lip:htly  soluble  in  water.  The  calcium  salt  (C'H*a*0')*Ga.8HK)  crystoUisee  in 
shining  scales.  The  ethylic  ether,  a  fragrant  liquid,  boiling  at  262^-268®,  is  obtained 
by  heating  dichlorotoluene-trichloride  with  absolute  alcohol  to  180° : 

C«H«Cl«.Ca«  +  4C*HH)  -  C^»C1«.C0«C«H»  +  8C«H»C1  +  2H«0. 

IHekiorobmgoyl  chloride,  C'H'C1K).C1,  produced  by  the  action  of  phospaonis 
pentachloride  on  dichlorobenzoic  acid  (B.  and  K.),  or  on  chlorobenzene-sulphuric  acid 
(Otto),  is  a  liquid  boiling  without  decomposition  at  242®  (B.  and  K.). 

Dichlorobmsamide,  C'H*G1<0 .  NH*,  is  obteined  b^  treating  the  chloride  with 
ammonia,  or  directly  by  heating  dichlorotoluene  tncMoride  with  an  equivalent 
quantity  of  ammonia  to  200® : 

C«H«Cl«.Ca«  +  4NH"  +  H«0  «  C«H«a«.CONH«  +  8NH*CL 
It  forms  beautifiil  silky,  yellowish  needles,  melting  at  133^,  volatilising  with  vapour 
of  water,  more  soluble  in  boiling  than  in  cold  water.    Heated  with  excess  of  ammonia 
to  200®,  it  decomposes  with  elimination  of  chlorine  (B.  and  E.). 

Triehlorobengoio  Acid.  C'H«C1«0»  =  C«H«C1«.C0«H  (Janasch,  Zntsekr.  f, 
Chem,  [2]  iii.  404.  Beilstein  a.  Kuhlberg,  ibid,  iv.  663 ;  v.  526 ;  Ann.  Ch.  Pharm. 
dii.  224). — ^Produced :  1.  By  oxidising  trichlorotoluene  with  chromic  add  mixture : 

C«H«C1«.CH«  +  O*  =  C«H«a«.CO«H  +  H«0; 

but  the  conversion  is  veiy  slow. — 2.  By  heating  trichlorotoluene-trichloride  with  water 
to  260®  in  sealed  tubes : 

C"H»C1«.CC1"  +  2HK)  «  C«H»Ca«.CO«H  +  3Ha. 

The  reaction  takes  place  quickly,  and  almost  without  formation  of  secondary 
producte,  the  tnchlonnated  acid  often  ciystallising  in  the  tubes.  It  is  extracted 
by  repeated  boiling  with  ammonia,  and  precipitated  by  hydrochloric  acid  (B.  and 

1.1*  9*^^^!°^^^  ^^^  melting  points  for  tbe  acid  obtained  by  the  fint  and  second  prooesset ;  bat 
VniimB  °'  of  the  nlta  agree  in  aU  cBsentloI  parUcnlaxs  with  thooQ  giTcn  by  Bdlstciii  a. 
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K.).— 3.  By  boiling  the  dichlorinated  acid  with  stxong  solution  of  chloride  of  lime, 
precipitatiQg  the  neatral  solution  with  hydrochloric  acid,  and  repeating  the  same 
treatment  on  the  preci|>itated  acid  till  the  oonvenion  is  nearly  complete.  To  purify 
the  product  liom  remains  of  the  dichlorinated  acid,  it  is  oonveited  into  the  ethylic 
ether,  which,  being  solid,  may  be  freed  from  adhering  dichlorinated  ether  by  pressure 
and  rectystallisation  from  alcohol ;  when  decomposed  by  strong  potash-solution,  it 
yields  the  pure  acid.  The  three  modes  of  preparation  yield  t£e  add  with  exactly 
the  same  properties ;  the  second  is  the  most  expeditious  (B.  and  K.). 

Triehlorobenaoic  acid  crystallises  in  very  slender  needles  melting  at  168°  (B.  and 
K.) ;  160°  (Janasch) ;  scarcely  soluble  in  cold,  sparingly  in  boiling  water,  freely  in 
aleohol  and  ether.  The  ammonium  salt  CrH*ClH)*(NH«).HH)  is  erystalline  and 
Teiy  slightly  soluble  in  cold  water.  The  bariitm  salt  (G^B:*ClH)')>Ba.7H*0  crystal- 
lises in  slender  silky  needles,  moderately  soluble  in  not  water.  The  calcium  salt 
(C'HH7IH)')'Oa.2H'0  forms  small  needles  more  soluble  than  the  barium  salt.  The 
ttrtmOmmtaU  (CrH*aK)*)<Sr.4HH)  is  easily  soluble  in  boiling  water,  and czystallises 
on  cooling  in  small  white  needles.  The  magneaiiMi  salt  is  extremely  soluble ;  the  sine 
salt  forma  sLender  needles ;  the  lead  salt  is  moderately  soluble  in  hot  water ;  the 
copper  stit  is  a  green  insoluble  precipitate.  The  sthyUo  ether  C*H*C1H)'.C*H* 
enrstsllise*  ftom  alcohol  in  long  flat  white  needles,  melts  at  65°,  and  has  a  faint  fruity 
odour. 

TrkMorchaunie  eUoriie,  iyEKH*  ,COCi,  boils  ahnost  without  decomposition  at 
372°,  melts  at  about  41°,  and  is  extremely  soluble  in  benaol,  ether,  and  carbon 
bisulphide. 

THtUarvbsnMomiide,  C'HH?!'.  CONH*,  produced  by  the  action  of  ammonia  on  the 
chlorvle,  is  yeiy  sparingly  soluble  in  water  even  at  the  boiling  heat,  easily  soluble 
in  akt^l,  and  crystallises  from  benaol  in  slender  white  needles  melting  at  167 '5° 
(Bnlstein  a.  Kuhlbeig). 

Tetraehlorohsngoic  acte;  (para),  C^K)ra*  -  C^C1*.C0*H,  is  prepared  by 
heatxQg  tetnehlorobenaotrichloride,  G*fiCl* .  CGI*,  with  water  to  270°-280°.  It  melts 
at  1 87°.  Its  barium  salt  crystallises  in  slender  needles  (Beilstein  a,  Kuhlberg,  ZeUsekr. 
/.  Chewi.  [2]  T.  75,  528). 

Zodobanaoie  JLelds> 

Only  the  monoiodated  aeid  is  known,  in  two  modifications. 

Ortk^-iodobemgde  acid,  CH'I.CO'H,  is  produced  by  the  action  of  hydriodic  acid 
or  of  iodise  on  diaaobenao-amidobenaoic  acid  (Griess,  Jakresb.  1869,  p.  466 ;  1861, 

L411.  Cum  a.  Hnbner,  ibid,  1865,  p.  881);  also  by  the  action  of  iodic  acid  on 
naoic  acid  (Peltser,  Atm.  CM,  Pkarm.  cxxxvi.  194) ;  and  bj  oxidising  ortho-iodo- 
tolnene  (p.  284)  with  chromic  acid  mixture  (Eomer,  ZeUsekr./.  Ckem.  [2]  y.  687).  It 
oystaOiaes  in  needles  alightly  soluble  in  water,  easily  soluble  in  alcohol,  subliming 
withrmt  deeomposition  (G&ess),  melting  at  187^  (Cnnze  a.  Hubner).  According  to 
Komer,  it  melts  at  172*5°,  ana  is  conyorted  by  fusion  with  potash  into  oxybenaoic 
aeid.  Conyerted  by  ammonia  into  amidobenaoie  acid ;  by  strong  nitric  add  into 
jutio-iodoMnaoie  add. 

Barmrn  iodobemtoate,  ((rH«I0*)^.2HH),  forms  needles  soluble  in  alcohol;  the 
ealemm  Mali  (CH^IO')'Ca  crystallises  in  hard  anhydrous  nodules  and  in  sldning 
scale*  containing  1  moL  of  water.  The  magnenum  salt  (C'H«I0*)*Bfg.2H*0  forms 
eaaily  aolnble  nodules ;  the  sodium  salt  C'H«IO*Na.H*0  four-sided  tables  (Cunae  a. 
Hubner).  The  miner  salt  CH^IO'Ag  is  white,  insoluble  in  water  and  in  alcohol 
(GrieM).  The  eth^Ue  ether  C*H*IO*.  C<H«  is  a  liquid,  insoluble  in  water,  not  con- 
ycEted  into  idobencsmide  by  contact  with  ammonia.  ' 

Piara-4odcbauoie  aeid,  C^*IH*.CO*H,  is  formed  by  oxidising  paia-iodotoluene^ 
OH'JLJl* .  CH',  with  chromic  add  mixture.  When  purified  by  oonyersion  into  a  sodium 
salt,  precipitation  by  Inrdrochloric  add,  and  recrystallisation  from  alcohol,  it  forms 
Bacreoos  acsJes,  nearly  insoluble  in  boiling  water,  eadly  soluble  in  boiling  alcohol ; 
does  not  melt  at  250°,  but  begins  to  sublime  at  280°  in  white  laminae  baring  a  strong 
laatre.  Its  sodium  salt  crystallises  in  long  transparent  needles.  The  acid  is 
eonyerted  by  melting  potash  into  a  crystalline  add,  possessing  the  appearance  and 
pit»p«rtie0  of  para-oxybenaoic  add  (W.  Komcr,  Zeitschr./,  Ckem.  [2]  iy.  827). 

Vltrobonaoio  Adda* 

Mononitrohenecie  aeid,  CH^KO') . CO*H,  is  known  with  certainty  only  in 
two  modifications,  ortho-  and  para-. 
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Orthmitrobenzoie  acid  is  prodaced  by  the  action  of  ftmiizig  nitric  add,  or  of  a 
mixture  of  potassium  nitrate  and  snlphnric  acid  on  benzoic  add,  and  by  seyend  other 
processes  already  mentioned  (i.  555) ;  also,  together  with  nitrodneyUc  add,  in  the 
oxidation  of  toluene  by  foming  nitric  add  (Beichenbach  a.  Beilstdn,  Aim,  Cft.PAarfli. 
cxxxii.  137).  This  acid  melts  under  water  below  100°,  but  in  the  dry  state,  according 
to  Mills  (Chem,  Soc.  J.  [2]  iv.  363),  at  128^.  According  to  A.  Naumann  {Jakrab, 
1865,  p.  333),  the  add  separated  from  its  ethylic  ether  by  potash  melts  at  141^-142^ 
Its  barium  salt,  [C'H*(NO*)0*]<Ba .  4HH),  crystaUisee  in  thin  flattened  needles,  mosUy 
in  radiate  groups.  It  dissolxes  (reckoned  as  anhydrous)  in  425  to  475  pts.  water  at 
8°-10° ;  the  add  separated  fiGm  this  salt  after  Atb  reciystallisations,  and  heated  for 
a  few  minutes  to  137^,  yielded  a  barium  salt  soluble  in  328*5  pta.  water  (Mills).  The 
acid  treated  with  tin  and  hydrochloric  acid  is  reduced  to  amidobenzoic  add,  which 
forms  a  double  salt  with  stannous  chloride,  C'H*(NH*)0> .  HCl .  SnCl* ;  with  sine  and 
hydrochloric  add,  it  likewise  yields  amidobensoic  add ;  with  sine  and  caustic  soda,  an 
intermediate  product  appears  to  be  formed  (Wilbrand  a.  Beilstein,  Jakreab.  1863,  p. 
342).  With  alcoholic  potash  it  yields  asozybensoic  add  and  aldehyde  (Ghieas,  Amu, 
Ch.  Pkarm.  czxxi.  92) : 

2C'H»(N0«)0«  +  3C»H«0  =  C"H>»NK)»  +  8C«H*0  +  3H*0. 
Nltrobenxoic  AloohoL        Aaozybaunlo       AUdijde. 

acid.  add. 

Sodium  nitrobenzoate  strongly  heated  with  iodine  monochloride  yields,  together  with 
sodium  chloride  and  free  iodine,  an  oily  mixture  of  mono-iodonitrobensene,  CH^^NO'YI, 
with  a  small  quantity  of  a  crystalline  body,  probably  di-iodonitrobensene,  CH^NO*^' 
(Schiitzenbezger  a.  Sengenwald,  Jakreab,  1862,  p.  251).  The  et^lie  ether  heated  with 
bromine  to  170^-200°  is  resolyed  into  nitrobenzoie  add  (melting  at  141^-142°)  and 
ethylene  bromide,  sometimes  mixed  with  a  yellowish-white  nitzogenous  add  inaoluble 
in  ether,  cold  alcohol,  and  water: 

CH«(NO«)0«.C*H*  +  Bi»  «  C»H»(NO«)0»  +  C«H«Bi« 

(A.  Naumann,  Ann,  Ch,  Pharm.  cxxxiii.  199). 

ParanUrobenzoic  or  ISUrodracylic  acid,  C«H«(NO«)H« .  CO'H.— Fh)duc6d,  together 
with  the  ortho-acid,  by  the  action  of  fuming  nitric  acid  on  toluene  (iy.  60),  part  of  the 
toluene  being  oxidised  to  benzoic  add,  whidi  is  then  oonyerted  into  nitrobenzoie  add, 
while  the  greater  portion  of  the  toluene  is  transfonned  into  nitrotoluene,  which  is  then 
oxidised  to  nitrodracylic  add.  Crystallised  nitrotoluene  is  completely  oonyerted  into 
nitiodracylic  add  by  oxidation  with  chromic  acid  (Komer,  Zateckr.f,  Chem,  [2]  y. 
636 ;  BosensUehl,  ibid,  701).  The  oxidation  of  nitrotoluene  with  chromic  add  imords 
a  yery  conyenient  mode  of  obtaining  pure  nitrodia(^lic  add.  For  this  purpose  a 
mixture  of  10  pts.  nitrotoluene,  40  pts.  potassium  didiromate,  and  55  pts.  sulphuric 
acid  diluted  with  twice  its  yolume  of  water,  is  heated  in  a  flask  prorided  with  a 
condensing  tube,  and  the  nitrated  acid  is  extracted  from  the  filtered  residue  by  sodium 
carbonate.  By  predpitating  the  alkaline  solution  with  hydrochloric  add,  and  once 
reczystaUising  theprecipitate,  nitrodracylic  acid  is  obtained  in  the  pure  state  (Beilstein 
a.  Chsitner,  Aim,  Ch.  Pharm.  cxtxIt.  331).  Nitrodracylic  add  is  likewise  obtained 
(together  with  nitrobenzoin),  by  treating  deoxybenzoin  with  nitric  add  (Zinin,  Anm, 
Ch,  Pharm,  cxxri.  218 ;  ZeiUchr,/,  Chem,  [2]  ly.  563). 

Nitrodracylic  add  melts  at  236^-240°,  not  under  boiling  water;  it  is  slightly 
soluble  in  cold  water  (1  pt.  in  1327  pts.  at  16^).  Its  einesalt,  [CrH*(NO*)0>]*Zn.  2H>0, 
dissolyes  (anhydr.)  in  152*7  pts.  of  water  at  170°  (Mills,  loe.  eit,).  The  calcttm  aaJU 
[C*H<(N0*)0^^Ca.8H'0  forms  large  tabular  efflorescent  crystals,  whereas  the  corre- 
sponding sfiklt  of  orthonitrobenzoic  add  contains  only  2  mol.  water,  and  ciystaUises 
in  slender  needles.  Sodium  nitfodracylate,  C^H^(N0^)0'Na.3HK),  contains  the  same 
proportion  of  water  as  the  nitrobenzoate;  the  czystals  of  both  salts  are  tridinic 
prisms  terminated  by  oblique  faces;  but  those  of  the  nitrodracylate  are  deayable 
parallel  to  one  of  the  end-faces,  whereas  those  of  the  nitrobenaoate  do  not  exhibit 
this  direction  of  deayage  (Billinger,  Jahresb,  1865,  p.  334). 

The  following  comparison  (p.  315)  of  the  crystalline  forms  and  solubilities  of 
certain  salts  of  ortho-  and  para-nitrobenzoic  add  is  giyen  by  Sokoloff  {Jahreeb, 
1864.  p.  343). 

Mill  describes  two  other  modifications  (7  and  8),  obtained  by  treating  benzoic  acid 
with  a  mixture  of  nitric  and  sulphuric  acids,  the  latter  remaining  in  the  mother-liquor 
after  the  former  hns  crystallised  out :  they  are  both,  howeyer,  yeiy  much  like  the  oitho- 
acid,  difiiaring  in  mi  it  chiefiy  by  a  somewhat  higher  melting-point  (135^-142°): 
moreoyer,  the  process  by  which  they  are  formed  is  almost  the  same  as  that  by  which 
Gerland  obtained  the  ordinaiy  ortho-acid  (i.  556). 

Dinitrobeneoic  acid  is  described  in  vol.  i.  p.  557. 
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Farm$  and  SolubiUties  of  OHkh  and  Fara-^Urobeuioie  Andi  [NO*  «  X]. 
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3 
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32 
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63 
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p.  Zinc  salt    . 

NiTsoBBOXOBBxsoicAciD.  (rH*Br(NO«)0«  -  C«H^r(NO«).CO«H  (Hubner 
a.  Oblj,  ZfHiMekr.  f.  Chem.  [2]  i.  547;  ii.  241 ;  Ann,  Ch,  Pharm,  cxliii.  230).— Two 
modifieationfl  of  this  add  (a  and  $)  are  formed  by  the  action  of  fuming  nitric  acid  on 
bromobenzoic  acid.  If  when  the  first  Tiolent  action  is  over,  the  mixture  be  gendy 
warmed  till  the  wbole  of  the  bromobenzoic  add  is  dissolved,  and  then  mixed  with 
eold  water,  the  less  soluble  modification  (o-brrimonitzobensoic  acid)  separates  out, 
while  the  more  soluble  (jS-bromonitrobenBoic  acid)  remains  in  the  liquid,  and  may  be 
oUained  in  the  solid  state  by  eraporation.  The  latter  when  purified  by  recrystal- 
lisation  or  sublimation  forms,  according  to  O.  Fhilipp,  monoclinic  combinations 
(odPoo).  ooP.  -  p.  oP,  haying  the  angle  oP:(ooPeo)  «  90<»  28' ;  (  odPoo  ) :  ooP  »- 
140®  11' ;  no  distinct  deayage.  Melting  point,  140^-141^  The  amnumiam  salt  forms 
yellowish  laminae ;  the  potasaittm  salt  C'H^r(NO')E .  2H*0,  transparent  shining 
needles  easily  soluble  in  water,  sparingly  in  alcohol.  The  sodium  saa 
2CH'BF(N0')Na.  6HH)  crystallises  ftom  a  highly  concentrated  aqueous  solution  in 
yellowish  pointed  prisms  gtadually  changing  to  four-sided  tables ;  from  the  alcoholic 
solutioB  also  in  tables.  The  tilver  sou  is  obtained  by  precipitation  in  anhydrous 
sill^  needles.  The  barium  salt  [C*H'Br(NO*)0*]*Ba  forms  white  needles ;  the 
ealaum  salt  separates  from  strong  solutions  in  small  white  nodules  containing 
[CH'Br<NO<)0<J*Ga .  2H*0,  and  the  mother-liquor  deposits  asbestos-like  needles 
of  the  anhydrous  salt  The  maanerium  salt  [C'H*Br(NO*)On*Mg .  4H^0  forms 
yellowish  elongated,  apparently  rnombic  tables.  The  lead  salt  forms  indistinct 
white  eiystals ;  the  copper  salt  is  obtained  by  predpitation  in  greenish  crystals :  both 
these  saltB  are  anhydrous.  The  ethylic  ether  C'H'BrrNO*)0*  .G*H*  crystallises  from 
alcohol  in  shining  monoclinic  prisms  exhibiting  tne  combination  (ooPao).oDP. 
±  Poo  .  oP,  with  the  clinopinacntd  predominant,  and  the  angle  oeP  :  ooP  (dinod.) 
B  115^  8' ;  deaying  distindly  parallel  tii  oP,  less  distinctly  parallel  to  (  oePoo  ).  The 
dystals  melt  at  55**,  and  are  easily  soluble  in  ether. 

a-yUrobromobemoie  acid  appean  to  be  formed  in  greatest  quantity  when  the 
process  is  so  conducted  as  not  to  allow  the  mixture  to  get  yery  hot,  and  remains 
nndiasolyed  when  the  product  is  treated  with  cold  water.  It  is  purified  by  repeated 
boiling  with  water,  till  the  residue  no  longer  melts  under  water,  and  crystallises 
from  ether  in  large  colourless  shining  octohedrons  which  are  monodinic  combinations 
of  +P  and  -P  with  (Poo )  very  subordinate.  Melting  point,  246^-248^  The 
sodium  salt  crystallises  sometimes  in  small  nodules,  sometimes  in  rhombic  tables ; 
the  silver  salt  in  whit<>,  anhydrous,  yery  soluble  needles  decomposing  at  110®.  The 
barnm  salt  [C'H'Br(NO*)0>]>Ba .  4H*0,  and  the  calcium  salt,  form  easily  soluble 
laminie ;  the  magnesium  salt,  which  is  soluble  eyen  in  cold  water,  forms  long  needles 
containing  6H'0 ;  the  lead  salt  forms  small  needles  soluble  in  hot  water.  The  tthylio 
ether  crystaHises  from  ether  in  colourless  monoclinic  prisms  ooP.  ooPoo  .  ~-Pgo  .  oP, 
elongated  in  the  direction  of  the  prismatic  axis,  cleaving  very  distinctly  parallel  to  oP, 
and  haying  the  angle  ooP  :  ooP  (dinod.)  =  47°  5'.  They  melt  at  80°,  and  dissolve 
yery  easily  in  alcohol  and  in  ether. 

The  two  yarieties  of  nitrobromobenzoic  add  just  described  differ  also  in  their 
behaTiour  with  reducing  agents  (p.  317). 

ParauitrobromoberuKne  or  NUrobromodraeylie  add,  P*H*Br(NO*)0*,  produced  by  the 
action  of  fuming  nitric  acid  on  bromodracylic  acid,  forms  a  granulo-crystalline  mass 
melting  at  199°,  subliming  in  slender  neemes,  sparingly  soluble  in  cold,  more  easily 
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Chloramidohenxoie  Acid,  C'H*a(NH«)0*,  produeed  by  the  aetioB  of 
ammonium  sulphide  on  nitrochlorobenzoic  acid,  cryBtallises  in  light  yellow  nodules 
elightly  soluble  in  water,  easily  in  alcohol  and  ether  ;  it  yolatilises  with  partial 
deoompoeition  and  sublimes  in  tufU  of  needles  which  melt  at  145^-148°,  turning 
brown  at  the  same  time.  It  is  a  stronger  acid  than  amidobenzoic  acid,  and  forms 
brown  precipitates  with  solutions  of  those  metals  which  are  precipitable  from  acid 
solution  by  hydrogen  sulphide,  also  with  ferrous  salts,  white  with  uranium  salts. 
Its  potassium,  sodium,  ana  magnesium  salts,  also  the  slightly  soluble  barium  salt» 
crystallise  in  nodules,  the  potassium  salt  with  2HK),  the  burium  salt  with  5H*0,  the 
calcium  salt  with  3HK). 

Chloramidobenzoic  acid  dissolved  in  alcohol  and  treated  with  a  current  of  nitroua 
acid  gas  is  eonrerted  into  diasochlorobenzo-amidochlorobenzoic  acid,  C'*H*C1^N'0*, 
which  forms  a  yellowish-red  crystalline  powder.  On  heating  chloramidobenzoic  acid 
with  dilute  sulphuric  acid,  and  adding  barium  carbonate  to  the  solution,  wartr 
crystals  are  obtained  consistinff  of  the  barium  salt  of  sulphamidochlozobenzoic  acio, 
(rH«Cl(NH«).SO"H  (Cunze  a.  Hubner,  Ann.  Ch.  Pkarm.  cxxxr.  106). 

Hemieyanamidobenzoie  Acid.  C^HH(CN)JNO«  or  C»*H»"(CNJN»0*  (Griess, 
Zeiischr.f,  Chem,  [2]  iii.  533  ;  iy.  389,  650). — ^This  acid,  consisting  of  a  double  mole^ 
cule  of  amidobenzoic  acid  having  1  at  H  rei^aced  by  cyanogen,  is  contained,  together 
with  neutral  eyanethyl  amidobenzoate,  in  the  alcoholic  mother-liquor  frc»n  which 
amidobenzoic  <^mde  (p.  817)  has  been  depositerl.  The  two  compounds  separate  out 
together,  after  standing  for  several  weeks,  in  the  form  of  a  white  crystalline  precipi- 
tate, and  may  be  separated  by  treatment  with  hot  water,  in  which  the  hemieyanamido- 
benzoie acid  dissolves  more  readily  than  the  neutral  compound,  and  is  deposited  on 
cooling  in  white  needles.  For  further  purification  it  is  dissolved  in  hot  dilute  hydro- 
chloric acid ;  and  the  sohition,  after  decolorisation  with  animal  charcoal,  is  mixed 
with  a  quantity  of  ammonia  sufficient  to  redissolve  the  precipitate,  and  afterwardz 
with  acetic  acid.  The  hemieyanamidobenzoie  acid  then  separates  as  an  amorphous 
mass,  which  gradually  becomes  crystalline.  It  unites,  like  amidobenzoie  acid,  both 
with  other  acids  and  with  bases.  The  barium  salt  (C"H*'NH><)*Ba  crystallises  in 
white  needles  moderately  soluble  in  hot  water.  The  hydrochloride  C"Hi'N*0*.Ha 
forms  granular  or  needle-shaped  exystals,  easily  soluble  in  water,  very  slightly 
soluble  m  hydrochloric  acid.  The  platinocUoride  2(C'*H"N>OHa) .  PtCl«  crystallises 
in  slightly  soluble  noduleg. 

Cyanethyi  Amidohengoate.  C"H«»NK)»  =  2C'H»(C»H»CN)N0« . 5H«0.~This 
compound,  which  may  also  be  regaided  as  2[C*H«(C*H*)(NH*)0« .  CHNOl .  3H*0,  that 
is,  as  ethylamidobenzoic  cyanate  with  8  mol.  water,  foims^  after  recrystaUisation  from 
boiling  water,  needle-sha^wd  crystals  easily  soluble  in  alcohol  and  ether.  Its  solution 
in  dilute  acids  or  alkalis  is  decomposed  by  heat,  with  separation  of  an  acid  having  the 
composition  C^»NK)«: 

C«»H«»N<0»  -  2C"H«NH)»  +  2C«H«0  +  H«0. 

This  acid,  called  uramidobenzoic  acid  by  Griess,  ozybenznramie  acid  by 
Menschutkin  (Zeitschr,/.  Chem,  [2]  iv.  275),  who  obtained  it  by  adding  potassnim 
cyanate  to  a  boiling  saturated  solution  of  amidobenzoic  sulphate : 

(C^'NO»)».H«SO«  +  2KCN0  -  2C^»N«0»  +  K*90«. 

IB  also  prepared  by  fusing  amidobenzoic  acid  with  urea  at  a  gentle  heat,  dissolving 
the  mass  in  a  large  quantity  of  hot  water,  and  supersaturating  with  hydrochloric  acid 
(Griess,  Zeiisohr,/,  Chem,  [2]  v.  812) : 

OH'NO*  +  CH*N«0  -  NH"  +  C«H»N«0". 

It  crystallises  in  small  prisms  containing  1  mol.  water,  which  they  give  off  at  about 
100^ ;  dissolves  very  sparingly  in  boiling  water,  is  slightly  more  soluble  in  alcohol, 
almost  insoluble  in  ether.  Its  salts  are  all  soluble  in  water  and  difficult  to  crystallise 
(Menschutkin).  Heated  to  about  200^  it  is  resolved  into  urea  and  an  acid,  C>*H*<NK)*, 
homologous  with  asoxybenzoic  acid,  and  resembling  it  in  most  of  its  properties : 

2C»H»N«0»  -  CH*N«0  +  C»H««N«0». 

The  same  decomposition  takes  place  on  repeatedly  evaporating  the  aqueous  solution  of 
barium  uraznidobenzoate.  From  the  solution  of  the  lesulting  barium  salt  the  add 
C^H'^NK)*  is  separated  by  hydrochloric  acid  in  microseopie  needles.  It  is  nearly 
insoluble  in  water,  alcohol,  and  ether.  Its  ammoniacal  solution  forms  white  precipi- 
tates with  barium  chloride  and  silver  nitrate  (Griess). 

^Uramidobenzoic  acid  is  converted  by  fuming  nitric  add  into  a  nitrated  acid, 
C^*(NO*)*N*0«,  which  is  easily  soluble  in  alcohol  and  especially  in  ether ;  dissolves 
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also  wiihout  deeomporitioii  in  a  laige  quantity  of  moderately  warm  water,  but 
m  deeomposed  on  boiling  the  solution,  wiUi  oTolntion  of  gae,  and  formation  of  two 
isomeric  acids,  CH^H)*,  one  (a)  reiy  sparingly  soluble  in  boiling  water  and  separat- 
ing out  almost  as  soon  as  it  is  formed,  while  the  other  (0)  remains  in  solution.  The 
opflcid  crystallises  from  boiling  alcohol  in  tnfts  of  yellowish-red  shining  laminae,  sub- 
liming at  a  moderate  heat  in  rhombic  laminsB,  melting  and  afterwards  decomposing  at 
a  higher  temperature.  The  more  soluble  /9-acid,  purified  by  sereral  recrystallisations 
from  boiling  water,  forms  thickyellow  needles  or  prismSi  sparincly  soluble  in  oold  water, 
easily  soluble  in  alcohol  and  ether,  fusing  when  heated  and  subsequently  decomposing, 
with  detonation  and  emission  of  yellow  fumes.  The  a^forium  salt,  (C'H*NH)*)'fia .  2H'0, 
forms  yellowish-red  j^risms  which  are  very  slightly  soluble  in  water,  and  do  not  giTc 
off  jjie  whole  of  their  crystallisation-water  till  heated  to  190^.  The  fi-hariumsalt, 
(C^<NH)^)^Ba.7HK),  cirstallises  in  needles,  very  soluble  even  in  cold  water.  Both 
tiieee  adds  are  reduced  by  tin  and  hydrochloric  acid,  yielding  amidated  acids  having 
the  composition  of  diamidobenzoic  acad,  CH'N'O',  both  being  very  soluble  in 
hot  water  and  separating  for  the  most  part  on  cooling,  the  o-acid  in  yellowish  laminae, 
the  iS-acid  in  neeoles,  boUi  quickly  assuming  a  reddish  colour  on  exposure  to  the  air. 
The  hydrochlorides  of  these  amidated  acids  are  quickly  reduced  by  sodium  nitrite  to 
the  corresponding  azo-acids  CH'NK)',  ciystallising  in  hydzated  needles  which  giro 
off  tlidr  water  of  crystallisation  at  100<>  (Griess,  ZeiUckr.f.  Ckem.  [2]  y.  699). 

Mbta  -  AxiBOBBKioic,  Amidosaltlic,  or  Ahthbaxilxc  Acid. 
C'H'CKH?)©*. — ^This  add,  originally  obtained  by  boiling  indigo  with  potash  (see 
I^anm^CABBAMic  Acn>,  i.  751 ),  has  lately  been  formed  by  the  action  of  sodium-amalgam 
on  biomanudobenzoic  add  (Hubner  a.  Petermann,  ZeiUckr.  /.  Chem,  [2]  iy.  205, 
M6 ;  Amm,  Ck.  Pkarm.  cxlix.  129).  The  bromamidobenaoic  add  (p.  817)  naving  been 
shaken  op  for  a  considerable  time  with  sodium-amalgam,  the  addolated  solution  was 
pmdpitaied  with  cnpric  acetate,  the  resulting  eupric  salt  decomposed  with  hydrogen 
sulphide,  the  liberated  amidobenzoic  add  saturated  with  sulphuric  add,  and  the 
amidobenaoic  sulphate  oystallised  out.  To  obtain  the  free  amidobenzoic  add,  the 
sulohate  was  neutralised  with  barium  carbonate,  the  resulting  barium  salt  decomposed 
witn  cnpric  acetate,  and  the  predpitated  copper  salt  decomposed  with  hydrogen  sul- 
phide and  purified  by  recrystallisation. 

The  amidobenzoic  acid  Uius  prepared,  whether  from  a-  or  /3-bromamidobenzoic  add, 
forms  long  shining  colourless  needles,  exactly  resembling  those  of  anthranilic  add 
tma.  indigo,  and  melting  at  144^,  which  is  also  the  melting  point  of  anthranilic  add 
(not  \Z^,  as  stated  in  yol.  i.).  Horeoyer,  when  treated  with  nitrous  acid,  not  in 
excess,  it  is  converted  (like  anthranilic  Add)  into  meta-oiybenzoic  or  salicylic  add, 
distingirished  from  ortho-  and  para-oiqrbenzoic  adds  by  the  characteristic  blue-red 
eoloizr  which  it  gives  with  ferric  salts. 

The  amidobenzoic  add  prepared  as  above  is  therefore  meta-amidobensoic  or 
amidosalylic  acid.  This  result  is  intelligible  if  we  suppose  that  in  bromamido- 
benaoic  acid  the  radides  CO'H,  Br,  and  NH*  occupy  the  places  1:2:3,  thus, 
O^F(yH*)Br.C0*H ;  so  that  when  the  bromine  is  replaced  by  hydrogen,  the  molecule 
C^*(NH^H  .CX)^  is  formed,  in  which  the  CO'H  and  NH*  occupy  the  positions  1,  3. 

The  salts  of  amidosalylic  add  prepared  from  bromamidobenzoic  acid  (a  or  fi) 
also  exactly  resemble  those  of  anthranilic  add  from  indigo.  The  barium  salt 
(CTHVO'^'Ba  czystallises  easily  in  shining  flat  needles ;  the  ortho-amidobenzoate,  on 
the  other  hand,  forms  needles  which  are  not  flattened  and  contain  8H'0.  The  copper 
mit  (C^^O')K}u  forms  a  green  predpitate  much  lighter  and  more  bluish  than  the 
octbo-ainidobenzoate.  The  eUver  talt  C'H'NO'Ag  forms  slender  needles  which  may 
be  reoystallised  without  decomposition,  and  have  when  dry  the  aspect  of  metallic 
silver ;  the  ortho-amidobenzoate  is  much  lees  stable.  The  lead  salt  rc^*KO')'Pb  is 
either  a  dense  white  predpitate,  or  czystallises  from  aqueous  or  alcoholic  solution  in 
■faiBing  silver-white  needles,  which  turn  yellowish  when  exposed  to  light.  AmuUh- 
9ti^  svlphaie,  (CrH^O')*.H-SO«,  crystaUises  from  water  in  thick  obliquely 
trancated  prisms  containing  2HH),  which  give  off  their  water  at  125°,  and  melt  at 
18S^ ;  and  from  dilute  alcohol,  in  long  thin  groups  of  needles  containing  1  mol.  of 
water  (Hubner  a.  Petermann). 

The  action  of  eyanoffen  on  anthranilic  acid  is  very  different  from  that  which  it  exerts 
on  ortho-amidobenzoic  add.  When  cyanogen  gas  is  passed  into  an  alcoholic  solution 
of  anthranilic  add,  little  or  no  predpitation  of  an  additive  product  (C*H'NO*.Cy*) 
takes  place ;  but  on  leaving  the  saturated  solution  to  itself  for  about  a  week,  the 
aathzBiiilie  acid  is  almost  wholly  converted  into  the  ethylic  ether  of  cyan- 
anthranilic  acid,  C»»H'«N«0«  -  C'H*(CN)NO«.C«H*,  while  two  other  com- 
pOTrnds,  an  add  and  an  indii&rent  sulmtance  (not  isomeric  with  any  of  the  bodies 
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obtained  in  like  manner  from  amidobensoic  acid),  are  fonned  at  the  same  time  in  small 
quantity.  To  aepazate  the  cyananthTanilic  ether,  the  alooholie  eolntion  is  evaporated  at 
a  genUe  heat,  and  the  cryitalline  residue  is  wa^ied  with  dilute  ammonium  carbonate 
to  remove  the  add  prcxluct,  and  further  purified  bj  recrystalliaation  from  aleohol  with 
addition  of  animal  charooaL  It  is  thus  obtained  in  white  needle-shaped  crystals,  Ttxj 
slightly  soluble  in  boiling  water,  freely  soluble  in  boiling  aleohol  and  ether.  Its 
formation  is  represented  by  the  equation : 

C'H^O*  +  2CN  +  (?H«0  -  C'»H'»NK)«  +  CHN  +  H«0. 


boibng  the  solution,  decomposition  takes  place,  resulting  in  the  formation  of  alcohol 
and  cTananthranilic  acid,  CH*NK)*  or  C'H*(CK)NO*,  isomeric  with  andiox- 
indol  (see  Isattn),  the  latter  separating  out : 

C»«H>»N«0«  +  HK)  -  C«H«0  +  C«H*N*0». 

Cyananthranilic  add  dissolves  veiy  slightly  in  boiling  water,  alcohol,  and  ether, 
and  crystallises  in  small  white  brilliant  plates  melting  above  350^ ;  the  solutions  are 
neutral  to  test-paper.  The  acid  dissolves  in  aqueous  caustic  alkalis,  but  is  predpitated 
l^  carbonic  acid :  its  aqueous  or  alcoholic  solution  gives  a  white  preapitate  with 
silver  nitrate.  Fuming  nitric  add  converts  it  into  the  nitro -com pound 
C^*(NO*XGIC)NO*,  which  is  reduced  by  ammonium  sulphide,  or  by  tin  and  hydro-- 
chloric  acici,  to  the  oonesponding  am  i  do -com  noun  d  CH*(NH*XCN)NOi,  whicJi 
is  basic,  and  crystallises  in  slightly  yellowish  needles  difficultly  soluble  in  all  neutral 
liquids.  Its  compounds  with  acids  generaUy  crystallise  well,  but  are  fior  the  most 
part  sparingly  soluble. 

CS-ananthjranilic  ether  digested  at  100^  in  sealed  tubes  with  alcoholic  ammoma  is 
gradually  converted  into  a  base,  C*H*N*0  -  C'H*(CNXNH*)NO,  which  is  almost 
insoluble  in  water,  slightly  soluble  in  boiling  alcohol,  and  erystalUses  from  the 
latter  in  brilliant  nacreous  plates : 

C»»H»»NH)»  +  NH«  =  CVTTPO  +  C«HK). 

This  base  is  mono-add.  Its  nitrate  is  almost  insoluble  in  water  and  in  alcohol,  and 
separates  from  veiy  dilute  solutions  of  the  base  in  small  white  plates  on  addition  of 
nitric  add.  Its  platinum  salt  2(C*H'NH).Ha).PtCl«  cr^staUises  in  thick  yellow 
needles.  The  base  may  perhaps  be  regarded  as  the  creatinine  of  the  benaoic  series, 
standing  to  anthnnilic  add  in  the  same  relation  as  creatinine,  C^H^N*0,  to  saicosine, 
CH'NO*  (Griess,  Proe.  Boy.  8oe.  zviii.  91). 

Paba-amidobbkioio  or  Amidodbactlic  acid,  (7H*(NH')H'.C0'H« 
produced  by  the  action  of  ammonium  sulphide  or  of  tin  and  hydrochloric  acid  on 
nitfodracylic  add,  has  already  been  described  as  Faba-oxtbbmzakig  Acm  (iv.  843). 

Its  bnarium  salt  (C'H*NO')*Ba  is  easily  soluble,  and  crystallises  in  small  shining 
lamine.  The  copper  salt  produced  by  mixing  the  solution  of  the  caldum  salt  with 
cupric  acetate,  is  a  du-k-green  precipitate  insoluble  in  water,  easily  soluble  in 
ammonia  and  in  acetic  add;  the  lead  eali  forms  pale  yellow  crystals  having  a 
vitreous  lustre.  Amidodraeylie  euiphate,  2C'H^0*.H*S0S  separates  from  water 
acidulated  with  sulphuric  add,  in  fiixcate  tufts  of  crystals  easily  soluble  in  hot, 
sparingly  in  cold  water  (Qeitner  a.  Beilstein,  Ann,  Ch,  Pharm,  cxxxiT.  1 ;  JaAreeb, 
1866,  p.  850). 

JHbromamidodraejfiie  aeid,  G^H'Br'(NH'^0*,  is  produced  by  the  action  of  bromine 
and  water  on  an  acidulated  solution  of  amiaodracyuc  add,  as  a  flocculent  precipitate, 
which,  when  freed  fh>m  admixed  tribromaniline  by  solution  in  ammonia  and 
predpitatton  with  hydrochloric  add,  crystallises  from  hot  alcohol  in  needles.  Its 
eodium  salt  C*H'Br>(NH*)0*Na.6H*0  crystallises  in  silky  needles ;  iheammomum 
ealt  in  tufU  of  needles;  the  barium  salt  [C^H*Br>(KH*)0n'Ba.4H'0  is  slighUy 
soluble  in  cold  water ;  the  calcium  salt  (C^«Br*NO*)*Ca .  6H<0  and  the  magnesium 
salt  are  easily  soluble  in  water ;  the  fine,  copper,  and  silver  salts  are  insoluble  flocculent 
precipitates. 

Bibromamidodracylic  add  is  easily  reduced  by  sodium-amalgam  to  amidodracylie 
acid.  With  nitrous  acid  in  hot  alcoholic  solution  it  yielrls  dibromodnurrlic  add, 
C'H'Br'O*,  which  sublimes  in  needles  (Geitner  a.  Beilstein,  Zeitsehr,  f,  Chem,  [2] 
1.  505). 

Diamidobensoic  acid,  C»H»NH)*  =  (rH*(NH»)«0«,  is  described  in  vol.  iv. 
p.  294  as  IhoxTBBifKAsac  Acid. 

ABobenxole  Aold.  C'^H^'N^O^  (Strecker,  Ann,  Ch,  Pharm,  czxix.  129).— The 
sodium  salt  of  this  acid  is  produced  by  treating  a  concentrated  aqueous  solution  of 
aodinm    nitrobensoate  with  sodium-amalgam,  the  reduction  taking  place  without 
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eroIutioD  of  hvdrogen  or  fonnation  of  ammoaia.  It  is  also  prodaoed,  together  wiUi 
glfoociue,  by  the  action  of  flodiam-amalgam  on  nitrohippnric  acid«  On  mixing  the 
QrHOge-jrellow  solution  of  the  sodium  salt  with  acetic  or  dilute  sulphuric  acid, 
uobenaoie  acid  separates  as  a  light  vellow  gummy  precipitate,  which  becomes 
polTeiulent  on  boiling  the  liquid  wiSi  addition  of  alcohoL  After  drying  it  is  light 
jfellow  and  amorphous;  it  does  not  lose  weight  when  heated  to  100^-170®,  but  melts 
with  decomposition  at  a  higher  temperature.  When  dried  at  100^  it  contains 
2C'«H**NK>«.H*0.  It  is  but  slightly  soluble  in  water,  alcohol,  and  ether,  dissolres 
with  jellow  colour  in  strong  sulphuric  acid,  and  is  precipitated  therefrom  by  water 
without  alteration.  Ammonia  and  the  hydrates  and  carbonates  of  the  alkali-motals 
liUssohre  it  with  lemon-yellow  colour;  the  ammoniacal  solution  when  evaporated 
leaves  an  acid  ammoniacal  salt. 

Barium  axobemzoaU^  2C*^H"NH)^Ba.5H*0,  is  a  lemon-yellow  or  oiange^ellow 
granular  precipitate,  nearly  insoluble  in  water  and  in  alcohol,  which  gives  off  four- 
fifths  of  ita  water  at  100<»;  after  drying  at  140®  it  contains  2C'*H"N*0*K«.H«0. 
The  etdcium  moU,  dried  at  140®,  appears  to  have  a  similar  composition.  The  tilver  wit 
(?*H*NH>*Agf  is  a  yellowish-white  precipitate,  insoluble  in  water,  but  easily  soluble 
in  ammonia.  

ISthfl  tuobmuoaU,  C|<H"NH)*(C*H*)',  obtained  b^  reducing  ethylnitrobenzoate 
with  sodium-amalgam  in  alcoholic  solution  containing  a  little  free  acetic  acid, 
preci|nti&ting  with  water,  washing  the  precipitate  with  aqueous  ammonia,  and 
aystallising  it  from  boiling  alcohol,  forms  long  golden-yellow  needles  melting  below 
100®,  S(^diffing  again  in  the  crystalline  form,  not  volatile  without  decomposition. 
It  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether.  With  alcoholic 
potash  it  yields  potaasimm  asobenaoate ;  wiUi  alcoholic  ammonia  it  forms  yellowish 
famiiUF  of  the  amide — probably  asobenzamide — ^which  is  produced  by  treating  nitro- 
bemamide  with  sodinm-amalgun.  l%e  acid  and  its  salts  when  ignited  with  soda- 
lima  give  off  only  half  their  hydrogen  in  the  form  of  ammonia. 

Para-azohenzoic  or  Azodraeylic  aeid,O^W^'SHy*/iii  obtained  by  reducing 
sodium  nitiodracyUte  with  sodium-amalgam,  and  separates  on  addition  of  hydro- 
chloric add  to  the  yellow  solution,  as  a  bulky  flesh-coloured  precipitate.  It  melts  at 
above  130®,  is  sparingly  soluble  in  water,  alcohol,  and  ether,  easily  in  ammonia  and 
fixed  caustic  alkalis,  also  in  strong  sulphuric  acid,  from  which  latter  solution  it  is 
rtprecipit&ted  by  water.  Its  ammonium  soli  2C"H«N«0*(NH«)'.H*0  forms  orange- 
yellow ,  crystAls  less  soluble  in  water  than  the  azobensoate;  the  sodium  salt 
C^'H'N'O^Na'  crystallises  with  difficulty  in  needles  or  warty  masses ;  the  barium  salt 
C"H"NK)*B8,  and  the  calcium  salt  C*«H'N*0«Ca .  3H<0,  are  flesh-coloured  precipitates ; 
the  m/wt  s^  C**H*N*0*Ag*  is  flesh-coloured  and  amorphous  (Reichenbach  a. 
Beilstein,  Anu.  Ch.  Pharm.  czxzii.  137 ;  Bilfinger,  t^.  cxzxv.  152). 

Hie  same  modification  of  aaobensoic  acid  appears  to  be  obtained  by  reducing  an 
aamioniaeal  solution  of  paranitrobenxoic  acid  with  rinc  (Sokoloff,  Jahresh,  1864, 
p.  344) ;  also,  together  with  ozybensoic  acid,  by  the  action  of  alcoholic  potash  on 
Bitrohenzile  (Zinin,  iM,  p.  356) ; 

2C"H»N0«  +  4KH0  =  C»'H"K»N»0*  +   2C'H»K0»  +   2H«0. 
HtferotWDsOe.  Axobeoaoate.  Oxybensoate. 

The  dcHcriptlons  of  the  acid  thus  obtained,  and  of  its  salts,  do  not  quite  agree  with 
those  of  the  azodracylates  above  given ;  but  the  differences  are  unimportant,  relating 
chiefly  to  shades  of  colour. 

Htdbazobsksoic  acid,  C'*H"liH>*,  is  produced  by  treating  a  boiling  solution 
of  asobenaoie  acid  in  excess  of  soda-loy  wiUi  ferrous  sulphate,  whereupon  ferric 
hjdnJt/6  is  first  j^recipitated,  then  black  ferroso-ferric  oxide,  and  the  flltrate  yields,  on 
addition  of  acids,  a  vellowish-white  precipitate  of  hydrasobensoic  add.  It  is 
Ukaviae  easily  produoea  by  treating  aaobenxoic  acid  in  ammoniacal  (not  in  acid) 
sofatioo  frith  anc,  and  (together  with  axo-  and  amido-  benzoic  acids)  by  treating 
nitfobeiuBoic  add  with  excess  of  sodium-amalgam.  It  is  insoluble  in  water,  sparingly 
soluble  in  hot  alcohol,  and  is  predpitated  by  water  from  the  latter  in  yellftwish-white 
flocks.  With  ammonia,  potash,  or  soda  it  forms  yellowish  solutions,  which  absorb 
oxygen  ficom  the  air,  and  are  oonverted  into  asobenzootes.  The  warm  concentrated 
ammoniaeal  solution  gives  with  barium  chloride  orange^red  crystals  of  the  barium 
salt  C"H'^fBaI9K)*,  and  with  silver  nitrate  a  yellowish  preci^tate  which  blackens 
quickly,  with  formation  of  asobensoic  acid.  Hydraaobensoic  acid  boiled  with  strong 
hvdrochlaric  add  is  resolved  into  asobenzoic  and  amidobenxoic  acids :  2C*^H"N'0^  a 
C"H»«N»0»  +  2CrH»N0»  (Strecker, /<w.  «7.). 

Hydra zodracylic  acid,  G*^H>*N'0\  is  obtained  in  like  manner  by  reduction  of 

Sap.  Y 
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BEodracrjrlic  acid,  and  precipitated  by  hvdrochloric  acid  a«  a  light  fleah-coloored  powder, 
nearly  insoluble  in  water,  soluble  in  not  alcohol,  firom  whi£  it  separates  on  cooling 
in  shining  oolouileBs  crystala.  Its  reactions  are  similar  to  those  of  hjdraBobenaoie 
add.  In  alkaline  solution  it  is  easily  oxidised  to  asodracylic  acid.  It  quickly 
reduces  silver  nitrate  in  presence  of  ammonia,  and  is  decomposed  by  boiling  hydro- 
chloric acid,  with  separation  of  asodracylic  acid  (Reichenbadi  a.  Beolstein,  Ann.  Ck, 
Pkarm,  cxxzii.  187  ;  Bilflnger,  ibid,  czzzr.  152). 

Aeo-axidobsheoic  or  Diaeobbiceo-aicioobbkzoic  acid,  C*^H"K*0* 
»  (rH*N*0*.C'H'NO',  originally  obtained  bv  the  action  of  nitrous  acid  on 
amidobenxoie  acid  (iy.  292),  may  also  be  produced  by  mixing  the  aqueous  solutions  of 
diazobenzoic  nitrate  and  amidobenxoic  acid : 

By  mixing  the  aqueous  solutions  of  diaaobencoic  nitrate  and  amidodracyb'e  acid,  or 
of  diazodracylic  nitrate  and  amidobeuBoic  (or  amidodracylic)  add,  a  number  of  double 
acids  are  produced,  represented  by  the  formula  G^H^N^O'.C'HTKO*,  isomeric  with 
the  preceding,  and  very  similar  to  it  in  their  properties  (Griess,  Jakmb,  1864,  p. 
353). 

Azoamidodracylic  acid  is  likewise  produced  by  treating  a  oold  satorated 
solution  of  amidodracylic  add  with  nitrouB  ether  (alcohol  saturated  with  nitrous  add), 
as  a  yellow  crystalline  predpitate,  which  differs  from  asoamidobenioic  add,  by 
yielding,  when  warmed  with  strong  hydrochloric  add,  a  red  crystalline  nredpitate  of 
chlorodracylic  add  (p.  311)  and  a  solution  of  amidodracylic  hydrochloride : 

C"H"N»0*  +  Ha  -  C^HKnO*  +  C'H'NO«  +  N«. 
Axo-amldodn-  Ghloio-  Amldo- 

^Uo.  dnuqrlio.  dnqyUa 

NUrous  acid  passed  into  a  hot  alcoholic  solution  of  amidodracylic  add  forms  bensoic 
acid  and  acetic  aldehyde,  with  erolution  of  nitrogen : 

C"H"N«0«  +  2C«HH)  +  NHO*  «  2<?H«0«  +  2C«H«0  +  2HK)  +  2N« 
Aio-amido-        Alooliol.  Beniolo         Aldehyde, 

dmoyllo  add.  acid. 

(Wilbrand  a.  Beilstein,  Ann.  Ch,  Pharm,  cxxyiii.  257  ;  Jdhreth,  1863,  p.  843). 

AaosylieBaoio  aeldt  C*^Hi*N'0\  is  produced,  together  with  aldehyde,  by 
heating  an  alcoholic  solution  of  nitzobenaoic  add  with  solid  potassium  hydrate : 

2C'H»(N0«)0«  +  8C«H«0  «  C"H»»N«0»  +  8(?H«0  +  3HK). 

The  potassium  salt  separates  from  the  resulting  solution  as  a  reddish  crystalline  mass, 
and  Uie  add  separated  therefirom  by  hydrochloric  acid  forma  (after  treatment  with 
animal  chaiooal)  colourless  microscopic  needles  or  laminae,  insoluble  in  water,  slightly 
soluble  in  alcohol  and  ether.  The  acid  is  bibasic,  its  salts  haying  the  general  formula 
G>«n"M*K<0  or  C>«H"M"NK)*.  The  barium  and  silyer  salU  are  white  crystalline 
precipitates  (Griess,  Atm,  Ch,  Pkarm.  cxxxi.  92). 

Respecting  the  general  relations  between  the  aso-deriyatiyes  of  benaoio  acid,  see 
Abomatic  Sbbibs,  p.  210. 

XUasolMBBoio  Aeld.  C'H^NK)'  (iy.  294). — An  aqueous  solution  of  dian>bensoie 
nitrate  or  nitrato-diazobenzoic  add  mixed  with  a  solution  of  bromine  in  h^rdrobromic 
add,  deposits  an  oily  precipitate  quidily  solidifying  to  yellow  prisms  of  diazobenzoic 
perbromide,  CH^'O'.HBr.Br*.  This  compound  is  deoompoaed  by  boiling  alcohol, 
in  the  manner  shown  by  the  equation : 

C*H*N«0».HBr.Br»  =  CH^BrO*  +  N«  +  Br«, 

yielding  bromobenioic  add  identical  with  that  which  is  produced  by  the  action  of 
bromine  on  benaoio  add,  or  of  hydrobromic  add  on  diaao-amidobeiiBoie  add.  The 
same  decomposition  takes  place,  but  with  strong  detonation,  when  the  perbromide  is 
nmply  heated  (Griess,  Ann.  Ch.  Pharm.  czzxr.  121 ;  see  alao  Gunae  a.  Hubner,  ibid, 
106). 

Isomeric  perbromides  with  similar  properties  are  prodoeed  when  the  abore- 
mentioned  solution  of  bromine  is  made  to  act  on  the  nitric  add  compounds  of  diaao- 
diacyUe  and  diaaosalylio  adds.  When  boiled  with  alcohol  they  alao  yield  the 
conwspo&ding  modifications  of  monobromobenzoic  add  (Griess). 
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8ulpkO't^0ri9aiive9  of  Benwoie  Acid. 

(SO)-) 
rndd.  or  SaUc^^-iulpkurous  acid,  CIWSO*  »  (C*E*0)^[0',  is 

described  at  p.  487,  vol.  ▼.  KSmmerer  a.  Carias  (Mm.  CK  Pkarm.  oxxxi.  163)  haro 
obtained  a  modification  of  this  acid,  which  they  designate  as  benzosulphuric  acid 

and  represent  by  the  formula  (C^H*)"  }  0>,  as  follows :  A  mixture  of  silver  sulphate 

with  twioe  its  bulk  of  pounded  glass  is  heated  with  benxoyl  chloride  to  1 40^-1  $0^  for 
a  few  hoars,  till  the  reeulting  liquid  solidifies  on  cooling  to  an  amorphous  transparent 
MISS  of  benaosnlphnrio  anhydride,  C*«H>«SO« : 

^^i{0«  +  2(CrH»0.a)  =     (CH«Ho»  +  2AgCl. 
^^  C'H»O.HJ 

This  anhydride  is  resolfBd  by  solution  in  warn  water  into  benaoic  and  benxo-sulphuric 
adds,  the  former  of  which  crystallises  out : 


C»HT[0«  +  H«0  -  hJO  +  (C'H7'[0»; 


and  on  satuntinf  th«  warm  filtered  solutioD  with  lead  carbonate,  decomposing  the 
lead  salt  with  hydrugan  sulphide,  and  eyaporating  the  filtrate  at  a  temperature  below 
80^,  benxoauli^urie  acid  is  obtained,  as  a  white  cmtalline  mass  melting  at  80®, 
solidifying  sgain  in  the  ciystalline  form,  easily  soluble  in  water  and  in  al«>hol,  and 
reeolred  by  boiling  its  aqueous  solution  into  benaoio  and  sulphurie  acids.  From  the 
isomeric  oompoond,  sulphobenxoic  acid,  it  is  distinguished  by  the  fact  that  both  the 
five  acid  and  its  salts,  when  treated  with  phosphoms  pentachloride,  yield  beneo-sulphurie 

chloride,  C^H)raO' »  fG*HM''lci"  ^^^^'V  ^°  ^^  reactions  from  the  isomeric 

chloride  obtained  horn  sulphobenxoic  acid  (t«i/ni). 

The  metallic  benxosulphates  are  soluble  in  water,  mostly  czystallisabie,  aad  not 
decomposed  by  heating  to  150^,  or  by  the  boiling  of  their  aqueous  solutions.  The 
amrnanuim  9altC'K*So^CS^*y  ciystallises  in  radiate  ^ups  of  needles ;  the  acid 
poUummm  itdt  CH*SO*.KB[,  in  fibrous  masses  permanent  in  the  air  (the  oerresponding 
sulphobenaoate  is  efflorescent) ;  the  neutral  sodium  salt  C'H'SO^Na'  ciystallises  in 
tofts  of  needles  ;^  the  neutral  barium  salt  C^^S0*Ba.3H'0,  in  microscopic  needles, 
which  alowlygiTe  off  1  mol.  water  over  sulphuric  acid;  the  acid  barium  salt 
C^*80"Ba .  C^H^SO*  is  more  soluble  than  the  corresponding  snlphobensoate,  and 
forms  apparently  rhombic,  often  six-sided  prisms.  The  lead  salt  C^H^S0*Pb.2H^0 
erfBtalfaaee  in  spherical  groups  of  needles  which  gire  off  one-fourth  of  their  water  at 
I00». 

Bmsogtdpkmrie  ait^dride,  C^^H'^SO',  is  soluble  in  anhydrous  ether,  and  remains, 
after  erapdratton  of  the  solTent,  as  a  light-brown  amorphous  mass  melting  at  a  gentle 
heat*  By  solution  in  water  it  is  decomposed  into  bensoic  and  liensosul^uric  acids. 
'Bj  exeees  of  benaoyl  chloride,  it  is  resolred  into  benxosulphuric  chloride  and  bensoic 
anhydride: 

(THnO*  +  aC'H'Oa  -  p™{2»  +  2(C'H»0)«0  +  HCl. 

With  a  ftill  laiser  excess  of  bennyl  chloride,  it  yields  sulphuryl  chloride,  S0*C1', 
taigotlier  with  other  products. 

Betuosulpkmirie  emcride,  O^'SO'Cl',  obtained  as  above  or  by  the  action  of  phos- 
phoms peataehloride  on  benaoaulphurie  acid,  or  br  heating  silrer  sulphate  with  excess 
<d  bMMOjl  fthlnride  to  160^,  is  a  viscid  liquid  having  a  pungent  odour,  especially  when 
w»nnad.  It  distils  without  decomposition  at  about  800^  (sulphobenxoic  chloride 
deeompoaee  at  that  tflmperature,  v.  488),  and  is  resolved  by  water  into  hydrochloric 
mad  beoflosnlphurie  acids.  Heated  with  1  mol.  phosphorus  pentachloride,  it  is  resolved 
into  snlplraiyl  chloride  and  chlorobensoyl  chloride,  together  with  phosphoms 
trichloride: 

cH^soHn*  +  pci»  -  so«ci«  +  cm^ao.ci  +  pci». 

t2 
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With  excess  of  the  pontachloride,  it  yields,  instead  of  chlorobensoyl  chloride,  the 
chloride  C*H*G1^,  iaomeric  with  chlorosalyl  trichloride ;  at  about  ISO**  the  siilphiiiyl 
chloride  is  partly  deoomposed,  yielding  chloride  of  snlphnr.  The  isomeric  chloride 
obtained  from  sulphobenzoic  acid,  heated  with  1  moL  phosphorus  pentachloride  to 
140^-150^,  yields  sulphurous  chloride,  chlorobenxoyl  chloride,  and  phosphorus 
ozychloride : 

(TH^Ici*  +  ^^*  "  ^^^'  +  C'HH310.Cl  +  P0C1». 

ThlobeaMle  Add.  C'H*OS  "^'^*^|8  -»  CH*.COSH(£Dgelhaidt,Latfichinoff 

a.  Malyscheff,  ZeiUckr,/.  Chem.  [2]  ir.  863). — Ploduced :  1.  By  the  action  of  bensoyl 
chloriJe  on  potassium  monosulphide :  CH^OCl  +  K*S  -  ECl  +  CH*KOS. 

2.  By  boiling  ethyl  or  am^l  thiobensoate,  thiobensoie  anhydride  (bensoyl  sulphide), 
phenyl  bouoate,  or  benaoio  anhydride,  with  an  alkaline  solution  of  potassium 
sulphydxate : 

C»H»OS.C»H»  +  KHS  =  C»H»S  +  C'HK)SK 
Bthyl  Mercaptan.  Thfobenaoatew 

tlilol 


(CrH»0)«S  +  2KHS  -  H«S  +  2C'H»0SK 
Beoaorl  Thiobensoate. 

■nlphlde. 

C»HK)«.C«H»  +  KHS  -  C«HH)  +  C'HH)8K 
Fbenjl  FhenoL      Thlobenioate. 

^?fniftiittti 

(CrB»0)«0  +  2KHS  «  H«S  +  CH»0«K  +  C'HK)SK 

Benioio  Benaoete.       Thtobenaoate. 

anhydride. 

3.  By  heating  benzoyl  sulphide  with  alcoholic  potash  or  with  aqueous  ammonia : 

(C'H*0)«S  +  2KH0  =  H«0  +  C»H»0«K  +  CmH)SK 
fiensoyl  Benioate.       Thiobenioate. 

sulphide. 

(Cm^OyS  +  2NH«  =  (C'H»0)H»N  +  C'H»OS(NH«) 
Benaoirl  Bensamide.  Ammonlnm 

•Dlphide.  thiobenaoate. 

4.  By  heating  bensoyl  bisulphide  with  an  alcoholic  solution  of  potassium  hydrate  or 
sulphyorate. 

Thiobenxoic  acid  is  precipitated  from  the  aqueous  solution  of  its  potassium  salt  by 
hydrochloric  acid,  as  a  yellow  oil  which,  when  cooled  bjr  snow,  solidifies  to  a  white 
radio-crystalline  mass,  and  may  be  purified  by  washing  with  water  and  diying  in  the 
air.  It  melts  at  the  heat  of  the  hand  (about  24^),  and  has  a  peculiar  sulphurous 
odour.  When  exposed  to  the  air  it  rolatilises  slightly,  apparently  with  partial 
decomposition.  It  may  be  distilled  with  vapour  of  water,  but  is  decomposed  oy  d^ 
distillation,  giving  off  benzoic  acid  and  other  products,  and  leaving  a  carbonaceous 
residue.  It  dissolves  easily  in  alcohol,  and  in  all  proportions  in  ether  and  in  carbon 
bisulphide,  and  does  not  crystallise  from  solution  in  a  small  quantity  of  either  of  the 
two  latter  liquids,  even  when  cooled  by  a  freezing  mixture ;  but  the  solution  when  left 
to  evaporate  in  contact  with  the  air,  deposits  a  yellowish  oil,  which  gradually  solidifies 
to  crjstAls  of  benzoyl  bisulphide. 

A  crystalline  moaification  of  thiobenzoic  acid  was  obtained  by  Fleischer  (Ann,  Ck. 
Pharm.  cxl.  234)  by  prolonged  boiling  of  thiobenzoic  aldehyde,  C'H'S  (p.  329),  with 
nitric  acid  of  sp.  gr.  1*3.  To  separate  it  from  the  benzoic  add  formed  at  the  same  time, 
the  liquid  was  saturated  with  sodium  carbonate,  then  mixed  with  hydrochloric  acid  as 
long  as  a  yellowish  precipitate  was  produced,  and  this  precipitate  after  being  heated 
to  160^  in  a  stream  of  carbonic  acid  gas  was  recrystallised  firom  hot  water.  The 
thiobenzoic  acid  thus  obtained  is  more  soluble  in  water  than  benzoic  acid,  and  sepa- 
rates therefrom  as  a  yellowish  crystalline  powder ;  from  alcohol  or  benzol,  in  tufts  of 
white  needles.  The  crystallised  acid  2CH*0S.H*0  givea  off  its  water  (6*1  p.  c) 
at  110®,  and  then  becomes  less  soluble  in  water.  When  strongly  heated  it  blackens 
without  melting  (Fleischer). 

The  thiobenzoic  acid  described  by  Cloez  (y.  776)  as  a  crystalline  solid  melting  at 
120®  was,  according  to  Engelhardt,  Latschinoff  a.  Malysdieff,  nothing  but  benzoyl 
bisulphide,  (C^H*0)'S^,  into  which  thiobenzoic  acid  is  easily  converted  by  atmospheric 
oxidation  while  in  the  liquid  state. 

Tliiobenzoic  acid  heated  with  nitric  acid  is  oxidised  to  benzoyl  bisulphide  and 
benzoic  acid.    It  dissolves  in  l>aryta-watrr  and  in  aqueous  sodium  carbonate,  expelling 
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ettbonic  acid  in  the  latter  case.  It  dissolyes  in  aqneous  ammonia,  and  on  evapoiating 
the  eoluticn  on  the  water-bath,  the  ammonium  salt  is  partially  decomposed,  with 
fomuktion  of  ammonium  sulfide. 

DotoMsium  tkiobfnzoaU,  C*H*OSK,  prepared  as  above  is  very  soluble  in  water, 
diaaolres  alao  in  hot  aloohdt,  and  crystallises  on  cooling  in  laige  transparent  tables 
and  prisma,  baring  a  &int  yellowish  colour.  Its  aqueous  solution  mixed  with  a 
solution  of  iodine  in  potassium  iodide  deposits  benaoyl  bisulphide : 

2C'H»K0S  +  I«  -  2X1  +  (CHH))«S«. 

The  aqueous  solution  forms  with  euprie  tulnkaU  a  greenish-yellow  precipitate,  which 
in  contact  with  excess  of  the  reasent  graaually  acquires  a  bright  red  colour ;  from 
this  red  predpitate,  carbon  bisulphide  extracts  bensoyl  bisulphide.  An  aqueous 
solution  of  the  potassium  salt  forms  with  fnrie  cUoride  a  Tiolet-brown  precipitate, 
taming  yellow  when  warmed.  An  alcoholic  solution  of  the  potassium  salt  mixed 
with  ferric  chloride  acquires  a  transient  violet-brown  colour,  and  soon  deposits  a 
white  predpitate  of  benxoyl  bisulphide,  the  ferric  chloride  being  at  the  same  time 
reduced  to  ferrous  chloride. 

The  Modhtm  udt  C*H*OSNa,  obtained  bv  dissolving  the  acid  in  sodium  carbonate,  is 
very  soluble  in  alcohol,  and  separates  'therefrom  on  evaporation  as  an  indistinctly 
crystalline  mass.  The  barium  salt  (C'HK)S)*Ba  ^at  120<')  is  also  very  soluble  in 
aloohol,  and  separates  on  evaporation  in  hydrated  laminse  which  easily  give  off  their 
water  of  crystallisation.  The  barium  salt  of  Fleischer^s  thiobenzoic  acid  is  easily 
soluble  in  water,  sparingly  in  alcohol,  and  forms  hard  crusts  made  of  small  nodules 


When  warmed  it  turns  black,  from  formation  of  lead  sulphide.  The  tUver  salt 
CHH)SAg  is  a  yellowish-white  precipitate  insoluble  in  water.  It  is  but  very  little 
decomposed  by  boiling  with  water,  but  if  an  aqueous  solution  of  the  potassium  salt 
be  boiled  with  excess  of  silver  nitrate,  and  the  solution  boiled  together  with  the  pre- 
cipitate, the  latter  soon  turns  black,  being  converted  into  silver  sulphide  and  benzoic 
aod. 

Etk^  tkiobenroate,  CBH)B .  (?H*,  first  obtained  by  Tutscheff  (PiOersb.  Aoad,  Bull, 
V.  295)  by  the  action  of  benzoyl  chloride  on  lead  mercaptide,  (CH*S)'Pb  -f- 
2CH«0a  =  Pba«  +  2(C'H»0S.C«H*),  is  likewise  produced  by  boiling  silver 
thiobenaoate  with  ethyl  iodide.  It  is  a  transparent  colourless  oily  liquid  smelling 
like  ethyl  benzoate  and  mercaptan  ;  boils  at  248°,  is  insoluble  -in  water,  soluble  in 
aloohol  and  ether.  Boiled  with  alcoholic  solutions  of  potassium  hydrate  and  sulphy- 
dr^e,  it  yields  mercaptan,  together  with  benzoate  and  thiobenzoate  of  potassium. 
When  boiled  with  nitric  add,  it  yields,  according  to  the  strength  of  the  acid,  benzoic 
or  nitiobenzoic  acid,  together  with  ethylsulphurous  acid.  Amyl  tkkitmtoate^ 
CETOS.G^H",  obtained  by  heating  amylic  mercaptan  with  benzoyl  chloride,  is  an 
dly  liquid  insoluble  in  water,  easily  soluble  in  alcohol  and  ether;  boiling  with 
partial  decomposition  at  271°.  Its  reactions  are  exactly  analogous  to  those  of  ethyl 
tUobensoate. 

Bmmzotl  Sulphiob  or  Thiobxmzoic  Akhtdbidb,  (C'HH))'S,  is  produced  by  the 
action  of  benzoyl  chloride  on  potassium  thiobenzoate :  d^K)SK  +  G^*0C1  » 
KQ  -I-  (CH'O)'S.  The  product  washed  with  water  and  sodium  carbonate  leaves  an 
oil  soluble  in  ether;  and  on  evaporating  the  ethereal  solution,  benzoyl  sulphide 
separates  as  an  oil  which  solidifies  at  low  temperatures  to  a  crystalline  mass,  and 
may  be  purified  by  recrystallisation  from  ether.  It  is  insoluble  in  water,  easily 
soluble  in  ether,  and  separates  therefrom  by  evaporation  at  low  temperatures  in  laige 
mismatic  crystals  having  a  waxy  lustre ;  boils  at  48°,  and  is  decomposed  by  d^ 
distillation,  leaving  a  residue  of  charcoal,  and  yielding  various  oily  and  crystalline 
products  not  yet  examined.  It  dissolves  easily  in  warm  aqueous  ammonia,  forming 
benzamide  and  ammonium  thiobenzoate;  also  in  alcoholic  solution  of  potassium 
salphydzate,  with  formation  of  thiobenzoic  acid. 

BnooTL  BisinLFBiDB,  (C^H*0)'S',  is  obtained  by  atmospheric  oxidation  of  thiobenzoic 
add  dissolved  in  carbon  bisulphide  or  in  ether;  by  oxidising  thiobenzoic  add  with 
nitric  add ;  and  b^  the  oxidising  action  of  iodine,  cupric  sulphate,  or  ferric  chloride 
on  potassium  thiobenzoate  in  aqueous  solution.  It  is  elso  produced,  together 
with  the  monoeulphide  (C'H*0)'S,  by  gently  heating  lead  sulphide  with  benzoyl 
diloride  diluted  with  ether.  Moeling  {Ann,  Ch.  Pharm.  onriii.  804)  obtained  it  by 
the  action  of  hydrogen  sulphide  on  benzoic  anhydride.  It  is  conveniently  prepared 
by  pouring  a  eolution  of  iodine  in  potassium  iodide  into  an  aqueous  solution  of 


V 
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potflBbitim  thiobensoate,  dissolving  the  dried  predpitate  io  boiling  cazbon  bimlphide, 
from  which  it  separatee,  by  slow  cooling  or  evaporation  in  a  warm  place,  in  large 
shining  prisms  or  six-sided  tables,  and  bj  rapid  cooling  or  eraponition  m  siz-sided  or 
rhombic  tables.  It  dissolTes  with  difficulty  in  boiling  ether  or  alcohol,  melts  at 
128^,  and  assnmes  a  violet  colour  when  heated  a  few  degrees  above  its  meltiBg  point 
It  is  insoluble  in  water  and  in  aqueous  ammonia,  not  acted  upon  by  nitric  icid ; 
dissolves  in  alcoholic  solution  of  ^tassium  hydrate,  with  formation  of  benaoic  and 
thiobensoic  acids ;  easily  in  alcoholic  solution  of  potassium  snlphydiate,  with  evolntion 
of  hydrogen  sulphide  and  formation  of  thiobensoic  acid  (Engelhudt,  Latschineff,  a. 
ICalysoheflP). 

TaiOBBKSOTL     StTLFBTDBAtB     Or    DlTBIOBBNBOIO      AciD.    CHV   » 

^^H  h  ^  0^*.CSm(Eagtlhaidt  a.  Utschinoff;  ZeUtekr./,  Chem,  [2]  iv.  466).- 

Prodnced  by  the  acUon  of  bensotrichloride  (p.  282)  on  potassium  monosnlphide : 

C«H».Ca«  +  2K«S  -  8KC1  +  C»H».CS«K 
BeDBOtrlchlorlde.  Potaaaiam 

dibhlobensoatek 

1  mol.  benntrichloride  is  added  to  an  alcoholic  solution  of  2  m<d.  twtsaiua 
sulphide  diluted  with  a  large  quantity  of  alcohol,  to  moderate  the  othenrise  violent 
xeactiQii.  Chloride  of  potassium  then  separates  out ;  the  miztnrc  is  Anally  heated 
over  the  water-bath  to  compete  the  reaction;  the  red  alobholie  solution  ii 
filtMied,  the  potassium  chforide  washed  with  alcohol ;  and  the  united  liquids  ait 
Bixxed  with  water,  which  throws  down  a  small  qoantity  of  resinous  substanoe.  The 
aqueous  solution  filtered  thereftom  contains  sulphide,  dithiobenioate,  and  a  small 
quantity  of  chloride  of  potassium.  On  mixing  it  with  lead  acetate,  a  black  pneipitate 
of  iMtd  sulphide  is  first  formed ;  and  the  liquid  filtered  from  this  precipitate  yields  with 
lead  acetate  a  red  precipitate  of  nearly  pure  lead  dithionate,  which  may  beeompletely 
purified  by  crystallisation  ftom  boiling  commercial  benaol  boiling  at  122^-190°.  The 
lead  salt  treated  with  aqueous  solution  of  potassium  or  ammonium  sulphide  yields 
a  precipitate  of  lead  sulphide,  and  a  vea  solution  of  potassium  or  amaooinm 
ditniobensoate. 

Bithiobensoic  acid  is  also  formed  as  a  lead  salt,  (CrH*S*)*Fb,  by  treatii^  lead 
sulphide  with  benzoyl  chloride  at  a  high  temperature,  whereas  if  the  temperature  be 
kept  low,  the  products  of  this  reaction  are  benaoyl  monosulphide  and  bisulphide 
(p.  826) ;  and  fleischer  appears  to  have  obtained  it  as  a  potassium  nit,  together  widi 
bensylene  sulphide,  C'H*S,  by  heating  benaylene  chloride  with  an  alcoholic  solution  of 
potassium  suq>hy<h?ate  (p.  281^. 

DUkiobmugaie  acid,  OK'&j  is  obtained  by  treating  the  ammonium  or  lead  salt  vHh 
hydroohk>rio  add.  It  is  unstable,  quickly  decomposing  in  contact  with  the  air; 
insoluble  in  water,  easily  soluble  in  ether  and  in  alcohoL  A  small  quantity  of  it 
dissolved  in  ether  colours  the  liqnid  a  splendid  carmine-red.  When  the  oily  sdd, 
separated  from  the  aqueous  solution  of  the  potassium  or  ammonium  salt,  is  ff^V^"^ 
to  the  air  lor  some  time  under  water,  it  is  converted  into  a  resin  inscduble  in  dilute 
ammonia,  and  apparently  consisting  of  a  mixture  of  the  compounds  (C*H*)9aad 
((rH»)«S*. 

Ammomum  dUkioben»oate  in  aqueous  solution  has  a  fine  dark  orange-red  colour, 
gives  with  lead  acetate  a  minium-coloured  precipitate^  with  silver  nitrate  a  brown-red, 
with  mercuric  chloride  a  brownish  yellow,  with  bismuth  nitrate  a  red,  and  with 
cuprio  sulphate  a  black-brown  precipitate.  The  aqueous  solution  evaporated  in 
contact  with  the  air,  deoomposea,  with  separation  of  a  resin  similiff  to  that  deposited 
from  the  solution  of  the  nee  acid.  The  potoitium  taU  is  easily  soluble  in  water, 
alcohol,  and  ether,  insoluble  in  carbon  bisulphide ;  the  aqueous  solntion  decomnoees 
on  evaporation  like  that  of  the  ammonium  salt.  The  lead  salt  (C^^S'^^Fb  is  insoluble 
in  water,  slightly  soluble  in  boiling  ether  and  alcohol,  and  crystalhses  from  these 
solutions  in  very  thin  orange-red  ne^les ;  more  soluble  in  boiling  carbon  bisulphide, 
and  still  more  in  boiling  benaol  (B.  P.  122<'-130^),  and  sepazates  from  either  of  diese 
solutions  in  beautiful  red  needles.  Boiled  with  strong  nydrochloric  add,  it  yiekb 
dithiobenxoic  acid,  which  nutybe  extracted  by  ether.  Nitric  add  oxidises  it,  with 
formation  of  lead  sulphate.  The  mercuric  salt  CH'S'Hg,  obtained  by  precipitation, 
is  insoluble  in  water,  soluble  in  boiling  alcohol,  ether,  and  bennl ;  crystallises  from 
alcohol  in  shining  laminn  of  a  reddish  golden-yellow  colour,  like  mosaic  gold ;  from 
bensol  in  tufts  of  laminae  having  a  golden  lustre.  The  silver  salt  CVS'Ag  is  a 
brown  predpitate  insoluble  in  water  and  in  bensol. 

C%lorodmiobeiume  acid,  C*H^a.CS'H,  is  obtoined  by  tzea^ng  monochlnmbenso- 
trichloride  (p.  283)  with  alcoholic  solution  of  potassium  sulphide,  the  process  being 
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condneted  sinikrly  to tkat  far  the  pnuntion  of  dithlobensok adcL    ThnUadBoii 


coDdneteH  smiiArij  to  taat  tor  tne  pnpantion  or  oiuuoDensoie  ana.  xne  mm  toif 
(CH*ClS*)'Fb  is  a  mixiiiiifr«olouod  precipitate,  which  duwolTes  in  boiling  benaol 
and  eaibon  bisulphide,  and  efystallises  therefrom  in  beantifdl  red  slender  needles. 
When  heated  with  strong  hydrochloric  acid,  it  yields  the  free  acid  CH'CIS*  as  a 
▼iolet-red  oiL  The  menuria  taii  (0*H^Cl£P)*Hg,  obtained  by  precipitating  an  ethereo- 
alcoholic  solution  of  the  acid  with  mercoric  chloride,  is  somewhat  less  soluble  in 
boiling  sleohol  than  the  dithiobennoate,  and  crystallises  on  cooling  in  small  shining 
lamina  of  a  greenish-gold  oolonr. 

mmanowo  A&BBSTBB.  Benzaldekyie,  Benzoyl  HjfiridB.  Bitter  Almond 
Off.  (7HH)  s  C^'.GOH.-— The  following  modes  of  formation  of  this  compound 
haTe  been  observed,  in  addition  to  those  alrrady  giren  (i.  668) : 

1.  By  the  action  of  alooholie  potash  on  benzene  chloride :  CH'Gl*  •«-  H*0  b 
fflCn  +  G^*0  (Gshonrs,  Compt,  rend,  M.  222).— 2.  By  treating  bensylene  chloride 
at  oidinaiy  temperatores  with  strong  sulphuric  add,  adding  water  to  the  mixture  and 
dislalliBg.    The  reaction  is : 

(1)  C«H».CHC1«  +  2H«S0*  «  2HC1     +  C^».CH(SO*H)« 

(2)  C^».CH(SO«H)»  +  H»0       *  2H«80*  +  C^».COH 

(Oppenheim,  Zeittekr.  /.  Ckem,  [2]  y.  441). 

S.  By  heating  benzyl  chloride  to  100^  with  an  equal  weight  of  nitric  acid  of 
27''  Bm.  diluted  with  10  yoL  water : 

C^»a  +  NHO«  =  HCl  +  NHO«  +  CHK). 

A  large  quantity  of  benxoic  acid  is  formed  at  the  same  time.  Benzoic  aldehyde  is 
obtained  in  greater  quantity  by  heating  the  benzyl  chloride  (10  grms.)  with  lead 
nitrate  (14  grms.)  and  water  (100  grms.)  to  the  boiling  point  for  an  hour  in  an 
atmorohere  of  carbon  dioxide. 

4.  From  benzoic  and  phthalic  acids,  by  passing  their  Tapours  oyer  heated  zinc-dust 
(Baeyer,  Jakresb,  1866,  p.  263) ;  from  benzoic  ^id  also  oy  reduction  with  stannous 
chloride  (Dnsart,  ibid.  1862,  p.  263). 

5.  In  small  quantity,  togetner  with  benzene  and  an  unknown  substance,  by  heating 
a  mixture  of  1  pt.  sodium  phthalate  and  4  pts.  caldum  oxalate  with  4  pts.  calcium 
hydrate  (Dosart).— 6.  Together  with  glyoodne,  by  the  action  of  nascent  hydrogen  on 
hipporie  add,  

7.  By  heating  the  silrer-compound  of  dioxindol,  OH'AgNO*,  the  siWer  bein^  at 
the  same  time  reduced  (Baeyer  a.  Knop,  Jakresb.  1866,  p.  639). — 8.  In  the  germina- 
tion of  the  seeds  of  L^idium  eoHvum  (M.  Schulze,  ibid.  1862,  602). 

J^maratiim  from  Bitter  Mmonde. — Michael  Pettenhofer  (Ann.  Ch.  Pharm.  cxxii. 
77 ;  Jaireeb.  1862,  p.  261)  attributes  the  variation  in  the  yield  of  oil  from  the  same 
material  to  the  fact  that  too  little  attention  is  generally  paid  to  ensure  the  complete 
diasoltition  of  the  amygdalin  contained  in  the  almonds,  and  to  prevent  the  premature 
deeompocdtion  of  the  emulsin.  To  obtain  a  uniform  and  maximum  product,  he 
leeommends  the  following  process :  12  pts.  of  the  coarsely  pulverised  press-cake  of 
bitter  almonds  (i.  698)  are  stirred  up  with  100  to  120  pts.  of  boiling  water ;  the  pasty 
mass,  after  being  kept  at  the  same  temperature  for  a  quarter  to  half  an  hour,  and 
then  left  to  oool,  is  mixed  with  1  pt.  of  the  same  pulverised  press-cake  stirred  up 
with  6  to  7  pts.  of  water ;  and  the  mixture,  after  12  hours'  maceration,  is  subjected  to 
a  moderately  rapid  distillation.  The  distillate  contains  all  the  volatile  oil  and 
prvssie  add  that  can  be  Ibimed  firom  the  am^rgdalin  present :  48  oz.  of  press-cake 
yield  7  drms.  (nearly  2  p.  c.)  of  bitter  almond  oil.  For  the  methods  of  purifying  the 
bitter  almond  oil  from  pmssic  add,  see  vol.  L  p.  668. 

Beactions. — 1.  Bitter  almond  oil  made  up  into  a  paste  with  pkoephorio  anhydride, 
in  such  a  manner  as  not  to  allow  the  mixture  to  get  hot,  haraens  after  a  few  days, 
and  the  portion  of  the  mass  which  is  insoluble  in  warm  water  dries  up  on  the  water- 
bath  to  an  inodorous  redn,  resembling  colophony,  and  having,  when  purified  by 
psedpitation  of  its  alcoholic  solution  with  water  containing  hydrochloric  acid,  nearly 
the  same  composition  as  the  a  resin  of  gum-benzoin :  it  yields  by  dry  distillation  a 
thick  brownish  oil,  together  with  a  large  quantity  of  benzoic  add,  and  by  fusion  with 
potash,  benzoic  and  paraoxybenzoic  adds  (Hlasiwetz  a.  Barth,  Ann,  Ch.  Pharm, 
exxzix.  83;  Jakreeb.  1866,  p.  632). 

2.  Bitter  almond  oil  carefully  mixed  with  enMmric  anhydride  is  converted  into  an 
add  (TH^SO*,  whose  barium  salt  (C^*SO«)^  crystallises  in  hydrated  nodules 
which  give  off  their  water  at  170®  (£ngelhardt,  Jakreeb.  1864,  p.  860). 

3.  Oaaeons  hydriodic  add  converts  ^nzoic  aldehyde  into  the  compound  C>H"I*0 
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(GenUier  a.  Oaitmell,  i.  672) ;  but  by  hesUng  with  20  pts.  of  aatimted  aqncoda 
hydriodic  acid,  benaoic  aldehyde  is  mainly  oonverted  into  toluene : 

CH«0  +  4HI  =  cm  +  H«0  +  2I«, 

together  with  smaller  quantities  of  benaene  and  carbon  dioxide  (Beithelot,  Jakrah. 
1867,  p.  846). 

4.  Benaoic  aldehyde  diluted  with  coal-tar  naphtha  (boiling  at  about  100^)  rapidly 
dissolves  sodium,  producing  a  compound  which  separates  in  gelatinous  flocks,  and  is 
decomposed  by  water  into  ben^l  alcohol,  CH'O,  bensoic  aldehyde,  and  oodiom 
hydrate  (Chuich,  Phil.  Maa,  [4]  xxv.  522 ;  Jakreab,  1863,  n.  337).  Friedel  (BuU. 
Soe.  Chim.  1862,  p.  18^,  by  treating  benzoic  aldehyde  with  sodium-amalgain  and 
water  for  four  or  Are  oays,  obtained  a  quantity  of  benzyl  alcohol  equal  to  half  the 
benzoic  aldehyde  employed.  By  treating  benzoic  aldehyde  with  sodium^malgam  and 
water  in  an  atmosphere  of  hydrogen.  Church  obtained,  besides  ben^l  alcohol,  a  body 
which  he  represents  by  the  formula  C"H"0',  and  designates  as  dieretcl.  Clans  (Am%, 
Ck.  Pkcn'm.  cxxxvii.  92),  by  treating  an  ethereal  solution  of  benzoic  aldehyde  with  pasty 
sodium-amalgam  for  12  hours,  obtained  a  body  having  the  composition  C'^H'K)*, 
isomeric  with  hydrobenzo'in ;  and  Zinin  {ibid,  czxiii.  12A)  has  obtained  hydrobenaoin 
by  treating  benzoic  aldehyde  with  an. alcoholic  solution  of  hydrochloric  acid  and 
granulated  zinc.  Clans,  in  a  subsequent  paper  (Zeitsckr,  f.  Chem.  [2]  iv.  127), 
regfl^s  the  body  C^^H'H)*,  obteined  by  the  use  of  sodium-amalgam  (with  which 
Church's  so-called  dicresol  is  in  all  probability  identical),  as  OTjfbenryiie  etker, 
CH* — CHOH — O — CH' — C*H*,  a  compound  i  ntermediato  in  constitution  between  benzyl 
alcohol  and  benzoic  aldehyde — inasmuch  as  it  may  be  converted  into  benzyl  alcohol 
by  further  treatment  with  sodium-amalgam,  and  is  easily  oxidised  to  benzoic  aldehyde 
by  treatment  with  chromic  acid,  even  in  the  cold.  This  body  is  also  related  to 
benzoic  aldehyde,  C'H'O,  in  the  same  manner  as  pinacone,  CH'^O,  to  acetone,  CHH). 
When  benzoic  aldehyde  is  heated  with  sodium-amalgam,  and  a  stream  of  carbonic 
acid  gas  is  passed  into  the  liquid,  sodium  benzoato  is  formed,  together  with  an  oily 
liquid,  C*«H>*0*,  boiling  at  SU^*  (Alexeyeff,  Ann.  Ch.  Pharm.  cxxix.  347).  Acoordine 
to  Greville  Williams  {Chem.  Neios,  xv.  244),  benzoic  aldehyde  repeatedly  treated 
with  sodium  at  a  high  temperature  is  converted  into  toluylene  (stilbene),  C"H", 
together  with  other  producte : 

2C'H«0  +  Na*  «  C"H"  +  2Na«0. 

5.  Benzoic  aldehyde  heated  to  100°  with  suceinyl  eklonde,  is  converted  into 
benzylene  chloride  and  succinic  anhydride  (Bembold,  Anm,  Ch,  Pkarm. 
cxxxviii.  189): 

CH«0  +  C«H*0»a«  -  CH'OT  +  C*HW. 

6.  When  benzoic  aldehyde  is  left  in  contact  with  ammonium  earbamate  in  a  flask 
(under  an  exsiccator),  the  whole  solidifies  after  some  time ;  and  on  heating  the  mass 
with  ether,  water,  and  again  with  ether,  then  leaving  it  for  some  days  between  filtering 
paper,  and  drying,  a  colourless,  apparently  amorphous  body  is  obtained,  having  the 
composition  of  ammonium  carbamate  with  4  at.  H  replaced  by  2  mol.  C'H^ ;  thus : 


(CO)" 


Q  +  2C'H-0  =  2H«0  +  „  JCO)"; 


HM 
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N(C'H«)\ 
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On  jieating  this  body  with  alcohol  and  filtering,  crystals  of  hydrobenzamide  are 
obteined  (E.  Mulder.  Zeitsckr.  /.  Chem.  [2]  v.  68). 

7.  A  precisely  simihir  action  tekes  place  with  ammonium  ozysulphoearbamate, 

N 

Q  (produced  by  passing  carbon-oxysulphide,  COS,  through  alcohol  saUuatfd 


(CS)-   g. 


(CS)" 

with  ammonia),  resulting  in  the  formaUon  of  the  body         (CS)"!-^,    which    is 

N(C~; 
also  colourless  and  apparently  amorphous,  but  when  heated  with  alcohol  yields  a 
crystellised  body  different  from  hydrobenzamide  (Mulder,  loc.  cit.). 

8.  A  warm  aqueous  solution  of  amylamine  bisulphite,  saturated  with  bensoic 
aldehyde,  deposite  on  slow  cooling,  crystels  of  hydnited  amylamine  benzoyl 
bisulphite,  C*H"N.SH«0«.C'H"  ■»•  H«0,  which  g;ive  off  their  water  in  a  vacuum 
over  sulphuric  acid  (H.  Schiff,  Zeitschr.  f.  Chem.  [2]  iv.  12). 

9.  Benzoic  aldehyde  heated  with  acetic  anhi/driae  to  150°  for  several  hours,  unites 
with  it,  forming  the  compound  C"H'«0'  =.  C'H«(C«H«0«)«,identical  with  benzylene 
bi acetate  (i.  678).    Wlion  purified  by  distilling  the  product,  and  washing  the 
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portion  which  passes  oyer  aboye  the  boiling  point  of  benzoic  aldehyde  with  aqueous 
sodium  bisulphite,  it  remains  as  an  oil,  which  quickly  solidifies  to  a  czystalline  mass, 
melting  at  45°,  yeiy  easily  soluble  in  alcohol  and  ether,  and  distinguished  by  its 
great  tendency  to  crystallise  (Gheuther,  Ann.  Ch.  Pharm.  cyi.  249 ;  Hubner,  BmU,  Soc. 
Chim,  [2]  yiii.  459 ;  Perkin,  Ckem,  8oc.  J,  [2]  y.  586). 

10.  With  acetyl  chloride,  bensoic  aldehyde  forms  cinnamic  (phenyl-aoylic)  acid : 

C»HK)C1  +  C'HH)  -  HCl  +  C»H»0* 

(Bertagnini,  Ann.  Ch.  Pharm.  c  125).    With  hutyryl  chloride^  in  like  manner,  it 
forms  phenyl-angelic  acid  (Fittig  a.  Bieber,  ZeUeckr.  /.  Chem.  [2]  y.  388) : 

C*H'0C1  +  C»H-0  -  HCl  +  C"H>K)«. 

11.  When  bitter  almond  oil  containing  pruuic  acid  is  left  in  contact  in  a  closed 
flask  for  two  hours  with  aqueous  hydroMorio  acid  saturated  at  89,  the  watery  and 
oily  liquids  then  shaken  together,  while  the  yessel  is  kept  cool  by  immersion  in  cold 
water,  the  whole  again  left  to  itself  for  24  hours,  and  once  more  shaken  up,  the  liquids 
jM>lidify  together  to  a  mass  of  crystals  consisting  of  dibensoyl-hydroeyanide, 
((7H*0)*.CNH.  This  compound  is  nearly  insoluble  in  boiling  water,  slightly 
soluble  in  boiling  alcohol,  etner.  and  benzol,  and  crystallises  from  alcohol  or  glacifd 
acetic  acid  in  small  prisms  melting  at  195°,  and  decomposing  when  yolatilised  into 
an  oil  and  charcoal.  Heated  with  aqueous  hydrochloric  acid  to  120°,  it  decomposes, 
with  formation  of  benzoic  aldehyde,  mandelic  acid  (  ?),  and  sal-ammoniac  Heated 
with  water  or  alcohol  to  180°,  it  is  entirely  resolyed  into  benzoic  aldehyde  and 
mandelamide,  C*H*NO* : 

{cm*oy.csR  +  h«o  »  c^-o  +  c«h».ch(oh).conh«, 

wliich  crystallises  irom  water  in  rhombic  or  hexagonal  tables  (Zinin,  Zdtechr.  /. 
Chem.  [2]  iy.  709). 

12.  The  yellow  resinous  body  produced  by  prolonged  contact  of  ammonia  with 
bitter  almond  oil  containing  prussic  acid  was  examined  by  Laurent  and  by  Gerhardt, 
who  obtained  from  it  yarious  products,  according  to  the  circumstances  of  its  formation 
(i.  599).  Th.  Muller  a.  H.  Limpricht  (Ann.  Ch»  Pharm.  czi.  136)  haye  examined 
the  product  obtained  by  the  action  of  ammonia  on  that  portion  of  crude  bitter 
almond  oil  which  remains  in  the  retort  after  distillation  at  184°.  The  yellow  resin  thus 
formed  is  resolyed  by  ether  into  an  insoluble  portion  containing  hydrobenzamide  and 
other  bodies,  and  a  solution  which,  on  addition  of  alcohol,  deposits  a  large  quantity 
of  a  crystalline  substance,  not  exhibiting  a  constant  composition,  eyen  after  repeated 
crystallisation  from  alcohol.  Its  alcoholic  solution  mixed  with  hydrochloric  acid 
gires  off  hydrocyanic  acid,  and  yields  needle-shaped  crystals  of  a  hydrochloride 
C'*H»*N«.2HC1,  from  which  potash  separates  a  base,  C'«H'«N»,  crystallising  from 
dilute  alcohol  in  shining  laminse  melting  at  122°.  The  sulphate  C"H>*N<.H*SO* 
crystallises  in  needles;  the  platinum  salt  C*«H■*N^2HCl.PtCl«  is  a  yellow  pre- 
cipitate. 

ParaeJdoTobemoie  alde^de,  C*H^01.C0H,  is  produced  by  prolonged  boiling  of 
chlorobenzyl  chloride,  C^H^Cl.CH'Cl,  with  lead  nitrate  and  water;  more  easily  by 
heating  chlorobenzylene  chloride,  C*H*C1.  CHCl',  with  water  in  a  sealed  tube.  When 
separated  from  its  compound  with  sodium  bisulphite,  it  is  an  oil  which  boils  without 
decomposition,  smells  like  bitter  almond  oil  when  cold,  and  when  heated  ffiyes  off  a 
strongly  tear-exciting  yapour  (Beilstein  a.  Kuhlbeig,  Zeilechr.  f.  Chem.^\  iii.  467). 
The  same  compound  is  obtained  by  distilling  chlorotribenzylamine,  (C'H"dl)'K,  with 
bromine  and  water.  (See  Binztlaxhiss.)  It  passes  oyer  with  the  aqueous  yapour, 
and  when  purified  as  aboTO,  boils  between  210°  and  220°.  When  exposed  to  the  air 
it  quickly  absorbs  oxygen,  and  is  conyerted  into  parachlorobenzoic  acid  (Berlin,  Ann. 
Ch.  Pharm.  cli.  140). 

Tetrachlarobenzoic  aldehyde,  CHCl^COH,  appears  to  be  produced  by  heating  the 
chloride  C«HCl*.CHHn  with  water  to  280°  (Beihitein  a.  Kuhlberg,  Zeitechr.  [2] 
y.  528). 

Triobbnzoic  ALDBHTDBor  Thiobxnzotlhydbidb,  C^H*S  =  C^*.CSH, 
the  compound  which  Laurent  obtained  by  the  action  of  ammonium  sulphide  on  an 
alcoholic  solution  of  bitter  almond  oil  (i.  571),  is  probably  identical  with  the 
benzylene  sulphide  or  sulphobenzol  which  Cahours  obtained  by  treating  benzylene 
chloride,  CS^CX*,  in  alcoholic  solution  with  potassium  sulphydrate  (i.  577),  although 
Laurent's  product  is  described  as  a  white  powder  softening  at  90°-95°,  whereas  that 
obtained  by  Cahours  crystallised  in  micaceous  scales  melting  at  64°.  The  latter 
product  has  been  further  examined  by  Fleischer  (Ann.  Ch.  Pharm.  cxl.  234),  who 
finds  that  it  melts  at  68°-70°,  and  decomposes  at  a  higher  temperature,  yielding 
ioluylene  or  stilbene^  C'*H",  thionessal,  C**H''S  (the  products  of  decomposition 
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obtained  by  LanreBt),  together  with  tolallyl  sulphide,  C^^H*^.  It  dissolTes  eanlT  in 
etliflir  and  beaiol,  lem  easily  in  alcohol,  and  ciystallises  from  the  latter  in  voita 
shining  laminn,  from  ether  in  transparent  prisms.  The  alec^olie  solution  doea  lioi 
unite  with  merearic  oxide ;  with  merourio  ekloritU  and  lead  aeeiaU,  it  fbims  ptre- 
cipitates  which  quickly  deoompose.  Bromme  produoee  in  the  ethereal  solution  a 
brown  oil,  which  strongly  attacks  the  mueons  membranes.  Nitrie  aoid  <if  sp.  gr.  1*3 
converts  it  into  a  yellowish  oil,  and,  after  prolonged  boiling,  forms,  togetber  with 
sulphuric  and  benaoic  acids,  a  peculiar  modification  of  thiobensoie  add,  C'H*08 
(p.  324). 

In  preparing  the  compound  CH'S  by  the  action  of  potassium  sulphydrate  on 
benzylene  chloride,  fleischer  likewise  obtained  dithiobensoic  acid,  C^^  » 
C'H%.HS  (p.  326),  perhaps  in  eonseqoenoe  of  the  presence  of  ^tassimn  bisulphide 
in  the  sulphjfdrata.  it  remained  in  solution  after  the  monosulphide  had  been  thrown 
down  by  water,  and  was  separated  therefrom  by  hydxoehlorie  aeid  as  a  lod  non- 
erystallisiag  oil  haying  a  fetid  odour. 

Parackhrothiobengtrio  aldehyde,  C*H*(H.CSH,  separates  on  passing  dry  sulphydrie 
acid  gas  into  the  alcoholic  solution  of  porachlorobensoie  aldehyde,  as  a  pale  rose- 
oolound  floeculMit  predpitate,  insoluble  in  alcohol,  but  easily  soluble  in  bensol,  and 
remaining  on  eyaporation  of  that  solvent  as  a  transparent  varnish  (Beilstein  a. 
Kuhlberg). 

Bwsozo    osiiOSZiiB   or  JuorzoTZi    os&omzna.     c^H*oa  » 

CH*.C0C1  (i.  666). — This  compound  is  produced  syntheticsUy  by  the  aotion  of 
carbonyl  chloride  on  benzene  in  sunshine:  C*H'  +  COCl*  »  HGl  +  C'H^OCl 
(Hamitz-Hamitzky,  Bull,  Soe,  Chim.  [2]  iii.  322).  It  is  formed  also  by  the  action  of 
sulphur  dichloride,  SH?1*,  on  sodium  benzoate,  or  at  a  high  temperature  on  benn>ie  acid 
(Carius,  Ann.  Ch,  Pharm.  cvi.  291).  Red  chloride  of  sulphur  likewise  converts 
sodium  bensoate  into  benroyl  chloride  (Heints).  Beketoff  (tduf .  cix.  266)  obtained 
benjBoyl  chloride  in  small  quantity  by  heating  a  mixture  of  bensoic  acid,  sodium 
chloride,  and  sodium  anhydiosulphate  to  200°: 

C»H«0«  +  80*  +  2NaCl  =  C'H»Oa  +  HCl  +  Na«SO«. 

Lastly,  bensoyl  chloride  is  formed,  together  with  other  products,  by  the  aetioo  of 
phosphorus  pentachloride  on  hippuric  acid  (Schwanert,  iii.  168). 

Beaetione, — 1.  Bensoyl  chloride  is  not  acted  upon  by  chlorine,  even  at  the  boiling 
heat  (Qrimaux  a.  Vogt,  Diet,  de  CkMe ,  i.  669)  — 2.  By  treating  bensoyl  chloride 
with  phoephoms  pentachloride,  Limwicht  {Ann,  Ch.  Phirm,  xcix.  171)  has  obtained 
the  compounds  C'H  *Ci*  and  G'H*C1*,  in  addition  to  the  trichloride  G*H*C1*  pre- 
viously obtained  by   Schischkoff  a.  Rosing  (i.  667). 

8.  Bensoyl  chloride  treated  with  potaeaium  monosulphide  in  alcoholic  s  olutaon,  is 
converted  into  thiobenzoic  acid,  and  by  heating  with  lead  sulphide  into  bensoyl 
bisulphide  (p.  326). — 4.  With  eulphurie  anhydride  it  unites  directly,  forming 
sulphobenzoic  chlorhydrate,  C^H*CIS0«  (v.  488)  (Engelhardt,  .;aAf«06. 1864, 
p.  949). — 6.  Heated  to  140^-160°  with  caustic  baryta,  it  yields  bensoicanhydride, 
the  reaction  doubtless  consisting  in  the  first  instance  in  the  formation  of  barium  chloride 
and  barium  benaoate,  from  which  the  benaoic  anhydride  is  formed  hj  the  action  of  the 
bensoyl  chloride  (H.  Gal,  Jahreeb.  1863,  p.  387).  A  similar  reaction,  but  less  com- 
plete, takes  place  with  lead  oxide. — 6.  With  baruMt  dioxide,  BaO',  benzoyl  chloride 
yields  benzoyl  peroxide,  (C»H»0)»0>  (Brodie,  iv.  310). 

7.  Benzoyl  chloride  is  not  attacked  by  potaeaium  or  eodium  at  ordinary  tempevatores ; 
but  when  its  solution  in  anhydrous  ether  is  heated  with  sodium  for  24  hours  in  the 
water-bath,  the  ether  deposits  small  crystals  of  di benzoyl,  (CHH>)*  (Brii^l, 
Bull.  8oc,  Chim.  [2]  v.  278).— 8.  When  dry  hydrochloric  acid  gae  Is  slowly  paraed 
through  liquid  eoiium  amaiaam  (containing  but  little  sodium)  covered  with  a  layer  of 
benzoyl  chloride,  benzoic  aldehyde  is  first  produced,  and  this  by  frurther  addition  ^ 
hydrogen  is  converted  into  benzyl  alcohol  (Lippmann,  Und.  iv.  249). 

9.  Poiaseamide  introduced  into  a  solution  of  benzoyl  chloride  in  anhydrous  ether 
forms  benzamide  and  dibenzamide  (Baumert  a.  Landolt,  Ann.  Ch.  Pharm.  cad.  1) : 

30^*001  +  3KNH«  -  C'H'NO  +  C»«H"NO«  +  3KC1  +  NH«. 
BenioTl  Benssmide.     DibenHunide. 

chloriae. 

10.  W  ith  argeniammonium  eulphate  (an  ammoniacal  solution  of  silverKsxide 
mixed  with  sulphuric  add^  benzoyl  chloride  forms  ammonium  sulphate,  silver  chloride, 
and  benzamide  (Engelhardt,  Ann,  Ch.  Pharm.  cviii.  386) : 

(NH«Ag)»SO«  +  2C»HH)C1  -  2(NH«.C»HK))  +  H«SO*  +  2Aga. 

11.  Bensoyl  chloride  heated  with  potaeeium  eyanate  gives  off  a  small  quantity  of 
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beonmtrile.  OWV,  and  hmwm  ^apUniM.  C"H»1I*  (a  solid  miMMMa  polymarie 
OMnviUi),  Muad  with  potaMinm  chloride  (Cloes,  Butt.  Soe.  OUrn.  1869.  p.  100).— 
12.  With  0iMC  tti^  it  «onu  hmmfyUttbjl  C'RK}.Cm\  which  Muimtas  on  odditioa 
ofvitArM  a tegnnt  liqaid  boaii« at  117'' (^nmid,  ^ha.  d.  PA«r«i.  «zTuiL  1)l— 
IS.  With  the  nnc-ealt  of  amidobmtsoie  acid  it  tanoB  benao-amidohenaDie  acid, 
(rH\(rHK>>NO«  (Foatar,  iv.  292).>-14.  Heated  to  200^  in  a  aealed  tobe  with 
etJ^  mMimattt  it  yielda  aacdnie  anhydride,  otl^benaoala,  and  ethjl  chloride  (Kiaat, 
Anm,  OL  Pibm.  ooanrii.  254) : 

^^^|o«  +  (rH»oa  -  c«HK)«.o  +  ^^\o  +  ctkl 

15.  btihifmaJM  are  oooTerted  by  benaoyl  chloride  into  benaoyl-iaethioaatea^  a,g., 

C>HXKSO*)OH  +  CHK)a  «  HQ  *f  C*HXSSo!!)OC^*0« 

With  «Myi  awpAotoi  a  totally  different  reaction  takes  place,  Tcenlting  in  the  fonnation 
of  ethyl  dilonde.  With  ndphanilie  acid,  in  like  manner,  it  forms  benaoylBalphanilie 
arid,  C^'(HBO»X€'HH))N  (Engelhaidt  a.  Latsefainoff.  Zeitsekr.  /.  CW  [2]  ir. 
2S4,20e.) 

16.  Benaoyl  diloride  nnites  directly  with  uieoime,  forming  the  compound 
CVR* .  2G'fiK)Cl,  which  may  be  regarded  as  hydrochloride  of  benaoyl-nicotine, 

^^p^|]|*.2Ha,  or  chloride  of  benzcyl-nicotammoniam,  'vc'H'O/l^  ^^ 

Win,  Jmrn.  Ck.  Pkarm.  czriii.  206).— 17.  With  Mrwniamim,  NH*(OH),  it  fbrma 
dibendiydxoxamide,  N(C'HH>)H>H  (C.  A.  Heints,  Zaiwekr./.  Okem,  [2]  y.  78S). 

Cklorohengoyl  chloride,  CTHKIO . CI,  is  produced  by  the  action  of  1  mol. 
phoephoma  pentachloride  on  benaosnlphnric  chloride,  CH^SOHTl'  (Kammerer  a. 
Curiae,  p.  328) ;  and  by  gently  beating  1  moL  qninie  acid,  CH'^)*,  with  6  mol. 
phosphoras  pentachloride  (Qtaebe,  ifaa.  Ch,  Pkarm.  cxzxnii.  197) : 

C»H»K)«  +  6Pa»  s  CHKHO.a  +  6P0C1*  +  8HCL 

Meiaehlorohcnsoyl  ekloridt,  or  Ckloronalyl  chloride,  C*H*C10.C1, 
iMmeric  with  the  preceding,  is  the  oompoond  which  Cmoasa  obtained  1^  the  action 
of  phoephoma  pentachlonde  on  salicylic  add  (l  668:  there  called  chloride  of 
pmehlorobemgoyt).  It  is  transformed  by  water  into  metachlorobenaoic  or  cblorosalyUc 
acid ;  by  ammonia  into  chloroealylamide ;  by  aniline  into  chlorosalylanilide.  According 
to  KeknU  (^Ann,  Ch,  Pharm,  czviL  145),  it  is  partly  decomposed  at  each  distillation, 
beoomiBg  richer  in  chlorine  the  oftener  it  is  rectified. 

mmmwota  mmiiim  or  Mmwnmanm    (CHK))so.— This  compoond  is 

pradoeed,  according  to  Oal  (p.  880),  by  heating  benaoyl  chloride  with  barinm  oonde 
to  liOl^^l&O^  far  twenty  hoars.  Its  roeciflc  gravity  in  the  Uqnid  state  is  1*227  at 
27''  and  1-206  at  25*8°  (Mendelqef,  Jahretb,  1868,  p.  274).  Heated  in  dry  hydro- 
chloric acid  gas,  it  is  resolred  into  benzoic  acid  and  benaoyl  chloride : 

{cniH)yo  +  Ha  =  (rHK).Ho  +  c»h«ocl 

By  prolonged  heating  in  diy  snlphydric  acid  gas  it  yields  adistiUata  of  benaoic  acid, 
mixed  with  oily  dn^  apparently  consisting  of  benaoic  aldehyde  and  a  residue  of 
beoaoyl  bianlphide  (Mosbng,  Jtm.  Ch.  Piamkczviii.  808): 

8((?HK))«0  +  2H«8  -  8(CTP0.H0)  +  C»HH).H  +  (CTIH))«S». 

aenao-todis  osMa  or  lodlae  besBOiite*  (TH^IO*  »  ^^^^lo,  has  not  been 

obtained  pure,  but  appears  to  be  formed,  together  with  sodium  chloride,  by  the 
action  of  iodine  chlon^  on  sodium  bensoate:  C^*NaO*  +  Id  »  NaCl  +  C'H*IO*. 
On  heating  the  product  of  this  reaction,  carbon  dioxide  and  iodine  are  giyen  off,  and 
a  liquid  distils  over  which  is  resolred  bv  fractional  distillation  into  iodobenzene, 
CH'I,  and  a  solid  body  resembling  naphthalene  (Schntaenberger,  Con^.  rend,  lii, 
136 ;  Jmkrteb.  1861,  p.  349). 

U  (C'HK))*0*,  is  described  in  vol  it.  p.  810. 

^IC  ■UJ«FaH»BJLTB,  (rHH).SH,  smtraZDB,   ((rHK))>S,    and 

(C^*0)*S',  have  already  been  described  among  the  Sulpuuu- 
DSBiTATiyM  OF  Buooic  Acid  (pp.  324-326). 

xaonKfOnr.  C*«H*K)*. — This  body,  polymeric  with  benaoic  aldehyde,  is  easily 
psvpavad  from  bensile,  C>^**0^  by  the  action  of  redaciiig  agents,  as  when  a  solution 
of  1  pt^  bensile  in  6  pts.  acetic  acid  of  sp.  gr.  1*065  is  bailed  with  1  or  2  pts.  of 
metallic  iron.  The  liquid  then  coagulates  to  a  pulp  of  needle-shaped  crystals  of 
benaoin ;  and  by  decanting  these  crjwtals  ftom  the  residual  iron,  washing  them,  after 
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oooHng,  with  water,  and  crystaUising  tram  alcohol,  benio&i  ia  obtained  pofeetly  pue. 
A  warm  alcoholic  solntion  of  benzile  is  also  conrerted  into  benaom  by  tmtDMDt  with 
finely  granulated  sine  and  hydrochloric  add.  By  Anther  eontinnanee  of  thendndng 
action  in  this  latter  case,  the  beusoin  is  concerted  into  a  body  richer  in  hydrogen 
(iii.  186)  (Zinin,  Ann.  Ch.Pharm,  cxix.  177 ;  cxziii.  125). 

Benxoin  boiled  with  alcoholic  potash  is  almost  wholly  conyerted  into  potunnm 
bencilate :  C>«Hi«0'  +  KHO  -  &«H"KO<  +  H«  (the  hydrogen  being  oxidised  in 
contact  with  the  air) ;  but  when  heated  with  alcoholic  pota&  to  150^-160°  in  a 
sealed  and  exhausted  tube,  it  yields  bencilicacid,  hydrobenaom,and  the  body  isomeric 
(?  identical)  therewith  which  Clans  obtained  by  the  action  of  sodiam-amalgam  on  an 
ethereal  solution  of  bennic  aldehyde  (Zinin,  Btdl,  Soe.  Ckim.  [2]  ▼ii*  260T.  Heated 
to  100^  with  alcoholic  ammonia,  it  is  resolved  into  benaotnam,  U^^H**!^,  lophine, 
G**H*'N*,  and  a  resinous  body,  accompanied  by  small  quantities  of  benaoinnnide, 
C**H"N»  and  a  granular  substance  (J.  Erdmann,  Ann,  Ck,  Phann.  cxxxr.  181). 
Heated  with  aniUne  to  200^,  it  is  oonyeited  into  a  crystalline  substance  apparently 
identical  with  the  so-called  bensoyl-anilide,  C"H"ll[,  which  lAurent  a.  Geriiaxdt 
obtained  by  the  action  of  aniline  on  benaoic  aldehyde.  This  body  is  probably 
ditoluidene-diphenamine,  C*^«N'  =  ((7H*)^C«H»)«N'  (Schiff,  JahreA.  1865,  p.  413). 

Bensom  heated  for  seven  or  eight  hours  to  130^  with  1^  pits,  of  hydrochlorie  add 
saturated  at  8^,  is  converted  into  an  oily  body,  which  floats  on  the  add,  and  on 
opening  the  tube  solidifies  to  a  laminar  mass,  separable  by  the  action  of  solvents  into 
lepidene,  C^'H'H),  which  remains  for  the  most  part  undissolved  on  treating  the 
product  with  ether ;  b  e  n  s  y  1,  C**H*^  which  ciystaUises  firom  the  etiiezeal  solution,  and  a 
thick  oil  insoluble  in  water,  easily  soluble  in  alcohol  and  ether  (Zinin,  BuU.  Soe,  CSam. 
[2]  viii.  271). 

BeoxTbenaoiii.  C"Hi<0  (Zinin,  Ann.  Ch.  Pkarm.  cxix.  179;  cxxn.  218; 
2>itsekr.  f.  Chem.  [2]  iv.  718).— Produced  from  bensoin  by  the  action  of  nascent 
hydrogen  evolved  by  zinc  and  nydrochloric  add ;  more  easily  by  similar  tzeatment  of 
chlorobendle  dissolved  in  alcohol : 

C"H»»C1«0  +  2HC1  +  Zn«  -  2Zna«  +  C"H»K). 

Beoxybenaoin,  purified  by  crystallisation  from  ether  and  alcohol,  is  white,  easily 
soluble  in  alcohol  and  in  ether,  slightly  soluble  in  boiling  water,  from  which  it 
separates  as  an  oil,  or  in  needles  and  lamina  resembling  benxoic  acid.  It  melts  in 
capillary  tubes  at  45^,  but  in  larger  masses  at  a  higher  temperature,  and  then  sdidifiei 
at  58^  to  a  crystalline  broadly  laminar  mass.  It  is  not  altered  by  potash,  either  in 
aqueous  or  in  alcoholic  solution,  or  by  benzoyl  chloride. 

Deoxybencoin  is  strongly  attacked  by  Immine,  forming  the  compound  C**H**Br'0, 
analogous  to  chlorobendle  (p.  305),  and  crystallising  in  rhombic  prisms  melting  at 
87°»  decomposing  at  a  higher  temperature.  This  compound  treated  with  silver  nitiate 
or  fuming  nitric  acid  vields  bendle;  with  alcoholic  potash,  it  yields  potaesinm 
benzoate  and  benzoic  aldehyde. 

The  action  of  chlorine  on  deoxybenzoin  is  not  so  definite  as  that  of  bromine.  The 
product,  which  does  not  resemble  chlorobenzile,  is  dissolved  by  alcoholic  potash,  with 
formation  of  benzoic  or  benzilic  add. 

With  phosphorus  penUKhloride,  deoxybenzoin  forms  an  oily  body,  C'*H"C1, 
insoluble  in  water,  soluble  in  alcohol  and  ether : 

c"H'«o  +  pa»  =  c»«H»»ci  +  poa«  +  na : 

and  this  substance  treated  with  sodium-amalgam  and  water  yielda  tolnylene  or 
stilbene: 

C"H"a  +  Na«  +  H*0  =  C»*H'«  +  NaCl  +  NaHO. 
The  same  substance  distilled  or  merely  heated  to  boiling  with  caustic  potash  yields 
crysUlsof  tolane,  C"H"  =  C»<H"C1  +  HCl. 

Deecxybenzoin  heated  with  nitric  acid  of  sp.  gr.  1*2  is  converted  into  paianitro- 
benzoic  acid  (p.  314). 

Deoxybenzoin  may  be  regarded  as  the  anhydride  of  hydrobenaoin,  C"ff  *0*  - 
H'O  »  C'^H'^O  ;  it  appears  to  be  identical  with  hydrobenzile  produced  by  the  aetbn 
of  ammonium  sulphide  on  benzile  (iii.  185),  and  with  oxide  of  toluylene  or  Btilhene. 
which,  according  to  Limpricht  a.  Schwanert  {Jahresb.  1867,  p.  675),  is  produced  by 
heating  toluylene  acetate  with  alcoholic  potash,  and  crystallises  in  needles  melting  at  58^. 

Kydrobenaoliif  G>«H'<0',  ori^nally  obtained  by  treating  pure  benzoic  aldehyde 
with  zinc  and  hydrochloric  acid  (iii.  185),  and  subsequently  by  heatinff  benzoin  with 
alcoholic  potash  in  sealed  tubes  (supra),  is  identical  with  toluylenic  or  stilbenic 
alcohol : 

CH(OH»)0H 
(C"H")''(HO)«    or    I 

CH(OH»)0H, 
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produced  from  toli^leae  bromide,  G'^H'^Br',  by  heating  that  oompound  with  silver 
acetate  or  oxalate,  whereby  it  is  oonrerted  into  the  corresponding  acetate  or  oxalate, 
and  treating  either  of  these  ethers  with  alcoholic  potash  (Limprieht  a.  Schwaneit, 
ZeUtckr,/,  CkeiiL  [2]  iii.  684) ;  probably  also  with  tne  compound  of  the  same  compo- 
sition obtained  by  the  action  of  sodium-amalgam  on  benzoic  aldehyde  (Glaus ;  Ghurch, 
p^  328),  or  on  benzoic  acid  (Hermann,  Ann,  CK  Pkarm.  cxxxii.  75).  It  is  true  that  the 
melting  points  of  these  several  products  do  not  quite  agree,  Zinin's  hydrobenzoin 
melting  at  130^,  Ghurch's  so-called  dicresol  at  129^,  Glons's  product  at  100°,  and 
Hermann's  at  116*^,  and  the  toluylenic  alcohol  of  Limprieht  a.  Sdiwanert  at  122^ ;  but 
these  diflfarenoes  may  be  duo  to  the  various  degrees  of  purity  of  the  several  products, 
dans,  as  already  observed,  rogaida  his  product  as  axybtnzyiic  itker : 

GH(G^»)OH 

i 

CH«(G«H»), 

and  as  diffiarant  firom  hydrobenzoin,  because  it  nves  different  reactions  (not  specified) 
with  nitric  add,  and  because  it  reacts  like  a  body  intermediate  between  an  alcohol  and 
an  aldbhyde,  being  converted  into  benzylic  alcohol  by  nascent  hydrogen,  and  into 
bensoic  aldehyde  by  oxidation  with  chromic  add.  But  hydrobenzoin  exhibits  very 
nmilar  characters,  being  also  converted  by  nascent  hydrogen  into  benzyl-alcohol, 
which,  indeed;  is  always  formed  simultaneously  with  it,  and  by  oxidation  with  nitric 
add  into  benzoin,  polymeric  with  benzoic  aldehyde. 

mmanOJMEO  ACZD.  CB}*0*.  a^drobgnzoie  Acid  (Hermann,  Amn,  Ch.  Pharm, 
cxxxii.  75 ;  Otto,  Und.  cxxxiv.  303). — ^This  add,  intermediate  between  benzoic  and 
oenanthvlic  adds,  is  obtained :  1.  By  the  action  of  nascent  hydrogen  on  benzoic  add. 
When  this  add  is  boiled  with  a  little  water,  sodium-amalgam  added,  and  a  current  of 
hydrochloric  add  gas  directed  into  the  mixture,  sodium  benzoleate  is  produced,  together 
with  benzyl  alcohol,  and  a  compound  containing  G'*H**0'  (?  hyorobenzoin).  The 
benzyl  alcohol  is  separated  by  distillation ;  the  residue  is  agitated  with  ether  to 
remoive  the  compound  G>*H"0' ;  and  the  remaining  sodium  benzoleateis  decomposed 
I7  hydrochloric  acid.  Benzoleic  acid  then  separates  as  an  oil  which  does  not  solidify 
in  the  oold,  provided  all  the  benzoic  add  has  been  converted  into  benzoleic  acid ; 
in  the  eontxaiy  case,  the  treatment  with  nascent  hydrogen  must  be  repeated 
(Hermann). — 2,  By  heating  hydrobenziluric  acid,  G**H'*InO*  (produced  by  the  action 
of  naaeent  hydrogen  on  hippunc  add),  with  a  strong  solution  of  caustic  alkali  * 

C»«H«NO«  +  HH)  «  CW'O*  +  G«H»NO«  +  G'H»0 

Hjdbroteiudlliirlo  Benanlftic        Glycodue.         Boixyl 

add.  add.  aloohoL 

Benzoleic  add  is  a  rather  mobile,  volatile,  acid  oil,  having  a  disagreeable  odour 
somewhat  like  that  of  valerianic  add ;  heavier  than  water,  insoluble  therein,  very 
soluble  in  alcohol  and  ether.  It  does  not  unite  readily  with  bases ;  nevertheless 
when  heated  with  alkaline  carbonates  it  expels  the  carbonic  acid.  It  is  very 
unstable. 

The  baudeatea  of  todium  and  calcium  are  deliquescent,  alterable  on  exposure  to  the 
air,  slightly  soluble  in  boiling  alcohol,  separating  out  as  the  solution  cools.  According 
to  Otto,  the  caldum  salt  is  converted  by  repeated  crystallisation,  into  benzoate,  with 
Joss  of  4  atw  hydrogen.  EtM  bemoUaU,  C'H*(G'H^)0*,  obtained  by  passing  hydro- 
chloric add  AS  into  an  aloonolic  solution  of  benzoleic  add,  is  a  transparent  colourless 
liquid,  smelBng  like  ethyl  valerate,  and  decomposing  when  exposed  to  the  air 
(Hermann). 

^BavOMB.    Syn.  with  PBsrTL-BBKzoTL  (iv.  478). 

or  Phenyl  Cyanide,    See  GrAinDES. 

See  PiMACOifB  (iv.  648). 

CHH).--The  radide  of  the  benzoicseries.  In  the  free  state,  as  G"H"0», 
sometimes  called  Dibenzoyl,  it  is  obtained  by  treating  benzoic  chloride  dissolved  in 
ether  with  sodium-amalgam,  the  action  being  assisted  towards  the  end  by  the  heat  of 
a  water-batlL  The  solution,  filtered  after  24  hours,  shaken  up  with  water  to  decom- 
pose the  remaining  portion  of  benzoic  chloride,  then  freed  from  the  greater  part  of 
the  clher  by  distillation,  and  left  to  stand  in  a  closed  vessel,  gradually  deposits  small 
eryBtala  of  benzoyl,  which  may  be  purified  by  reciystallisation  from  ether.  Benzoyl 
formM  small  colourless  prisms  having  a  vitreous  lustre,  melting  at  146°,  subliming 
with-jut  decomposition,  and  only  slightly  soluble  in  alcohol  and  in  ether.    It  dissolves 
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IB  atioiig  snlplmrie  acid,  and  weganitB  on  additioB  of  water,  appanatly  witliout 
altazatkm,  in  knig  daiidsr  naedlcs.  Wheo  boiled  with  aleoholiepotasb,  itdeeompose^ 
with  formation  of  bonaoie  add,  and  an  oily  bodj  pneipitable  by  water,  which  is 
pobably  bensyl  aleohol,  thia  latter  bodj  bcdng  fonned  by  m  aaconduy  reaction  from 
MOSMC  aldehyde,  iriiieh  la  probably  formed  in  the  flrat  inatan<».,  tqgBther  with  benioic 


C»«BP«0*   +   KHO   -    C»H»KO«   +    CH«0 
Baw^L  PiTt— iiiiii  Benaoio 

behaTioar,  tomthar  with  the  meltiog  point  and  aolnbili^,  diijtingaiih  bemojl 
fron  bemdle  (meltii«  at  about  90^),  with  which  it  iaiaoaMrie(Brigal,  Jbm,CkPiam. 
171). 

VTMIb  CVSOBCDSi    See  Bamoic  Chlobidx. 

L    See  Bbrioic  AuiMBYmL 


C*H';  in  the  free  state,  C*«H>«  (dibenzyl).— The  preparation  and 
propertiea  of  thia  radicle  an  described  in  toI.  t.  p.  870,  where  the  name  bauyl  is  used 
as  synonymoas  with  tofyl.  Fittig,  howerer,  has  shown  (Jam,  Ci,  Pkarm,  etna. 
178)  that  tol3^  C■*H*^  obtained  by  heating  bromotolnene  with  sodinm,  is  IsonNrie,  not 
identical,  with  bensyl  produced  in  like  manner  from  bensyl  chloridie,  tolyl  being  s 
liqnid,  wharaas  ben^l  is  a  crystalline  solid.  The  isomerism  between  bensyl  and  tdyl 
is  exhibited  by  the  following  formnUe: 

Hemjl  ehlofflde^  GhloratoloeDei* 

DltMBsyl.  DItdjL 

Bensyl  is  also  produced  by  heating  tolnylene,  C>^»,  to  140^-150^  with  coooeotnta) 
hydriocue  acid,  and  may  be  separated  by  washing  the  product  with  soda-ley  and  vster, 
and  recrystallinng  from  alcohol.  It  melts  at  49^-60^  (limpricht  a.  Sdivanet^  Js*. 
Ck,  Pkarm,  czlr.  880). 

When  passed  in  the  state  of  Taponr  through  a  red-hot  tube  filled  with  fragmeats  of 
pumice,  it  is  resolyed  into  toluene  and  tolnylene:  2C*«Hm  -  2CH*  -i-  C*H"(B. 
Otto,  Zeitdehr.f,  Chem,  [2]  ri.  22). 

Bengal  bromide,  C^*.CH*Br,  Benzyl  chloride,  C^B*.CEP(X  vai  their 
substitution  derivatiyes,  are  described  in  association  with  their  isomerides,the  hromo- 
and  chloro-  toluenes  (y.  868--866,  and  pp.  280-284  of  this  yolume). 

BromituUed  euUtitution  products  of  Dibemyl  were  obtained  by  Stalling  and  Fittig 
Or,  871)  by  the  action  of  bromine  on  beni^l  suspended  in  water.  Limpridit  a*  Marqnsit 
{ZdUckr.  /.  Chem,  [2]  y.  837)  haye  obtained  compounds  isomeric  with  these  bjtiest- 
ing  benzyl  with  dry  bromine.  Monobromodibemyl,  C**H"Br,  thus  obtained,  is  an  oil, 
which  when  heated  with  alcoholic  potash  yields  tolnylene :  C>«H>*Br  -  HBr  »  C^^" 
The  dibromodibeiufyl,  C*^H**Br*,  nroduoed  in  like  manner,  is  identical  with  tolnrleDe 
bromide,  and  like  that  oompouna  is  conyerted  by  alcoholic  potash  into  tolane,  C'H". 
The  tribromodibemyl  could  not  be  separated  completely  from  the  preceding  eompoond ; 
but  it  is  eseentially  different  from  the  tribrominated  compound  produced  by  treitiog 
dibensyl  with  bromine  in  presence  of  water. 

Bensyl,  therefore,  exhibits  the  same  tendency  as  toluene,  xylene,  &e.,  to  yield,  vith 
bromine  or  chlorine,  different  products  acooidingly  as  the  reaction  takes  pbee  st  tos 
or  at  high  temperaturea,  the  substitution  of  the  bromine  in  dibensyl  as  well  bb  is 
toluene  taking  place  within  the  phenyl  molecule  at  low  temperatures,  iad  in  the  methjl 
molecule  (the  lateral  chain)  at  high  temperatures. 

B  VnbT&  AIiOOBOA.  C'HH)->OH^CHH)H.— Isomeric  with  cMoL  DHsibed 
in  yoL  i.  p.  678.  Produced  also :  1.  Together  with  hydrobenaoin  and  ethyl  ^i*^*"^^ 
by  the  action  of  sodium-amalgam  on  bensoic  acid  (Hermann,  p.  828).-^2.  Togeuer 
with  glyoodne,  hydrobenaoin,  and  a  nitrogenous  acid,  by  the  action  of  sodiusi-snslS*"^ 
on  hippuric  add  (Hermann,  Ann,  Ch.  Pharm,  cxxxiit  355 ;  Jakretb,  1865,  p.  ^^"" 
3.  By  Doiling  hydrobenzyluric  acid  (produced  by  adding  sodium-amalgam  to  a  oonoeo* 
trated  alkaline  solution  of  hippuric  add)  with  alkalis : 

C"H«NO«  +  HH>  -  C«H»NO«  +  C*fl\)  +  CH»«0« 
HydrotMmsylnrlo  Oljoodne        Bm^        Bensotetc 

■dd  ||l<y»hol  SfCid: 
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ud  in  like  maimer  ftom  hydiozybeiitylnrie 

2C»^H"N0»  +  H«0  -  20«H»N0«  +  2C»HH)  +  C»«BP«0» 

Qjdiuijtwmgrlnrie  OlToodne.  Boisyl         Bntroxy- 

mUL  aleolH^.        bttMBMio 


(Otto,  Asm.  Ck.  Pkarm.  coziT.  303 ;  Jahretb.  1866,  p.  366.)— 4.  By  poeeiiig  a  elow 
■tveui  of  dxy  hxdroeliloirie  add  gaa  thrangh  liquid  eodinm-aaialgain  eoYered  with  a 
lajcfr  of  benaorl  chloride,  OH*OC1,  thie  oompoand  being  thereby  oonTertad  into 
bttuoic  aldelme,  and  the  latter,  by  fbxther  addition  of  hy£ogen,  into  bensyl  alcohol 
(Lippmaan^  BwU,  Soe.  Ckim.  [2]  iy.  249) — 6.  By  heating  bensyl  chloride  with  3  pU. 
of  xeeently  precipitated  lead  oziide  and  10  pte.  water : 

2C*H»a  +  PbHW  -  PbCl«  +  2CrHH) 


(Lenth  a.  Grimanz,  tM.  m  Tii.  106). 

6.  By  the  action  of  alcoholic  potash  on  the  portions  of  Pem-baleam  oil  boiling  at 
200^,  ajid  abont  the  boiling  point  of  merenry,  tne  former  consisting  of  benzyl  bencoate, 
the  latter  of  benzyl  dnnamate.  The  benzyl  alcohol  thus  obtained  boils  at  206*2° 
(oorr.),  haa  a  sp.  gr.  of  1*0466  at  19^  and  aoes  not  solidify  at  — 18°  (Kraut,  Ann.  Ck 
Fharm,  dii.  134). 

OktartBStod  a«m«yl  Ale^hoto  (Beilstein  a.  Knhlberg,  ZeiUekr,  /.  Ckem.  [21 
liL  467:  IT.  26,628;  y.  62e).'-Paracklorobenevl  alcohol,  C*H«C1 . CHH)H, 
obtuned  hj  besting  pazachloxobenzyl  acetate  (p.  336)  with  ammonia  to  160°,  and 
rsofyitaUiang  the  niodnct  from  water,  forms  spicolar  crystals  often  seyeral  inches 
loqg;  melts  at  66° ;  boils  without  decompo^tion ;  is  nearly  insolnble  in  cold,  and 
bat  slj^itly  sofaible  in  boiling  water ;  yields  parachlorobenzoic  add  by  oxidation. 

Paradicklorohe%£f/l  aleokol,  C*H*a*.CHK)H,  is  nrepared  by  heating  the 
coBespooding  acetate  wiUi  ammonia  to  180°,  distilling  the  oUy  product  to  separate  the 
more  Tolatile  portions,  and  recrystallising  the  portion  which  sohdifies  on  cooling,  from 
water.  It  forms  white  shining  needles,  ycry  slightly  soluble  in  water,  melting  at  77°, 
and  partially  decomposed  by  boiling. 

Triekiorobengpl  alcohol,  C*H>G1*.CH*0H,  is  obtained  by  heating  trichloxo- 
Idneae  eUoride,  C«H*G1*.  CHKH,  with  potassium  acetate  to  160°  in  sealed  tubee.  The 
cotvoBDonding  aeetate  is  then  formed,  but  decomposes  putially  on  distilling  the 
filtered  solution,  so  that  trichloxobenzyl  alcohol  distils  oyer,  luid  on  mixing  the 
distillate  with  water,  separates  as  an  oil,  which  solidifiee  after  a  while,  and  may  be 
porified  by  reerystsJlisation  from  water.  By  oxidation  with  chromic  add,  it  is 
oonyefted  mto  triehlorobensoic  acid, 

Teiraehlorohengyl  alcohol,  CHC1«.CHK)H,  is  obtained  by  heating  tetra- 
chloHitolnene  chloride,  G^Cl^.CH'Cl,  with  absolute  alcohol  and  potassium  acetate  to 
186^,  and  porified  by  erystaUisatioB  from  boiling  watar. 

PcntaehloTohtngyl  alcohol,  C*C1*.CHK)H,  prepared  in  like  manner  by 
heatiog  Cd'.CHKl  with  absolute  alcohol  and  potassium  acetate  to  200°,  and 
porified  hj  reciTBtallisation  from  a  mixture  of  benaol  and  absolute  alcohol,  forms 
short  whita  needles,  melting  at  193°,  insoluble  in  water  and  in  cold  abeolute  alcohol, 
subtly  adluble  in  boiling  JoohoL  It  does  not  appear  to  yield  any  organic  add  by 
onklion  with  chromic  add. 

VMrobMuyi  Alotfbela.  Mononitroheneyl  alcohol,  C*H«(NO*).CH*OH, 
is  produced,  together  with  potasdum  nitrobenzoate,  by  heating  nitrobcomoic  aldehyde 
wiUi  aleoholie  potash: 

2(rH»(N0«)0  +  KHO  -  (rH«K(NO»)0«  +  C'H»(NO«)0. 
Ob  adding  water  to  tlie  product,  the  nitroben^l  alcohol  separates  as  a  yisdd, 
iiimjBiBTlTibln  oil,  which  is  decompoeed  by  distillation  under  ordinary  atmos|^eric 
[oewiii.  bat  diatfls  under  a  pressure  of  3  millim.  at  170°-180°,  as  an  amber- 
eoloned  oil,  which  is  oonyerted  by  phosphorus  pentachloride  into  a  yellow  chlori- 
nated noB-yolatile  liquid  (Orimaux,  BuU,  8oc.  Chim.  [2]  yiii  433). 

Paramitrobcusyl  alcohol,  C*HXNO*).CHH)H,  is  formed,  together  with 
sfstamidii.  by  hftting  pazanitrobensyl  acetate  with  aqueous  ammonia  to  100°,  till 
the  oily  layer  disavpears,  wad  purified  by  recrystallisation  from  hot  water.  Colourless, 
slender  needles,  wheh  become  coloured  on  exposure  to  light,  melt  at  93°,  dissolye 
easily  in  hot  water  or  in  water  containing  ammonia.  Oonyerted  by  oxidation  into 
paramtrobennie  add  (Bdlstein  a.  Kuhlbe^,  Zmtcehr,  /.  Chcm.  [2]  iii.  467). 

Parmdiniirobcngfl  alcohol,  C*H*(NO*)*.CH*OH,  formed  by  distelying  the 
preeeding  componad  in  fuming  nitric  add,  is  predpitated  from  the  solution  by  water, 
and  crystallises  in  needles  melting  at  71^  (Beilstein  a.  Kuhlbeig,  loo.  cU,), 
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in  strong  sulphnrio  acid,  and  Beparates  on  addition  of  water,  apparently  without 
alteration,  in  long  slender  needles.  When  boiled  with  alcoholic  potasn,  it  deoompnees, 
with  fonnation  of  benaoie  add,  and  an  oily  body  predpitable  by  water,  which  is 
probably  bensyl  alcohol,  this  latter  body  being  fanned  by  a  seeonouy  reaction  from 
benzoic  aldehyde,  which  is  probably  formed  in  the  lint  instance,  together  with  benaoie 
acid ; 

C"H>»0«   +   KHO    =.    C'H»KO«    +    C'HH) 
BenieyL  Potimrinin  Bcnaolo 

twnioete*  oldiliydB* 

This  behayiour,  toother  with  the  melting  point  and  soliibility,  distinguish  benaoyl 
from  bensile  (melting  at  about  90^),  with  which  it  is  isomeric  (Brigel,  .iim.  CL  Phitrm. 
.  171). 

OTZi  OS&OBDBi    See  Bknsoic  Chlobidx. 


>TXi  BTBXZBa.    See  Bbmzoxc  Aldbstdb. 


.....^  C^';  in  the  free  state,  C>«H*«  (dibenzyl).~The  preparation  and 
properties  of  this  radicle  are  described  in  vol.  y.  p.  870,  where  the  name  bemyl  is  used 
as  synonymous  with  tofyl.  Fittig,  howerer,  has  shown  {Jnn,  Ck.  Pkarm.  ezziix. 
178)  that  tolyl,  C**H'\  obtained  by  heating  bromotoluene  with  sodium,  is  isomeric,  not 
identical,  witii  bensyl  produced  in  like  manner  from  bensyl  chloride,  tolyl  being  a 
liquid,  whereas  ben^l  is  a  crystalline  solid.  The  isomerism  between  bensyl  and  tolyl 
is  exhibited  by  the  following  formulae: 

Bensyl  Chloride.  Ohlorotohiene. 

Q^,JCH«[CH^C*H-)]  c«H«}^' 

^"}H  ^^}C«H*(CH«). 

DllMi^L  DitoljL 

Bensyl  is  also  produced  by  heating  toluylene,  C*^H",  to  140<'-150®  with  concentrated 
hydriocue  add,  and  may  be  separated  by  washing  the  product  with  soda-ky  and  water, 
and  reeiystallisiog  fh>m  alcohol.  It  melts  at  48^-60®  (Limpricht  a.  Schwanert^  Ann, 
Ch.  Pkarm,  cxIt.  380). 

When  passed  in  the  state  of  vapour  through  a  red-hot  tube  lUled  with  ftegments  of 
pumice,  it  is  zesolTcd  into  toluene  and  toluylene:  2C>«H^«  -  2CH*  -t-  C>'H»(R 
Otto,  Zeitsehr,/.  Chem.  [2]  ri.  22). 

Bengyl  bromide,  C*H*.CH^r,  Bemyl  chloride,  C«H*.CH*a,  and  their 
substitution  deriTatires,  are  described  in  association  with  their  isomerides,  the  bromo- 
and  chloro-  toluenes  (y.  868-866,  and  pp.  280-284  of  this  yolume). 

BrtminaUd  mihstUuHon  producU  of  Dihenzyl  were  obtained  bjr  Stelling  and  Fittig 

iy.  871)  by  the  action  of  bromine  on  beni^l  suspended  in  water.  Limj^richt  a<  Harquart 
Zeitsekr.  /  Chem.  [2]  y.  887)  haye  obtained  compounds  isomeric  with  these  by  treat- 
ing ben^l  with  dry  bromine.  Monobromodibenryl,  C'*H*'Br,  thus  obtained,  is  an  oil, 
which  when  heated  with  alcoholic  potash  yields  toluylene :  C>*H>*Br  -  HBr  «  C>«H". 
The  dibromodibemyl,  C'^H'^r*,  nxxxluced  in  like  manner,  is  identical  with  toluylene 
bromide,  and  like  that  compound  is  conyerted  by  alcoholic  potash  into  tolane,  C'*H'*. 
The  trihroTfiodibemyl  could  not  be  separated  completely  from  the  preceding  compound ; 
but  it  is  essentially  different  from  the  tribrominated  compound  produced  by  treating 
dibensyl  with  bromine  in  presence  of  water. 

Benzyl,  therefore,  exhibits  the  same  tendency  as  toluene,  xylene,  &e.,  to  yield,  with 
bromine  or  chlorine,  different  products  accordingly  as  the  reaction  takes  place  at  low 
or  at  high  temperatures,  the  substitution  of  the  bromine  in  dibenzyl  as  well  as  in 
toluene  taking  place  within  the  phenyl  molecule  at  low  temperatures,  and  in  the  methyl 
molecule  (the  lateral  chain)  at  high  temperatures. 


AI1OOBO&.  G'HK)«C«H*.CHK>H.— Isomeric  with  cresoL  Described 
in  vol.  i.  p.  678.  Produced  also :  1.  Together  with  hydrobenaotn  and  ethyl  benaodeate, 
by  the  action  of  sodium-amalgam  on  benzoic  add  rHermann,  p.  328). — 2.  Together 
with  glycodne,  hydrobenzoin,  and  a  nitrogenous  acid,  by  the  action  of  sodium-amalgam 
on  hippuric  add  (Hermann,  Ann.  Ch,  JPiarm.  cxxxiii.  366 ;  Jahreab.  1866«  p.  864). — 
3.  By  boiling  hydrobenzyluric  add  (produced  by  adding  sodium-amalgam  to  a  concen- 
trated alkaline  solution  of  hippuric  add)  with  alkalis : 

C"H*»NO«  +  H«0  -  C«H»NO»  +  CH«0  +  C»H»«0« 
Sydrobensylulo  Olyoodse        Bensyl        Bensoletc 

add  eloohol  add ; 
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And  in  like  manner  from  hydraxybensyliirie  add : 

2(?«H"N0»  +  HK)  -  2C»H»N0«  +  2CHH)  +  C»«H»»0» 

HjrflrmjbMi^ytmlc  Otyoodae.  Bemyl         Hjdrozy- 

MM.  tloobol.         bttaBMlo 

Mid. 

(Otto,  Amu,  C3L  Pkatm.  enadT.  808 ;  Jahretb.  1866,  p.  866.)— 4.  By  paoiiiig  a  slow 
fltnam  of  di7  hydzoehioric  add  gaa  through  liquid  aodinm-aaialgam  eoyei^  with  a 
layer  of  henaoyl  chloride,  G^*0C1,  this  compound  beiog  thereby  conTerted  into 
bttwoic  aldBhyoe,  and  the  latter,  by  Anther  addition  of  hycbogen,  into  benxyl  alcohol 
(lippnann,  BrnXL  8oe.  Ckim,  [2)  iy.  849).— 6.  fiy  heating  bensyl  chloride  with  8  pte. 
of  recently  precipitated  lead  oxide  and  10  pte.  water : 

2(PH»a  +  PbH»0*  -  PbCl«  +  2CrHH) 

(Lanth  a.  Orimanz,  ibid,  m  vii.  106). 

6l  By  the  action  of  aloonolic  potaen  on  the  nortione  of  Pem-baleam  oil  boiling  at 
2000,  and  about  the  boiling  point  of  mereory,  tne  former  consisting  of  bem^l  benxoate, 
the  latter  of  benzyl  cinnamate.  The  benxvl  alcohol  thus  obtained  boils  at  206*2^ 
icaaX  baa  a  sp.  gr.  of  1*0466  at  19^  and  does  not  solidify  at  — 18^  (Kraut,  Ann,  Ck, 
PAerm.  dii.  184). 

GUovtMKtod  BMUUl  AlQotoola  (Beilstein  a.  Euhlberg,  Zeitsckr,  /  Chem,  [2] 
iii.  467;  it.  26,628;  y.  52e).'-ParaehlorobenMftfl  alcohol,  C*H«C1 . CH*OH, 
obt^ed  bjr  heating  parachlorobensyl  acetate  (p.  886)  with  ammonia  to  160®,  and 
leefjstallising  the  product  from  water,  forms  spicular  crystals  often  seyeral  inches 
loQg ;  melts  at  66^ ;  boils  without  decompo^tion ;  is  nearly  insoluble  in  cold,  and 
but  sU^litly  soluble  in  boiling  water ;  yields  parachlorobensoic  add  by  oxidation. 

Paradicklorohensyl  alcohol,  C«H'Cl'.Cfl*OH,  is  orepared  by  heating  the 
cameponding  acetate  with  ammonia  to  180®,  distilling  the  oily  product  to  separate  the 
mere  yolatile  portions,  and  reciystallising  the  portion  which  solidifies  on  cooling,  from 
water.  It  forms  white  shining  needles,  yeiy  slightly  soluble  in  water,  melting  at  77®, 
and  partially  decomposed  by  boiling. 

Trichlorobensvl  alcohol,  CnPCl*.CEK>n,  is  obtiuned  by  heating  trichloro- 
tolnene  chhnde,  &RHn*.  CHHX  with  potassium  acetate  to  160®  in  sealed  tubes.  The 
eomaponding  acetate  is  then  iformed,  but  decomposes  partially  on  distilling  the 
filtered  solution,  so  that  trichlorobensyl  alcohol  distils  oyer,  smd  on  mixing  the 
dietiUate  with  water,  separates  as  an  oil,  which  solidifies  after  a  while,  and  may  be 
pTJfied  b^  reo^stallintion  from  water.  By  oxidation  with  chromic  add,  it  is 
oonyeited  mto  tnchlorobenaoic  add. 

Tetrachlorobemeyl  alcohol,  C^C1VCHK)H,  is  obtained  by  heating  tetra- 
ehloroColnene  chloride,  G^Cl^.GH'Cl,  with  absolute  alcohol  and  potassium  acetate  to 
180®,  and  purified  by  erystallisation  from  boiling  water. 

Pentaehlorobensyl  alcohol,  CGl'.CH'OH,  prepared  in  like  manner  by 
heating  ()*Cl*.CH*Gl  with  absolute  alcohol  and  potassium  acetate  to  200®,  and 
purified  by  recirstallisation  from  a  mixture  of  benaol  and  absolute  alcohol,  forms 
abort  white  needles,  meltins  at  193®,  insoluble  in  water  and  in  cold  absolute  alcohol, 
slightly  soluble  in  boiling  ucohoL  It  does  not  appear  to  yield  any  oiganic  add  by 
Qxidntion  with  chromic  add. 


ibeaa^  Aloobaln,  Mononitrobenzyl  alcohol,  G*H«(NO*).CHH)H, 
ie  produced,  together  with  potasnum  nitrobeneoate,  by  heatipg  nitrobenaoic  aldehyde 
with  alcoholic  potash : 

2CrH»(N0«)0  +  KHO  -  C'H<K(NO«)0«  +  CH'(NO«)0. 
On  addinp  water  to  the  product,  the  nitrobenz^l  alcohol  separates  as  a  yiscid, 
UMcrystalliaable  oil,  which  is  decomposed  by  distillation  under  ordinaiy  atmospheric 
praassn,  but  diatila  under  a  pressure  of  8  millim.  at  170®-180®,  as  an  amber- 
culu«ed  oil,  which  is  conyerted  by  phoephoma  pentachloride  into  a  yellow  chlori- 
nated non-Tolatile  liquid  (Orimaux,  BuU,  8oo,  Chim.  [2]  yiii.  483). 

F^ranitrobcnMyl  alcohol,  C^H^NO*) •  CH*OH,  is  formed,  together  with 
ncetamkln,  by  heating  pamnitroben^l  acetate  with  aqueous  ammonia  to  100®,  till 
th«  oily  layer  disappears,  and  purified  by  recrystallisation  from  hot  water.  Colourless, 
^}mnA^  needles,  wnich  become  coloured  on  exposure  to  light,  melt  at  03®,  dissolye 
ettstly  in  boi  water  or  in  water  containing  ammonia.  Conyerted  by  oxidation  into 
pMsaitrobenaoie  add  (Bdlstein  a.  Kuhlbe^,  Zeiicchr.  f.  Chem,  [2]  iii.  467). 

ParadinitrobenMyl  alcohol,  C*H*(NO*)'.CHK>H,  formed  by  distfolring  the 
preoeding  oompoand  in  fuming  nitric  add,  is  predpitated  from  the  solution  by  water, 
nad  etystalliees  in  needles  melting  at  71®  (Beilstein  a.  Kuhlbeig,  loo,  cU,), 
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OZTOBW-BTBBRB.  Parachlorohenzyl  acetate^  C^'CI. 
CH*(C'H*0'),  is  prepared  by  prolonged  boiling  of  a  solution  of  chlozobenzyl  chlorLde 
with  a  solution  of  potassium  acetate  in  absolute  alcohol,  and  rectifTing  the  oil 
separated  by  water.  Colourless  aromatic  liquid  boiling  at  240^.  Ck>nvertod  by 
heating  with  ammonia  into  parachlorohenzyl  alcohol  (Neuhof,  Zeittchr.f,  Chem,  [2]  iii. 
467).  Paradichlorobenzyl  acetate,  C^H'a* . CH»(C«H*0«),  prepared  in  like 
manner  from  dichlorobenzyl  chloride,  is  an  aromatic  liquid  boiling  at  259°  (Beilstein 
a.  Kuhlberg). 

Paranitrohemyl  acetate,  C«H*(NO«) . CH«(C*H»0«),  is  produced  on  dropping 

pure  benzyl  acetate  {\.  21)  into  cooled  fuming  nitric  acid.    Separated  by  water  and 

crystallisea  from  alcohol,  it  forms  long  pale  yellow  needles,  which  become  coloured  on 

exposure  to  light,  melt  at  78°,  dissolve  sparingly  in  cold,  fireely  in  hot  alcohol. 

CH'Cl ) 
Parachlorobengyl'ethyl  oxide,      n<H*l^'  was  obtained  by Naquet  («7aAre8&. 

1862,  p.  420;  1863,  p.  563)  by  decomposing  chlorobenzyl  chloride,  C^*C1.C1,  with, 
alcoholic  potash,  and  is  likewise  formed  by  boiling  parachlorohenzyl  acetate  with 
alcoholic  potash.  Heavy  liquid,  having  an  agreeably  sweet  odour,  insoluble  in  water, 
boiling  at  215°-220°  (Beilstein  a.  Kuhlbeig). 

Benzyl  oxalate,  (C'H')'CO*,  produced  by  gently  heating  dry  silver  oxalate 
with  an  equivalent  quantity  of  benzyl  chloride,  and  purified  by  boiling  the  solidified 
product  with  alcohol,  then  melting,  distilling,  and  recrystallising,  forms  dazzling 
white  crystalline  scales  melting  at  80'5°.  It  distils  without  decomposition,  is 
insoluble  in  water,  nearlv  insoluble  in  cold  alcohol,  but  dissolves  easily  in  boiling 
alcohol,  also  in  ether  and  in  benzol.  With  ammonia  it  yields  benzyl  alcohol  and 
oxamide.  Paranitrobenzyl  fxxalate,  [C^H*(NO')]"CK)^,  is  produced  by  dissolving 
benzyl  oxalate  in  fuming  nitric  acid,  and  is  decomposed  by  ammonia,  wiUi  formation 
of  paranitrobenzyl  alcohol  (Beilstein  a.  Kuhlberg,  loc.  cU.), 

MMNZTIm    smbPBTB&aTa,  BVZiPBZBB,    and    BXSmbPBZSa.       The 

following  reactions  of  these  compounds  have  been  observed  by  Marcker  (Anm.  CK 
Pkarm,  cxl.  86;  Jahresb.  1866,  p.  599),  in  addition  to  those  already  described 
(V.  868). 

Benzyl  aulphydrate  mixed  with  an  ethereal  solution  of  hromine,  till  the 
colour  of  the  latter  disappears,  is  completely  converted,  with  rapid  evolution  of 
hydrobromic  acid,  into  benzyl  bisulphide : 

20'H»S  +  Br«  =  2HBr  +  (C^»)"S»- 
Metabenzyl  sulphydrate  is  converted  in  like  manner  into  metabenzyl  bisulphide. 

Benzyl  eulpnide,  (C'H')'S,  deliquesces  in  an  atmosphere  of  bromine  to  a  rod- 
brown  liquid,  which  strongly  attacks  the  eyes,  and  consists  of  a  mixture  of  sulphur 
bromide  and  benzyl  bromide.  Benzyl  bisulphide  is  decomposed  by  bromine  at  130°, 
and  in  presence  of  water  benzoic  acid  is  produced,  together  with  a  brown  resin : 

C"H>*B«  +  4H«0  +  6Br»  -  2C'H«0»  +   lOHBr  +  S«. 

Ethyl-benzyl  sulphide,  (C*H*)(C*H')S,  is  obtained  by  dissolving  sodium  in  benzyl 
sulphydrate  (mixed  with  ether  to  moderate  the  action\  and  treating  the  product  with 
ethyl  iodide.  On  adding  water  the  ethyl-benzyl  sulpmde  separates  as  an  oil,  which, 
after  dehydration,  may  be  distilled  at  214°~216°,  as  a  limpid  liquid  having  an 
extremely  pungent  odour. 

Benzyl-mereuric  sulphide,  (C'H')>Hgf^,  heated  to  130°  with  ethyl  iodide,  deliquesces 
to  a  lemon-yellow  liquid,  which  solidifies  to  a  crystalline  mass  on  cooling. 

BmrSTX  SVAVKOCTAirATB.  C'H' .  CNS.~When  benzylamine  is  dissolved 
in  carbon  bisulphide,  heat  is  evolved,  and  a  colourless  crystalline  compound  is  formed^ 
whidi,  when  mixed  with  alcohol  and  mercuric  chloride,  yields  by  distillation  a  liquid 
having  a  very  powerfiil  odour.  On  adding  water  to  the  alcoholic  distillate,  the 
benzyl  sulphocyanate  separates  in  transparent  drops  which  sink  in  water.  It  smella 
like  watercress  and  boils  at  243°  (Hofmann,  Zeitschr,/,  Chem,  [2]  iv.  690). 

BBVZTXiAmraB.  These  bases,  (C'H')H*N,  (C'H')*HN,  and  (CH')'K,  dis- 
covered by  Cannizzaro  (i.  575 ;  v.  867),  have  been  further  examined  by  Limpricht 
(Ann.  Ch.  Pharm.  cxliv.  304  ;  Jahresb.  1867,  p.  508).  They  are  formed  by  heating 
1  vol.  benzyl  chloride  (boiling  at  170°-190°)  and  2  vol.  alcoholic  ammonia  to  100^ 
for  24  hours,  and  separated  by  the  dififerent  solubilities  of  their  hydrochlorides  in 
alcohol,  the  monobenzylamine  salt  being  the  most,  and  the  tribenzylamine  salt  the 
least  soluble.  The  crystalline  pulp  formed  by  heating  the  benzyl  chloride  with 
ammonia  is  freed  from  alcohol  and  ammonia  by  distillation,  and  then  nuxed  with 
water ;  the  resulting  precipitate  is  dissolved  in  hot  alcohol ;  and  the  solution  mixed 
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With  hydrochloric  acid  is  loft  to  cool.  Tribenzylamini^  hydrochloride  then  usually 
MpinteB  at  first  in  prisms  or  needles,  and  the  filtrate,  alter  conoentmtion,  yields  first 
a  miztore  of  this  salt  with  dibenzylamine  hydrochloride,  then  pure  crystals  of  the 
latter,  and  finally  the  hydrochloride  of  monobenzylamine,  which  is  present  in  small 
qmntity  only. 

J««ry^am«iie,(C»H')H«N  -  C»H».CH*NH«,  is  isomeric  with  ^o/Mttff««.  Separated 
from  the  hydrochloride  by  dilute  caustic  soda,  it  forms  a  transparent  colourless  liquid, 
which  does  not  beoome  coloured  on  exposure  to  light,  has  a  faint  peculiar  odour,  a 
sp.  gr.  of  0-990  at  14^,  and  boils  at  183^.  It  dissolyes  in  all  proportions  in  water, 
alcohol,  and  ether,  is  separated  from  the  aqueous  solution  by  strong  soda-ley,  and  when 
exposed  to  the  air  is  quickly  oonyerted  into  carb(mate.  The  hydrochloride  and  hydro- 
hnmid$  crystallise  in  easily  soluble  laminse ;  the  ^tinochforide,  2(CH'N .  HCl) .  PtCl*, 
9  a  yellow  granular  erystalline  precipitate.  With  fuming  wwfhuric  acid,  bensyl- 
anune  forma  a  sulpko-add,  whose  calcium  salt  (C'H*NSO*)*Ga  is  easily  soluble  in 
vster,  and  separates  on  addition  of  alcohol  in  small  warty  crystals. 

Dihengylumine  C"H"N  =  (C'H')*HN  -  C«H».CH«NH(C»H»),  separated  from 
the  hydrochloride  by  dilute  soda-ley,  is  a  colourless  viscid  liquid  of  sp.  gr.  1*033  at 
14°,  insoluble  in  water,  easily  soluble  in  alcohol  and  ether,  decon.po8inff  when 
heated,  and  easily  oonyerted  into  tribenzylamine  by  the  action  of  benzyl  chloride. 
The  hjfdroeilande,  C'*H'*N .HCl,  crystallises  in  flat  prisms  or  thin  laminie,  melting  at 
t^;  the  jrfa«m<NrA^V2e,  2(C"H"N.HCl).Fta«,  in  orange-coloured  concentrically 
groaped  needles ;  the  hydrohromide,  C^H"N .  HBr,  in  large  nacreous  laminae,  melting 
at  26<<';  the  hydriodide,  C"H»K.HI,  in  long  white  prisms  melting  at  224^;  the 
mYrs^  C"H**K.HKO',  in  somewhat  sparingly  soluble  flat  prisms  or  needles,  melting 
at  \U^.  Dibenaylamine  is  oonyertea  into  monobenzylamine  by  reactions  exactly 
analogous  to  those  by  which  it  is  itself  produced  from  tribenzylamine  (vid.  inf.\  but 
mare  sbwly  and  less  completely.  With  fuming  sulphuric  acid^  dibenzylamine  forms 
a  non-erystallisable  bibasic  sulpho-acid,  whose  barium  salt  C"H"NSK)'Ba  crystallises 
in  small  nodular  masses  easily  soluble  in  water.  Dibenzylamine  heated  with  aniline 
and  ontmie  add  yields  an  amorphous  violet  colouring  matter. 

CyfH-dibenMfUumne,  (?«H>«(CN^N,  is  formed,  together  with  dibenzylamine  hydro- 
chloride, whi<n  sepomtes  out,  when  gaseous  cyanogen  chloride  is  passerl  into  an 
aicohotie  solution  of  dibenzylamine.  It  is  insoluble  i7i  water,  easily  soluble  in 
alcohol  and  ether,  and  separates  therefrom  in  laminar  crystals  melting  at  58^-64^. 

Ethfi-dibeugglamine,  (C'H^)'(CH*)N,  is  produced  by  heating  dibenzylamine  with 
^hyl  iodide  and  alcohol  to  110^,  and  is  separated  from  ite  hydrochloride  by  silver 
oxide  as  a  yellowish  oil ;  the  hydrochloride  crystallises  in  nodular  groups. 

TribenryUmine,  C»»H*»N  -  rC'H')*N  =  OH»..CH*N((rH')«.  separated  from 
the  hot  alcoholic  solution  of  ite  hydrochloride  by  dilute  soda-ley,  and  recrystallised 
from  alcohol,  forms  huge  white  laminae  or  needles,  easily  soluble  in  ether  and  in  hot 
ideohol,  sparingly  in  cold  alcohol,  insoluble  in  water.  It  melte  at  01°,  may  be  dis- 
b'iled  in  small  quantities  without  alteration ;  but  in  larger  quantities  it  is  decomposed, 
vhen  heated  above  300°,  into  toluene  and  several  other  producte.  The  solution  of 
tribenzyUunine  m  fuming  sulphuric  acid  contains  a  sulpho-acid  (perhaps  CH'^NS'O*), 
which  appears  to  be  resolved  by  water  into  two  other  acids,  C^^EL'^NS^O'and  C'H«SO«, 
whose  barium  salte  crystallise  indistinctly  and  cannot  be  separated.  Heated  with 
fmUne  and  anenie  aad^  they  yield  an  amorphous  colouring  matter  which  dissolves 
in  alcohol  or  in  hydrochloric  acid  with  deep  violet  colour. 

Tribmg^damine  htidrochloride  heated  to  260°  in  a  stream  of  hydrochloric  acid  gas 
is  resolved  into  benzyl  chloride  and  hydrochloride  of  dibenzylamine : 

((7H*)«N.Ha  +  HCl  -  Cm'Ci  +  (C'HO^HN.HCL 

The  niirate^  (C'H')'N .  HNO*,  separates  by  spontaneous  evaporation  in  transparent 
oyvtals  melting  at  124°.  Tribenzylamine  heated  with  bromine  and  toater  is  resolved 
into  hydrobromic  add,  benzoic  aldehyde,  and  hydrobromide  of  dibenzylamine : 

(CHO'N  -f  Br«  +  H»0  -  HBr  +  C'H«0  +  (C'H')«HN .  HBr. 

With  iodme  and  water  an  analogous  decomposition  takes  place  at  120°.  Dry  bromine 
added  to  the  ethereal  solution  of  tribenzylamine  throws  down  a  yellow  amorphous 
eompoiuid,  [(C'H')'NJ*Br',  which,  when  distilled  with  water,  is  resolved  into  benzoic 
aJddkyde,  dibenzylamine  hydrobromide,  hydrobromic  acid,  and  free  bromine. 

Deean^fceitum  of  Di-  and  IH-bemylamine  by  Heat. — These  bases,  when  slowly 
distilJed  m  small  retorte,  yield  a  number  of  volatile  products,  together  with  a  black- 
brown  residue  amounting  to  about  half  the  original  substance.  The  volatile  products 
consist  of  ammonia,  and  a  liquid  which  deposito  crystals  and  yields  by  fractional 

Smjf.  Z 
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distillation  toluene,  boiling  at  112°.  The  crystalline  deposit  may  be  separated 
by  repeated  crystallisation  &om  alcohol  into  dibensyl,  C^^H**,  tolnylene,  C^^H'*, 
and  small  quantities  of  crystalline  azotised  bodies.  The  black-brown  residue  of  the 
distillate,  when  boiled  with  alcohol,  yields  lophine,  C^H^N',  in  oolourlen  silky 
needles.  The  same  alcoholic  extract  mixed  with  hydrochloric  acid  deposits  concen- 
trically grouped  quadratic  prisms  of  tetrabenzylammonium  chloride,  (CH*)*NCl, 
and  afterwards  small  white  nodules  of  the  hydrochloride  of  tribenzylene-triamine, 
(C'H«)»H"N«.HC1  (Brunner,  Ann.  Ch.  Pharm.  cli.  133). 

Cblorinated  Benxylamlnes  (Berlin,  ilnd.  137). — When  chloiobexizyl  chlorida 
(p.  281)  is  heated  in  sealed  tubes  with  alcoholic  ammonia,  there  are  formed,  together 
with  sal-ammoniac,  the  three  bases  (C'H«C1)H«N,  (C'H«C1)«HN,  and  (C»HH}1)«N,  the 
second  being  the  most  abundant.  The  separation  of  these  bases  is  much  more  difficult 
than  that  of  the  three  bensylamines  (p.  336),  partly  because  their  salts  differ  but 
little  in  solubility,  partly  in  consequence  of  the  existence  of  isomeric  modifications. 
The  contents  of  the  tubes  were  washed  on  a  filter  with  alcohol ;  and  the  filtrate,  after 
removal  of  the  ammonia  and  the  greater  part  of  the  alcohol  by  distillation  with  water, 
WHS  mixed  with  the  sal-ammoniac  remaining  on  the  filter,  which  still  retained  a 
considerable  quantity  of  oil.  The  oily  liouid  thus  obtained  was  a  mixture  of  the 
three  chlorinated  bases  with  unaltered  cnlorobenzjrl  chloride.  When  mixed  with 
alcohol  and  hydrochloric  add,  it  gradually  deposited  a  considerable  quantity  (A)  of 
the  hydrochlorides  of  these  bases,  the  crystallisation  of  the  remainder  being,  howeTer, 
prevented  by  the  chlorobena^l  chloride  still  present.  To  complete  the  separation,  the 
mother-liquor  was  mixed  with  potash ;  the  precipitated  oil  distilled  with  water  as  long 
as  chlorobenzyl  chloride  continued  to  pass  over ;  and  the  residue,  to  fkeilitate  the 
separation  of  the  bases,  was  finally  mixed  with  bromine,  whereby  the  chlorotribensyl- 
amine  was  resolved  into  chlorobenzoic  aldehyde  and  dibenzylamine,  the  former  passing 
over  on  distillation,  and  leaving  a  residue  (B)  consisting  only  of  chlorinated  mono- 
and  di-benzylamine. 

Chlorotrihenaylamine,  (C'H'a)'N.^The  oily  mixture  of  the  three  bases  (A) 
mixed  with  alcohol  and  hydrochloric  acid  firet  deposits  the  hydrochloride  of  ehlorodi- 
benzylamine,  and  the  mother-liquor  gradually  yields  transparent  oystals  of  the 
hydrochloride  of  chlorotribenzylamine,  from  the  alcoholic  solution  of  which  the  base 
may  be  precipitated  by  potash  and  water.  It  crystallises  from  alcohol  in  beautiful 
rhombic  prisms  melting  at  88**-89°.  The  Iwdrochioride,  {C'H*C1)«N .  HCl  +  2HK). 
forms  large  transparent  rhombohedrons,  moderately  soluble  in  alcohol,  insoluble  in 
water,  melting  at  170^-175^1  giTing  off  part  of  their  water  on  exposure  to  the  air, 
and  the  whole  over  sulphuric  acid.    At  100°  they  decompose,  apparently  thus : 

(C'H«a)«N.Ha  «  (C'H«C1)»HIJ  +  CH«C1« 

Chlorodlbenxyl-     CblorobeD«yl 
amine.  chloride. 

The  same  decomposition  appeara  to  takes  place  on  distilling  the  hydrochloride  with 
water  or  alcohol ;  and  hence  it  is  that,  in  tne  preparation  of  these  bases,  the  residue 
left  after  distilling  off  the  alcohol  contains  only  a  small  quantitv  of  chlorotribenzyl- 
amine, but  considerable  quantities  of  chlorodibenzylamine  and  cnlorobenzyl  chloride. 
Chlorotribenzylamine  is  resolved  bv  distillation  with  water  and  bremine  into  hydro 
bromide  of  chlorodibenzylamine  ana  chlorobenzoic  aldehyde : 

(C'H-a)«N  +  H«0  +  Br«  -  (C'H«Cl)'aiN.HBr  +  CH^CIO  +  HBr. 

Chlorodibenzylamine,  (C*H«C1)>HN.— This  base  exhibits  four  isomeric 
modifications,  which  may  be  distinguished  by  the  prefixes  a,  /3,  7,  B.  They  are 
non-volatile  oils,  having  a  faint  yellowish  colour,  insoluble  in  water,  easily  sohible  in 
alcohol  and  ether.  The  differences  between  them  are  exhibited  chiefly  in  their  salts. 
The  hydrobromides  differ  in  solubility  sufficiently  to  admit  of  separation  by  fractional 
crystallisation,  the  a  salt  being  the  least  soluble,  then  the  fi,  then  the  7,  and  the  9 
salt  the  most  soluble  in  water ;  and  from  these  salts  the  bases  may  be  separated  by 
potash  and  combined  with  other  acids.  Most  of  the  salts  czystallise  in  needles. 
Their  melting  points  are  given  in  the  following  table : 

a  fi  y  9 

Hydrochlorides      .        .    288<»-289*>        2250-228*>      218«>-220o        221«'-222° 
Hydrobromides     .        .     283<'-290*>  224«  210*»-212°         198^-199*' 

(solidifying  at  230°) 

Hydriodides 215<^  187®  216^-218® 

Nitrates 204°-205O  193«  177^-179** 

Chlorobenzyl  amine.  (C'H'Cl)H'N. — The  hydrobromide  of  this  base  remains  in 
the  mother-liquor  of  the  mixture  B  after  the  chlorodibens)iamine  salt  has  crystallised 
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out  By  di«tUling  it  with  potash,  the  baae  is  obtained  aa  a  colourless  liquid,  easily 
soluble  m  alcohol  and  ether,  insoluble  in  water,  and  converted  into  a  solid  salt  by 
absorption  of  carbonic  acid  from  the  air.  The  hydrochiwide  (CH'Cl)H'N .  HCl  forms 
small  white  needles  easily  soluble  in  water  and  in  alcohol  and  melting  at  197^. 
Platinic  chloride  forms  in  the  concentrated  alcoholic  solution  a  yellow  precipitate 
formed  of  microscopic  rhombic  laminae  moderately  soluble  in  water  and  in  alcohol. 

BSHXTXJBra*  C^H'. — The  bromide  and  chloride  of  this  diatomic  radicle, 
together  with  the  substitution-derivatives  of  the  latter,  C'H»C1.C1»,  C'H^CP.Cl',  &c., 
ajre  described  amongst  the  bromo-  and  chloro-toluenes  (pp.  281,  282).  The  oxygen* 
ethers  of  the  same  ndide  are  described  in  vol.  i.  pp.  577i  578. 


Syn.  with  Tolubkb-sulfhttiuc  or  Svlpho- 
TUJLUic  Acid  (t.  d63t  and  p.  286  of  this  volume). 

MRmnUBCT.  C>*H"NO«  (i.  579  and  Apfbkdix  v.  1088).— This  base  has  been 
found  in  Leontioe  thalictroides  (F.  F.  Mayer,  J.  Pharm.  [3]  xlvi.  496).  According  to 
Daniel  {Ann.  Ch.  Pharm,  cv.  360),  the  yellow  bark  of  Abeocouta,  in  which  Stenhouse 
found  berberine,  belongs  to  Calocline  polycarpa  (Dec.).  Berberine  is  identical  with 
zanthopicrine  from  Xanikoxtflon  Clava  HerciUUy  and  with  jamaicine  from  the  bark  of 
Geoffroyea  inermia  (G-astell,  Jahresb.  1866,  p.  480). 

Pteparatian. — ^The  following  method  is  given  by  Stenhouse  {Ch&m.  Soc.  J,  [2]  v. 
187)  for  preparing  berberine  from  the  eolumbo-wood  of  Ceylon  {Menispermum  fine- 
stratum^  Coscmiufn  fenestratum) :  20  pts.  of  the  finely  gr6und  wood  are  boiled  for  three 
hours  with  a  solution  of  basic  lead  acetate  (prepared  by  heating  1  pt.  of  the  neutral 
acetate  with  1  pt.  litharge  and  8  pts.  water,  and  afterwards  adding  100  pts.  water), 
and  the  liquid,  strained  through  a  linen  filter,  is  concentrated  (with  addition  of  a  little 
litharge)  till  the  berberine  crystallises  out  The  mother-liquor  decanted  from  the 
crystals  and  acidulated  with  nitric  acid  yields  the  rest  of  the  base,  as  a  nitrate  slightly 
soluble  in  the  excess  of  acid.  To  purify  the  crude  berberine,  the  hot  aqueous  solution 
is  precipitated  witli  basic  lead  acetate  ;  the  crystalline  mass  which  separates  from  the 
filtrate  on  ooolii^  is  pressed,  and  redissolved  in  hot  water ;  and,  after  the  lead  has 
been  precipitated  by  hydrogen  sulphide,  the  filtrate  is  acidulated  with  acetic  acid  and 
left  to  crystallise.  The  nitrate  may  be  converted  into  the  free  base  by  heating  its 
aqueous  solution  with  ammonia,  or  better  with  calcium  hydrate. 

Procter  {Chem.  News,  ix.  112)  recommends  a  process  g^ven  by  W.  A.  Merril  {Am. 
J,  Pharm.  xxxv.  97)  for  preparing  berberine  from  the  root  of  Berberis  vuJgaria  or  of 
IfydrusUt  canadensis.  The  evaporated  aqueous  extract  of  the  root  is  treated  with 
strong  alcohol ;  the  alcoholic  liquid  mixed  with  4^  vol.  water ;  |  of  the  alcohol  distilled 
off;  and  the  lu>t  aqueous  residue  acidulated  with  dilute  sulphuric  acid.  On  cooling, 
it  deposits  berberine  sulphate,  which  may  be  purified  by  recrystallisation.  To  obtain 
the  free  base,  the  hot  aqueous  solution  of  the  sulphate  is  digested  with  recently 
precipitated  lead  oxide  till  the  supernatant  liquid  is  free  from  sulphuric  acid.  The 
filtrate  left  to  evaporate  deposits  crystals  of  berberine. 

Reaetions. — Berberine  heated  with  water  to  190°-200®  for  several  days  in  sealed 
tubes  is  gradually  converted  into  a  substance  resembling  chlorophyll  (Hlasiwetz, 
Jahresb.  1860,  p.  533).  'By  nascent  hydrogen  (zinc  and  dilute  acids),  it  is  converted 
into  hydioberberine,  C'fr'NO*  (iii.  185).  By  fusion  with  potassium  hydrate, 
berberine  is  converted  into  two  acids,  C'H"0*  and  C*H*0*  (?),  the  former  homologous 
with  proioeatechuic,  the  latter  probably  with  opianic  acid  (Hlasiwetz  a.  Gilm,  Jahresb^ 
1864,  p.  406).  Berberine  distilled  with  sodium  hypochlorite,  yields  propylamine 
(?trimethylamine),  and  a  yellow  resinous  substance  not  containing  nitrogen  (Kletzinsky, 
ibid.  1865,  p.  456). 

An  aqueous  solution  of  berberine  acetate  forms  with  sodium  svhpharsenate,  a  brown 
amorphous  precipitate  which  decomposes  in  a  few  days  (Mosing,  Zdtschr.  f.  Chem.  [2] 
T.  360). 

The  salts  of  berberine  have  been  analysed  by  Fleitmann  {Ann.  Ch.  Pharm.  lix.  160), 
L.  Henry  {ibid.  cxv.  132),  and  Perrins  {Chem.  Soc.  J.  xv.  339).  The  formulae,  calcu- 
lated by  Fleitmann  and  Henry  according  to  the  old  formula  r>f  berberine,  have  been 
corrected  by  Hlasiwetz  a.  Gilm  {Ann.  Ch.  Pharm.  Suppl.  ii.  191). 

Hydrochloride,        C»H"NO* .  HCl,  yellow  needles. 

Aurochloride,  C*"H''N0^.HC1.  AuCl',  maroon -coloured  needles    soluble  in 

alcohol. 

Platinochloride,       2(C~H"N0*.HCl).PtCl*,  small  needles.' 

Hydrobromide,        C"H"NO« .  HBr .  3aq.,  yellow  needles. 

Hydriodidc,  C«^"NO* . HI,  yellow,  slightly  soluble  needles. 

z2 


Dichromate,  CrO' 
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Nitrate,  C»H"NO'.HNO»,  yellow,   yeiy    slightly  soluble  ia 

dilute  nitric  acid. 
Chlorate,  C»H"NO* .  HC10»,  yeUow  precipitate. 

Sulphate,  C»H"NO«.H*SOS  small  yellow  crystala. 

^  H^p^ulpWur^^^"^^*^^  ^^^^"^  amorphous  precipitate. 

O  orange-yellow  needlea. 

OHC"H»»NO«, 
Hydrocyanide,         C*"fl>'NO« .  CKH .  ^aq.,  brownish-y^ow  scales. 

^^ST^Sde,!  C"H"(NO«)NO^CNH,  micio«»pic  needles. 

Sulphocyanate,  C**H>'NO«.CKHS.|aq.,  yellow  needles. 

Oxalate,  C^H^'NO^ .  C*HK)« .  4aq.,  nodular  groups  of  needles^ 

Succinate,  C»H"NO*.C*HH)*.iaq.,  brownish  needles. 

Tartrate,  C»H"NO* .  C*H"0* .  laq.,  siskin-yeUow  needles. 

Picpate,  C»H"NO^ .  C«H«(NO^)«0.  golden-yeUow  shining  scales. 

^%^Sd1r!    C«•H»^C«H»)HO^m,  radiaU  needles. 

Tartrate  of  Antimony  and  Berherine,  C~H"NO*.HSbO.C*H*0«,  crystallises  in 
wavellitic  grouptf,  Tery  slightly  soluble  in  cold  water,  and  reciystallisable  without 
decomposition  from  alcohol  (Stenhouse,  Proc.  Boy.  8oe.  xii.  491). 

A  solution  of  a  berberine  salt  mixed  with  a  slight  excess  ci  iodine  yields  the 
fcriodide  C^H"NO' .  HI*,  which  dissolves  but  sparingly  in  water  and  in  cold  alcohol, 
and  crystallises  from  hot  alcohol  in  translucent  red-browu  prisms,  from  which  silver 
nitrate  immediately  abstracts  the  whole  of  the  iodine.  A  hot  aleoholic  solution  of  a 
berberine  salt  mixed  with  a  dilate  solution  of  iodine  in  potassium  iodide,  carefully 
avoiding  excess  of  iodine,  deposits  green  shining  spangles  of  a  salt  resembling 
sulphate  of  iodoquinine  (v.  25),  and  exhibiting  the  peculiar  polarising  properties  of 
that  compound ;  they  are  always,  however,  mixed  with  the  salt  last  described,  and 
with  berberine  hydriodide«  The  formation  of  this  green  salt  affords  a  very  delicate 
test  for  the  presence  of  berberine.  It  may  be  obtained  in  crystals  I  inch  long  and 
half  as  broad  by  heating  a  solution  of  berberine  in  90  p.  c  alcohol  mixed  with  ethyl 
iodide  to  100®,  leaving  it  to  cool,  and  exposing  the  separated  crystals  of  berberine 
hydriodide  to  the  sun's  rays  for  two  hours,  or  to  difiiised  daylight  for  a  few 
days.  It  is  probably  identical  in  composition  with  the  red  salt»  into  which,  indeed, 
it  is  very  easily  transformed  (Perrins). 

BSma&ULWXTB*  This  mineral,  occurring  at  Skrikemm  in  Sweden,  as  a  black- 
blue  crystalline  powder  of  sp.  gr.  6*71,  has  been  analysed  by  A.  Nordenskjold  {Ann. 
Ch.  Pharm.  cxlv.  127)»  with  the  following  results : 

Fe  FI  Be 

0*64  0-38  89-85  «  98*64, 

0*35  trace  88*74  »  99*74. 

C»H"NO«  (C.  Scheibler,  Zeitiiehr,  /  Chem,  [21  v.  589).— A  base 
occurring  in  the  juice  of  mangold-wursel.  To  prepare  it,  the  freshly  expressed  juice, 
strongly  acidulated  with  hydrochloric  acid,  is  mixed  with  a  solution  of  sodium  phoa- 
photungstate ;  *  the  resulting  precipitate,  containing  albumin,  colouring  matter,  woody 
fibre,  and  a  small  quantity  of  the  base,  is  filtered  as  quickly  as  possible ;  and  the 
filtrate,  mixed  with  a  fresh  quantity  of  the  precipitant,  is  left  to  itself  for  8  or  10  days. 
It  then  gradually  deposits  on  the  bottom  and  sides  of  the  vessel  a  crystalline  precipi- 
tate, which  is  rinsed  with  a  little  water  and  treated  with  milk  of  lime,  whereby 
insoluble  calcium  phosphotungstate  is  produced,  while  the  betaine  remains  in  solution. 
The  filtered  liquid,  freed  from  lime  by  carbonic  acid  and  evaporated,  leaves  impure 
betaine,  which  may  be  purified  by  recrystallisation  from  alcohol  with  help  of  animal 
charcoal. 

Betaine  may  also  be  obtained  from  the  molasses  of  the  beet,  in  which  it  exists  in 
larger  proportion  than  in  the  fresh  juice.  The  solution  of  the  molasses,  diluted  with 
twice  its  bulk  of  water,  and  strongly  acidulated  with  hydrochloric  acid,  is  mixed  with 
a  small  quantity  of  the  phosphotungstate  solution,  which  throws  down  chiefly  colouring 
matter  and  impurities,  and  ttie  filtrate  is  mixed  with  a  larger  quantity  of  the  same 
reagent,  which  throws  down  a  second  precipitate,  to  be  treated  as  above. 

Betaine  crystallises  from  strong    alcohol    in    large    shining  hydrated  crystals, 

•  Thii  reBgent  Ir  prepnmd  by  diasolTing  aodlnm  bitunRBtate  in  ordinary  phosphoric  add,  adding 
hydrochloric  acid,  and  d«canting  the  clear  solution  from  the  precipitate  thereby  produced. 


Ca 

Ag 

6314 

478 

5215 

8*50 
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OH"N0*.H'0,  which  on  exposure  to  the  air  quickly  deliquesce  to  a  colourless  s^rmp. 
At  100°,  or  oTer  sulphuric  acid,  they  effloresce  and  give  off'all  their  water.  They  are 
extremely  soluble  in  water;  a  solution  saturated  at  25°  has  a  sp.  gr.  of  l'1177i  and 
contains  61*8  p.  c  of  the  anhydrous  base,  fietaine  is  inodorous,  has  a  sweetish  cooling 
taste,  is  neutral  to  vegetable  colours,  and  optically  inactive.  When  heated  it  swells 
up,  emitting  an  odour  first  of  trimethylamine,  then  of  burnt  sugsir,  and  leaves  a  bulky 
cinder,  which  bums  away  slowly  but  completely. 

BetainB  hydrochloride,  0*H"N0'.HC1,  and  the  sulphate^  form  splendid  eiystals 
permanent  in  the  air ;  the  niiraie  crystallises  in  deliquescent  needles.  The  aurochloride, 
C*H"NO'.HCl.AuCl*,  czystallises  in  beautiful  thin  needles  or  plates,  sparingly 
soluble  in  ookl,  easily  in  hot  water.  With  platinic  chloride,  betaine  hydrochloride 
forms  two  compounds,  which  perhaps  differ  from  one  another  only  in  their  amount  of 
crystallisation-water.  It  also  forms  well-ciystallised  double  salts  with  the  chlorides 
of  meicozy,  cadmium,  and  zinc. 

Betaine  is  not  oxidised  by  chromic  acid,  or  reduced  by  hydriodic  acid,  even  when 
hented  with  it  in  sealed  tubes.  When  boiled  with  potassium  hydrate  and  a  small 
quantity  of  water,  it  gives  off  trimethylamine,  and  forms  at  least  two  fixed  bases,  one 
of  whidi  yields  an  aurochloride  containing  C*H*'N0'.HC1.  AuCl*. 

Betaine  is  isomeric  or  polymeric  with  trimethylated  glj-collamide,  with  butalanine, 
laotamethane,  &c.,  also  with  oxyneurine. 

ansVZTB.  A  shining  mineral,  containing  lime,  potash,  and  soda,  from 
Mount  ^onsella,  near  Predazzo.    Sp.  gr.  2*18  (Breithaupt,  Jahresb.  1863,  p.  846). 

^**-^  In  applying  Fettenkofer's  test  for  bile  (i.  586),  the  following  method  is 
recommended  by  J.  Neukomm  {Ann,  Ch.  Pharm.  cxvi.  30 ;  Jahresb.  1862,  p.  584),  as 
afihrdiiig  the  most  delicate  indications.  The  biliary  acids  are  precipitated  with  basic 
lead  acetate ;  the  washed  precipitate  is  mixed  with  sodium  carbonate  and  evaporated 
to  diynees  ;  the  sodium  salts  of  the  biliary  acids  are  dissolved  out  by  absolute  alcohol ; 
the  residiie  left  on  evaporating  the  alcohouc  solution  is  dissolved  in  water ;  and  a  drop 
of  the  aqneous  solution  is  mixed  in  a  porcelain  capsule  with  a  drop  of  dilute  sulphuric 
add  (4  pts.  water  to  1  pt.  of  the  concentrated  acid)  and  a  veiy  small  quantity  of  sugar 
solution.  On  evaporating  the  solution  at  a  gentle  heat,  a  splendid  purple-violet 
coloration  is  obtained,  even  with  only  0'06  milligrm.  of  biliary  acids ;  0*005  grm.  cholic 
add  may  in  this  manner  be  detected  with  certainty  in  a  litre  of  water ;  in  the  same 
quantity  of  liquid,  0*01  grm.  glycocholic  acid  gives  only  a  faint,  0*02  grm.  a  deep 
porple-red  coloration. 

In  applying  the  test  to  the  detection  of  bile  in  urine,  it  is  necessary  to  remove  the 
inoi|;anic  salts  as  completely  as  possible  before  precipitating  with  basic  lead  acetate. 
For  this  purpose,  the  urine,  evaporated  to  a  thick  syrup,  is  treated  with  alcohol  of 
cvdinaiy  strength ;  the  residue  left  on  evaporating  the  solution  is  exhausted  with 
absolute  alcohol ;  the  evaporated  residue,  which  now  contains  but  a  small  quantity  of 
inoiganie  salts,  is  dissolved  in  a  little  water ,-  the  s<^ution  is  precipitated  with  basic 
lead  acetate ;  and  the  precipitate  is  collected  after  twelve  hours.  To  remove  other 
substances  still  adhering  to  the  lead  precipitate,  it  is  digested  with  boiling  alcohol, 
and  the  residue  is  converted  into  sodium  salt.  If  the  latter,  as  sometimes  happens, 
still  contains  a  small  quantity  of  resinous  substance,  which  would  mask  the  reaction 
with  sulphuric  acid  and  sugar,  its  aqueous  solution  must  be  again  precipitated  with 
baisic  lean  acetate,  and  the  lead  precipitate  reconverted  into  sodium  salt.  In  this 
manner,  a  quantity  of  glycocholic  acid  not  exceeding  0*001  p.  c  may  be  detected  in 
urine  (Neukomm). 

Hnppert  {Jakresb.  1867f  p.  880)  points  out  that  the  indications  of  Pettenkofer*s  bile 
test  may  be  masked  by  the  presence  of  oxidising  substances,  such  as  nitrates  and 
chlomtes.  It  is  scarcely  necessaiy,  however,  to  observe  that  such  salts  could  not  be 
present  in  the  lead  precipitate  obtained  as  above. 

Noel  (c/1  Pharm,  [3]  xli.  854)  recommends,  as  a  test  for  bile,  to  immerse  a  strip  of 
iilferinfl^  pa])er  for  a  few  minutes  in  the  liquid,  then  dry  it^  and  moisten  it  with  a  drop 
of  nitnc  a^,  either  tmre  or  containing  nitrous  acid :  it  will  then  assume  a  violet 
eolonr,  changing  to  red  and  yellow. 

The  biliary  acids  and  their  products  of  decomposition  are  optically  dextrogyrate. 
Their  zotatoiy  powers,  as  determined  by  Hoppe-Seyler  {J,  pr.  Chem,  Ixxxix.  257 ; 
Bmll,  Soe,  Ckim.  v.  622),  are  given  in  the  following  table : 
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Optical  Rotatory  Power  of 
BUe-comtltueDta 

Formala 

Molecnlor 

Weight 

m 

Specillc 

Rotation 

for  the 

lineD 

(«)D 

ICokcvlar 

Rotatory 

Power 

(a)  Dm 

'^K 

a.  Diuolved  in  Aloobol : 
SfKlium  Glycocholate  , 
Sodium  Taurocholate  . 
Glycccholic  Acid   .  .  . 
Sodium  Cholate  .  .  ,  . 
Potassium  Cholate  ,  . 
Methyl  Cholate  .... 
Ethvl  Cholate  .  ,  .  .  . 
Cholic  Acid  +  aq.   .  . 
Cholic  Acid 

b.  DisBolTed  in  Water  : 
Sodium  Glycocholate  . 
Sodium  Taurocholate  . 
Potassium  Cholate  .  . 
Sodium  Cholate  .... 

^•H«NO«Na 

C«*n«NSO»Na 

C«*H<«NO* 

C«*H"»0»Na 

C««H"0*K 

C«*H"0».CK» 

C"H»0*.C«H» 

C"H"0».fH«0 

C»»H«NO«Na 
C«H**NSO'Na 
C^^H^O'K 
C^H^O^Na 

487 

687 

465 

430 

446*2 

422 

436 

447 

408 

487 
637 
446-2 
430 

26-7° 

24-5 

29-0 

31-4 

80-8 

31*9 

32-4 

31-2 

60-2 

20*8 
21-5 
250 
26-0 

12516 
13167 
13485 
13502 
13743 
13462 
14126 
13946 
20482 

10130 
11546 
11151 
11188 

31-9 
33-0 
33-1 

337 
33-0 

347 
34-7 
50-2 

24-8 
28-2 
27-3 
27-4 

1 
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The  expression  (o)  D— -  gives  the  value  of  the  rotation  reduced  to  the  (sctiTe) 

atomic  group  of  cholic  acid,  C*«H«0»,  which  exists  in  all  these  bile-eonstituents  and 
determines  the  dextro-gyration.  From  the  lat-t  two  columns  of  the  table,  it  appean  that 
the  highest  molecular  rotatory  power  is  exhibited  by  cholic  acid,  and  that  in  geDeral 
the  rotation  diminishes  as  tlie  complexity  of  the  molecule  increases,  although  the 
decrease  does  not  bear  any  definite  proportion  to  the  increase  of  molecular  weight 
As  the  rotatory  power  of  the  several  substances  is  less  in  aqueous  than  in  aloaholic 
solution,  it  may  be  concluded  that  the  water  exerta  a  chemical  action  upon  them, 
resulting  in  an  increase  of  molecular  weight.  The  differences  of  rotatory  power  of 
the  several  groups  of  atoms  do  not  (excepting  in  the  case  of  anhydrous  cholic  acid) 
exceed  3°,  that  is  to  say,  about  ^  of  the  total  rotation. 

The  optical  rotatory  power  of  the  bile-constituenta  may  be  made  available  f«»r 
verifying  the  analysis  of  a  mixturo  of  glycocholic  and  taurocholic  acids,  siicb  a* 
exista  in  the  bile  of  man  and  of  vegetable-feeders.  The  mixturo  (after  precipitation 
from  alcohol  by  ether)  is  dissolved  in  alcohol ;  the  rotation  is  determined  for  yellow 
light ;  a  measured  volume  of  the  solution,  not  too  small,  is  evaporated ;  and  thr 
rehidue,  dried  at  120°  and  weighed,  is  heated  to  100°  with  strong  potash-ley  in  a  glass 
tube  for  twenty-four  to  thirty  hours.  The  contenta  of  the  tube  (containing  all  the 
cholic  acid  that  can  be  formed  as  product  of  decomposition)  aro  mixed  with  a  little 
ether  and  hydrochloric  acid ;  the  separated  cholic  acid  is  collected  after  twenty-four 
hours  on  a  filter,  washed  with  water,  and  redissolved  in  hot  alc<^»hol ;  and  the  eva]^r»t«d 
residue  is  weighed  after  drying  at  120°.  In  the  liquid  filtered  from  the  chobc  ad  J 
the  sulphur  is  determined  by  fusion  with  carbonate  and  nitrate  of  potassium.  Since 
100  pta.  barium  sulphate  correspond  to  220 '8  pte.  taurocholic  acid,  C^H«*NSO',  ami 
100  pte.  of  the  latter  to  792  pts.  cholic  acid,  C"H'*0»,  the  amount  of  taurocholic  acid 
present  in  the  mixture  may  be  calculated,  also  the  quantity  of  cholic  acid  produced 
therefrom,  and  (since  100  pts.  cholic  acid  correspond  to  113-9  pta.  glycocholic  acid) 
likewise  the  amount  of  glycocholic  acid  present.  The  correctness  of  these  estimations 
may  be  tested  by  the  rotatory  power  of  the  mixturo.  If  the  observed  rotation  in 
degrees  for  yellow  light  in  a  tube  1  decim.  long  be  denoted  by  o,  and  the  calculated 
quantity  of  taurocholic  acid  in  the  liquid  by  m,  then,  since  the  specific  rotation  of 
taurocholic  acid  (as  sodium  salt  in  alcoholic  solution)  is  25-3°,  and  tnat  of  glycocholic 
acid  under  similar  circumstances  »  27*6  for  yellow  light,  the  quantity  of  glycochidic 

100  o- 25-3  wi^    Jf  the  rotation  gives  a  lower  value  than   the  cholic  add 


acid  is 
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estimation,  the  presence  of  inactive  fatty  acids  may  be  inferred ;  if,  on  the  other  hftnd« 
the  value  is  too  high,  cholic  acid  iteelf  must  have  been  present.  An  exami nation  of 
dog's  bile  by  this  method  showed,  in  accordance  with  Strecker's  resulte,  that  this  bilo 
contains  only  taurocholic  acid  (Hoppe-Soyler,  J,  pr.  Chem.  Ixxxix.  221 ;  JaMretb.  1863, 
p.  717). 
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For  Frobde*B  view  of  the  origin  of  the  biliary  acids,  see  Zeifschr.  Ch.  PAarm,  1864, 
p.  464 ;  Mkretb,  1864,  p.  656. 

Piff4nlt  contains — ^besides  fats  and  cholesterin — a  non-soluble  snbstance,  lecithin, 
Rflolvable  by  baryta^water  into  glycerophosphoric  acid  and  fatty  adds  (iii.  566) ;  also 
sara^actic  acid  and  choline,  (>H"NO.  This  base  is  also  contained  in  the  bile  of 
the  ox,  and  probably  also  in  that  of  many  other  animals  (Strecker,  BSp.  Chim.  pvre, 
iii.  S46 ;  Asm.  €k.  Pkarm.  cxziii.  353).  See  Cholivb.  According  to  J.  Dogiel  («/.  pr. 
Ckem.  a,  298),  fresh  ox-bile  contains  acetic  and  propionic  acids,  partly  as  metallic 
salts,  partly  as  glyoorides. 

GaoBe-hiU  contains,  accordinff  to  R.  Otto  {ZeiUchr.  f.  Chem.  [2]  iv.  633),  31  p.  c. 
mnens,  0*8  fiit,  cholesterin,  and  colouring  matter,  19*0  biliary  acids  and  inorganic 
•alts,  and  77*6  water.  Otto  has  confirm^  the  results  obtained  by  Marrson  and  by 
Heintz  a.  Wislicenus,  to  the  effect  that  the  sulphuretted  acid  of  goose-bile,  tauro- 
ehenocholic  acid,  differs  in  composition  from  the  taurocholic  acid  of  human  bile, 
dog-bile,  &c  Otto  finds  that  the  sodium  salt  of  taurochenocholic  acid,  dried  at 
lOOO-llO®,  has  the  composition  C»H*«NaNSO',  or  rather  C»H«^aNSO'.H»0,  and 
fn^es  off  a  molecule  of  water  at  140°,  leaving  the  anhydrous  salt  C^'H^KaNSO*,  whence 
the  add  has  the  constitution  C*H**NSO**,  and  is  rosolred  by  boiling  with  baryta- 
water  into  taurine  and  chenocholic  acid : 

C»H<^SO«  +  H«0  =  CH'NSO*  +  C?'H«*0*. 

Ooo0B-bile  appears  also  to  contain  another  sulphuretted  acid,  less  soluble  in  water 
than  taurochenocholic  add,  and  crystallising  in  small  nacreous  scales ;  but  it  has  not 
been  obtained  pure.  No  add  analogous  to  glycocholic  acid  has  yet  been  found  in 
goose-bile^ 

The  bile  of  the  hom-fi^  {BeUone  valgarU),  like  that  of  other  fresh-water  fi»h 
(i.  686),  consists  essentially  of  sodinm  taurocholate  (Otto,  Ann,  Ck,  Pharm,  czIt.  S6?,). 

By^-oonsUimenU  tM  ExerementUknu  Matters. — Cow-dung  contains  cholic  and 
glycochobc  adds ;  that  of  the  dog  contains  cholic  add  ;  pigeons*  dung  also  contains  a 
biliary  subfltance.  Pemrian  guano  contains  a  not  inconsiderable  quantity  of  an  uncry- 
stalliaable,  optically  inaetire  biliary  acid,  insoluble  in  water,  easily  soluble  in  alkalis, 
aadooiiTerterl  by  boiling  with  concentrated  hydrochloric  acid  into  products  analogous 
to  choloidic  add  and  dyslysin,  dissolying  in  strong  sulphuric  acid,  and  forming  green 
flnoresccfnt  solutions,  which,  like  the  original  acid,  give  the  purple-violet  coloration 
with  enlphurie  add  and  sugar.  The  add  does  not  contain  sulphur,  and  is  probably 
also  free  frmn.  nitrogen.  Peruvian  guano  also  contains  cholesterin,  but  no  bile- 
pigments  (Ebppe-Seyler,  Jahtxeb.  1863,  p.  654). 

MTftMmWiawaaKVB*  The  colouring  matters  of  bile  are  described  in  the  article 
Cholochbomb  (i.  927)  chiefly  according  to  the  results  obtained  by  Thudichum  in 
1850.  Since  that  time  they  have  been  further  examined  by  several  chemists,  whose 
results,  though  differing  in  minor  details,  agree  in  showing  that  the  brown  and  green 
pigments  of  bile  may  be  separated  by  means  of  chloroform,  in  which  the  former  is 
soluble,  the  latter  insoluble,  and  that  the  pigment  soluble  in  chloroform  exhibits  two 
modifications,  one  red  {bilinUnn),  the  other  brown  {bViph<sin  or  colopJuBin). 

When  bile  is  shaken  up  with  chloroform,  and  the  chloroform  separated  and  evapo- 
rated, a  crystalline  substance  is  obtained,  which,  after  washing  with  alcohol  and  ether, 
rf*niAins  as  a  brick-red  powder,  soluble  in  ammonia ;  and  the  ammoniacal  solution 
mixed  with  hydrochloric  acid  yields  yellowish-brown  flocks  of  cholophaein  (E. 
Brncke.  J,  pr.  Ckem.  Ixxvii.  72 ;  Jakretb.  1859,  p.  637). 

Thudichum  (Zeitechr.  f.  Chem.  [2]  iv.  654)  pre^res  bilirubin  and  cholophein  from 
gall-stooes,  bv  exhausting  the  pulverised  calculi  with  hot  water,  alcohol,  and  cold 
dilate  liydiodfiloric  add  in  succession,  then  again  with  alcohol ;  boiling  the  dried 
powder  with  water  and  chloroform  free  from  hydrochloric  add ;  and  mixing  the 
er-wcentrated  dark  green  solution  theroby  obtained  with  alcohol.  Bilirubin  is  then 
prsdpitated  of  a  reA  colour  as  bright  as  that  of  mercuric  oxide,  and  the  mother-liquor 
yields  brown  rhombic  ciystals  of  cholophaei n.  The  red  and  brown  pigments  thus 
obtained  are  identical  in  composition,  and  are  represented  by  the  tbrmula  C*H*N0'. 
The  red  modification  may  be  converted  into  the  brown  by  repeated  crystallisation. 
The  red  (or  brown)  pigment  is  insoluble  in  water,  nearly  insoluble  in  boiling  alcohol 
•od  in  ether,  more  soluble  in  bensol  and  carbon  bisulphide,  still  more  in  chloroform 
(1  pt.  in  686).  When  the  chloroform  solution  is  exposed  to  sunshine,  the  colouring 
matter  is  decomposed,  probably  owing  to  the  formation  of  hydrochloric  acid.  Satu- 
rated aqueous  ammonia  converts  bilirubin  into  a  dark  red  bulky  mass,  probably 
C*H*(KH^)NO'.HK>,  which  g^ves  off  all  its  ammonia  in  a  stream  of  dry  air.   Bilirubin 

*  In  the  fonnnla  of  taorochenocholic  acid  e^ven  at  p.  700,  toI.  v.,  there  is  a  misprint  of  0^  for  O". 
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dissolves  in  dilute  ammonia,  and  is  reprecipitated  unaltered  by  hydrochloric  acid. 
It  dissolves  in  the  fixed  cmtstic  alkalis  with  brown-rcd  colour,  and  the  solution,  if 
immediately  mixed  with  hydrochloric  acid,  deposits  brown  flocks  which  rediseolve  in 
chloroform;  but  on  exposing  the  alkaline  solution  to  the  air,  biliTerdin  is  produced. 
The  potassium  and  sodium  compounds  of  bilirubin  are  insoluble  in  chloroform.  A 
ncutrdl  ammoniacal  solution  of  cholophxin,  obtained  by  digesting  the  pigment  with 
w^cak  aqueous  ammonia,  yields  with  suver  nitrate  a  red-brown  precipitate  of  the  com- 
pound CH'^AgNO*  (or  perhaps  C»H"AgNO«.H*0) ;  but  if  the  solution  contains  excess 
of  ammonia,  it  yields,  on  addition  of  silver  nitrate  and  subsequent  neutralisation  with 
nitric  acid,  a  precipitate  of  the  diargentic  salt  C^Ii'Ag'NO'.  In  an  ammoniacal 
solution  of  the  pigment  containing  excess  of  ammonia,  barium  chloride  forms  a  precipi- 
tate containing  (C'H"NO')'Ba  (at  100^)  ;  but  a  neutral  solution  yields  a  precipitate 
containing  excess  of  bilirubin  ;  calcium  chloride  yields  similar  precipitates.  Keiitral 
iead  acetate  added  in  oxcms  to  an  ammoniacal  solution  of  bilirubin  forms  a  precipitate 
consisting  of  C»H'PbNO«  (Thudichum).  See  also  Maly  {ZeiUchr.  /.  Chem.  [2]  v. 
394),  who,  however,  assigns  to  the  red  or  brown  pigment  (which  he  calls  cholepyrrkin) 
the  formuU  C'«H»NK)». 

Stadeler  {Ann.  Ch.  Pharm.  cxxzii.  323 ;  Jahresb,  1864,  p.  657)  has  also  examined 
the  colouring  matters  of  bile,  but  with  somewliat  different  results.  By  exhausting 
strongly  coloured  pulverised  gall-stones  with  ether,  hot  water,  chloroform,  and  dilute 
hydrochloric  acid,  he  obtains  a  brownish-green  residue,  from  which  boiling  chloroform 
extracts  a  brown  pigment  {hU\fu9cin),  together  with  a  portion  of  the  red  pigment 
{bilirubin),  whibt  the  undissolved  portion  yields  to  alcohol  a  green  pigment  {bUi- 
prasin)^  and  then  to  hot  chloroform  the  rest  of  the  bilirubin.  Stadeler  represents 
bilirubin  by  the  formula  C««H'»N'0*,  bilifuscin  by  C'«H"N«0*  (bilirubin  +  HH)),  and 
biliprosin  by  C'*H^N'0'.  The  residue  left  after  exhausting  the  gall-stonea 
successively  with  water,  alcohol,  ether,  chloroform,  and  dilute  acid,  and  forming  a 
considerable  portion  of  the  whole,  is  a  humus-like  substance,  designated  by  Stadeler 
as  bilihumin  [?  impure  biliverdin]  ;  it  has  not  been  analysed. 

Biliverdin  or  Cholochlorin  is  formed  when  an  alkaline  solution  of  bilirubin  is 
exposed  to  the  air ;  the  oxidation  may  be  accelerated  by  passing  a  current  of  air 
through  the  heated  liquid.  The  green  solution  thus  formed  yields  with  hydrochloric 
acid,  green  flocks,  which  appear  black  when  dry,  are  quite  amorphous,  insoluble  in 
water,  ether,  and  chloroform,  but  easily  soluble  in  alcohol  (Thudichum) ;  easily  soluble 
in  benzol  and  carbon  bisulphide,  very  slightly  soluble  in  amyl  alcohol  and  ethyl 
iodide,  but  easily  soluble  in  these  last-mentioned  liquids  on  addition  of  ethylic  or 
methylic  alcohol  (Maly). 

Biliverdin  consists,  according  to  Thudichum,  of  C*H*NO',  and  is  formed  from 
bilirubin  in  the  manner  represented  by  the  equation  : 

C»H»NO«  +  0*  -  C«H»NO«  +  C0«. 

Stadeler,  on  the  other  hand,  represents  it  by  the  formula  C»«H»N«0*  [«  2C«H*NO« 
+  H^O],  and  finds  that  it  may  be  formed  by  boiling  an  alkaline  solution  of  bilirubin 
even  when  the  access  of  air  is  completely  prevented.  He  represents  its  formation  by 
the  first  or  second  of  the  following  equations,  accordingly  as  the  air  has  access  to  the 
solution  or  not : 

C'«H'»NK)»  +  H*0  +  0  =  C"H«N«0* 
BilimUn.  Bilirerdln. 

C>«H"N»0«  +  2H«0  -  C'«H»N»0*  +  C»«H"NH)». 
Bilirubin.  BiUrerdin. 

The  latter  equation  supposes  the  simultaneous  formation  of  a  second  body,  perhaps 
identical  with  that  wmch  is  formed  from  biliverdin  by  reduction  with  sodium- 
amalgam. 

BiUverdin  dissolves  in  potash,  soda,  and  ammonia)  and  is  not  precipitated  from  the 
solutions  of  calcium  or  barium  chloride:  but  in  alcoholic  solution  it  forms  dark 
green  precipitates  with  baryta-water^  lime-water,  and  with  the  acetates  of  lead,  wtrcury, 
and  mver.  The  barium  and  calcium  compounds  are  soluble  in  water,  the  rest  insoluble 
(Thudichum;  Maly). 

Reducing  agents,  such  as  hydrogen  sulphide,  zinc  in  acid  solution,  and  sodium- 
amalgam,  act  upon  biliverdin,  but  do  not  reconvert  it  into  bilirubin.  With  iodine  and 
chlortne  it  forms  resinous  products  An  alcoholic  solution  of  biliverdin  treated  with 
eilver  oxide  forms  a  purple  compound,  b  i  li  pur  p  i  n,  which,  however,  remains  combined 
with  the  silver  oxide,  forming  a  compound  which  dissolves  in  ammonia,  and  yields  bili- 
purpin  on  adding  hydrochloric  acid  to  the  solution.  The  presence  of  bile-pigments 
may  accordingly  be  detected  by  boiling  the  substance  under  examination  with  an 
ammoniacal  solution  of  silver  oxide,  and  acidulating  the  filtrate  with  hydrochloric 
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acid,  wberaapon,  if  bile-pigments  are  present,  eren  in  reiy  small  quantity,  a  purple 
colour  will  be  produced.  By  prolonged  action  of  silver-oxide,  biliporpin  is  converted 
into  a  yellow  substance,  biiiflarin.  Mercuric  oxide  does  not  act  perceptibly  on 
biliTerdin ;  peroxides  act  like  silver  oxide.  The  alcoholic  solution  of  biliveidia 
gradually  mixed  with  nitric  acid  assumes  a  bluish-violet,  then  red,  and  ultimately 
yellow  colour  (Thudichuln). 

These  colours,  which  are  also  produced  by  the  action  of  nitric  acid  on  crude  bile- 
pigment,^  correspond,  according  to  Jaffe(Z0»^^./.  Chem.  [2^  v.  666),  to  characteristic 
alterations  of  the  spectrum.  The  blue-violet  solution  ejuubits  in  the  spectrum  a 
broad  absorption-band  between  the  lines  C  and  D,  which  on  dilution  is  resolved  into 
two  bands  (a  and  3)  separated  by  a  bright  band  near  D.  Another  absorption-band,  y, 
oocon  between  the  lines  b  and  F.  As  the  action  of  the  nitric  acid  progresses,  the 
bands  a  and  fi  gradually  disappear,  while  y  becomes  more  distinct,  and  when  the 
solution  exhibits  a  red  colour,  y  likewise  disappears. 

The  jRgment  contained  in  the  blue-violet  solution  above  mentioned  may  be  obtained 
io  the  separate  state  by  treating  an  alcoholic  solution  of  biliverdin,  or  an  ammoniacal 
solution  of  bilirubin  mixed  with  alcohol,  with  a  mixture  of  ordinary  concentrated 
nitric  add  and  the  fuming  acid,  till  a  sample  exhibits  the  absorption-bands  a  and  /3, 
then  mixing  the  solution  with  chloroform,  and  shaking  it  up  with  water.  The  water 
is  then  renK>ved ;  the  chloroform  layer  containing  the  blue  pigment  is  filtered  from 
biliverdin,  and  evaporated  to  dryness  ;  and  the  residue  is  punfied  by  repeated  solution 
in  chloroform.  The  substance  thus  obtained  is  of  a  deep  violet  colour,  insoluble  in 
water,  easily  soluble  in  alcohol,  ether,  and  chloroform,  forming  violet  solutions. 
Alkalis  dissolve  it  with  brown-violet  colour;  acids  with  a  fine  blue  colour.  The 
neutral  and  alkaline  solutions  exhibit  no  absorption-bands  ;  but  the  smallest  trace  of 
add  brings  to  light  the  bands  a,  /9,  and  y.  The  blue  pigment  dissolves  in  strong 
sulphuric  acid,  forming  a  dark  green  solution,  which  on  addition  of  water  deposits 
green  flocks.  The  liquid  filtered  from  these  flocks  is  blue  by  reflected,  violet  by 
transmitted  light,  becomes  brown  when  mixed  with  sodium  carbonate,  and  is  not 
decolorised  by  glucose :  hence  it  does  not  contain  indigo.  If  in  tlie  preparation  of 
the  blue  substance  the  action  of  the  nitric  acid  has  been  carried  too  far,  the  acid 
aolutions  have  a  violet  colour.  On  agitating  the  sulphuric  acid  solution  with  ether, 
the  latter  becomes  red,  and  the  acid  liquid  again  blue. 

The  pigment  corresponding  to  the  absorption-band  y  may  be  obtained  in  exactly 
the  same  way  as  the  blue  pigment,  excepting  that  the  action  of  the  nitric  acid  must 
be  carried  so  &r  as  to  cause  the  bands  a  and  /3  to  disappear  completely.  The  sub- 
stance thus  obtained  is  brown-red,  and  dissolves  in  alcohol,  ether,  and  chloroform 
with  a  Hoe  red  colour,  not  altered  by  alkalis  or  acids.  It  is  only  the  acid  solution 
that  exhibits  the  band  7  (JafTe). 

When  human  bile  or  dog-bile  is  treated  with  hydrochloric  acid,  a  red  solution  is 
obtained  which  exhibits  very  distinctly  the  absorption-band  y.  On  adding  an  alkali 
the  solution  acquires  a  yellow  colour  (least  distinct  with  ammonia),  and  then  exhibits 
an  absorption-band  8,  also  between  G  and  F,  but  nearer  to  C.  The  colouring  matter 
may  be  extracted  from  the  solution  by  chloroform,  and  on  evaporating  the  latter, 
there  remains  a  red  residue,  which  is  soluble  in  water,  alcohol,  and  chloroform,  and  is 
precipitated  from,  the  aqueous  solution  by  lead  acetate  or  calcium  chloride.  The  same 
Rd  pigment  is  found  in  normal  human  urine  ( Jaffe). 

A  solution  of  cholophsein  in  chloroform  obliterates  the  entiro  blue  and  violet  end  of 
the  spectrum  as  far  as  the  line  70  of  Bunsen's  scale.  Very  dilute  but  still  yellow 
Sfilntions  abscvb  only  the  violet.  Solutions  of  cholophsin  in  aqueous  ammonia  produce 
similar  phenomena.  If  their  colour  is  equal  to  that  of  a  strong  solution  of  potassium 
dichromate,  the  fleld  of  view  appears  perfectly  black  from  the  violet  end  to  near  the 
sodium  line  (60),  and  somewhat  sharply  defined.  On  diluting  the  solution,  the  colour 
gndoally  becomes  yellow  and  gieen,  but  somewhat  dull.  Biliverdin  in  alcoholic 
solution  exhibits  absorption  at  both  ends  of  the  spectrum.  In  strongly  coloured 
layers,  it  transmits  only  green  light ;  in  somewhat  moro  dilute  layers,  first  yellow, 
OfRioge,  and  part  of  the  red,  aiterwards  blue  and  violet.  Very  dilute  solutions  absorb 
only  the  Tery  extreme  red  (Haly,  Zeitschr,  f.  Chem,  [2]  v.  366). 


I   See  the  preceding  article. 


See  Neubims. 


*  Hnppert  remarlci  that  dmilar  colonn  are  produced  oii  covering  nitric  acid  with  other  alcoholio 
extracts,  and  especially  with  alcohol  alone  {Chetn,  Cetitr.  1863,  p.  864). 
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BIBMUTS.  According  to  determinations  by  F.  Field  and  J.  Abel  {Chem.  Soe.  J. 
xvi.  804),  bismuth  occurs  in  most  sulphuretted  copper  ores,  in  about  the  same 
proportion  as  silrer  in  galena. 

The  following  process,  devised  by  R.  Togel  {DmgL  pol,  J.  clxvii.  187\  is  now  ado^ 
in  Joachimsthal  for  extracting  bismuth  from  ores  not  containing  leaa.  The  stamped 
ores  are  mixed  with  58  p.  c  wrought-iron  turnings,  and,  according  to  their  richness 
and  composition,  with  15  to  50  p.  c.  soda,  5  p.  c.  lime,  and  5  p.  c.  fluor-spar,  and  fiiaed 
in  Hessian  or  plumbago  crucibles.  Arsenic  and  sulphur  then  separate,  in  oombinatioD 
with  cobalt,  nickel,  and  a  small  quantity  of  iron,  in  the  form  of  speiss,  and  nearly 
the  whole  of  the  bismuth  is  obtained  in  tne  metallic  state.  A  simil^  process  (fosioo 
with  limestone  and  quicklime  in  proportion  to  the  amount  of  silica,  with  addition  of 
scraps  of  iron)  is  employed  by  Fatera  {Jahresb.  1862,  p.  646)  for  the  eztmction  of 
bismuth  from  refinery  residues. 

Estimation  and  S&paration. — J.  Lowe  (Jahresb.  1859,  p.  624)  finds  that  basic 
bismuth  nitrate,  obtained  by  evaporating  the  nitric  acid  solution  toa  Byrup,x«peatedl7 
mixing  the  residue  with  warm  water,  and  evaporating  over  tho  water-bath,  may  Im 
washed  with  a  cold  solution  of  ammonium  nitrate  (1  pt.  in  600),  without  a  trace  of 
bismuth  passing  into  the  filtrate.  He  accordingly  recommends  this  process  for  the 
quantitative  estimation  of  bismuth  and  for  separating  this  metal  from  lead,  the  nitrate 
of  which  is  soluble  in  the  dilute  solution  of  ammonium  nitrate.  To  separate  bismnth 
from  lead,  copper,  and  cadmium  together,  the  concentrated  nitric  acid  solution  is  heated 
over  the  water-bath  till  the  copper  is  wholly  converted  into  insoluble  basic  nitrite, 
and  the  cooled  residue  is  washed  with  ammonium  nitrate,  whereby  lead  and  cadmiiun 
are  dissolved,  while  the  copper  and  bismuth  remain  behind,  und  may  be  dissolTed  in 
nitric  acid,  and  separated  by  ammonium  carbonate  or  potassium  cyanide. 

According  to  H.  Rose  (^ogg.  Ann.  ex.  411),  bismuth  may  be  very  exactly  estimated 
as  oxychloride,  BiClO,  or  fiinJl' .  BiO',  which  is  quite  insoluble  in  dilute  hydrochloric 
acid.  The  solution,  not  containing  too  much  free  acid,  is  mixed  with  hydrochloric 
acid,  and  diluted  with  water,  till  no  further  turbidity  is  produced ;  and  the  predpitated 
oxychloride  is  washed  with  water  on  a  weighed  filter,  and  weighed,  after  drying  at 
100°.  As  however  the  precipitate  is  apt  to  lose  a  little  chlorine  br  prolonged  washing, 
it  is  better  to  reduce  it  by  fusion  with  potassium  cyanide,  and  weigh  the  metallic 
bismuth.  This  reduction  is  especially  necessary  when  the  solution  contains  sulphuric 
acid,  as  in  that  case  the  precipitate  will  contain  a  small  quantity  of  basic  bismuth 
sulphate.  This  mode  of  precipitation  answers  well  for  the  separation  of  bismuth  fnm 
copper,  cadmium,  cobalt,  or  zinc,  but  not  from  iron  or  lead. 

Bismuth  may  also  be  very  exactly  estimated  as  arsenate,  2BiAjB0* .  HK)  (at  100°- 
120°),  by  precipitating  the  nitric  aad  solution  with  arsenic  acid,  disodic  arsenate,  or 
trisodic  arsenate,  washing  the  yellow  precipitate  with  water  by  decantation,  coUeding 
it  on  a  weighed  filter,  and  weighing  the  precipitate  and  filter  together,  after  drying  at 
120°.  This  method  serves  also  for  the  separation  of  bismuth  from  ca<&iinm.  It 
cannot  however  be  used  for  the  estimation  of  arsenic  acid,  inasmuch  as  the  bismuth 
arsenate  is  soluble  in  excess  of  acid  bismuth-solutions  (Salkowski,  Zeitsekr»f.  Ckem. 
[21  iv.  651). 

According  to  Nicklis  (Bttll.  Soc.  CUm.  [2]  v.  49),  bismuth  may  be  distinguished 
from  lead  by  means  of  ammonio-ihaJHc  chltxride  (v.  748),  which  gives  a  white  pred- 
pitate  with  bismuth  salts,  but  none  with  any  salt  of  lead,  excepting  the  basic  acetate. 
The  same  reaction  is  exhibited  by  ammonio-thallic  bromide. 

Compounds  of  Bismuth. 

Bismuth  belongs  to  the  nitrogen  group  of  elements,  being  trivalent  in  its  best 
defined  compounds,  quintivalent  only  in  the  pentnxide  Bi'O*,  and  in  the  bismuthates 
Bi'0*(OM);    the    so-called    di-compounds    of    bismuth    contain    two    atoms    of 

Bi*a« 
trivalent  bismuth  in  their  molecule,  the  dichloride  for  example  being    I  >  ^ 

BizzO  Bi-'a* 

dioxide    | 

BizzO 

Tiibromlde.  BiBr*. — This  compound  may  be  prepared  by  adding  pulreriued 
bismuth  to  a  mixture  of  equal  parts  of  bromine  and  anhydrous  ether.  It  is  soluble  in 
ether,  and  separates  from  the  solution  on  evaporation  in  a  vacuum,  in  deliquescent 
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prisms  which  are  decomposed  by  water  (NicUis,  Hip.  Chim.  pure,  i.  366).  Its  syrupy 
solution  mixed  with  ammonitim  bromide  yields  yellow  tables  or  prisms  of  a  double 
salt:  2NH*Br . BiBr* . 6H'0.  The  same  compound  is  obtained  in  groups  of  trans- 
punent  dichzoic  rhombic  pyramids  by  heating  an  alcoholic  solution  of  the  two  component 
brnmides  in  a  sealed  tube. 

Bismuth  bromide  heated  with  anhydrous  ether  to  100^  in  a  sealed  tube  dissolves, 
forming  two  layers,  the  lower  of  which  contains  a  compound  of  bismuth  bromide 
and  ether,  dystallising  on  evaporation  in  very  deliquescent  rhombic  prisms  con- 
taining BiBr* .  C^H**0  .  2aq. :  this  compound  destroys  paper  (Nicklte,  Rip.  Chim.  pure, 
iii.  189). 

THelitoiide.  BiCl'. — A  solution  of  this  compound  in  hydrochloric  add  leares 
on  sTapontion,  slender  white  needles  of  kydrogen-bitmuih  chloride,  BiCl'.2HCl 
(Jacqnelain,  Aum.  Vh.  Phy.  [2]  Ixii.  363). 

Boiauium-hitmMik  chloride,  BiCl' .  2KG1.|H'0,  obtained  by  CTaponting  a  solution 
of  bismuth  chloride  in  hydrochloric  add  mixed  with  potassium  chloride,  crystallises, 
aeeording  to  Bammelsberg  (KryetalUogr.  Chemie,  p.  213),  in  rhombic  combinations, 
a>P.P.oP.Pao  .^foo.  Batio  of  axes  a:b:c  ^  0*6873  :  1:1*7979.  Angle 
odP:  odP  -  111°;  P :  P  (brach.)  -  114*36';  P  :  P  (macr.)  «  76*>22';P:P 
(basal)  »  145^  The  eodimm  saU  BiCl*.2NaC1.3H*0  is  obtained  in  a  simihir 
manner.    Both  these  salts  are  decomposed  by  water  (Jaoquelain). 

When  ammonia  gae  is  passed  over  bismuth  chloride  contained  in  a  retort,  three 
different  products  are  formed,  one  of  which,  being  rery  volatile,  passes  into  the 
reeeiver,  while  the  other  two  remain  in  the  retort  One  of  these,  consisting  of 
2BiCl* .  NH*,  is  zed,  fusible,  and  crystallisable ;  the  other,  Bia> .  2NH*,  is  dingy  green« 
and  difficult  to  purify :  its  composition  was  established  by  that  of  the  double  salt 
which  it  forms  wnen  treated  with  hydrochloric  acid.  The  volatile  compound  is  white, 
and  consists  of  BiCl" .  3NH*  (D^h^rain,  CompL  rend.  liv.  724V 

These  ammoniochlorides  treated  with  hydrochloric  acia  yield  double  chlorides 
of  bismuth  and  ammonium,  viz.  2BiCl'.NH*Cl,  crystallising  in  deliquescent 
needles;  BiCl'.2NH*Cl  in  hexagonal  laminee,  isomorphous  with  the  corresponding 
antimony  salt^  and  oontainins,  according  to  Bammelsberg,  2^  mol.  water;  and 
BiCl'.3^H*Cl  in  rhombic  laminae (Bih&rain).  These  double  chlorides  may  also  be 
obtained  by  evaporating  acid  solutions  of  bismuth  chloride  mixed  in  due  proportion 
with  sal-ammoniac  In  preparing  the  last-mentioned  compound  by  this  method,  the 
mother-liquors  yield  another  salt,  2BiCl'.5NH*Cl,  in  rhombohedral  cryvtals  with 
angles  of  1 13°  32'  and  102°  22'  (Bammels}>erg).  D6h6rain  has  also  obtained  a  double 
chloride  containing  both  potassium  and  ammonium,  viz.  BiCl'.2NH*Cl.KCl,  which 
dystallises  in  rhombic  laminse. 

Aeelenioehloride,  containing  BiSeCl  or  BiCl'.Bi^*,  is  obtained  by  adding 
pulverised  bismuth  selenide  to  fused  bismuth-ammonium  chloride,  heating  the  mass 
till  it  b<»ls  quietly,  and  no  more  unaltered  bismuth  selenide  can  be  perceived  in  it, 
and  treating  the  cooled  mass  with  dilute  hydrochloric  acid.  The  seleniochloride  then 
remaina  in  small  needle-shaped  crystals  having  a  dark  steel-grey  colour  and  metallic 
lustra.  Heated  in  a  stream  of  carbonic  acia  gas,  it  is  resolved  intn  chloride  and 
selenide  of  bismuth,  the  former  volatilising.  It  is  also  quickly  and  completely  decom- 
posed by  strong  nitric  acid  (R.  Schraider,  Pogg.  Ann,  xciv.  628). 

TH-iodid«.  Bil'  (i.  694). — A  solution  of  this  compound  in  hydriodic  acid  yields 
by  evaporation  rhombic  octohedrons  of  hydrogen-bitmuth  iodide,  BiI'.HI.4aq. 
(Arppe). 

Bismuth  iodide  forms  a  large  number  of  double  iodides,  isomorphous  with  the 
correspondiiig  compounds  of  antimony ;  they  are  obtained  by  direct  union  of  the 
component  iodides,  or  by  the  action  of  iodine  on  bismuth  in  presence  of  the  iodide  of 
anoUier  metal  (Nickl^,  Compt.  rend.  li.  1097  ;  Jahresb.  1860,  p.  176 ;  J.  Pharm.  [3] 
xxxix.  116  ;  Jahresb.  1861,  p.  272.     Linau,  Pogg.  Ann,  cxi.  240;  Jahresb.  1860,  p. 

my 

(1)  NH*I.BiP.H*0  Black    needles;    obtained    by  action  of  iodine  on 

bismuth,  in  presence  of  ammonium  iodide. 

(2)  NH«I .  (Bi :  Sb)I» .  2H'0     Black  crystals  yieldinp:  a  rod  powder. 

(8)  2NH*I . Bil* . |H'0  Deoosited  from  absolute  alcohol  in  red  crystals. 

(4)  2NH*I.BiBr*.|H*0  Didiroic deliquescent  cr^-stals  ;  obtained  by  action  of 

bromine  on  bismuth,  in  presence  of  ammonium 
iodide. 

(5)  4NH*I .  Bil" .  3HK)  IX^rk  red-brown  rectangular  prisms ;  powder  cinnabar- 

reil ;  obtainerl  by  direct  combination. 
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(6)  KI.BilMPO  Black  needles;  prepared  like  (1>. 

(7)  Nal.BiP.H^O  Black-bn^w^n    efflorescent    ciystals,    yielding  a  red 

powder. 

(8)  NaI.(Bi;Sb)P.2H'0         Obuined  by  treating  a  mixture  of  bismuth  and  anti- 

mony with  iodine  in  presence  of  ammonium  iodide. 

(9)  3NaI.2BiI'.  12H'0  Garnet-red  rectangular  prisms;  obtained  by  direct 

combination. 

(10)  Bill' .  Bil' .  91I'0  Small,  red,  shining,  rhombic  prisms,  black  when  dried 

at  250°. 

(11)  Cal' .  Bil' .  9H'0  Dark  red,  shining,  rhombic  prisms,  with  basal  end- 

face. 

(12)  Mi^P .  Bil* .  1 2H*0  Garnet-red  recUngular  prisms ;  anhydrous  at  1 75®. 
(1.1)  Znl-.  Bil«.  12H-0               Resembles  (12) ;  anhydrous  at  100°. 

The  la^t  four  double  iodi(U*8  are  obtained  by  adding  bismuth  iodide  to  a  con- 
cent nited  solution  of  the  other  iodide  and  evaporating  (Linau).  Among  the 
compounds  examined  by  Nicklto,  those  containing  2I1'0  crystallise  in  rhombic 
priums  of  97^ ;  those  with  IH^O  in  right  rhombic  prisms  of  135°  25',  with  a  dome 
and  numerous  secondary  faces.  All  these  double  salts  are  more  or  less  deli- 
quescent, dccomposiblo  by  water,  and  in  some  cases  by  alcohol,  and  cannot  be 
nMTVstJillised.  They  are  quickly  altered  by  light,  especially  by  the  violet  lays,  their 
Kurface  acquiring  a  red  colour — ^an  alteration  which  likewise  takes  place  in  bismutii 
iodide  itwelf  (Nickles). 

Bismuth  Sulphiodide^  BiSI,  may  be  obtained,  as  a  sublimate  composed  of  long 
needles,  by  disposing  iodine,  sulphur,  and  bismuth  sulphide  in  alternate  layers  in  a 
capacious  crucible,  and  subjecting  the  whole  to  a  prolonged  calcination  (Linau). 

Oxides.    Bismuth  forms  four  oxides,  viz.  BiH)*,  Bi*0*,  Bi*OS  and  Bi*0\ 

Bi=0 

The  dioxide  or  suboxide^  Bi'O'  or  |         ,  is  formed  by  the  action  of  the  atr  on 

Bi=:0 
bismuth  heated  a  few  degrees  above  its  melting  point ;  also  by  reduction  of  bismuth 
salts,  with  stannous  chloride  for  example.  To  prepare  it,  bismuth  trioxide  and 
stinnous  chloride  in  equivalent  proportions  are  dissolved  in  hydrochloric  acid  ;  the 
mixed  solution  is  poured  into  moderately  strong  aqueous  potash  ;  and  the  resulting 
black-brown  precipitate  of  stannic  oxide  and  bismuth  dioxide  is  treated  with  strong 
p')tash-ley,  which  dissolves  the  stannic  oxide  and  leaves  the  bismuth  dioxide.  The 
latter  dried  at  100°  is  a  greyish-black  crystalline  powder,  very  difficult  to  reduce,  but 
easily  oxidisable,  burning  in  the  air  like  tinder  (Schneider,  I^offg.  Ann.  Ixxxviii.  45 ; 
Schiif,  Ann.  Ch.  Pharm.  cxix.  331). 

Bismuth  dioxide  shows  but  little  tendency  to  unite  with  acids,  but  it  exists  in  the 
form  of  stannate  in  the  precipitate  obtained  in  preparing  it.  This  stannate  is  also 
prr>duced,  as  a  compound  of  a  deep  yellow  colour,  when  a  solution  of  stannoos  chloride 
IS  poured  upon  pulverised  bismuth  nitrate  ;  if  the  operation  is  performed  at  ordinary 
temperatures,  the  compound  may  be  preserved  unaltered  for  several  days ;  but  on 
applying  heat,  it  changes  to  a  brown  or  grey-black  powder,  which,  however,  when 
washed  with  water,  is  reconverted  into  the  yellow  compound.  The  latter  dried  at 
lOO''  is  of  a  deep  orange  or  ochre-yellow  colour,  insoluble  in  water  and  in  dilate 
acetic  acid,  but  soluble  in  mineral  acids,  the  solutions  giving  a  black  precipitate  with 
potash.    The  yellow  compound  consists  of 

SnBi^O*      or      0<:    |  "^Sn^  |      j:^  0     or    (Bi«0«)«]2S  . 

^^Bi— 0-^      ^  O— Bi-^  < " 

By  heating  in  the  air  it  is  oxidised  to  bismuthous  stannate, 

SiiBi«0«    or    o=BiZ8>^°<0-Bi=0    "    8i."(BiO«)«, 

Potash  removes  the  stannic  oxide  from  the  salt  SnBi'O*,  leaving  the  bismuth  dioxide, 
which  may  thus  be  obtained  in  the  pure  state  (Schiff). 

Trioxide  or  Bismuthous  Oxide.  BiK)*. — By  fusing  the  ordinary  pnlverulent 
oxide  with  potassium  hydrate,  it  may  be  obtained  in  rhombic  prisms,  odP  .  oP  .  }]^ao . 
jPoo .    Axes  rt  :  A  :  c  =»  0-8165  :  1  :  10640  (Nordenskjold,  Po^ff.  Ann.  cxiv.  612). 

Pentoxide.  Bismut hie  Oxide  or  Anhydride.  Bi'O*. — Formed  by  heating  the 
corresponding  hydrate  to  180°  ;  also,  according  to  Schonbein  (Jahresb.  1864,  p.  174), 
by  the  action  of  ozone  on  metallic  bismuth.    It  b  easily  reducible,  giving  off  part  of 
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its  oxjgen  vhen  heated  a  little  above  13Q^;  being  instantly  decomposed  by  hydro- 
chloric  acid ;  with  evolution  of  chlorine  and  formation  of  bismuth  trichloride,  and  by 
strong  sulphuric  or  nitric  acid,  with  evolution  of  oxygen ;  dilute  nitric  acid  does 
not  act  upon  it ;  aooordiug  to  Arppe,  boiling  nitric  acid  converts  it  into  an  oxide 
containing  Bi*0*.  It  is  not  attacked  by  aqueous  alkalis.  According  to  Schonbein, 
it  decomposes  hydrogen  dioxide,  and  is  itoelf  reduced  to  Bi^O*. 

Bitmutkie  Hydratey  Hydrogen  Bisnmthate,  or  Bismuthic  Acid,  HBiO'  or 
HK).BiK>*,  analogous  in  composition  to  nitric  acid,  HKO',  is  produced  by  the  action 
of  chlorine  on  bismuthous  hydrate  suspended  in  concentrated  potash-ley  (i.  594). 
Another  bismuthic  hydrate,  2Bi*H*0'  or  BiH)*.  2H*0  (corresponding  to  pyrophosphoric 
add),  is  obtained  by  treating  a  solution  of  bismuth  nitrate  with  excess  of  potassium 
CTsnide.  It  is  a  dark  brown  powder  which  gives  off  its  water  at  160^,  and  is  reduced 
to  trioxide  by  subsequent  ignition  in  a  glass  tube  (Bodeker,  Ann.  Ch,  Pharm.  cxxiii. 
61). 

The    ietroxide,     or    Biamuthoua     Bismuthate,     Bi'O^    «  E"[^^     ^ 

'  B    [^'  "  Bi*0*.Bi*0*,  is  produced  when  the  trioxide  is  treated  with  oxidising 

agents  in  presence  of  an  alkali.  When  chlorine  is  passed  into  cold  aqueous  potash 
of  sp.  gr.  1*385  containing  bismuth  trioxide  in  suspension,  a  yellow,  red,  or  brown 
oxide  is  farmed,  which  when  heated  with  strong  nitric  add,  is  converted  into  an 
oruig»-yellow  hydrate,  BiK)*.2H*0,  which  gives  off  its  water  at  ISO*',  leaving  the 
light  brown  tetzoxide  (Schrader,  Ann,  Ch.  liarm.  cxxi.  204 ;  Jdhre^.  1861,  p.  269). 
With  still  moire  concentrated- potash-ley,  bismuthic  acid  is  produced  {wd,  sup.).  The 
teduxide  may  also  be  prepared  by  adding  basic  bismuth  nitrate,  gradually  and  with 
constant  stirring,  to  sooium  hydrate  fused  at  a  low  red  heat  in  an  iron  dish,  continuing 
the  heating  and  stirring  till  the  mass  has  become  black-brown,  or  nearly  black,  boiling 
the  decanted  and  pulverised  mass  with  water,  digesting  the  undissolved  reddish-brown 
powder  with  cold  dilute  nitric  acid,  then  washing  and  drying  it  (Bottger,  J.  pr.  Chem, 
Ixxiii.  494). 

•ifclantde*  Bi*Se*. — ^According  to  R  Schneider  (Pogg.  Ann.  xciv.  628),  the  selenide 
prepared,  according  to  the  method  of  Berzelius,  by  raping  bismuth  with  selenium 
(i.  595),  generally  contains  excess  of  bismuth.  The  pure  selenide  obtained  by  fusing 
2  at.  bismuth  with  3  at.  selenium,  and  frequently  remelting  the  product  with  fresh 
addition  of  selenium  out  of  contact  with  the  air,  exhibits  on  the  newly  fractured 
surface  a  light  steel-grey  colour,  metallic  lustre,  and  distinct  crystallo-granular 
stmctare ;  it  has  a  sp.  gr.  of  6*82,  the  hardness  of  galena,  and  is  easily  pulverised. 
It  is  seaicely  attacked  by  strong  hydrochloric  acid,  even  at  the  boiling  heat,  but  easily 
and  completely  decomposed  by  nitric  or  nitromuriatic  acid.  With  bismuth  chloride  it 
foms  the  compound  BiQSe  or  BiCl> .  Bi'Se>  (p.  847). 

Bolpbide.  Bi^^. — A  compound  of  this  sulphide  with  poiasHum  sulphide, 
K%*S*  »  K^ .  Bi%',  is  obtained  in  light  steel-grey  shining  needles,  by  fusing  1  pt. 
polveriaed  bismuth,  6  pts.  dry  potassium  carbonate,  and  6  pts.  sulphur,  and  exhausting 
the  ftised  mass  with  water,  in  which  the  double  sulphide  is  soluble  (R.  Schneider, 
ZeUsekr.f,  Chem.  [2]  v.  630). 

An  oxysulphide  of  bismuth,  Bi^SO',  occurs  native  as  Karelinite  in  the  Altai 
(iii.  446).  An  artificial  oxysulphide  may  be  prepared  by  heating  the  trioxide  with 
sulphur  to  low  redness  in  a  retort.  The  mass  blackens,  gives  off  sulphuric  oxide,  and 
then  the  excess  of  sulphur,  leaving  a  grey  scoriaceous  mass  having  a  faint  metallic 
lustre,  becoming  strong  by  burnishing,  and  a  sp.  gr.  of  6*31.  It  contains  no  metallic 
bismuth,  bnt  if  again  strongly  ignited,  gives  off  sulphurous  oxide  and  then  exhibits 
small  globules  of  bismuth.  A  product  obtained  in  this  manner  by  igniting  142  pts. 
bismuth  trioxide  with  40  parts  of  sulphur,  yielded  by  analysis  numbers  which  may  bo 
represented  by  the  formula  Bi*S*0",  or  perhaps  Bi*0* .  2Bi*S*  (R.  Hermann,  J.  pr. 
Chan.  IxxT.  452). 

BIT II Maura.  This  name  is  given  by  Berthelot  to  the  least  volatile  of  the 
hydrocarbons  obtained  by  passing  benzene  vapour  through  a  porcelain  tube  heated  to 
bri^t  redness.  On  distilling  the  liquid  portion  of  the  product  the  bitumene  remains 
in  the  retort,  even  at  a  red  heat,  as  a  blackish  liquid,  which  solidifies  on  cooling.  It 
dissolves  only  in  boiling  ether,  and  in  small  quantity,  forming  a  fluorescent  liquid,  which 
leaves  a  metallically  lustrous  film  on  evaporation  (Bidl.  Soe.  Chim.  [2]  vi.  272). 

BZVSanr.    CTI»N»0«  «    ^Xf  -  NH".— This  compound  is  formed,  together  with 

^"  (nh« 

monocynnurate  of  urea,  on  passing  the  vapour  of  cyanic  acid  into  melted  urea,  till  a 
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solid  mass  is  produced.  It  is  isomeric  with  cyanate  of  urea,  and  probably  stands  to 
the  latter  in  the  same  relation  as  urea  to  cyanate  of  ammonium  (Finck,  Ann.  Ck. 
Pharm.  cxxiy.  331).  It  is  also  produced,  together  with  phenate  of  ammonium,  on 
dissolving  urea  in  phenol  at  150°- 160^,  and  may  be  extracted  from  the  solid  mass 
which  forms  on  oooling,  by  washing  with  ether,  boiling  the  aqueous  solution  of  the 
residue  with  hydrated  lead  oxide,  and  evaporating  the  solution  after  freeing  it  from 
lead.  It  appears  from  this  reaction  that  urea  when  heated  with  phenol  decomposes 
in  the  same  manner  as  when  heated  alone,  namely  into  biuret  and  ammonia  (i.  600)  : 
2CH*N«0  «  C*H*N«0«  +  NH«  (Baeyer,  Ann.  Ch.  Pharm.  cxxxi.  261). 

According  to  Huppert  a.  Dogiel  (Zeitsckr.f.  Chem.  [2]  iii.  691),  the  easiest  way  of 
preparing  biuret  from  urea  is  to  treat  the  urea  with  chlorine  at  150^  till  the  mass 
Decomes  pasty.  The  product,  consisting  chiefly  of  biuret,  is  freed  from  cyanuiic  acid, 
formed  at  the  same  time,  by  precipitation  with  basic  lead  acetate. 

Biuret  is  also  produced  by  the  action  of  ammonia  on  allophanic  ether ;  in  fact,  it  has 

the  composition  of  allophanic  amide,  Njm  (Huppert  a.  Dogiel). 

The  aqueous  solution  of  biuret  mixed  with  tUver  tuJphaU  yields,  on  addition  of 
ammonia,  a  precipitate  of  silver  cyanurate,  and  the  filtrate  Veed  from  silver  and 
evaponited  yields  crystals  of  urea  and  urea  nitrate.  Biuret  dried  at  120^  slowly 
absorbs  hydrochloric  acid  gas  at  100^,  forming  tlie  hydrochloride  2C*H*N*0* .  HCl, 
which,  when  heated  to  1 60^-1 70*^  in  the  stream  of  hydrochloric  acid  gas,  gives  off 
water  and  carbon  dioxide,  leaving  a  yellowish  white  tumid  mass,  partiiUly  soluble  in 
cold,  completely  in  hot  water.  The  portion  easily  soluble  in  cold  water  contains  sal- 
ammoniac,  together  with  hydrochloride  of  guanidine,  while  the  less  soluble  portion 
consists  of  cyannzic  acid  and  monocyanurate  of  urea : 

2CH»N«0«  -  NH»  +   CH*N«O.C«H»N»0« 

Biuret.  Urea  cyanurate. 

C«H»N«0«    -  C0«  +  C«H»N" 
Blunt.  OnaniiUne. 

Biuret  boiled  with  strong  hydrochloric  acid  yields  sal-ammoniac,  together  with  small 
quantities  of  urea  and  guanidine  hydrochloride.  With  nitric  acid,  it  forms  cyanuric 
acid,  urea  nitiate,  and,  as  ultimate  product,  ammonium  nitrate.  By  boiling  with 
baryta^waUr,  it  is  decomposed  in  the  manner  represented  by  the  equation : 

C«H»N«0»  +  H»0  =  CH^N'O  +  NH«  +  C0«. 
Biuret.  Ures. 

(Finck,  loc.  oU.) 
The  relation  of  biuret  to  urea  may  be  represented  by  the  following  formula : 

NH«  CO 

NH«  CO  CO  NH« 

CO  KH  or  NH>  NH 

NH«  fco  NH«  im« 

W  O) 

Urea.  Biuret.  Urea.  Btnret. 

MXMSM,  the  red  resinous  colouring  matter  of  annotto  (the  red  paste  obtained  bv 
crushing  the  s^eds  of  Bixa  Ordlana),  has  been  examined  by  Bolley  a.  Hylius  {BuU, 
Soe.  Chim.  [2]  iii.  330),  who  assign  to  it  the  empirical  formula  C^HK)',  and  by  W. 
Stein  {f,  pr,  Chem,  cii.  175),  according  to  whose  analyses  it  has  the  composition 
C"H'K)*. 

Bolley  a.  Mylius  prepare  it  bv  digesting  the  dried  alcoholic  extract  of  annotto  with 
ether ;  repeatedly  treating  the  least  soluble  portion  (which  contains  tiie  greater  part 
of  the  colouring  matter)  with  hot  ether ;  dissolving  the  remainder  in  alcohol ;  precipitat- 
ing the  alcohobc  solution  with  lead  acetate ;  decomposing  the  washed  precipitate  with 
hydrogen  sulphide ;  extracting  the  colouring  matter  therefrom  by  hot  alcohol ;  and 
precipitating  the  alcoholic  solution  with  water.  Stein  examined  bixin  prepared  by 
he  Vrij  from  the  fresh  fruits  of  Bixa  OreUana  by  treating  them  with  alkaline  water, 
precipitating  the  solution  with  sulphuric  acid,  and  repeatedly  boiling  the  precipitate 
with  water  and  ether  to  remove  a  bitter  principle  and  resin. 

Pure  bixin  is  an  amorphous  substance  of  the  colour  of  Vermillion,  not  melting  at 
145^,  nearly  insoluble  in  water,  slightly  soluble  in  cold  alcohol  and  in  ether,  easily 
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soluble  in  hot  aloohol  and  in  alkalis.  It  is  not  altered  by  dilate  sulphuric  or  hydro- 
chloric acid ;  dilute  nitric  add  turns  it  yellow ;  strong  nitric  acid  conrerts  it  into  a 
yellow  substance  precipitable  b^  water  and  smelling  like  musk  (BoUey  a.  Mylius). 
According  to  Stein,  it  dissolves  in  25'4  pts.  boiling  and  89  pts.  cold  alcohol,  in  345  pts. 
ether,  3436  pts.  carbon  bisulphide,  93*3  pts.  chloroform ;  also  in  alkalis  and  alkaline 
carbonates.  The  bitter,  yellow,  or  brown-red  alcoholic  solution  gives  an  orange 
precipitate  with  neutral  1^  acetate ;  brown-vellow  with  mercuric  chloride  and  cuprio 
acetate ;  brown-red  with  ferric  chloride ;  redoish-yellow  with  aluminium  acetate ;  and 
deep  yellow  with  stannous  or  stannic  chloride  on  addition  of  ammonia.  When  boiled 
with  hydrochloric  acid  it  deposits  a  brown  substance.  Aqueous  sulphurous  acid 
partially  decolorises  the  solution  at  the  boiling  heat.  Bixin  fused  with  potassium 
nydrate  forms  a  black-brown  amorphous  product.  It  is  coloured  deep  blue  by  strong 
sulphuric  acid,  and  forms  nitro-compoun«is  when  treated  with  fuming  nitric  acid. 

When  a  solution  of  bixin  in  very  weak  spirit  is  saturated  with  ^orine,  chloro- 
bixin,  C"H"G1*0*,  separates  as  a  white  cloud,  formine  when  dry  a  yellow-brown 
amorphous  powder,  insoluble  in  water,  easily  soluble  in  alcohol  and  ether.  The  action 
of  chlorine  also  gives  rise  to  other  products  richer  in  chlorine  and  less  soluble  in 
ether. 

Kascent  hydrogen  converts  bixin,  in  add  or  alkaline  solution,  into  a  substance 
insoluble  in  water,  and  drying  up  to  a  brownish  amorphous  mass  whose  percentage 
composition  is  expressed  by  uie  ^rmula  C*'H'*0'  (Stein). 

B&OOB.  The  following  are  recent  determinations  of  various  constituents  of  the 
blood: 

Iron, — ^According  to  Felouze  {Compt,  rend.  Ix.  880),  the  blood  of  various  warm- 
blooded animals  contains  in  10,000  pts.  by  weight,  the  following  quantities  of 
iron: 

Somettio 
Had  Oz  Pig        Oooae     Turkey     Fowl        Dnck       Frog 

Max.         537        540        595        358        336        357        344        425 
Min.         506        480        506        347        333         —         342 


Hamoglobm, — See  p.  852. 

Ckdeiterin,  Pratag&n,  and  FaU. — Hoppe-Seyler  {Medicin.'chem.  Vhters.  i.  140 ; 
Jakntb.  1896,  p.  745)  has  determined  the  quantity  of  cholesterin  in  eoose-  and  ox- 
blood  :  L  and  II.,  from  very  fat  young  geese  ,*  III.  and  IV.,  from  a  fat  old  goose ; 
V.  from  the  ox : 


Grm.      cholesterin  > 
in  100  c.c.  blood.  ( 


In  the  Blood-corpueelee. 

I.           IL          in. 

IV. 

V. 

0043         0052         0040 

0060 

0048. 

In  the  Serum. 

I.                  II. 

IT!. 

IV. 

0*234            0-314 

0019 

0035. 

Orm.      cholesterin ) 
in  100  cc.  blood.  ^ 

The  amount  of  cholesterin  in  the  corpusdes  (0*04-0*06  grm.  in  100  c.c.  blood)  is 
independent  of  the  amount  of  cholesterin  and  of  fat  in  the  serum  or  plasma.    The 

Sroportion  of  the  same  substance  in  the  serum  varies  considerably,  increasing  and 
immishing  with  the  amount  of  fat.  The  corpuscles  of  the  same  kinds  of  blood  were 
found  to  contain  no  saponifiable  fats,  even  when  the  serum  was  verv  rich  in  fat.  The 
serom  may  contain  a  large  quantity  of  saponifiable  fats,  together  with  cholesterin  and 
protagon. 

Sugar  and  Alcohol. — ^Respecting  the  presence  of  sugar  in  blood,  see  Gltcoobit 
(ii.  907).  According  to  T.  H.  Foid  (Jahresb.  1861,  p.  792),  blood  in  its  normal 
state  contains  a  minute  quantity  of  alcohol  produced  by  fermentation  of  the 
sugar. 

Urea. — ^Poisseuille  a.  Gobley  (Compt.  rend.  xlix.  164)  found  in  1,000  grammes  of 
the  blood  of  herbivorous  and  carnivorous  animals,  an  average  quantity  of  0*220  grm. 
urea.  Hence,  supposing  that  the  kidneys  of  an  adult  man  are  traversed  by  1,000 
'  kilogiammee  of  blood  in  24  hours,  and  that  out  of  -the  220  grms.  of  urea  therein 
contained,  20  erms.  are  separated  in  the  urine,  they  conclude  that  200  grms.  are 
returned  into  uie  circulation. 

JHmethjflamine. — According  to  Dessaignes  (J.  Pharm.  [3]  xxxii.  43  ;  Jahresb,  1857, 
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p.  382),  calfs  blood,  twelve  hours  after  removal  from  the  ressels,  contaios  a  small 
quantity  of  trimethylamine,  emitting  the  peculiar  crab-like  odour  of  that  base  when 
agitated  with  milk  of  lime.     The  fresh  blood  does  not  exhibit  this  odour. 

BflemoffloMBf  KsDinatofflobliif  or  BoematoeiirstalllB  (Hoppe-Seyler, 
Med.-chtm,  Unters.  i.  169;  Ztitsekr,  f.  Chttn.  [2]  v.  243;  Jahresb,  1867,  p.  798). — 
This  substance  is  the  only  colouring  matter  of  the  blood  of  vertebrate  animals.  The 
red  corpuscles  of  the  blood  of  man  and  many  other  mammalia  consist  almost 
exclusively  of  haemoglobin,  but  in  those  of  certain  mammalia  and  birds  the 
hiemoglobin  is  associated  with  considerable  quantities  of  albuminous  substances. 

Preparation. — The  separation  of  the  corpuscles  from  the  plasma  or  serum  is  best 
effected  by  mixing  the  blood — after  separating  the  fibrin  by  beating  it  for  ten  minutes 
with  a  stick  or  a  goose  feather,  and  filtering  through  a  linen  cloth — with  1  vol.  of  a 
saturated  solution  of  common  salt  and  9  vol.  distilled  water,  and  repeatedly  washing 
the  precipitated  magma  with  the  same  liquid.  To  separate  the  haemoglobin  from  the 
other  constituents  of  the  corpuscles  (proteids,  cholesterin,  a  substance  rich  in 
phosphorus,  which  swells  up  in  water,  potassium  chloride,  and  sodium  phosphate),  the 
washed  magma  is  agitated  with  a  small  quantity  of  water  and  from  4  to  10  times  its 
volume  of  ether;  the  ether  is  drawn  off  after  some  hours;  the  removal  of  the 
cholesterin  is  completed  by  repeated  agitation  with  ether ;  and  the  red  watery  liquid 
is  filtered.  The  solid  matter  collected  on  the  filter  consists  of  coagulated  proteids, 
mixed,  in  the  case  of  dogs',  guinea-pigs',  or  squirrels'  blood,  with  crystals  of  haemo- 
globin. The  ethereal  solution  contains  the  whole  of  the  cholesterin,  together  with  part 
of  the  phosphorised  substance ;  and  the  aoueous  solution  contains  the  remainder  of  the 
latter,  together  with  haemoglobin,  alkali-salts,  and  a  (still  unknown)  nitrogenous 
extractive  matter. 

Cri/stalliaed  Hamoalobin  (Oxyh^enwglobin). — ^The  aqueous  solution  obtained  as 
above  from  the  blooa  of  the  dog,  guinea-pig,  rat,  or  squirrel  is  for  the  most  part 
immediately  converted  at  low  temperatures  into  a  pulp  of  haemoglobin  crystals.  The 
same  crystals  may  be  obtained  from  the  blood  of  birds  by  cooling  the  clesir  deep  red 
aqueous  solution  to  0^,  mixing  it,  while  stirring,  with  ^  vol.  of  80  p.  c.  alcohol  also 
cooled  to  0^,  and  leaving  the  mixture  to  itself  for  a  few  days  at  a  temperature  of  -6** 
to  -10^.  To  purify  the  crystals,  they  are  washed  on  a  filter  with  a  cooled  mixture  of 
I  vol.  alcohol  and  4  vols,  water,  pressed  in  the  filter,  stirred  up  with  from  5  to  80 
times  their  volume  of  water,  according  to  their  solubilitv ;  and  tne  liquid,  after  being 
heated  to  30**  or  40^,  is  quickly  filtered.  It  is  then  cooled  to  0°,  shaken  up  with  air, 
mixed  with  i  vol.  alcohol,  and  left  to  crystallise.  After  several  repetitions  of  this 
treatment  (wnich  may  likewise  be  applied  to  the  crystals  which  separate  from  the 
blood  of  the  dog  and  other  animals  on  addition  of  ether),  the  haemoglobin  is  obtained 
pure,  in  the  form  of  a  vermillion-coloured  pasty  mass,  which  when  dried  below  0** 
yields  a  light  brick-red  powder.  From  many  kinds  of  blood,  especially  that  of  man, 
and  of  the  ox,  sheep,  and  pig,  it  cannot  be  obtained  by  this  process  in  any  considerable 
quantity  (forming  at  most  an  amorphous  precipitate),  and  the  preparation  succeeds 
for  the  most  part  only  at  low  temperatures.  Above  0^  the  solutions  quickly 
assume  a  dark  colour  teem  decomposition,  and  are  then  difficult  to  OTstaUise.  If  the 
solution  cooled  below  0^  l>o  gradually  mixed  with  alcohol  cooled  to  a  very  low  temper- 
ature, amorphous  haemoglobin  separates,  which  is  soluble  in  water,  but  is  reprecipitated 
bv  alcohol  in  the  amorphous  state.  All  other  modes  of  preparation  were  found  by 
Hoppe-Seyler  to  yield  less  satisfactory  results.  The  crystals  are  mostly  prismatic,  but 
those  of  the  rat  and  mouse  are  tetrahedral,  those  of  the  squirrel  six-sided  tables.  They 
are  sparingly  soluble  in  cold  water,  more  soluble  in  warm  water,  and  freely  soluble  in 
feebly  alkaline  solutions,  such  as  serum. 

Amorphous  htBmoglobin  may  be  obtained,  not  quite  pure,  from  any  of  the  kinds  of 
blood  above  mentioned  in  the  following  manner.  The  defibrinated  blood— or  better 
the  isolated  blood-oorpuscles — is  agitat^  with  water  and  ether ;  the  aqueous  solution, 
after  separation  from  the  ether,  is  precipitated  with  basic  lead  acetate ;  the  liquid 
quickly  filtered;  and  the  lead  separated  from  the  filtrate  by  potas.sium  carbonate. 
To  the  ice-cold  solution,  pulverised  potassium  carbonate  is  added  till  the  colouring 
matter  is  completely  precipitated ;  and  the  precipitate  is  washed  at  0^  with  a  nearly 
saturated  solution  of  the  same  salt,  and  pressed  between  paper.  It  may  be  freed 
from  the  greater  part  of  the  potassium  carbonate  by  difiusion  in  water,  but  is  apt 
to  undergo  partial  decomposition  at  the  same  time.  Amorphous  haemoglobin  may 
be  separated  in  the  same  manner  from  the  solution  of  the  haemoglobin  crystals. 
If  the  solution  is  mixed  with  several  volumes  of  alcohol  (instead  of  potassium 
carbonate),  part  of  the  haemoglobin  becomes  insoluble  in  water,  and  is  subsoquentlv 
decomposed.  ^ 
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Hempglobiii  izom  the  blood  of  the  dog  and  of  the  goose,  repeatedly  crystallised  and 
dried  at  110^-120^,  exhibited  the  following  composition : 

P»0" 

—       -      100 
0-77      =      100. 

The  ciTBtals,  after  drying  in  a  Tacuum  at  0^,  experience  at  110^-120^  a  loss  of 
▼eight  dne  chiefly  to  irater,  bnt  partly  also  to  loosely  combined  oxygen,  and 
emoonting  in  the  dystals  from  dogs'  blood  to  3-4  p.  c,  in  those  from  goose-blood  to 
72  p.  c 

In  contact  with  alkalis  or  acids,  haemoglobin  is  resolved  into  hsmatin  and  globulin. 
Treated  with  a  great  excess  of  glacial  acetic  acid,  in  presence  of  metallic  chlorides,  it 
Tields  globulin  and  haftmatJn  hydrochloride  (hsemin)  amounting  to  3*86  p.  c  of  the 
hamoglobin. 

The  optieal  properties  (absorption-spectrum)  of  hsemoglobin,  and  its  functions  as  a 
airier  of  oxygen,  are  describea  under  Rbsfibatiok  (t.  89).  The  method  of  spectral 
aaaljns  has  been  applied  by  W.  Preyer  {Ann.  Ch,  Pharm.  cxl.  187)  to  the  deter- 
mination of  the  quantity  of  hsBmoglobin  in  blood.  The  determination  depends  upon 
the  &ct  that  a  oonoentzated  solution  of  haemoglobin  in  a  layer  of  a  certain  thickness' 
is  opaque,  eren  in  strong  illumination,,  to  ^  rays  excepting  the  red,  whereas  less 
eoDoentrated  solutions  in  a  layer  of  the  same  thickness  give  passage  to  other  rays 
besides  the  red  and  orange,  and  especially  to  a  portion  of  the  green.  If,  therefore,  a 
measQied  quantity  of  blmd  placed  before  the  slit  of  the  spectral  apparatus  be  diluted 
with  water  till  green  light  appears  in  the  spectrum,  then,  if  the  proportion  of 
hemoglobin  in  a  solution  whioi  transmits  the  green  under  exactly  similar  circum- 
atances  has  once  for  aU  been  determined,  it  is  easy  to  estimate  the  percentage  of 
hemoglobin  in  the  blood  under  examination.  Preyer's  determinations  made  in  this 
manner  agree  reiy  nearly  with  the  quantities  of  hsemoglobin  calculated  from  the 
amount  of  iron  io  the  same  samples  (0-42  p.  c  of  the  haemoglobin).  The  mean 
qoaotities  of  haomoglobin  in  blood  from  Tarious  animals  were  as  follows  (A  estimated 
by  tlie  amount  of  iron ;  B  by  the  spectral  method) : 
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These  remilLi  further  show  that  hemoglobin  is  the  only  ferruginous  constituent  of  the 
blood-eorpnsdes. 

Solutiona  of  haemoglobin  free  from  oxygen  are  not  perceptibly  altered  by  hydrogen 

tidpkide,  or  at  least  only  after  several  days,  eren  in  presence  of  ammonia.  But  on  treating 

oiyhaemoglobin  with  Uie  same  reagent,  several  alterations  take  place  simultaneously 

or  BueeesBiTely.    The  first  action  (which  shows  itself  also  in  the  ammoniacal  solution) 

is  the  separation  of  the  loosely  combined  oxygen  from  the  haemoglobin,  which  is 

aoeelerated  by  heat,  but  always  requires  some  time.    In  the  ammoniacal  solution  of 

the  eokniriiig  matter  this  abstraction  of  oxygen  is  the  only  reaction  that  takes  place ; 

hut  in  the  neutral  solution  another  change  soon  shows  itself  by  the  appearance  of  an 

abeorplion-band  at  the  red  of  the  spectrum  (from  67  to  72  of  the  scale  on  which  G 

stands  at  61  and  D  at  80).    The  colouring  matter  characterised  by  this  band  is 

dJadi^gmslMd  from  haematin  and  from  meta-haemoglobin  (q.v,)  by  the  fact  that  the 

sohitiona  oi  these  two  substances,  when  treated  with  ammonia  and  ammonium 

sulphide  exhibit  the  bands  in  the  green  from  86  to  94  and  102  to  110,  whereas  the 

hand  of  the  colouring  matter  produced  frx)m  oxyhaemoglobin  in  the  way  just  described 

remains  imaltered  when  thus  treated.    From  its  mode  of  formation,  Hoppe-Seylor 

legards  it  aa  a  sulphur-compound  of  haematin  or  haemoglobin.    By  the  further  action 

of  hjdzogiaD  snlphide,  this  compound  is  decomposed  (with  separation  of  sulphur  and 

an  albaminoas  substance),  whilst  a  body  is  formed  which  is  olive-green  in  thin, 

brown-red  in  thicker  layers,  and  dries  up  to  a  brittle  hygroscopic  mass  having  a 

pitchy  lustre.     This  substance  in  aqueous  solution  is  coagulated  by  heating,  also  by 

akdbol  and  acids.    It  contains  all  the  iron  (0*44  p.  c.)  of  the  haemoglobin,  and  about 

four  timea  as  much  sulphur  (1*57  p.  c  instead  of  0-415).    A  solution  of  iron  sulphide 

(as  obteioed  with  very  dilute  ferrous  sulphate,  tartaric  add,  and  ammonium  sulphide) 

exhibits  an  absorption-band  in  the  red,  like  that  of  the  solution  of  haemoglobin  treated 

with  oxygen  and  with  hydrogen  sulphide.    But  no  formation  of  iron  sulphide  can 

take  place   in  the  above^escribed  reaction,  on  account  of  the  presence  of  oxygen ; 

morsoTer,  the  product,  as  above  stated,  contains  all  the  iron  of  the  haemoglobin. 

According  to  Nawrocki  (2kit$chr.  anal.  Chem.  vi.  285;   Jakresh.  1^7,  p.  802}» 
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ammonium  sulphide  exerts  on  haemoglobin  at  first  merely  a  redueiog,  but  afterwards 
a  rapid  decomposing  action.  A  solution  of  hiemoglobin  mixed  with  |  Tol.  of  ordinary 
ammonium  sulphide  exhibits  a  dark  band  in  the  rod  at  the  line  C;  the  broad 
reduction-band  (between  D  and  K)  becomes  narrower  and  more  sharply  defined  :  and 
afterwards  a  second  broader  band  appears,  covering  £  and  extending  beyond  6. 
After  the  appearance  of  these  bands,  which  disappear  in  about  24  nouBS,  those 
of  oxyhsemoglobin  are  no  longer  reproduced  by  agitation  with  air.  Acooiding  to 
W.  Preyer  {Jahresb.  1867,  p.  802),  potassium  persmphids  also  causes  the  two  bands 
of  oxyhfemoglobin  solutions  to  disappear,  and  at  first  brings  out  the  band  of  reduced 
haemoglobin,  but  afterwards,  especially  on  gentle  heating,  a  sharply  defined  black 
band,  beginning  at  ^  of  the  distance  from  D  to  £  and  ending  at  \%,oi  the  same 
distance,  and  a  further  band  beginning  at  ^  of  the  distance  from  D  to  £  and  ending 
at  I  of  that  from  £  to  6,  make  their  appearance.  At  the  boiling  heat  these  bands 
disappear,  the  spectrum  becoming  shady,  but  reappear  if  the  solution  be  quickly 
coolea.  Solutions  of  the  compound  of  haemoglobin  with  carbon  monoxide  are 
altere<l  by  potassium  sulphide  only  at  the  boiling  heat,  and  again  exhibit  the  two 
bands  above  mentioned  on  cooling.  According  to  Hoppe>Seyler  {Mfdiein^-chem. 
Unters.  i.  299),  the  action  of  potassium  sulphide  and  smmonium  sulphide  on 
oxy haemoglobin  takes  place  only  in  presence  of  free  «lkali,  and  depends  on  the 
formation  and  reduction  of  haematin. 

Compound  of  Httmoglobin  with  Carbon  Monoxide. — ^By  passing  a  stream  of  th« 
gas,  with  frequent  agitation,  through  an  aqueous  solution  of  blood-aystals,  blood- 
corpuscles,  or  even  defibrinated  blood,  cooling  the  liquid  to  0^,  mixing  it  with  \  yd. 
cold  alcohol,  and  leaving  it  to  itself  at  or  below  0^,  bluish-red  crystals  are  obtained 
less  soluble  and  less  easily  deoomposible  than  those  of  GxyhsBanoglobiD,  with  which 
they  agree  in  external  form.  The  solution,  which  is  also  bluish-red,  gradually  giyes 
up  its  carbon  monoxide  when  heated  in  a  vacuum  (100  gnns.  of  the  dry  compomid 
yielded  10*22  c.c  carbon  monoxide)  (Hoppe-Seyler). 

Blocd  which  has  been  treated  with  carbon  monoxide  exhibits,  when  ptoperly 
diluted,  almost  exactly  the  same  absorption -bands  in  the  spectrum  as  oxygenated 
blood  (v.  87) ;  but  these  bands  do  not  disappear  on  addition  of  ammonium  sulphide 
even  after  several  days,  whereas  when  oxygenated  blood  free  ftom  carbon  monoxide 
is  mixed  with  ammonium  sulphide,  it  exhibits  after  a  few  minutes  only  a  single 
absorption-band  midway  between  D  and  £.  By  this  unalterability  of  blood  con- 
taining carbon  monoxide  by  ammonium  sulphide,  the  presence  of  carbon  monoxide 
may  be  detected  in  the  blootl  of  animals  which  have  been  poisoned  eyen  with  small 
quantities  of  it  (Hoppe-Seyler,  Zeiisehr,  anal,  Ch&m,  iii.  489  ;  Jahresb.  1865,  p.  745). 
See  also  Pokrowsky  and  W.  Kiihne  (ibid.).  Potassium  sulphide  acts  upon  the 
compound  of  hsemoglobin  with  carbon  monoxide  only  at  the  boiling  heat,  the  liquid 
on  cooling  again  exhibiting  the  two  characteristic  absorption-bands  (Preyer,  Jahresb, 
1867,  p.  802).  Nawrocki  {ibid.  xvi.  640)  finds  that  the  quantity  of  oxygen  displaced 
from  arterial  blood  by  passing  a  stream  of  carbon  monoxide  through  it  is  equal  to 
that  which  is  evolved  from  the  blood  on  placing  it  in  a  rerj  perfect  vacuum. 

Compound  of  Hmmogfobin  vrith  Nitrogen  Dioxide,^  On  passing  nitrogen  dioxide 
into  a  solution  of  the  preceding  compound,  protected  as  far  as  possible  from  access  of 
air,  the  carbon  monoxide  is  displacea,  and  a  compound  of  haemoglobin  with  nitrogen 
dioxide  is  formed.  The  oxygen  of  oxyhaemoglobin  is  likewise  displaced  by  nitrogen 
dioxide.  The  quantity  of  the  gas  absorbed  by  arterial  blood  is,  however,  but  small. 
Blood  from  the  crural  artery  of  a  dog  took  up,  after  addition  of  bai^rta-water,  from 
S5'4  to  27'6  vol.  p.  c. ;  defibrinated  dogs'  blood  23  voL  p.  c. ;  defibrinated  ox-blood 
31*8  vol.  p.  c.  (reauced  to  0°  and  1  metre  pressure).  Blood  saturated  with  nitrogen 
dioxide  exhibits  the  same  two  absorption-l^nds  as  oxygenated  blood;  but  the  entire 
spectrum  is  darkened  at  the  same  time,  and  the  progress  of  illumination  on  diluting 
the  solution  is  different  from  that  which  takes  place  with  oxyhaemoglobin. 

Compounds  of  Hamoglobin  with  Hydrogen  Cyanide  and  Potassium  Cyamds,*^A. 
toncentrated  solution  of  guinea-pigs*  or  dogs'  blood  mixed  with  prossic  add,  deposits, 
on  addition  of  }  vol.  alcohol  and  cooling  to  0^,  crystals  which  are  undistingnishable  in 
appearance  from  those  of  oxyhaemoglobin,  but  still  retain  hydrogen  cyanide  eyen  after 
repeated  crystallisation  and  drying  in  a  vacuum ;  the  hydrogen  cyanide  may,  how^yer, 
be  separated  by  distilLvtion  with  water  and  a  few  drops  of  (ulute  solphunc  acid. 
This  compound  is  more  stable  than  pure  oxyhaemoglobin,  its  solution  not  becoming 
perceptibly  darker  at  temperatures  above  0^. 

The  absorption-spectrum  of  blood  is  not  altered  by  addition  of  pmssic  add.  A 
(Solution  of  blood  or  of  oxyhaemoglobin  enclosed  in  a  tube,  together  with  a  few  drops 
of  pmssic  acid  and  a  very  small  quantity  of  air,  and  left  for  several  months,  stall 
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exhibits  the  twoAbsoiption-bands  of  oxyhiemoglobin,  whereas  if  no  pnudc  add  be 
added,  nothing  bat  the  bands  of  reduced  haemoglobin  can  be  seen,  even  after  a  few 
dajB.  Mercuric  cyanide  exerts  the  same  oonserratiye  action  as  hydrogen  cyanide  on 
hemoglobin,  whereas  all  other  mercury  salts  and  all  acids  decompose  it.  The  blood- 
corpuscles  themselves  do  not  appear  to  take  up  hydrogen  cyanide  (Hoppe-Seyler). 

Solutions  of  potassium  eyamds,  either  concentrated  or  dilute,  do  not  affect  the 
optical  characters  of  haemoglobin  at  ordinary  temperatures;  but  on  raising  the 
mixture  to  the  temperature  of  the  animal  boay,  the  two  cluu»cteristic  absorption- 
bands  disappear,  and  a  broad  band  comes  to  light  somewhat  nearer  to  the  yiolet  than 
that  of  reduced  hsemoglobin.  In  this  solution — ^which  has  a  yellowish  tint,  is  veiy 
permanent,  and  does  not  coagulate  when  heated — the  two  absorption-bands  of 
ozyhaemoglobin  are  not  reproduced  by  the  action  of  a  stream  of  oxygen.  On  addinc 
ammonium  sulphide,  the  broad  band  disappears,  and  a  new  spectrum  is  formed  with 
two  bands  from  ^  to  jg  of  the  distance  from  D  to  E,  and  from  }g  between  D  and  B 
as  far  as  f  £rom  £  to  6.  This  spectrum  is  very  much  like  that  of  the  compound  of 
hsmoglobin  with  carbon  monoxide  (the  bands  of  the  latter  extend  from  ;]%  to  }} 
between  D  and  E,  and  Jrom  ] J  between  D  and  £  as  far  as  I  from  £  to  6).  If  the  solution 
be  subjected  to  the  action  of  oxygen,  the  broad  bana  reappears,  and  on  repeated 
addition  a£  ammonium  sulphide  the  two  other  bands  are  re|noduced ;  the  solution  is 
then  also  coagulated  by  heat.  Hydrogen  cyanide  and  ammonium  sidphide,  with  aid 
of  heat,  produce  the  same  phenomena,  viz.  disappearance  of  the  bands  of  oxyhsemo- 
globin,  appearance  of  the  broad  band,  and  then  of  the  two  bands ;  the  reaction  is 
moreoTer  attended  with  separation  of  sulphur.  On  passing  oxygen  into  the  liquid, 
these  appearances  are  reversed  as  far  as  the  transient  appearance  of  the  oxyhaamo- 
globin  bands.  Hence  it  appears  that  the  compounds  of  hydrogen  cyanide  and 
potaasinm  cyanide  with  haemoglobin  also  contain  oxygen,  which  ia  removed  by 
ammonium  sulphide,  but  is  more  intimately  combined  Uian  in  oxyhaamoglobin,  and 
that  in  presence  of  hydrogen  cyanide  or  potassium  cyanide,  hsEonoglobin  cannot  be 
eonverted  into  oxyhaemoglobin. 

When  ^tassium  cyanide  is  added  tg  the  aqueous  solution  of  the  compound  of 
hBmoglobin  with  carbon  monoxide,  the  chjuacteristic  abaorption-bands  do  not 
disaraear  till  the  mixture  is  heated  to  40°,  whereupon  the  above-mentioned  broad 
bana  appears,  and  on  addition  of  ammonium  sulfide  is  furUier  altered  in  the 
manner  already  described ;  by  agitation  with  air,  the  broad  band  is  reproduced,  and 
afterwards  the  orignal  spectrum  of  the  carbonic  oxide  ooropound.  Hydrogen  cyanide 
and  ammonium  cyanide  act  in  the  same  manner  with  aia  of  heat ;  but  the  filtered 
solution,  after  agitation  with  air,  finally  exhibits  the  bands  of  oxyhaemoglobin 
(Prayer,  Zeiisekr.  anal,  Chem.  vi.  289;  Jakresb.  1867,  p.  803).  According  to 
Nawrocki  {Jakreth.  1867,  p.  204),  the  broad  absorption-band  produced  in  a  solution 
of  hsemoglobin  on  heating  with  potassium  cyanide,  belongs,  not  to  haemoglobin,  but  to 
hamatin.  It  is  obtained  immediately  and  without  heating  if  the  solution  of 
obin,  belbre  the  addition  of  potassium  cyanide,  be  mixed  with  caustic  potash. 


0"ii»**N**FeH)". — This  substance  was  formerly  regarded  as  the  red 
eoloming  matter  of  the  blood.  The  investigations  of  Hoppe-Seyler  have  shown,  how- 
ever, that  it  does  not  exist  ready-formed  in  blood,  but  is  produced,  together  with 
globoliny  from  hsemoglobin  when  blood  is  treated  with  acids  or  alkalis  (p.  863).  It 
may  be  c^ytained  pure  by  dissolving  its  hydrochloride  (haemin)  in  anunonia,  evaporat- 
ing to  dxyness,  heating  the  residue  to  130^,  diasolving  out  the  ammonium  chlonde  by 
water,  and  heating  the  residue  to  130^  (Hoppe-Seyler)  ;  also  by  mixing  defibrinated 
blood  (or  blood  agitated  with  ether  as  long  as  it  will  take  up  that  liquid,  and  filtered) 
with  a  strong  solution  of  potassium  carbonate,  till  the  liquid  adhering  to  the  separated 
ooagulinn  becomes  colourless ;  drying  the  cosgulum  on  a  filter  at  a  temperature  not 
above  50^ ;  and  digesting  it  for  some  days  with  absolute  alcohol  in  a  close  vessel  at  a 
moderate  heat  (below  60°).  The  red  liquid  filtered  therefrom  is  an  alcoholic  aolution 
of  baematin  (Wittich,  J.  pr.  Ckem,ln.  11). 

In  aeid  liquids,  as  in  tne  hot  extract  of  blood  with  acidulated  alcohol,  the  spectrum 
of  haemaitin  exhibits  a  very  faint  absorption  of  the  light  from  the  middle  space  between 
the  linea  A  and  a  to  the  middle  between  b  and  C.  On  diluting  with  alcohol,  a  sharply 
defined  absorption-band  appears  between  C  and  D,  near  0 ;  and  on  further  dilution, 
two  abaorption-bands  appear  in  the  green,  faintly  defined  and  aoon  vanishing  (Hoppe- 
Sevler,  Jakresb,  1865,  p.  667).  According  to  Nawrocki  (Zeitschr.  anal.  Chem.  vi.  285 ; 
Jaknth.  1867f  p-  804),  the  spectrum  of  haematin  is  best  seen  in  the  ethereal  aolution 
obCaiiied  by  mixing  diluted  blood  with  a  little  acetic  acid  and  an  equal  volume  of 
ether.  This  solution  exhibits  a  band  coinciding  with  C,  a  second  before  £,  and  a 
tiuid  fainter  one  between  b  and  F.    The  brown  solution  of  haematin  in  potash  or 
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potasfliimi  cyanide  exhibits  least  absorption  of  light  near  the  line  O;  on  diluting  this 
solution  there  remains  a  band  between  D  and  £,  bnt  nearer  to  D,  which,  however, 
likewise  disappears  while  the  solution  still  exhibits  a  strong  colour :  hydrochloric  acid 
throws  down  from  it  unaltered  haematin.    Hence  it  appears  that  hematin  foinu  with 
potassium  (^anide  a  double  cyanogen-compound,  which,  like  the  doable  metallic 
cyanides,  differs  in  colour  from  the  other  compounds  of  luematin  with  acids  or  bases 
(Hoppe-Seyler,  loe.  cit.).      According  to  Nawrocki,  alkaline  solutions  of  hematin 
(hsemin-crystals  or  Wittich*8  haematin)  dissolved  in  ammonia  give  a  spectrom  with  a 
band  between  C  and  D ;  but  after  treatment  with  a  ferrous  salt  or  with  stanaooa 
chloride,  they  exhibit  two  other  bands,  which  do  not  disappear  on  agitation  with  air, 
and  are  likewise  risible  for  some  time  in  the  red  ethereal  solution  obtained  by  mixing 
the  ammoniacal  liquid  with  ether  and  glacial  acetic  add ;  but  in  this  they  gradnally 
merge  into  the  three  bands  of  the  nomal  hsBmatin  solution.    If,  on  the  other  hand, 
the  alkaline  solution  of  haematin  be  mixed  with  ammonium  sulphide,  the  liquid  exhibits 
the  same  bands  as  haemoglobin  when  similarly  treated,  and  no  longer  yields  up  any- 
thing to  ether  on  addition  of  "acetic  acid.  Even  very  dilute  solutions  *ofpatzefied  blood 
exhibit  this  reaction  with  ammonium  sulphide  very  distinctly  (Nawrocki).    Haonatin 
(or  haemin)  heated  for  some  time  with  ammonia  or  a  fixed  alkali  is  converted  into  a 
body,  the  solution  of  which  in  acidulated  alcohol  or  in  an  alkali  has  a  dingy  olire- 
green  colour,  dark  red  in  thicker  layers,  and  after  treatment  with  reducing  agents  does 
not  exhibit  the  spectrum  of  reduced  haematin  ;  neither  can  haemin  oystals  be  obtuned 
from  it  (Hoppe-Seyler,  Jakresb.  1867,  p.  806). 

By  dissolving  haemin  in  strong  sulphuric  acid,  and  adding  water  to  the  solution,  a 
substance  is  precipitated,  resembling  naematin  but  not  containing  iron ;  it  is  soluble  in 
alkalis.  The  solution  of  this  non^fermginous  haematin  in  strong  sulphuric  add  like- 
wise absorbs  blue  and  violet  light  strongly ;  on  dilating  it  with  sulphoric  add,  a  reij 
dark  well-defined  band  appears  about  midway  between  D  and  £ ;  and  a  narrow  band 
between  C  and  D  (near  D),  the  spectrum  appearing  also  very  darklv  shaded  between 
D  and  the  dark  absorption-band.  The  solution  of  non-ferruginofos  haematin  in  dilute 
ammonia  exhibits  the  smallest  absorption  for  red  light;  on  diluting  with  water,  as 
absorption-band  appears  midway  between  C  and  D,  and  three  others  on  further  dila- 
tion. The  absorption  of  this  solution  is  altered  by  ammonium  sulphide  or  potassicm 
cyanide  in  the  same  manner  as  that  of  ferruginous  haematin  (Hoppe-Seyler,  Jahra^. 
1865,  p.  667). 

Haematin  Hydrochloride,  Teichmann*s  Haemin  Crgtta^*- 
C^H"«N"Fe»0".2HCl.— This  compound  is  obtained  in  regular  crysUls  by  treating 
haemoglobin  or  metaliaranoglobin  with  common  salt  and  glacial  acetic  acid.  The 
crystals  are  rhombic  or  six-sided  plates,  dark  blue  by  refiected,  dirty  brown  by  tnn»- 
mitted  light.  They  are  quite  insoluble  in  water,  alcohol,  and  ether,  soluble  in  acids 
and  alkalis,  but  decomposed  at  the  same  time  by  all  acids  excepting  hydrochloric  and 
acetic.  They  may  be  heated  without  decomposition  to  130^,  but  bum  at  a  red  heat, 
leaving  a  residue  of  iron  oxide* 

The  following  mode  of  preparing  these  crystals  is  recommended  by  J.  Qvosden 
(Wien.  Akad.  Ber.  liii.  [2]  683  ;  Jciresb,  1866,  p.  746) :  Defibrinated  blood  dried  at 
ordinary  temperatures,  or  the  clot  of  blood  cut  up  and  dried,  is  triturated  in  the  form 
of  powder  with  |  pt.  of  pure  potassium  carbonate,  and  the  dry  mass  is  digested  at 
40°-46°  with  alcohol  of  94  p.  c.  till  the  resulting  dark  garnet-red  solution  no  longer 
becomes  deeper  in  colour.    The  liquid  is  then  filtered ;  me  residue  again  treated  with 
alcohol ;  and  the  united  extracts  are  mixed  with  rather  more  than  an  equal  votuffle  of 
water,  and  then  with  acetic  acid  sufElcient  to  produce  a  slight  acid  reaction.    The 
brown  fiocculent  precipitate  thereby  produced  is  collected  on  a  filter,  slowly  dried 
(finally  at  100^),  tiien  triturated  with  )  pt  sodium  chloride  and  20  to  30  pts.  glacial 
acetic  acid,  and  the  mixture  is  digested  for  some  time  at  60°  till  a  crystallioe  mass 
separates.    The  whole  is  then  heated  to  100°  and  left  to  cool,  and  the  crystals  an 
washed  on  a  filter  with  warm  glacial  acetic  acid,  then  pressed,  dried,  and  again 
boiled  with  water.    According  to  Hoppe-Seyler  (Med.-ehem.  Unters.  i.  298 ;  Jahrf^- 
1867,  p.  805),  the  process  may  be  advantageously  modified  as  follows:  The  blood 
is  coagulated  by  pouring  it  into  alcohol  or  boiling  water ;  the  dot,  separated  by  filtra- 
tion and  still  moist,  is  warmed  with  alcohol  to  which  a  few  drops  of  strong  sulphuric 
acid  have  been  added ;  the  fil^red  brown  solution  is  mixed  with  a  warm  saturated 
solution  of  sodium  acetate,  then  immediately  neutralised  with  sodium  carbonate ;  and. 
in  order  to  promote  the  separation  of  the  haematin  (if  it  has  not  taken  place  already^ 
either  mixed  with  water  or  freed  from  alcohol  by  distillation.    The  precipitate,  after 
being  washed  on  a  filter  and  dried  in  the  air,  is  naady  for  treatment  with  common  sale 
and  acetic  acid  as  above. 
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JkUctUm  of  Blood-stams, — ^The  formation  of  hsemin  crystals  by  the  action  of 
common  salt  and  glacial  acetic  acid  is  quite  chaiacteristac  of  blood,  and  affords  a  very 
delicate  indication  of  its  presence.  To  ascertain  whether  a  spot  on  linen,  cotton, 
woollen  cloth,  wood,  or  metal  consists  of  blood,  the  stained  tissue  or  wood,  or  the 
substance  scraped  from  the  metal,  may  be  simply  boiled  for  a  few  minutes  with 
glacial  acetic  acid,  a  few  drops  of  the  solution  evaporated  to  dryness  at  40^-60°,  and 
the  residue  examined  by  the  microscope.  In  operating  on  fresh  still  highly  coloured 
spots,  or  on  dried  blood,  the  addition  of  sodium  chloride  may  be  dispensed  with,  as  the 
blood  itself  contains  suiOBcient  of  that  substance  to  produce  the  reaction  ;  but  if  the 
stain  is  old,  or  has  been  partly  washed  out  with  water,  a  small  quantity  of  common 
salt  must  be  added  during  the  boiting  or  before  the  evaporation  (Brixcke,  Jakresb, 
1857.  p.  609  ;  Scriba,  Simon,  a.  Biichner,  ibid.  1859,  p.  706).  Or  the  substance  may 
be  triturated  as  above  described  with  potassium  carbonate,  then  digested  with  alcohol 
at  40^-50^,  and  the  evaporated  residue  treated  on  the  object-stage  of  the  microscope 
with  salt  and  glacial  acetic  acid,  or  with  the  latter  alone  (Gwosden,  loc.  eit.).  Accoid- 
ing  to  Erdmann  (J.pr,  Chem.  Ixzxv.  1  ;  Jahresb.  1862,  p.  634),  the  colouring  matter 
of  blood  cannot  be  extracted  from  dried  cla^  or  ferric  oxide  by  glacial  acetic  acid  ; 
but  by  digesting  a  portion  of  dried  soil  containing  blood  with  water,  or  in  some  cases 
with  potaah-ley,  and  treating  the  filtered  solution  with  chlorine-water,  a  coagulum  is 
obtained  whicn  yields  hsemin  crystals  with  salt  and  acetic  acid.  In  applying  the 
preceding  method  to  the  detection  of  blood  in  judicial  investigations,  ii  is  important  to 
remember  that,  according  to  the  statements  of  most  observers,  the  blood  of  the  greater 
number  of  warm-blooded  animala  yields  luemin  crystals  exhibiting  the  same  form  and 
general  appearance  as  those  obtained  from  human  blood.  Krauss,  however,  states 
that  the  luemin  ciystals  from  human  blood  are  quite  distinct  in  character  from  those 
produced  from  the  blood  of  oxen,  sheen,  pigs,  or  poultry  {Jahrtdb,  1861,  p.  792). 

Another  veiy  delicate  test  for  blood  is  afforded  by  tincture  of  guaiacum,  which,  in 
conjunction  with  hydrogen  dioxide,  or  ozonised  oil  of  turpentine,  or  other  substance 
capable  of  yielding  ozone,  changes  the  colour  of  the  blood  to  blue.  The  same  colour 
is  however  produced  by  gnaiacum  and  ozonising  substances,  with  fresh  gluten,  casein, 
legumin,  gum  arable,  and  various  iron  compounds,  especially  ferric  acetate  and 
citrate  :  hence  this  reaction  is  useM  only  as  a  verification  of  other  experiments,  and 
cannot  be  regarded  as  affording  positive  demonstration  of  the  presence  of  blood ;  its 
non-production  may,  however,  be  accepted  as  a  proof  that  the  spot  under  examination 
does  not  consist  (^  blood  (Van  Been,  Zeiteehr,  anal,  Chem,  li.  459.  Liman,  ibid, ; 
JoAreab.  1868,  p.  715.    See  also  Taylor,  Gvi/'t  Hospital  Btparts,  186S). 

On  the  detection  of  blood  by  its  absorption-spectrum,  see  H.  C.  Sorby  {Chem.  News 
[1865]  xi.  186,  194,  232,  256). 

BOn>  A  large  number  of  carefully  conducted  analyses  of  the  bongs  of  man  and 
other  animals  by  Zaleski  {Med.-chem,  UtUers,  i.  19  ;  JaAresb,  1866,  p.  757)  have  led 
to  the  following  results:  1.  The  proportion  of  organic  to  inorganic  substance  is 
nearly  constants    The  mean  of  several  analyses  gave : 


Testndo 

Man 

Ox 

gnaca 

Onlnea-pis 

Inoiganic  substance 

65-44 

67-98 

63-05 

65-30 

Organic          „ 

34-56 

32-02 

36-95 

34-70 

2.  The  proportions  of  the  several  constituents  of  bone-ash  (lime,  magnesia, 
phosphoric  oxide,  carbon  dioxide,  calcium  chloride,  and  calcium  fluoride)  exhibit  only 
slight  variations,  scarcely  beyond  the  limits  of  analytical  error.  100  grms.  of  ash 
yielded : 


or 


Carbon  dioxide 
Lime      .         . 
Magnesia 
Phosphoric  oxide 
Chlorine 
Fluorine 

(PO«)*Mg«  . 
(PO«)»Ca»  . 
CaO»    . 


Tesindo 
Kan                  Ox               gneca          Oainea-pig 
5-734  6197  5276  


52-965  53-887  52'396  54025 

0-521  0-468  0-565  0483 

39019  40034  38-672  40381 

0183  0-200              0133 

0-229  0-300  0-204            


1039  1024  1-357  1065 

83-889  86*096  85*981  87*379 


7-648  7-857  6*319  7*027 

d.  With  exception  of  the  bones  in  the  shield  of  Tesiudo  ffrtsca,  all  bones  contain 

*  Ab  carbonate,  fluoride,  or  chloride. 
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cblorine,  in  the  form  of  a  compound  insoluble  in  cold  w&ter. — 4.  The  quaatitiw  of 
chlorine  and  fluorine  in  all  bones  are  nearly  the  same ;  the  latter,  howerer,  is  \aa 
according  to  these  analyses  than  according  to  older  deierminations. — 6.  The  quantity 
of  calcium,  not  in  the  form  of  phosphatet  is  greater  than  that  which  conespoiMb  with 
the  formula  of  apatite,  (PO*)«Qfc» .  CaF*. 

Experiments  with  pigeons  showed  that  an  increase  in  the  proportion  of  lime  or 
phosphoric  acid  in  th»  food  does  not  produce  any  alteration  in  the  proportion  of 
organic  to  inorganic  substance,  or  of  lime  to  phosphoric  acid. 

Boussin  (J.  Pkarm.  [3]  zliii.  102)  found  that  the  young  of  a  rabbit  which  receiTed 
in  its  food  a  small  quantity  of  calcium  arsenate  contained  in  their  boi^  skeleton  (hot 
not  in  the  muscular  tissue)  notable  quantities  of  areenic 

Wicke  (Ann.  Ch.  Pkarm.  cxiii.  251)  has  examined  the  ash  of  the  bony  plates  in 
the  scales  of  the  armadillo  {Jkuypus  aexeinetus),  and  that  of  the  caudal  Teitebm,  vith 
the  following  results : 

(PO*)«Ca'        (PO»)«lfr       COH^       80K5S       «<>■       FtV      ICl 
BonypUtes.         .     85*33  119  1175       038      0*29      0  65      066 

Caudal  yertebrse    .    87*56  2*18  10*36        —         —       029     - 

Kespecting  the  composition  of  fossil  bones,  see  Delesse,  Compt.  rend.  lii.  728 ; 
Jahresb.  1861,  p.  1087  ;  Couerbe,  Compi.  rend.  liy.  49;  Gobel,  J,  pr.  Chm,  Ixxxvi. 
318;  Schwarzenbach,  Chan.  Centr.  1862,  p.  706;  Jahrah.  1862,  p.  549 ;— of  hones 
from  Pompeii :  Be  Luca,  Compt.  rend.  lix.  567  ;  Jahreab.  1864,  p.  674. 

BOWilKISmT&  The  mineral  thus  named  by  Thomson,  from  Abo  in  Finland, 
appears  from  analyses  made  in  Arppe's  laboratory  to  be  identical  with  Fablnnite 
{Jakredt.  1862,  p.  748). 

BOBVBOl,  0>«Hi*0,  is  produced,  together  with  sodium-camphor,  by  the  action 
of  sodium  on  common  camphor : 

8C"H"0  +  Na«  =  C»»H»K)  +  2C"H»NaO 

(Baubigny,  Zeitsehr.f.  Chem.  [2]  iu.  71). 

Bomeol  heated  with  nitric  acid  yields  camphretic  acid,  C^^H^H)*,  together  with 
camphoric  acid,  C>«Hi*0«  (Scfawanert,  Jahresb,  1868,  p.  400). 

Bomeol  heated  with  organic  acids  to  200®  forms  oompoond  ethers :  with  Stesnc 
acid,  for  example,  it  yields  the  ether  C"H««0«  =  C»»H^«  +  C»»H'H)  -  H*0.  The 
steaiate  and  benxoate  are  neutral,  colourless,  inodorous  liquids,  soluble  in  alcohol  sod 
in  ether,  and  resolred  by  alkalis  into  bomeol  and  the  corresponding  acids  (Bexthelott 
Compt.  rend,  xlvii.  262). 

A  solid  substance,  C'^H^O,  homologous  with  bomeol,  is  deposited  flrom  oil  of 
patchouli  {q.v.y 


r.   The  so-called  graphitoidal  boron  (i.  628)  appears  firom  recent  exjwfimentj 

by  Wohler  a.  Beville  {Ann.  Ch.  Pkarm.  cxli.  268)  to  consist  of  aluminium  boride,  AlB 
(anal.  54*91  aluminium,  45*09  boron ;  calc  55*46  and  44-54).  Its  formation  on  fusing 
aluminium  with  amorphous  boron  or  boric  oxide  appears  to  take  place  especiaUr  when 
the  heat  applied  is  neither  veiy  strong  nor  long-continued.  It  is  also  pvoduoed  when 
aluminium  is  fused  in  vapour  of  boron  chloride.  Its  crystals,  as  well  as  those  of  adaman- 
tine boron,  appear  from  Miller's  determinations  (Phil.  Mag.  [4]  xxxi.  397)  to  belong 
to  the  monoclinic  system.  When  ignited  in  the  air  it  acquires  a  steel-gxey  tarnish,  but 
does  not  bum;  but  in  chlorine  gas  it  bums  with  vivid  incandescence,  yielding 
aluminium  chloride  and  boron  chloride.  It  is  easily  dissolved  by  moderately  sUong 
nitric  acid ;  slowly,  and  with  evolution  of  hydrogen,  by  hot  strong  hydrochloric  acid 
and  by  solution  of  caustic  soda. 

Boron  cnUoride,  BCl*,  boils  at  18*23^  under  a  pressure  of  760  mm.  (RegnanlN 
Jahreab.  1863,  p.  70).  It  unites  with  ethpl  cyanide,  forming  the  compoond 
CH^N.BCl',  which  crystallises  in  right  rhombic  prisms,  may  be  fused,  and  for  the 
most  part  volatilised,  without  alteration,  and  is  decomposed  by  water  into  ethvl  cjsnide, 
boric  acid,  and  hydrochloric  acid.  Boron  bromide  forms  a. similar  compound  (Gaotici, 
Ann.  Ch.  Pkarm.  cxlii.  289). 

According  to  Nickl^  (Btdl.  8oe.  Chim.  [2]  iv.  189),  a  solution  of  boric  caide  m 
absolute  alcohol  absorbs  hyditx:hloric  acid  gas,  forming  an  oily  liquid  having  the 
composition  3B«O>.6HCl,10C«H«O,  and  yielding  by  distillation  at  85®  a  compound 
of  boron  chloride  with  ethyl  oxide  and  water,  2BCI" .  5C«H'*0 .  9H«0.  A  bromine- 
compound  containing  2BBr».18C*H'»0.16H-0  is  obtained  in  a  similar  manner. 
According  to  Schiff,  on  the  other  hand  {Ann.  Ch.  Pkarm.  Siipp^.  v.  154),  an  alcoholic 
solution  of  boric  oxide  saturated  with  hydrcKhloric  acid  gas  jnelds,  not  a  compound  of 
boron  cliloride  with  ether,  but  a  mixture  of  ethyl  borate,  alcohol,  ethyl  chloride,  an^ 
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hydrochloric  acid ;  in  like  manner,  boron  chloride  in  contact  with  alcohol  forms  ethyl 
bonite  and  hydrochloric  acid. 

Boron  nltrldet  BN,  is  easily  produced  by  heating  1  pt.  of  fused  and  very  finely 
polTerised  boric  oxide  with  1|  to  3  pts.  urea ;  it  always  however  retains  a  small 
quantity  of  boric  oxide,  which  cannot  be  removed  by  washing.  It  is  not  altered  by 
moderate  ignition  in  chlorine  gas,  but  acquires  thereby  the  property  of  glowing  very 
brightly  at  the  edge  of  a  flame.  At  a  very  strong  red  heat,  boric  chloride  is  formed. 
Vapour  of  iodine  and  diy  hydrogmi  do  not  act  upon  it  (Darmstadt,  Ann.  Ch.  PharTn. 
di.  2^). 

Bovie  OzldOv  AolAf  and  Salts.  According  to  Merz  (J.  pr.  Cheni,  cxix.  ]  79), 
cfystallised  boric  add  heated  to  270°  retains  6^m  2*8  to  8*1  p.  c  water,  the  residue 
having  the  composition  8B'0'.H*0. 

A  compoozid  of  borie  oxide  with  gttlphuric  acid,  5&0* .  2H%0\  is  produced  by 
fusing  boric  oxide  in  strong  sulphuric  acid,  and  heating  the  clear  liquid  to  200°- 280'' 
till  the  excess  of  sulphuric  acid  is  driven  off.  The  compoimd  solidifies  on  cooling  to 
a  transparent  glass,  which  for  the  most  part  may  be  further  heated  to  d50°-400° 
without  decomposition,  but  sometimes  gives  off  water  and  sulphuric  acid,  and  is 
oonTcrtad  into  a  dry  white  mass  (Merz).  Boric  oxide  is  dissolved  by  acetic  oxide  at 
the  boiling  heat,  forming  a  syrupy  liquid  which  solidifies  on  cooling  to  a  vitreous  mass 
consisting  of  acetic  b'orate,  B(C*HH))0*,  which  is  resolved  by  water  into  boric 
and  acetic  acids  (Schutzenbeiger,  Sip.  Chim.  pure,  iv.  6). 

In  estimating  boron  or  boric  acid  by  evaporating  the  aqueous  solution  of  the  acid 
with  a  known  weight  of  sodium  carbonate,  and  determining  the  carbonic  acid  in  the 
rpsidne  (L  630),  the  process  may  be  simplified — if  the  amount  of  the  boric  acid  is 
known  within  certain  limits — by  so  adjusting  the  quantity  of  alkaline  carbonate 
added,  that  for  each  molecule  of  boric  oxide,  B*0',  in  the  solution,  there  shall  be 
msent  not  less  than  1  and  not  more  than  2  molecules  of  sodium  oxide,  Na'O  (or 
between  1  and  2  at  sodium  to  1  at.  boron).  Under  these  circumstances,  the  whole  of 
the  carbonate  is  decomposed,  the  weight  of  the  residue  is  constant,  and  the  carbonic 
acid  estimation  may  be  dispensed  with.  To  avoid  excessive  tumefaction  and  violent 
evolution  of  gas,  it  is  best  to  evaporate  the  solution  in  a  platinum  dish,  heat  the 
residue  therein  till  all  decrepitation  has  ceased,  and  then  introduce  it  by  small  portions 
into  a  red-hot  crucible  (Schafi^tsch,  Bogg.  Ann.  cvii.  427). 

Marignac  (ZtiUckr,  anal.  Chem.  L  406)  gives  the  following  method  for  estimating 
boric  acid  in  solutions  containing  only  alkali-metals.  Insoluble  borates  must  be 
paravioasly  decomposed  by  fusion  with  sodium  carbonate,  and  any  silica  that  may  be 
pneeat  preeii»tated  from  the  aqueous  solution  of  the  fiised  product  with  chloride  or 
carbonate  of  ammonium.  The  solution  is  then  to  be  neutralised  with  hydrochloric 
acid,  mixed  with  a  quantity  of  magnesium  chloride  (or,  better,  magnesium-ammonium 
^loride)  such  that  2  pts.  of  magnesia  may  be  present  for  every  1  pt.  of  boric  oxide, 
and  lifter  addition  of  ammonia  (which  should  produce  no  turbidity,  otherwise  sal- 
ammoniac  must  be  added)  evaporated  in  a  platinum  dish.  The  boric  acid  appears 
to  be  present  in  this  solution  as  magnesium-ammonium  borate,  and  is  held  in  firm 
eombinatioo  ;  nevertheless  it  is  advisable  to  maintain  the  alkaline  reaction  during  the 
evapoiBiion  by  occasional  addition  of  ammonia.  On  heating  the  dried  residue  to 
zedneos,  and  lixiviating  it  with  boiling  water  till  the  chlorine  reaction  is  no  longer 
apparent,  the  greater  part  of  the  boron  remains  as  insoluble  magnesium  borate,  a 
small  portion  however  passing  into  the  wash-water.  The  preceding  series  of  operations 
must  therefore  be  repeated  on  the  entire  filtrate ;  and  even  the  wash-waters  then 
obtaiDed  yield  small  quantities  of  magnesium  borate  by  further  evaporation,  ignition, 
and  washing.  The  whole  of  the  residues  thus  obtained  are  ignited  together  in  an 
open  crucible  to  decompose  any  msignesium  chloride  that  may  be  present,  then 
wei^ied ;  and  the  quantity  of  magnesia  in  them  is  determined  either  by  precipitation 
as  ammonio-magnesian  phosphate,  or  alkalimetrically  by  solution  in  a  known  volume 
of  standard  sulphuric  acid  and  oountfor-titration.  The  quantity  of  boric  oxide  is 
detennined  by  difference. 

To  decompose  borofluorides,  Marignac  fuses  them  with  alkaline  carlionato; 
dissolves  the  fused  mass  in  water ;  decomposes  the  greater  part  (not  the  whole)  of 
the  excess  of  alkaline  carbonate  by  heating  with  sal-ammoniac  ;  and  precipitates  the 
solution  with  a  neutral  or  ammoniacal  solution  of  calcium  chloride.  (If  the  li<^uid 
were  addnlated,  the  borofluoride  would  be  reproduced.)  The  precipitate  of  calcium 
carbonate  and  fluoride  is  easily  washed,  after  which  it  is  to  be  dri«l,  gently  ignited, 
mixed  with  acetic  acid  and  evaporated,  and  further  treated  in  the  usual  way.  The 
liquid  filtered  from  the  precipitate  formed  by  calcium  chloride  contains  the  whole  of 
the  boric  acid,  which,  after  the  excess  of  lime  has  been  removed  by  carbonate  and 
oxalate  of  ammonium,  mny  be  estimated  in  the  manner  nborc  described. 
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P.  I^  Roux  (Bnll.  Soc.  Chim.  [2]  rii.  485 ;  JaArtsb.  1867,  p.  137)  describes  eertun 
peculiar  altcriitions  exhibited  by  fused  borates  when  rapidly  cooled. 

When  boric  acid  and  alumina  are  dissolved  together  in  hydrochloric  acid,  and  the 
solution  is  trea^d  with  ammonium  carbonate,  part  of  the  boric  acid  goes  down  with 
the  alumina,  and  can  only  be  separated  from  it  by  heating  with  hydrofluoric  acid 
(Wohler,  Jahr(8h.  1867,  p.  836). 

A  compound  of  boric  and  phosphoric  oxides,  B*0'.P*0*,  is  formed  by  heating 
crystallised  boric  acid  with  concentrated  aqueous  phosphoric  acid.  It  is  a  white 
eivrthy  mass,  which  melts  before  the  blowpipe,  is  not  decomposed  by  boiling  water  or 
by  strong  acids,  but  is  dissolved  by  boiling  caustic  alkalis.  By  fusion  with  sodium  it 
yields  sodium  phosphide  and  a  black  scoriaceous  mass,  probably  consisting  of  boron 
phosphide  (Vogel,  Zeitschr.  f.  Chem.  vi.  12o). 

Metallto  Borates.  Pofassium  triborate,  K'0.3B'0'.5H*0  or  2(KB0*.BH>'). 
6U'0,  crystallises  from  a  hot  solution  containing  2  moL  boric  oxide  to  1  mol. 
potassium  carbonate  at  6^,  in  rhombic  prisms  having  a  vitreous  lustre  and  permanent 
in  the  air.  Combination  ooP  .  oo^oo  .  f  oo  .Poo,  with  the  angles  ooP:  odP  = 
124°  17';  1*00  :  ootoo  -  132°  88';  Poo  ;  Poo  (at  the  principal  axis)  «  60°  le*. 
lUtio  of  axes  a:b:o^  0-6815  :  1  :  09206.  Rnhidium  biborate,  RbH).2B«0».6H=0 
or  2RbB0' .  B'O' .  6U'0,  separates  in  like  manner  from  a  hot  solution  of  2  mol. 
B^O'  to  1  mol.  Rb*CO'  at  6°,  in  small  tabular  rhombic  crystals,  exhibiting  the 
combination  oP  .  ooP  .  oo j^oo ,  with  the  angles  ooP  :  ooP  a  82^  23' ;  odP  :  oof  oo 
«  131°  4'.  It  is  permanent  in  the  air,  has  an  alkaline  taste,  and  is  more  soluble  in 
hot  than  in  cold  water  (Reissig,  Ann.  Ck,  Pharm.  cxxvii.  33). 

Neutral  sodium  borate^  NaB0*.4H'0,  crystallises,  according  to  Hahn  {Ardi.  Pkarm, 
[2]  xcix.  146),  in  monoclinic  combinations,  ~P  .  ooP  .  oP  .  ooPoo .  (  obPoo  ),  with  the 
angles  ooP  :  ooP  (clinod.)  =  87°;  ooPoo  :  oP  «  106°  41';  oP :  -P  =  188°  5r. 
Twins  often  occur  combined  by  the  face  ooPoo  ;  deavags  imperfect  parallel 
to  ooPoo. 

According  to  A.  Vogel  (Jahretb.  1867, p.  191), crystallised  borax,  Na*0.2B>0*.  lOHK), 
is  soluble  in  14*7  pts.  of  glycerin. 

Copper  Borates. — On  adding  borax  to  a  solution  of  cnpric  sulphate,  a  basic 
sulphate  7CuO .  280*  +  8H'0  is  precipitated  in  the  first  instance,  and  with  excess  of 
borax,  a  cupric  borate  6CuO .  2B'0'  +  12H'0.  A  solution  of  equivalent  quantities 
of  cupric  acetate  and  borax  in  ammonia  mixed  with  about  half  its  Tolume  of  absolute 
alcohol,  gradually  deposits  dark  blue  microscopic  rhombic  tables  of  the  salt 
Cu0.2BK)*.4NH*  +  6H'0.  The  same  salt  is  obtained  by  dissolving  1  mol.  cupric 
acetate  in  ammonia,  adding  2  mol.  boric  oxide,  warming  the  liquid  till  the  precipitate 
dissolves,  and  leaving  it  to  cool.  It  smells  strongly  of  ammonia,  effloresces  in 
contact  with  the  air,  dissolves  in  dilute  acids,  and  is  resolved  by  boiling  with  water 
into  ammonia  and  cupric  borate  (E.  PastemadL,  ^fifi.  Ch.  Phafm,  di.  116). 

Ma^ne^mm  Borate. — A  mixture  of  anhydrous  ma^esium  chloride  and  a  laise 
quantity  of  sodium  chloride,  with  addition  of  boric  oxide  and  magnesia,  subjected  in 
a  platinum  crucible  to  the  strongest  heat  of  an  air-furnace,  and  then  left  to  cool  as 
slowly  as  possible,  yields  a  mass  which,  when  exhausted  with  water,  leaves  a 
crystalline  powder  appearing  under  the  microscope  as  a  mixtum  of  monometrie  and 
prismatic  crystals.  On  leaving  this  mass  for  several  days  in  contact  with  cold 
concentrated  hydrochloric  acid,  the  prismatic  crystals  (probably  consisting  of  a 
mixture  of  MgO.B^O'  and  2MgO.B*0')  dissolve,  leaving  regular  crystals  of  the 

compound  MgCl*.2(3Mg0.4BK)*),  which  exhibit  the  forms  To  and  2Y   and   the 

pyroelectric  properties  of  native  boracite  (Heintz  a.  Richter,  Pogg.  Ann.  ex.  613). 

Zinc  Borates. — Borax  reacts  with  sine  sulphate  in  the  same  manner  as  with  copper 
sulphate,  throwing  down  first  a  basic  sulphate,  afterwards  a  borate  containing  38*58 
p.  c  ZnO  and  3655  water.  On  dissolving  4  pts.  of  this  sine  borate  and  6  pts.  boric 
oxide  in  ammonia,  and  covering  the  solution  with  a  layer  of  alcohol,  the  salt 
ZnO .  2B'0' .  4NH'  +  6HH)  is  deposited  in  efflorescent  rhombic  prisms,  soluble  in 
ammonia  and  in  dilute  adds.  The  same  salt  is  produced  by  dissolving  zinc  acetate 
obtained  from  20  grms.  of  basic  zinc  carbonate,  and  38  grms.  boric  oxide  in  ammonia 
at  a  gentle  heat,  and  mixing  the  cooled  liquid  with  alcohol  (£.  Bftscher,  Ann.  Ck, 
Pharm.  cli.  285). 

Borlo  Btbers  (Schiff  a.  Bechi,  Butt.  8oe.  Chim.  [2]  v.  372 ;  vi.  86.  Schiff, 
Giomale  di  Scienze  naturali  ed  economiche  di  Palermo^  v.  9). — The  tri>alcoholic 
borates  were  first  prepared  in  1846  by  Ebelmen  and  Bouquet,  wno  obtained  them  by 
tlie  action  of  boron  trichloride  on  the  respective  alcohols  (i.  6i9).    H.  Rose,  in  1856, 
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gara  an  easier  mode  of  prepariog  them  by  the  dry  distillation  of  a  mixture  of 
potasnum  ethylsolphate  and  anhydrofus  borax ;  and  this  method  was  perfected  by 
FianUand,  in  connection  with  his  researches  on  the  action  of  zinc-ethyl  and  ainc- 
methyl  on  triethylic  borate  (ii.  626y  With  regarrl  to  the  preparation  of  the 
Don-8atnrated  boric  ethers,  Ebelmen,  in  1855,  published  a  research  relating  to  the 
action  of  boric  oxide  or  anhydride  upon  the  alcohols,  and  he  there  describes  a 
number  of  Titreous  boric  ethers,  which  he  derives  from  a  hydrate,  B^HH)', 
corresponding  to  borax.  These  however  appear,  from  the  experiments  of  Schiff,  to 
have  been  nothing  but  mixtures,  the  supposed  diethylic  tetraborate,  B\C'H*)'0',  for 
example,  being  a  mixture  of  monethylic  borate,  B(CH*)0',  and  monethylic  triborate, 
B^C»H»)0». 

When  equal  weights  of  pulverised  boric  oxide  and  absolute  alcohol  are  mixed 
together,  the  temperature  of  the  mixture  rises  considerably,  and  after  eight  or  ten 
hmirs  the  alcohol  is  completely  absorbed  by  the  boric  oxide,  which  partly  becomes 
h|diated  and  oonrerted  into  a  white  spongy  mass.  If  the  mixture,  contained  in  a 
iUsk  furnished  with  a  long  tube,  be  now  raised  to  ebullition,  a  large  part  of  the  boric 
idd  dissolves,  and  on  then  adding  a  little  alcohol  the  whole  may  be  easily  made  to 
enter  into  solution.  As  the  liquid  cools,  a  white  mammellated  crystalline  mass 
separates,  consisting  of  boric  trinydrate,  BHK)'.  The  colourless  or  sb'ghtly  yellow 
Uqoid,  separated  from  the  crystals  and  distilled,  leaves  a  small  vitreous  residue, 
consisting  of  a  boric  ether  (or  rather  a  mixture  of  two  such  ethers),  while  the  distillate 
contains  a  much  larger  quantity  of  a  boric  ether,  which  was  supposed  by  Ebelmen  to 

be  thevitzeous  ether  just  mentioned  mechanically  carried  forward  by  the  alcohol. 

Aooording  to  Schiff,    however,  it   consists  of  triethylic  borate   or   ethylic 

orthoborate,  a  considerable  quantity  of  which  passes  over  between  110°  and  130^. 

Ynm  these  results  it  appears  that  the  reaction  between  absolute  alcohol  and  boric 

oxide  is  that  which  is  represented  by  the  equation  : 

B*0»  +  8C»H»H0  -  BHH)«  +  B(C«H»)«0«. 

This,  according  to  Schiff,  is  the  easiest  and  most  economical  method  of  preparing 
triethylic  borate. 

The  best  way  of  separating  the  boric  ether  from  the  alcohol  which  distils  over 
with  it^  is  to  mix  the  distilkite  with  strong  sulphuric  acid,  whereby  two  strata  of 
liquid  ars  formed,  the  upper  consisting  mainly  of  triethylic  borate,  which  may  be 
further  pariHed  Inr  rectification. 

Trietkylie  Borate  ia  a  limpid,  very  mobile  liquid,  which  burns  without  a  wick, 
with  a  green  flame,  eidialing  vapours  of  boric  acid.  It  boils  at  120*^  under  a  pressure 
of  760  nmi.  (with  the  thermometer  in  the  vapour,  and  pieces  of  platinum  in  the  liquid). 
Sp.  gr.  0*861  at  26*5°,  and  0*887  at  0® :  hence  one  volume  of  the  liquid  at  O*'  gives 
1*033  voL  at  26*5**,  an  expansion  nearly  equal  to  that  of  ethylic  acetate,  propionate, 
and  nitrate.  It  tastes  like  boric  acid  and  alcohol  together,  and  smells  like  the 
latter,  the  ei&ct  on  the  <^^ans  of  taste  and  smell  being  evidently  due  to 
decomposition  of  the  ether.  The  bitter  taste  and  pungent  aromatic  smell  attributed 
to  this  ether  by  Ebelmen  and  Bouquet  and  by  Bowman  were  probably  due  to  some 
chlorinated  products  of  the  ethylic  group,  arising  from  the  chloride  of  boron  used  by 
them  in  the  preparation.  The  ether  is  easily  decomposed  by  atmospheric  moisture, 
and  a  small  quantity  suffers  decomposition  at  each  distillation,  probably  in  conse- 
quence of  the  presence  of  moisture  in  the  vessel,  the  latter  portions  often  exhibiting 
a  higher  boiling  point,  and  ultimately  leaving  a  resinous  residue. 

Triethylic  borate  heated  to  160^-180°  in  a  sealed  tube  with  boric  hydrate,  BH*0*, 
is  deooDiposed,  partly  according  to  the  equation : 

BiCE^yO*  +   2BH«0»  «  3BH0«  +   8C«H«0 
l^toChylic  Trihjdrlo         Monohy-  Aloobol ; 

bormte  txnate        drlc  borate 

partly  in  the  following  manner : 

B(C?H»)«0»  +  BH»0«  »  B(C«H»)0«  +  BHO»  +   2C»H«0 
Trietbylio  Tribydric        Monethylio        Monoby-         Aloobol. 

bonte.  borate.  borate.  drio  borate. 

These  decompositions  take  place  also  in  the  above-described  preparation  of  triethylic 
homte  when  the  temperature  is  allowed  to  rise  above  130^. 

Strong  sulphuric  acid  easily  dissolves  triethylic  borate,  and  if  the  mixture  be 
heated,  water  and  eUiylene  gas  are  given  off;  and  if  water  be  then  added  before  the 
^Mnpemture  rises  higher,  sulphurous  oxide  is  given  off,  monohydric  borate  separates, 
and  ethyl-sulphuric  acid  is  found  in  the  liquid : 

B(C*H»)>0»   +   SnW  -  S(C*H*)HO*  +  2C«H«  +  BHO'  +   H«0. 
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If  waUr  be  added,  drop  by  drop,  to  the  Bolntion  of  boric  ether  in  sulphuric  add 
heated  to  140^-150®,  trinydric  borate  is  likewise  deposited,  but  at  the  same  time 
Tupour  of  ethjlic  oxide  separates,  and  the  liqnid  contains  ethyl-sulphuric  acid : 

B(C»H»)«0«  +  SH*0*  +  H«0  =  S(C«H»)HO*  +  BH»0»  +  (C»H»)K). 

If  an  acid  be  added  instead  of  water,  the  corresponding  oompoond  ether  is  fonnsd, 
instead  of  ethylic  oxide ;  thus,  with  bensoic  acid  at  120^ : 

B(C«H»)»0«  +  8HK)«  +   CH-O*  «  S(C«H»)HO«  +  BHK)«  +   2C'H*(C»H»)0». 

A  similar  reaction  takes  place  with  other  acids,  as  for  example  with  acetic,  batyrie, 
and  yalerianic  acids.  In  other  cases  triethylic  borate  etherifies  directly;  Uns  it 
dissolves,  with  rise  of  temperature,  in  nitric  acid,  and  after  a  while  ethylic  nitzata  ii 
given  off,  while  the  liquid  becomes  filled  with  crystals  of  boric  add : 

B(C»H*)K)>  +  8NH0«  =  BH«0«  +  8N(0»H»)0«. 

Acetic  acid  decomposes  triethylic  borate  in  a  similar  manner ;  so  likewise  do  bensoie 
and  succinic  acids  when  heated  with  it  in  sealed  tubes  to  180^-200?.  This  mode  of 
preparing  compound  ethers  by  means  of  triethylic  borate  may,  in  many  cases,  be 
preferable  to  the  somewhat  expensive  process  of  decomposing  the  silver  sal.ts  of  the 
corresponding  acids  with  ethylic  iodide.  Oxalic  acid  acts  at  161°  ;  hydrochloric  and 
sulphurous  acids  maybe  heated  with  triethylic  borate  to  120^-140°,  without  prodneiDg 
any  reaction. 

Chlorine,  bromine,  and  iodine  act  upon  triethylic  borate,  taking  the  place  of  pait 
of  the  hydrogen.  The  vapour  of  the  ether,  mixed  witb  chlorine,  taxes  fire  and 
bums,  leaving  a  carbonaceous  residue.  The  liquid  ether  rapidly  absorbs  chloriiM, 
forming  a  yellow  jelly  containing  more  than  two  atoms  of  chlorine,  but  not  enongfa 
to  form  the  compound  B(C«H*CI)»0«. 

Phosphoric  pentachloride  at  ordinary  temperatures  acts  upon  triethylic  borate  in 
such  a  manner  as  to  fbrm  phosphoric  oxyciiloride,  ethyl  chloride,  and  monethylie 

2B(C«H»)»0«  +   2Pa»  «  2P0C1»  +   4C«H»a  +   2B(C«H»)0«. 

At  higher  temperatores,  boric  oxide  and  ethyl  oxide  are  formed  instead  of  mon- 
ethylie borate : 

2B(C«H»)»0»  +  Pa»  «  POCl*  +  2CHH31  +  B»0»  +   2(C«H»)K). 

Heated  with  antimonic  chloride,  triethylic  borate  yields  antimonic  oxychloride, 
ethyl  chloride,  ethyl  oxide,  and  monethylie  borate : 

2B(C«H»)«0»  +  SbCl*  «  SbOCl>  +  2C»H»C1  +  (C«H*)»0  +  2B(C«»)0*. 

Monethylie  Borate  or  Ethylic  Metaboraie,  B(C«H»)0«.— If  the  erode 
product  of  the  action  of  alcohol  on  boric  oxide  be  iiractionally  distilled  till  the 
vapours  exhibit  a  temperature  of  140^-160°,  and  a  sufficient  time  be  allowed  to 
elapse  between  the  collection  of  the  separate  fractions  to  let  the  boric  acid  czystallise 
out,  a  syrapy,  more  or  less  yellow  liquid  will  be  obtained  on  cooling,  which  after  a 
time  deposits  a  small  quantity  of  boric  acid.  This  liquid  is  monethylie  boRite, 
slightly  contaminated  with  trieUiylic  borate  and  boric  acid.  It  appears  to  be  fbnned 
by  the  action  of  boric  acid  (see  above),  or  of  boric  oxide,  on  triethylic  borate : 

B(C«H*)»0»  +  B«0«  »  3B(C?H*)0«. 

Monethylie  borate  is  a  dense  inodorous  liquid,  having  at  120^  the  consistence  of 
fuming  sidphuric  acid.  It  attracts  moisture  from  the  air,  and  is  decomposed  into 
alcohol  and  boric  acid.  When  directly  decomposed  by  water,  it  evolves  great  hsat ; 
hence  also  it  feels  very  hot  when  placerl  upon  the  tongue.  It  cannot  be  distill^ 
without  alteration.  Introduced  into  a  flame  on  the  end  of  a  wire,  it  bums  with  a 
green  light,  leaving  boric  acid  mixerl  with  charcoal.  With  alcohol,  it  fbmis  triethylic 
borate  and  boric  acid : 

3B(C«H»)0»  +   3C«H»0H  =  2B(C«H»)*0«  +  BH»0«. 

Heated  with  potassium  ethylate,  it  yields  potassium  borate  and  triethylic  borate : 

2B(C«H')0«  +   C«H»KO  «  BKO«  +   B(C«H*)«0». 

It  is  decomposed  by  acids,  but  much  less  easily  than  triethylic  borate,  the  reaction 
requiring  a  temperature  of  180^-200°.    With  acetic  acid  the  action  is : 

B(C«H»)0»  +   C«H«0«  «  BHO«  +  C«H«(C«H»)0«. 

Monethylie  triborate,  B"(C«H»)0*,  is  produced,  together  with  the  triethylic 
ether,  by  the  decomposition  of  monethylie  monoborate  at  high  temperatures : 

4B(C«H*)0'  =  B{C»H»)'0»  +  B*(C«H»)0*. 
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When  monethylic  monoborate  is  heated  to  270^-280°,  triethylic  borate  is  given  off, 
and  the  residue  cools  to  a  solid  mass,  which  is  to  be  broken  np  and  digested  with 
anhydrous  ether ;  the  solution  filtered  and  eraponited  leaves  the  ethylic  triboiate  in 
the  form  of  a  mass  resembling  gum-arabic.  When  exposed  to  the  air,  it  attracts 
moisture  and  becomes  covered  wiUi  a  crust  of  boric  acid.  In  water  it  decomposes 
rapidly,  with  evolution  of  heat  In  a  gas-flame  it  bums  with  a  green  light,  leaving 
boric  oxide  mixed  with  carbon.  It  is  not  sensibly  altered  by  heating  to '300^. 
Absolute  alcohol  reacts  with  it  in  the  same  manner  as  with  monethylic  borate,  but 
less  energetically,  the  action  requiring  a  high  temperature  to  complete  it : 

8B«(C«H»)0»  +    12C«HH)H  -  6B(C«H»)»0»  +  4BH«0». 

Mbthtlic  Bobatsb. — The  trimeihflie  ether,  B(CH*)*0',  is  prepared,  like  the 
camsponding  ethyl-compound,  by  heating  boric  oxide  with  methylic  alcohol  to  100^, 
then  distilling  and  treating  the  distillate  with  strong  sulphuric  acid,  whereby  two 
strata  of  liquid  are  formed,  the  upper  containing  the  trimethylie  borate.  Schiff, 
however,  did  not  obtain  it  pure.  The  specific  gravity  of  his  product  was  0*916  at  20^, 
and  0*940  at  0^.  Ebelmen  and  Bouquet  found  the  density  to  be  0*966  at  0^  for  an 
ether  boiling  at  72^.  The  reactions  of  this  ether  are  analogous  to  those  of  triethylic 
bonte.  It  burns  with  a  flame  green  throughout,  whereas  that  of  triethylic  borate  is 
oolonrleBS  in  the  middle,  the  difference  arising  mainly  from  the  larger  proportion  of 
boron  in  the  methylic  ether.  For  this  reason,  as  originally  pointed  out  by  Ebelmen, 
it  is  better,  in  testing  for  boron  by  the  colour  of  its  flame,  to  use  methylic  instead  of 
ethjlic  alcohol. 

Monomethylie  boraiAt  B(CH')0',  is  prepared  from  the  preceding  compound  in  the 
same  manner  as  the  monethylic  from  the  triethylic  ether.  It  is  much  less  mobile  than 
the  monethylic  borate,  but  resembles  the  latter  in  all  its  chemical  reactions.  It 
begins  to  decompose  at  160^,  giving  oflT  trimethylie  borate ;  and  at  260°  there  remains 
a  mass  which,  when  purified,  after  cooling,  with  anhydrous  ethyl  oxide,  exhibits  the 
composition  of  meth^ic  tribaraU,  B'(CU*)0^  or  B(CH*)0>.B*0'.  This  ether  colours 
flame  green,  forms  trimethylie  borate  when  heated  with  methylic  alcohol,  and  is 
decomposed  by  water  into  monomethylic  borate  and  boric  acid. 

The  either  !B^(GH')'0^,  described  by  Ebelmen,  appears  to  have  been  a  mixture  of 
monomethylic  borate  and  triborate. 

Amtlic  Boratbs. — The  triamyUo  and  monamylic  ethers  were  prepared  similarly 
to  the  comspooding  ethyl-oompounds.  The  former  may  also  be  produced  by  decom- 
posing triethylic  borate  with  amylic  alcohol  at  160°-180° ;  but  other  ethers  are  formed 
at  the  same  time,  and  the  purification  of  the  triamylic  ether  is  difficult.  This  ether 
boils,  according  to  Schiff,  at  264°  with  the  barometer  at  760  mm.  Ebelmen  and 
Bouquet  give  270°-276°,  but  they  state  that  their  determination  was  made  with  only 
a  small  quanUtv  of  impure  substance.  The  reactions  of  this  ether  resemble  those  of 
the  corresponding  ethyl-compound,  but  it  bums  onlv  with  the  aid  of  a  wick,  and  the 
flame  exhibits  a  green  colour  only  at  the  base  near  the  wick. 

The  monamylic  ether  B(C*H")0',  obtained  by  heating  the  cmde  product  of  the 
action  of  boric  oxide  on  amylic  alcohol  to  290°,  has  a  density  of  0*949  at  20°,  and 
0*971  al  0^  It  is  much  more  fluid  than  the  corresponding  ethyl  and  methyl  com- 
poiuids,  and  bums  like  the  triamylic  ether.  It  sustains  a  temperature  of  300°  without 
seosihle  alteration,  but  above  that  temperature  it  decomposes,  a  mixture  of  mono- 
and  tri-«mylic  borate  distilling  over,  ana  a  vitreous  mass  being  ultimately  left,  con- 
n^n^otamylietHborate,  B'(C*H")0*,  mixed  with  boric  oxide,  charcoal,  and  other 
impurities.  Monamylic  borate  may  also  be  prepared  by  the  action  of  boric  oxide  on 
triamylic  borate ;  and,  on  the  other  hand,  the  action  of  amylic  alcohol  on  monamylic 
borata  yields  the  triamylic  compound : 

3B{OH»>)0«  +  8C*H«0  -  2B{C»H")«0«  +  BH»0«. 

MiZBD  Boric  Ethbbs. — These  ethers  may  be  prepared  by  treating  a  mono- 
alooholic  borate  with  an  alcohol  different  from  that  whose  rodicle  is  contained 
in  the  ether.  Thus  with  monethylic  borate  and  amylic  alcohol  are  obtained  the 
following: 

SBEtO*  +  3AmH0  «  BEtAm'O"  +  BEt'AmO'  +  BH»0". 

At  tii0    same  time,  however,  another  reaction  takes  place,  producing  the  simple 
trialeoholic  borates,  though  in  quantity  smaller  than  that  of  the  mixed  others : 

3BEtO«  +  3AmH0  «  BEt»0«  +  BAm»0»  +  BH«0». 

The  scrreral  products  are  separated  by  fractional  distillation. 

Ethyi-diAmylie  borate,  B(C«H*)(C»H»')-0",  boils  at  210°-21.5°,  has  a   density  of 
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0-862  at  28°,  and  0  876  at  0°.  It  burns,  like  triamylic  borate,  only  with  a  wick,  but 
with  &  more  deeply  coloiired  flame.  Amylo-diethyiic  borate,  B(C*H")(CH*)K)*,  boils 
at  about  172^-175°,  and  has  a  density  of  0858  at  26^;  burns  without  a  wick,  but 
not  so  easily  as  triethylic  borate.  These  two  mixed  ethers  act  chemically  like  the 
other  trialcoholic  borates.  An  excess  of  amylic  alcohol  acts  upon  them  at  160^-180°, 
with  elimination  of  ethylic  alcohol,  and  formation  of  triamylic  borate :  this  explains 
the  presence  of  a  rather  large  proportion  of  triamylic  borate  in  the  product  of  the 
reaction  of  amylic  alcohol  on  monethylic  borate.  The  friUowing  equation  embmces 
all  the  products  which  this  reaction  has  yielded : 

7BEtO«  +  7AmH0  -  EtHO  +  BEt»0»  +  BAmEtK)"  +  BAm«EtO»  +  BAm»0» 

+  BAm'O   +  2BH*0». 

Altogether,  the  reaction  of  alcohols  on  the  mono-alcoholic  borates  is  rery  complicated  ; 
and  for  the  further  consideration  of  the  products  we  must  refer  to  the  paper  cited 
at  the  head  of  this  article. 

Cetylic  Bobatb.  B(C"H")0'. — The  action  of  boric  oxide  on  cetylic  alcohol 
differs  from  that  which  it  exerts  on  the  lower  alcohols  of  the  series,  in  this  respect, 
that  the  water  eliminated  by  the  reaction,  instead  of  uniting  witli  the  boric  oxiue  to 
form  boric  acid,  is  set  free  in  the  liquid  state,  the  difference  apparently  depending 
upon  the  higher  temperature  at  which  the  action  takes  place.  The  boric  oxide  in 
excess  is  introduced  in  small  lumps,  together  with  the  cetylic  alcohol,  into  a  short- 
necked  retort,  and  heated  as  long  as  water  separates.  The  fused  mass  is  then  decanted, 
digested  when  cold  with  anhydrous  ether,  and  the  decanted  solution  is  eTapoiated.  In 
this  manner,  monocetylic  borate,  B(C*'H'*)0',  is  obtained,  as  a  white  or  yeUowish  mass 
resembling  cetylic  alcohol,  but  somewhat  lees  crystalline ;  it  melts  at  58°.  The  fused 
substance  is  permanent  in  dry  air ;  slowly  decomposed  by  moist  air  and  by  cold  water, 
quickly  by  hot  water.  It  is  scarcely  inflammable,  even  with  the  aid  of  a  wick ;  diasolyes 
but  slightly  in  benzol.    The  mode  of  its  formation  may  be  thus  expressed : 

B«0«  +  2C"H"0  «  2B(C"H")0*  +  HH). 

The  other  cetylic  borates  have  not  been  obtained. 

Gltcibio  Boratb.  B'*(C*H*)'"0'. — Coarsely  pounded  boric  oxide  dissolyes, 
with  elimination  of  aqueous  vapour,  nn  anhydrous  glycerin  heated  to  200^ ;  and  if  the 
mixture  be  kept  hot  as  long  as  aqueous  vapour  continues  to  escape,  two  molecules  of 
glycerin  will  dissolve  one  molecule  of  boric  acid,  forming  glyceric  borate,  according  to 
the  equation : 

2(C»H»)H«0«  +  B«0«  -  2B(C«H»)0>  +  8H«0. 

The  fused  mass  separated  by  decantation  from  the  unaltered  boric  oxide  forms,  on 
cooling,  a  pale  yellow,  horny,  transparent  substance,  very  hygroscopic,  insoluble  in 
ether,  benzol,  and  chloroform.  It  dissolves  in  absolute  alcohol  without  alteration,  a 
property  which  shows  it  to  be  a  saturated  compound,  inasmuch  as  all  the  unsaturated 
Doric  ethers  are  decomposed  by  alcohol.  The  alcoholic  solution,  evaporated  at  50°-60^, 
leaves  the  glyceric  borate  unaltered ;  bat  if  the  compound  be  heated  to  120°  in  a 
sealerl  tube  with  absolute  alcohol,  it  is  decomposed  in  the  manner  shown  by  the 
equation : 

B(C»H»)0»  +  8C»H«0  =  B(C*H»)*0«  +  C»H»0. 

Olyceric  borate  dissolves  without  alteration  in  a  small  quantity  of  cold  water ;  but  on 
heating  it,  the  dense,  somewhat  acid  solution  suddenly  coagulates  to  a  dense  mass,  and 
acquires  a  sweet  taste,  being  in  fact  resolved  into  boric  hydrate  and  glycerin.  It  has 
no  fixed  melting  point,  but  behaves  like  a  vitreous  substance,  gradmdly  softening  at 
about  170°.  Ammonia  gas  does  not  act  upon  it,  unless  moisture  is  present,  in  which 
case  a  gelatinous  mass  is  formed,  containing  ammonia  borate.  Strong  sulphuric  acid 
blackens  glyceric  borate  even  at  100°. 

From  the  observations  of  SchiitiBenbetger  (Compt  rend.  liii.  538),  it  appears  that 
boric  oxide  and  acetic  oxide  unite  directly  in  the  proportion  of  B'O'  to  OH*0*,  forming 
a  vitreous  substance,  which  is  decomposed  by  water  into  boric  and  acetic  acids,  and 
therefore  consists  of  acetic  borate,  B(CH'0)0^ 

Phentlic  Boratbs. — Boric  oxide  acts  upon  phenol  at  high  temperatures  in  the 
same  manner  as  on  cetylic  alcohol  and  glycerin,  giving  rise  to  direct  elimination  of 
water,  producing  however  not  merely  one,  but  several  boric  ethers.  When  two  parts 
of  boric  oxide  are  heated  with  three  parts  of  phenol,  and  the  mixture  is  cooled  after 
reacting  for  half  an  hour,  a  syrupy  liquid  is  obtained,  from  which  ether  extracts 
monophenylic  borate,  B(C*H*)0': 

B«0'  +  C«H«0  «  B(C«H*)0*  +  BHO«. 
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As  thus  pnepared,  however,  it  is  very  impure.   A  purer  product  is  obtaiued  by  heating 

Shenyiic  trioorate  to  150°  with  ethylic  alcohol,  wnerebymonophenylic  borate  is  pro- 
uced,  together  with  triethylic  borate  aod  boric  acid : 

B»(C«H»)0»  +  ZC*B*0  -  B(C«H*)0«  +  B(Cm»)"0«  +  BH«0«. 

The  product  is  freed  irom  triethylic  borate  by  distillation,  ultimataly  at  180°,  and  the 
moDophenylic  borate  is  extracted  from  the  residue  by  solution  in  ether  and  evapora- 
tion. Thus  obtained,  it  is  a  yellow  substance  having  a  faint  odour  and  the  consistence 
of  turpentine. 

Pkanylic  triboraUj  B'(CH*)0*,  is  formed  when  phenol  is  boiled  for  several  hours 
with  boric  oxide  in  a  flspsk  fitted  with  a  condensing  tube ;  an  additional  quantity  of 
boric  oxide  then  dissolves,  and  lastly  also  the  boric  hydrate  formed  at  the  commence- 
ment of  the  action,  together  with  the  monophenylic  ether,  in  the  manner  shown  by 
the  last  equation  but  one.  The  phenylic  triborate  is  produced  by  the  reaction  of 
this  boric  hydrate  and  the  oxide  on  the  phenylic  monoboiate,  thus : 

2B(C«H»)0«  +  2BH0*  +  B»0«  =  2B\C«H»)0*  +  H«0. 

Fhenylie  triborate,  when  freed  from  excess  of  boric  acid  by  means  of  anhvdrous  ether, 
forms  an  orange-coloured  vitreous  mass,  having  a  faint  odour  and  internally  the  aspect 
of  amber.  It  is  slowly  decomposed  by  moist  air  and  cold  water,  quickly  by  hot  water 
and  dilute  aqueous  alkalis.  Alcoholic  potash  scarcely  attacks  it,  probably  because 
potassium  borate  is  insoluble  in  alcohol.  It  is  almost  insoluble  in  benzol,  chloroform, 
and  carbon  bisulphide ;  begins  to  soften  at  about  80°,  but  does  not  exhibit  any 
definite  meltine  point.  The  alcoholic  solution  is  not  coloured  violet  by  ferric  chloride. 
The  triborate  dissolves  in  hot  strong  sulphuric  acid ;  and  on  adding  water,  boric  acid 
is  deposited,  and  a  solution  of  phenylsulphuric  acid  is  obtained  : 

B«((>H*)0*  +  SHH)«  +  4H«0  -  S(C«H*)HO«  +  3BH«0«. 

With  hot  nitric  acid,  it  yields  boric  and  picric  acids : 

B«(C^»)0*  +  3NH0*  +  2H«0  «  0»H»(NO«)«0  +  3BH«0«. 

Detraphenylie  diboraie,  B*(C*H*)*0*,  is  produced,  together  with  phenylic  triborate, 
when  monophenylic  monoborute  is  heated  to  temperatures  above  350° : 

5B(e»H»)0«  «  B«(C«H»)0»  +  B«(C-H*)^0*. 

To  complete  the  reaction,  the  temperature  must  be  raised  considerably  above  the 
boiling  point  of  mercury.  The  yellow  oil  which  passes  over  on  distillation  is  rectified, 
and  tfaAt  which  distils  above  300°  is  collected  apart.  The  tetraphenylic  ether  is  also 
formed,  together  with  ethylic  phenate  and  common  alcohol,  by  heating  triethylic  borate 
to  160°-180°  in  a  sealed  tube  with  phenol: 

2B(C«H»)»0«  +  5C«H«0  =  B«(C«H»)<0»  +  C«H»(C«H»)0  +  6C*H«0. 

Tetraphenylic  diborate  is  a  greenish-yellow  oil,  having  a  faint  odour  of  phenol,  a 
density  of  1*100  at  20°,  and  1'124  at  0°,  at  which  latter  temperature  it  has  the 
consistence  of  castor  oil.  Its  boiling  point  is  above  that  of  mercury.  At  each  distil- 
lation it  undergoes  partial  decomposition,  leaving  a  residue  of  phenylic  triborate.  It 
is  quickly  decomposed  by  water.  With  strong  sulphuric  acid  it  forms  a  red-brown 
solution,  which,  when  heated  and  poured  into  water,  forms  a  deposit  of  boric  acid  and 
a  solution  of  phenylsulphuric  acid : 

B*(C«H»)K)»  +  4SH»0«  +  H«0  «  4S(C*H»)H0*  +  2BH»0«. 

There  are  no  mixed  boric  ethers  containing  phenyl. 

BobicAnilidb.  B*0'  .  C*H'N. — Aniline  does  not  unite  directly  with  boric  oxide 
or  boric  hydrate,  neither  does  it  decompose  the  trialcoholic  boric  ethers  when  heated 
therewith ;  but  when  it  is  mixed  with  monethylic  or  monomethylic  borate,  the  liquid 
becomes  hot,  and  is  transformed  into  a  resinous  mass  which  becomes  pulverulent  when 
treated  with  anhydrous  ether.  This  mass  contains  the  elements  of  boric  oxide  and 
aniline,  and  may  be  regarded  as  hydratid  diboric  anilide,  or  as  boranilie  add^  according 
to  the  formulse : 

H\ 
C»H»)  OH.* 

BoIn.H«0  (BW)" 


N  (B«0«.OHy) 

O  C-HHN. 

BOj  hJ  hJ 


Its  formation  is  represented  by  the  equation : 

3B(C«H»)0«  +  C«H'N  «  B«0«.C«H'N  +  B(C«H»)«0«. 

Boric  anilide  is  a  white,  inodorous  substance,  as  light  as  magnesia,  and  unalterable  in 
dry  air,  if  it  has  been  thoroughly  washed  with  ether.  Water  decomposes  it  immediately 
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into  aniline  and  boric  acid.  Alcohol  dissolves  it  readily,  and  leaves  it  on  evaiK>iiitioti 
in  the  form  of  a  gummy  mass  ;  but  when  heat€>d  in  a  sealed  tube  with  alcohol  to  120^ 
it  is  resolved  into  aniline,  triethylic  borate,  and  boric  acid  : 

BK)».C«H'N  +  3C«H«0  =  B(C«H*)«0"  +  BH«0«  +  CH'N. 

It  dissolves  in  strong  sulphuric  acid,  forming  a  red-brown  liquid,  which  blackens  at  a 
slightly  elevated  temperature  without  evolution  of  gas.  The  alcoholic  solution  of  the 
anilide  mixed  with  oxalic  acid,  also  in  alcoholic  solution,  yields  a  precipitate  of  aniline 
oxalate  unmixed  with  boric  acid ;  with  platinic  chloride  also  a  precipitate  of  puie 
aniline  platinochloride  is  obtained.  With  aldehydes  it  reacts  like  free  aniline,  forming 
diamides ;  thus  with  oenanthol : 

(C^")« 
2(B«0«.C«H'N)  +  2C'H"0  -         C«H»fN«  +  4BH0«. 


OH»J 


Heated  to  110^,  it  gives  off  water,  and  leaves  a  gummy  amorphous  body,  which,  when 
pure,  probably  consists  of  N(BO)«(C^»). 

The  action  of  monethylic  borate  on  ammonia  dissolved  in  anhydrous  ether  is  not 
analogous  to  its  reaction  with  aniline,  the  product  containing  at  least  2  mol.  6*0*  to 
1  mol.  NH*.  The  white  flooculent  substance  when  heated  gives  off  ammonia  and  water, 
and  if  the  residue  be  exhausted  with  boiling  water,  a  white  powder  is  left,  consisting 
of  baron  nitride : 

BK)«  +  2NH«  «  2BN  +  3BP0. 

Boric  oxide  heated  in  a  current  of  dry  ammonia  gas  is  also  partially  converted 
into  boron  nitride ;  but  the  quantity  of  this  substance  formed  in  either  case  is  but 
small. 


rATSOOA&CXTB.  This  name,  as  well  as  HydrcboToealciU^  Hayeam,  and 
TUa^  is  applied  to  a  mineral  composed  of  the  borates  of  calcium  and  sodium,  found 
chiefly  in  the  province  of  Tarapaca  in  Peru,  and  now  extensively  used  for  the  manu- 
fieictuze  of  boric  acid  and  the  alkaline  borates.  It  occurs  in  nodular  masses  of  fibious 
structure,  often  mixed  with  ^lauberite  and  common  salt  The  numerous  analyses  of 
the  mineral — even  when  it  is  freed  as  far  as  possible  from  these  admixtures — exhibit 
great  diversities  of  composition,  so  that  several  formulae  have  been  assigned  to  it. 
Kammelsbeig  {Mineralekemie,  p.  262)  regaids  it  as  (Na<0.2B'0') -1-2(010.6*0^ 
+  18aq.,  or  (NaK).2BH)*.10aq.)-f  2(Ca0.2B*0*.4aq.),  i.e.  as  1  mol.  of  borax  com- 
bined with  2  mol.  of  the  borocalcite.  Phipson  (Chem,  Netoa,  iv.  162)  gives  the  formula 
(Na*O.2BH)M0aq.)  +  2(CaO.B'O*.2aq.)-i-2aq.  Kraut  (Arch,  Pkarm,  [S]  cxii.  25) 
gives  (Na'0 .  2B*0*)  -i-  (2CaO .  8B*0*)  +  16aq. ;  and  Lunge  {Ann,  Ch,  Fkarm,  cxzxviii. 
66),  fh>m  his  analysis  of  a  specimen  from  Chile,  deduces  the  formula 


2(Na«0 .  2BK)*)  +  6  (^  \ .  2B*0»)  +  12aq. 


For  analyses,  see  Jahreaberickt  /.  Chem.  1849,  p.  799 ;  1853,  p.  852  ;  1854,  p.  867 ; 
1856,  p.  884;  1857,  p.  697 :  1868,  p.  737;  1859,  p.  816;  1861,  p.  1028;  1862,  p. 
769 ;  1866,  p.  953 ;  also,  Bichardson  and  Watts  s  Chemical  Dschnology,  pt.  iv.  pp. 
209-211. 

BOTAJUbAOXZTB.    See  Copfbs  Oxtchloribbs. 


This  name  is  given  by  Lefort  (Compt,  rend.  Iv.  919)  to  a  blue 
ferroso-ferric  sulphate  found,  together  with  larger  quantities  of  a  greenish-yellow  salt 
of  similar  composition,  in  the  pyritiferous  pumice-tufas  of  Bourboule  (Piiy-de-I>5me). 
The  blue  salt  is  regairded  by  Lefort  as  identical  with  the  salt  3(FeO.SO*)  + 
2(FeH}*.S0')  artificially  prepared  by  Barreswil. 


Cu»PbSbS»  or  Cu«S.2PbS.Sb»S».— The  primary  form  of  this 
mineral  is  an  orthorhombic  prism  of  93^  40' ;  oP  :  Poo  »  138^  6'.  Axes  a  :  b  :o  ^ 
0-662  :  1  :  0*95618.  For  details  of  the  crystalline  form,  see  i^irkel,  JaAresb.  1862,  p. 
711 ;  Hessenbeig,  ibid.  1865,  p.  798. 


The  greyish-brown  mineral  from  Arendal  fn  Norway  thus  named 
by  Forbes  a.  Dahll  (i.  657)  appears,  from  an  analysis  by  J.  A.  Michaelson  {J.  pr. 
Chem.  xc.  108  ;  Jahreeb.  1863,  p.  830),  to  be  sr  niobate  of  yttrium,  and  identical  with 
tyrite  and  fergusonite.     (See  Niobixtx,  iv.  55.) 


IBZBIO  AOIB.     CH^'O*. — An  acid  standing  to  erucic  acid  in  the  same 
relation  as  elai'dic  to  oleic  acid.    It  is  obtained  by  heating  erucic  acid  with  dilute 
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nitric  acid  to  60^-70^,  till  gaa  begins  to  escape,  and  then  cooling  the  mixture.  The 
BoUdifted  product  reciystalUsed  from  alcohol  yields  brassidic  acid  in  white  laminae, 
melting  at  70°,  and  solidifying  again  in  the  crystalline  form  at  54°.  Brassidic  acid 
is  a  strong  monobasic  add,  less  soluble  in  alcohol  and  ether  than  erucic  acid ;  its 
Rlooholie  solution  r6ddenft  litmus-paper.  The  sodium  ialt  C^H^'KaO*'  crystallises 
from  alcohol  in  laminae,  which  easily  become  electric  by  friction,  like  those  of  the  acid, 
and  do  not  melt  till  heated  above  200°.  The  potassium  salt  ciystallises  in  scales ;  the 
moffnesium  saU  m^j  be  crystallised  from  alcohol.  The  barium,  cakium,  lead,  and  silver 
salts  are  insoluble  in  water  and  in  alcohol. 

Bzaasidic  acid,  like  erucic  acid,  unites  with  1  mol.  of  bromine,  forming  brassidic 
acid  bromide,  CH^O'Bi',  which  separates  from  alcohol  in  small  colourless  crystals 
melting  at  64°  and  solidi^ng  at  88°-40°.  It  is  attacked  at  210°  by  alcoholic  potash, 
vhich  abstracts  2HBr,  and  conyerts  it  into  benolic  acid,  C"H**0*.  When  left  in 
contact  for  eight  or  ten  days  with  sodium-amalgam,  it  gives  up  all  its  bromine,  repro- 
ducing brassidic  add  (Haussknecht,  Ann,  Ch.  Pharm.  cxliii.  40). 


CO  iLCZB.  C"H^O^. — This  acid,  homologous  with  oxalic  acid,  is 
produced,  together  with  the  corresponding  aldehyde  and  dioxybenolic  acid,  by  the 
action  of  fandng  nitric  add  on  benolic  add  (p.  267).  On  subjecting  the  yellow  oil 
wldeh  separates  from  the  aleoholie  mother-liquor  of  benolic  acid  to  distillation  with 
steam,  braasylic  aldehyde,  C"H**0',  passes  over  as  a  pungent  oil,  and  the  residue  in 
the  retort  solidifies  to  a  network  of  d^tals  consisting  of  benolic,  dioxvbenolie,  and 
biasvylie  adds.  The  last-mentioned  acid  is  obtained  pure  by  leaving  either  the  erode 
or  the  distilled  oil  under  bromine  and  water  for  several  days,  and  recrystallising  the 
solid  add  thereby  produced  from  hot  water.  Bmssylic  acid  melts  at  108*6°  and 
scdidifiss  at  106°.  It  is  nearly  insoluble  in  cold  water,  slightly  soluble  in  boiling 
VBter,  easily  in  alcohol  and  ether.  It  is  formed  from  the  aldehyde  by  simple  addition 
of  oxygen ;  also,  |»erhape  together  with  other  adds  of  the  same  series,  by  the  action 
of  red  fuming  nitnc  acid  on  erudc  add.  It  is  bibasic.  The  brassylates  of  the  alkali- 
metals  are  soluble  in  water ;  the  sodium  and  ammonmm  Salts  cirstallise  in  nodules  ; 
the  «(rfcnmMtf«  contains  C"Hi'CaO«.8HK);  the  stiver  salt  C"H»A^«  turns  violet 
on  expoeue  to  light  (Haussknecht,  loc.  cit.), 

BIML'YSSA  AVTBHLMZVTZOA.  The  flowers  of  this  plant,  mixed  with  the 
peduncles  and  fragments  of  the  leaves,  constitute  the  drug  called  Kusso  or  Kousso, 
which  is  used  as  a  remedy  for  tape-worm.  Pavesi  (J.  Pharm.  d^Anvers,  Oct.  1858  ; 
Jahrtth.  1869,  p.  686)  attributes  the  anthelmintic  action  of  the  drug  to  a  substance, 
called  kussin  or  taenin,  which  he  prepares  by  repeatedly  digesting  the  kusso,  mixed 
with  slaked  lime,  in  alcohol  of  60°-70°  p.  c,  boiling  the  residue  with  water,  uniting 
the  filtered  extracts,  distilling  off  the  alcohol,  and  mixing  the  aqueous  residue  with  a 
slight  exceee  of  acetic  add.  The  kussin,  purified  by  solution  in  alcohol  and  treatment 
wiUi  animal  charcoal,  and  precipitated  from  the  concentrated  alcoholic  solution  by 
water,  is  a  brittle  resin  having  a  dark  yellow  colour  in  powder,  a  slightly  bitter  taste, 
like  that  of  kousso  itself,  soluble  in  alkalis,  not  in  acids,  melting  at  100°,  and  decom- 
posing at  a  higher  temperature.  It  amounts  to  4  p.  c.  of  the  kusso.  According  to 
C.  Bedall  {fihem,  Osntr.  1868,  p.  124),  kassin  melts,  with  decomposition,  at  193°-196°. 
It  is  not  a  gluooeide.  Its  formula  is  C*H*K)*.  Its  alcoholic  solution  gives  with  lead 
acetate  a  predpitate  containing  C^^O'.PbO. 

WmrMBg,  the  colouring  matter  of  Brazil  wood,  discovered  by  Chevreul,  hns 
bee.*.  tiiOfwn  by  Bolle^  to  be  identical  with  that  of  sapan  wood  (v.  191).  The  state- 
meats  respecting  this  colouring  matter  given  in  vol.  i.  p.  666,  on  the  authority  of 
Preimoir,  are  not  to  be  trusted, 

Native    tetracupric     sulphate.      CuS0^.3CuH*0*.      See 


According  to  J.  Slessor  (New  Edinb.  PkU,  J.  vii.  287),  aqueons 

solutions  of  bromine  of  different  densities  contain  the  following  quantities  by  weight 
of  bromine  in  1,000  parts  of  water: 


1-00901 
100931 
1-00996 
1-01223 


Br.  per  1,000 
10-72 
10-78 
12*06 
12-3 


Bendty 
101491 
101686  « 
101807 
102367 


Br.  per  1,000 
18-70  to  19  06 
19-62  „  2009 
20*89  „  21-66 
31-02  „  31-69 


At  the  density  of  1*02367  bromine-water  is  saturated. 
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Dancer  (Chem.  8oc.  J.  xt.  477)  has  determined  the  solubility  of  bromine  in  water  at 
different  temperatures : 

Temp.  Br.  per  cent. 

20^  ...         .         3-208 

25°  .         .         .         .         8167 

30*  ...         .         3126 


Temp.  Br.  per  cent. 

6^  .         .         .         .         3-600 

lO®  .         .         .         .         3-327 

Ifi**  ....         3-226 


When  a  current  of  electricity  is  passed  through  bromine-water  or  aqueous  hydro- 
bromic  acid,  bromic  acid  is  formed  at  the  positive  pole. 

Bromine-vapour  bleaches  moist  litmus-paper,  but  not  permanently,  the  paper  on 
exposure  to  the  air  turning  red  in  consequence  of  the  formation  of  hydirobromic  acid : 
the  original  colour  is  restored  by  ammonia  (Reinsch,  N,  Jahreab.  Pharm.  xi.  269). 

Bromine  in  presence  of  water,  and  under  the  influence  of  direct  sunshine,  oxidises 
many  neutral  organic  compoundis  and  converts  them  into  acids :  such  is  the  case  with 
benzene,  toluene,  mannite,  sugar,  glycerin,  &c.  (Blomstrand,  Ann,  Ck.  Pkarm,  cxxiii. 
248). 

Detection  and  Estimation  of  Bromine, — ^Fresenius  (SSeitsckr.  anal.  Chem.  i.  46) 
recommends  the  use  of  chloroform  or  carbon  bisulphide  instead  of  ether  in  testing  for 
bromine  by  means  of  chlorine.  In  a  liquid  containing  only  ^^nn  part  of  bromine, 
ether  does  not  become  coloured  after  addition  of  chlorine ;  but  chloroform  or  carbon 
bisulphide  under  the  same  circumstances  exhibits  a  pale  yellow  colour.  A  solution 
containing  only  j^^  of  bromine  colours  carbon  bisulphide,  but  not  chloroform.  If 
an  iodide  is  also  present,  the  violet  coloration  due  to  the  iodine  is  first  observed,  and 
when  this  has  been  made  to  disappear  by  further  addition  of  chlorine,  the  yellow  tint 
of  the  bromine  becomes  apparent.  Phipeon  {%bid.  vii.  97)  acidulates  the  dilute 
solution  with  hydrochloric  acid,  mixes  it  in  a  tube  two  feet  long  with  a  small 
quantity  of  carbon  bisulphide,  and  agitates  it  with  a  strong  solution  of  chloride  of 
lime. 

Reimann  {Ann,  Ch,  Pharm.  cxv.  140)  estimates  bromine,  in  presence  of  iodine  and 
chlorine,  by  means  of  a  graduated  solution  of  chlorine.  Thus,  to  analyse  a  mixture  of 
bromide  and  iodide  of  potassium,  a  quantity  of  chloroform  is  first  added,  such  that, 
after  agitation,  a  drop  about  the  size  of  a  nut  may  remain  undissolved,  and  the 
graduated  chlorine-water  is  added  by  small  portions.  The  chloroform  then  acquires 
a  blue  or  rose  colour,  which  disappears  completely  as  soon  as  6  atoms  of  chlorine 
have  been  added  to  1  mol.  of  the  iodide,  the  ultimate  products  of  the  reaction  being 
potassium  iodate  and  hydrochloric  acid : 

a*  +  KI  +  3H«0  -  KIO«  +  6Ha 

On  continuing  the  addition  of  the  chlorine-water,  the  chloroform  becomes  first  yellow, 
then  orange-coloured,  then  again  yellow,  and  finally,  when  2  at.  chlorine  have  been 
added  to  1  at.  bromine,  yellowish-white : 

KBr  +  a«  «  Ka  +  BrCl. 

If  organic  substances  are  present,  the  liquid  must  be  previously  mixed  with  caustic 
soda,  evaporated  to  diyness,  and  the  residue  ignited  in  a  silver  dish. 

The  following  method,  founded,  like  that  of  Field  (i.  678),  on  the  differences 
between  the  atomic  weights  of  chlorine,  bromine,  and  iodine,  is  given  by  R.  Tatlock 
(Chem.  NefM,  1869,  p.  290).  The  solution  containing  the  iodine,  bromine,  and 
chlorine,  preferably  in  combination  with  an  alkali-metal,  is  divided  into  three  equal 
portions,  one  of  which  is  treated  with  excess  of  silver  nitrate  to  precipitate  the  whole 
of  the  iodine,  bromine,  and  chlorine.  The  second  is  treated  with  excess  of  bromine- 
water  to  decompose  the  iodide,  and  then  precipitated  with  silver  nitrate,  which  throws 
down  bromide  and  chloride  of  silver.  The  third  portion  is  treated  with  excess  of 
chlorine  to  decompose  the  iodide  and  bromide,  and  yields  a  precipitate  consisting 
wholly  of  silver  chloride.  These  three  precipitates  having  been  weighed,  the  quan- 
tities of  iodine,  bromine,  and  chlorine  may  be  calculated  by  the  method  given  in  vol.  i. 
p.  679. 

To  apply  this  method  to  the  analysis  of  kelp,  the  kelp  is  digested  in  hot  water ; 
the  filtrate  and  washings  are  neutralised  with  hydrochlonc  acid ;  chlorine  is  passed 
into  the  solution  ;  and  the  liquid  is  shaken  up  with  about  one-fourth  its  volume  of 
carbon  bisulphide  to  dissolve  the  liberated  iodine  and  bromine.  The  heavy,  coloured 
solution  of  those  elements  is  then  drawn  off  by  a  fine  syphon,  and  shaken  up  with  water 
and  zinc-filings,  whereby  a  solution  of  zinc  bromide  and  iodide  is  obtained,  in  which 
the  iodine  and  bromine  may  be  estimated  as  above. 

For  the  estimation  of  bromine  in  organic  compounds,  see  Analysis,  OaOAmc 
(p.  148). 
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••    Hydroftn  Bromide  or  Hydrubromic  Acid  is  produced  directly  by 

nibjectixig  a  mixture  of  dry  bromine-yspour  and  hydrogen  gas  to  the  prolonged  action 
of  the  induction-spark  (A.  Riche,  Compt,  rend.  xlvi.  348). 

Kekuli  (Ann.  Ch.  PKarm,  czxz.  14)  prepares  pure  aqueous  hydrobromic  acid  by 
passing  the  gas  evolred  by  allowing  a  slow  stream  of  water  to  flow  upon  phosphorous 
tnbromide,  into  water  or  dilute  hydrobromic  acid,  till  a  saturated  solution  is  formed ; 
heating  this  solution  (which  still  contains  a  considerable  quantity  of  phosphorous 
bromida) ;  and  passing  the  gas  thereby  evolved  either  into  pure  water  or  into  pure 
dilute  hydrobromie  aeid. 

MetaUie  Bromides. — ^According  to  Henner  a.  Hohenhauser  («7aArM6.  1864,  p.  148), 
the  process  recommended  by  Klein  for  the  preparation  of  metallic  bromides  (sea 
PoTASSiux  Bbomidb,  iv.  696)  is  not  adapted  for  production  on  the  large  scale.  These 
chemists  dissolve  bromine  in  a  slight  excess  of  barium  or  calcium  hydrate ;  evaporate  the 
clear  liquid  to  the  crystallising  point ;  precipitate  the  bromates  (to  be  iwueed  to 
bromides  by  ignition  with  charcoal)  with  alcohol  of  90  p.  c,  then  distil  off  the  alcohol, 
and  evaporate  the  remaining  liquid  to  the  crystallising  point. 

Foteuiium  bromide  is  most  easily  prepared  from  the  barium  salt  by  precipitation 
with  potassium  sulphate. 

Cliloilde  of  Bromiiie.  When  a  light  yellow  mixture  of  equal  volumes  of  satu- 
rated chlorine-water  and  of  bromine-water  containing  1  p.  c.  bromine,  is  treated  with 
oxidisable  substances,  it  first  assumes  a  brown-red  colour,  and  then,  on  further  addition 
of  the  oxidisable  substance,  becomes  perfectly  colourless.  This  reaction  is  produced 
by  finely  divided  sulphur  or  phosphorus,  sine  or  iron  filings,  ferrous  or  stannous  salts, 
nitrogen  dioxide  and  tetroxiae,  sulphurous,  hypophosphorous,  phosphorous,  arsenious, 
oialic,  and  formic  adds,  hydrogen  dioxide,  and  ammonia.  The  chlorine,  under  these 
cirenmstanees,  is  converted  into  hydrochloric  acid,  and  if  the  quantity  of  the  reducing 
agent  is  suffident,  the  bromine  is  likewise  converted  into  hydrobromic  add.  Oxalic  acid 
alone  exhibits  an  exception  to  this  general  rule,  being  oxidised  by  chlorine,  but  not  by 
bromine,  and  therefore  colouring  the  liquid  brown,  even  when  in  considerable  excess. 
Hydrogen  dioxide  is  resolved  into  oxygen  and  hydrogen,  which  latter  unites  with  the 
chlorine  and  bromine.  Ether  shaken  up  with  the  yellow  solution  takes  up  the  bromine 
chloride,  forming  a  solution  which  exhibits  the  reactions  above  described.  These 
reactiona  show  that  bromine  may  be  detected  in  presence  of  free  chlorine  by  the 
cautious  addition  of  redudng  agents  (Schonbein,  Ann.  Ch.  Pharm.  8uppl.  ii.  211). 

Oxygen-acids  of  Bromine. 

Bromic  Aeid.  HBrO*^— According  to  Kammerer  {J.  mr.  Chem.  Ixxxv.  452),  this 
add,  prepared  by  the  usual  method  of  deoompodng  a  metallic  bromate  with  an  acid, 
is  not  pure,  because  the  deeomposition  of  bromates  by  the  stronger  acids  is  never 
complete.  It  may,  however,  be  obtained  absolutely  pure  by  the  direct  action  of 
chlorine  on  aqueous  bromine,  or  by  decomposing  silver  bromate  with  bromine : 

6AgBrOs  +  SBr*  +  SH'O  «  6AgBr  +  6HBrO*. 

Kammerer  obtained  a  hydrated  bromic  aeid  containing  HBrO'.7H'0,  and  is  of 
opinion  that  another  hydrate,  2HBrO'.9HH>,  exists  at  very  low  temperatures. 

The  bromates  of  the  alkalir^netdle  are  advantageously  prepared  by  passing  bromine 
into  solutiona  of  alkaline  carbonates,  previously  saturated  with  chlorine  till  thoy 
begin  to  efierveace ;  the  ultimate  products  of  the  reaction  are  chlorine  gas,  which 
escapes,  and  nearly  pure  bromate  of  the  alkali-metal.  From  either  of  these  salts  the 
bromate  of  silver  may  be  obtained  by  double  decomposition. 

Didymiutn  bromate^  Di(BrO')*.6H'0,  crystallises  in  rose-red  hexagonal  prisms 
ooP  :  P,  permanent  in  the  air,  seldom  distinctly  developed  at  the  ends.  Angle  P  :  P 
in  the  termiiial  edges  «»  147^  58',  in  the  lateral  edges  =  67^.  Cleavage  distinct 
parallel  to  oP.  LtiuUkanum  bromate  forms  crystals  of  similar  character  (Marignac, 
Ann.  Min.  [5}  xr.  272). 

Perbromio  aeid,  HBrO*,  is  produced  by  the  action  of  bromine  on  perchloric  acid 
(iv.  374). 

Hypobromous  acid,  HBrO,  is  formed  by  the  action  of  bromine  and  water  on 
silver  nitrate  and  on  mercuric  oxide  (iii.  237) ;  also,  according  to  Schonbein  (JahresK 
1862,  p.  66),  on  mercuric  chloride,  nitrate,  or  acetate. 

BBOaKOVOBK.  CHBr*. — Produced  from  dibromosuccinic  add  by  the  action  of 
bromine  in  excess  in  presence  of  water  (Kekul^,  Ann.  Ch.  Pharm.  Suppl,  i.  354) : 

C^H«BrK)*  +  2H«0  +  4Br»  «  CHBr'  +  SCO*  +  7HBr. 
Sup.  B  B 
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Decomposed  by  ammonia,  with  fonnation  of  bromide  and  cyanide  of  iinmoiiiiini 
(Cloezy  Compt,  rend,  xlvi.  344) : 

CHBr»  +  6NH«  =  8NH*Br  +  NH«CN. 

It  acts  strongly  on  zinc-ethyl,  pvoducing  ethyl  bromide,  zinc  bromide,  and  propylene 
(Alexeyeff  a.  Beilstein,  BuU.  Soc' Chim.  [2]  ii.  51) : 

CHBr»  +  (C»H»)«Zn  -  C*H*Br  +  ZnBr«  +  C5^*. 

BKOKOXAVOBM,  CHBr'O*,  originally  obtained  by  Cahonrs  by  the  sdioa 
of  bromine  on  solution  of  potassium  citrate  (i.  996),  is  likewise  formed,  under  ceitain 
circumstances,  by  the  action  of  an  excess  of  bromine  on  dibromocitzaconic  sdd ; 

C»H«Br«0*  +  2H«0  +  6Br*  «  2C0«  +  9HBr  +  C"HRH)«. 

It  is  separated  fh>m  the  distillate  hy  water  as  a  heavy  oil  which  soon  solidifies.  It 
melts  at  77°>  dissolves  easily  in  alcohol  and  ether,  and  crystallises  from  the  fonner  io 
long  hard  needles,  from  the  latter  in  thick  transparent  prisms.  By  distilUtion  viUi 
potash,  it  yields  bromoform ;  with  alcoholic  ammonia,  dibzomacetamide  (CahooxB, 
Ann.  Ch.  Phys.  [8]  Ixvii.  129  ;  Jahresb.  1862,  p.  318). 

BSVCZWa.    C«H~N«0*.— According  to  Wittstein  (Arck  PAarm.  [2]  c  IM ;  ox. 

28),  this  alkaloid  exists,  together  with  strychnine,  in  the  uraii  or  coran  poieon 
(ii.  185) ;  but  according  to  Buchner  {ilnd,  ex.  19),  this  poison  contains  curariDe,lHit 
neither  strychnine  nor  brucine. 

Brucine  heated  in  a  small  cup  of  platinum-foil  covered  with  a  watcbglsss  (p.  87) 
yields  a  granular  sublimate  which  becomes  crystalline  by  contact  with  sulphuric  or 
nitric  acid,  and  is  converted  by  ammonia  into  a  deep  yellow  amorphous  mass,  and  by 
chromic  acid  into  dark  yellow  stars  or  rosettes  formed  of  short  prisms  (Helwig, 
ZeUschr.  anal.  Chem.  iii.  43).  With  pkosphamol^bdie  acid,  brucine  forms  an  onnge 
precipitate,  which  dissolves  in  ammonia  with  yellow-gzeen  colour,  turning  biovn 
on  boiling  (Trapp,  Jahresb,  1863,  p.  702).  AccorcUng  to  F.  R  Mayer  (Bip.  C&s.  ap* 
r.  102),  a  solution  of  brucine  containing  1  pt.  in  60,000  produces  a  pa«epable 
precipitate  with  a  solution  of  potasn^-^mercurio  iodids  formed  by  ^isol^ 
13,546  grms.  mercuric  chloride  (^  eq.)  and  49*8  grms.  potassiam  iodide  in  a  litre  of 
water.  This  reaction  naay  be  used  for  the  quantitative  estimatioii  of  brucine  (iii.  1053). 

When  a  strong  solution  of  sodium  sulphydraU  is  added  to  a  solution  of  bmone  in 
nitric  acid  heated  to  40°-50^,  the  liquid  assumes  at  first  a  violet  colour,  and  after  the 
sodium  salt  has  been  added  in  excess,  a  fine  green  colour,  which  is  not  altered  bj 
alkalis,  but  is  changed  by  dilute  acids  into  loee-red,  with  evolution  of  hydrogen 
sulphide.  After  a  day  or  two  the  green  colour  disappears,  and  a  greenish  precipitate 
appears.  This  mode  of  testing,  if  well  performed,  will  reveal  the  presence  of 
0-002  grm.  brucine  in  half  a  litro  of  water  (8.  Cotton,  Zeitsckr.  f,  Chem.  [2]  v.  728). 

Brucine  treated  with  a  chlorate  or  with  dilorine  tetroxide  m  presence  of  strong 
sulphuric  acid,  assumes  an  orange-red  colour,  which  does  not  turn  violet  on  additioo 
of  stannous  chloride.  Free  chloric  and  perchloric  acid*  do  not  exhibit  this  reaction 
(Luck,  ibid.  vi.  275). 

Metbjl-bnietBa.  C**H»(CH*)N*0«.— Brucine  is  oonrerted  by met^l  iodide,  with 
evolution  of  heat,  into  metM-hrueine  hfdriodide,  C«"H»(CH»)N«0».Hl,  or  methif- 
hrwrium  iodide,  C«H«(CH")N«OM,  whick  arstallises  from  boiling  water  in  shining 
laminae  containing  8  mol.  water  of  CTystalfisation.     It  is  not  further  altered  by 
repeated  treatment  with  methyl  iodide.    By  decomposing  this  salt  with  Fsoently 
precipitated  silver  iodide  (or  the  sulphate  with  baryta-water)  a  solution  of  the  free 
base  is  obtained,  which  is  colourless  at  first,  but  soon  turns  violet,  and  when  evapo> 
rated  gives  off  carbon  dioxide  and  leaves  a  dark-ooloured  unerystallisable  ^yrup, 
apparently  containing  a  base  different  ixom,  methyl-brucine.    The  kydrohremde  of 
methyUbrucine,  C*«H'"NH)*.HBr  +  {aq.,  is  formed  on  mixing  the  hydrochloride  with 
potassium  bromide,  as  a  crystalline  precipitate  which  disserves  easily  in  alcohol  sad 
water,  and  crystallises  from  the  latter  in  small  shining  prisms,  which  give  off  their 
water  at  ISO''.    The  hvdroehloride, p^*Ji?*lPO* .  HQ  +  5aq.,  obtained  b^  neutialising 
the  free  base  with  hyarochloric  acid,  forms  small  shining  aystals,  easily  soluble  in 
water  and  in  alcohol.    The  ^ifiocA/onVfo,  2(C»*H»]|r*0«.HCl).PtCl«,  is  a  yellow 
precipitate,  insoluble  in  ether,  easily  soluble  in  alcohol  and  in  water,  ipid  crystallises 
from  the  latter  in  needles.    The  aurochloride,  C*<H"N«0MIC1.  AuCl*.  \b  an  omnge- 
yellow  precipitate  slightly  soluble  in  cold  water.    Mercuric  chloride  added  to  the 
solution   of  the  hydrochloride  forms  a  white  precipitate.    The   neutrtd  sulfhate, 
(C"H*»N«0«)».H*SO*  +   8aq.,  obtained  by  decomposing  the  hydriodtde  with  sjlrer 
sulphate,  fozms  a  radiate  crystalline  mass  easily  soluble  in  water  and  in  aloohoL    An 
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add  ^pkaU,  C*«H**NH)« .  H*SO«  +  2aq.,  obtained  from  the  preceding  by  addition  of 
dilute  snlphuric  acid,  fonns  indistinct  dystaU,  somewhat  easily  solable  in  water  and 
in  alcohol.  Hethyl-bmcine  given  in  the  form  of  sulphate  to  rabbits  iu  doses  of  ten 
grains  exerts  no  poisonous  action  (Stahlschmidt,  Poffg,  Ann.  cviii.  513;  Jakretb. 
1859,  p.  898). 

The  experiments  of  Cmm-Biown  a.  Fraser  {Edin,  Phil.  Trans,  rol.  xxv.)  hare  also 
shown  that  the  salts  of  methyl-bracine  are  much  less  poisonous  thaA  those  of  brucine ; 
moreoTer,  their  physiological  action  is  different  from  that  of  brucine :  the  latter  is 
a  violent  oonvulsiTe  poison,  whereas  its  methyl-derivatiyes,  though  fatal  in  laige  doses, 
never  produce  convulsions. 

C»H»(C'H»)N*0*,  is  described  in  vol.  i.  p.  684. 

rttiyUunmoaiiui.  C^H^N'Br'O'. — Brucine  unites  directly  with 
ethylene  bromide  when  the  two  are  heated  together  to  100^,  forming  a  plear  liquid, 
which  on  cooling  solidifies  to  a  crystalline  mass,  and  when  reciystallised  firom  boiling 
water  forms  furcate  groups  of  nacreous  laminae,  easily  soluble  in  water,  sparingly 
soluble  in  alcohol,  insoluble  in  ether.  This  compound,  which  contains  the  elements  of 
brudna   and  ethylene  bromide,  may  be  regarded  as  Brurin&^nrometkylammonium 

bnwddSj        CH^rV^'  ^  brueine  exhibiting  the  functions  of  a  tertiary  amine. 

Hie  eryatals  when  air-dried  contain  3  molecules  of  water.  The  solution  of  this  bromide 
is  not  precipitated  by  ammonia  or  the  fixed  alkalis.  Silver  nitrate  throws  down  half, 
and  recently  pzedpitated  silver  oxide  at  the  boiling  heat  the  whole  of  the  bromine  as 
silver  bromide.  The  corresponding  /i^a^tiiociUofBlff,  2(C"H>*N<0« .  C*H*BrCl) .  PtCl*,  is 
an  oxanga-yeUow  crystalline  precipitate. 

Brucme-vu^lammoHium  hydrate^  G*^*^*0*.C*H'(OH),  is  the  base  formed  by 
treating  the  aqueous  solution  of  the  above-described  bromide  with  moist  silver  oxide. 
The  lesoltlng  sohition  has  a  strong  alkaline  reaetion,  absorbs  carbonic  acid  from  the 
air,  and  dries  up  to  a  brown  vamirii  exhibiting  traces  of  crystallisation.  Its  platinum 
sa2t  has  the  composition  2(C**H*<NH)«.CH*Cl).PtCl«.  An  acid  nUphaie,  forming 
hydrated  ciystals,  is  obtained  by  treating  the  base  with  excess  of  dilute  sulphuric 
add  (Lu  Schad,  Jnn.  Ch,  Pkarm.  cxviii.  207). 

Vertodftd00  of  BmelBe  (S.  M.  Jorgensen,  Ann.  Ch.  Phvs.  [4]  xi.  114). — 
BrvciM  Hydro-triiodide,  C«H««N«0* . HP.  or  Bmcium  Tri-iodide,  C"H«N«0*.I«, 
is  obtained,  by  mixing  brucine  sulphate  with  a  soli^tion  of  iodine  in  potassium 
iodide,  as  a  biown-red  precipitate  crystallising  from  alcohol  in  long  brown-violet 
needle*,  which  in  polarised  light  appear  light  yellow  when  their  longitudinal  axis  is 
parallel  to  the  plane  of  polarisation,  and  purple-brown  with  blue  shade  when  the 
same  axia  ia  at  right  angles  to  the  plane  of  polarisation. 

Bneme  MtH^UrHodide,  C»H»NH)«.CH*I*,  or  Meth/lhmcium  Tri-iodide, 
CH^CH')^^)*.!*,  crystallises  from  a  mixture  of  1  mol.  methyl-brudum  iodide 
and  2  at.  iodine,  in  rosettes  of  brown-red  laminift,  which  are  yellowish-red  by 
transmitted,  daric  blue  by  reflected  light,  and  have  no  action  on  polarised  light. 
Mttkgl4>nicmm  Ptnia4odide,  C*^**(CH')N'OM*,  separates  from  the  solution  of 
the  last-deflcribed  compound  in  tincture  of  iodine,  in  nearly  black  prisms,  which 
are  bine  by  reflected  light,  and  in  polarised  light  appear  opaque  and  black,  or  more 
or  leas  dark  red,  acoozdingly  as  their  longitu(&nal  axis  is  parallel  or  perpendicular  to 
the  pUne  of  polarisation. 

EUkjft-bruemm  Tririodide,  G»H*^C*H*)N*0«.P,  obtained  like  the  methyl-compound, 
separates  from  alcohol  in  hemispherical  groups  of  reddish-yellow  crystals  having 
a  golden  lustre,  and  exhibiting  in  mass  the  aspect  of  reduced  copper.  The  penta- 
iodide,  C'*H^C^*)N*0^ P,  ciystallises  in  four-sided  needles, which  inordinary  light 
have  a  deep  metallic  |reen  colour,  and  in  polarised  light  appear  opaque  or  a  purple- 
red,  aeeordiogiy  as  their  longitudinal  axis  is  parallel  or  perpendicular  to  the  plane  of 
polarisation. 

Amyl-hrMcium  Tri-iodide,  C«H"(C»H")N*0^  P,  crystallises  in  very  thin  yellowish- 
red  needles  which  have  a  silky  lustre,  and  in  polarised  light  appear  brown  or  yellow 
acrofdingly  as  their  axis  is  parallel  or  perpendicular  to  the  plane  of  polarisation. 
The  penia^odide,  C"H'*(0*H"^N*OM*,  crystallises  in  long  bluish-green,  metallically 
lustrous  rhombic  needles,  which,  on  account  of  their  perfect  opacity,  cannot  be 
examined  in  polarised  light. 

Alif^-brucium  Tririodide,  C"H»(C'H^)NK)M*,  obUined  like  the  methyl-compound, 
fonns  etell&te  groups  of  brown  crystals,  which  in  polarised  light  are  yellow  or  reel 
aeeording  to  their  position.    The  penia-iodide,  C»H*•(C*H»)N*O^P,  crystallises  in 
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Fplendid  long  four-sided  needles  having  tbe  colour  and  lustre  of  the  wing-cases  of 
cantharides.  The  crystals  are  mostly  opaque ;  the  thinner  ones  appear  in  polarised 
lighf^,  deep  violet-red  or  opaque,  accordingly  as  their  axis  is  parallel  or  perpendicular 
to  the  plane  of  polarisation. 


MgH*0^. — On   the  crystalline  form  of  this  mineral,  see  G-.  Rose 
{Jahresb.  1860,  p.  753),  Heesenberg  {ibid.  1861,  p.  989),  and  Brush  (t6u2.  1861,  p. 

990). 

BKV8BZTB.  A  diealcic  orthophosphate,  Ca>H<(P0«)*.4H'0,  occurring  in  small 
crystals  in  guano  from  the  island  of  Avis  in  the  Caribbean  sea ;  also  together 
>vith  other  calcic  phosphates  in  the  guano  of  Sombrero.    (See  Phosfhatbs  in   this 

volume.) 


BVCK'WnATa  Poh/ffonum  foffopyrum. — According  to  Xobbe  a.  Siegert  {Ckem. 
Centr.  1863,  p.  296),  whose  results  are  corroborated  by  Leydhecker  {JakreBb.  1867, 
p.  760),  this  plant  forms  ripe  and  germinating  seeds  only  in  soils  containing  potassium 
chloride  or  calcium  chloride.  In  soils  free  from  chlorine  (containing  only  nitrates, 
sulphates,  and  phosphates^  it  grows,  flowers,  and  begins  to  form  fruit,  but  does  not 
ripon  its  seeds.  Even  sodium  or  magnesium  chloride  cannot  replace  the  chlorides  of 
potassium  and  calcium. 

J.  W.  Qunning  (Zeitschr.  /.  Chem.  [2]  iv.  871)  has  analysed  buckwheat  flour  with 
the  following  results  : 

Friesktnd 
Water  ....         16-39 


Ash      .        .        . 

Fat      . 

Albuminous  principles 

Starch . 

Cellulose 


108 

1-98 

9*96 

59-84 

ll-7d 


Fren^ 

H<dstefa 

16-29 

1617 

0-94 

0-82 

1*96 

1-63 

916 

8-63 

61-35 

62-62 

11-29 

8-63 

The  yellow  colouring  matter  of  buckwheat  (i.  686)  has  been  further  examined  by 
Schunck  {Manchester  Lit.  and  Phil.  Soe.  Memoirs^  1868  ;  Jahresb.  1869,  p.  527),  who 
assigns  to  it  the  formula  C»*H»0'»,  and  to  its  lead-salt  the  formula  C"H"PbO'». 
Schunck  regards  this  colouring  matter  as  identical  with  rutin  and  ilixanthin,  though 
the  preceding  formula  does  not  quite  agree  with  the  formulae  attributed  to  these 
compounds  (iii.  244  ;  v.  189). 


BVOK&AirDITS.    (See  Epidotb). — The  mineral  c^f  this  name  from  Laach  in 
the  Eifel  has  been  shown  by  t.  Roth  to  be  identical  with  orthite  (iv.  238). 


BUT  All  A  WIKH.    Syn.  with  Amidovalebic  Acid.    (See  Valsbic  Acid,  v.  978). 
WTJLMirLMKMm    See  Amtlbkb. 


Propyl'carhiuol  or  Normal  Primary  Butylic  alcohol,  C 


BUTVX  AJbCOBOlM.  These  compounds  have  been  described  in  vol.  v.  732, 
under  the  title  Tbtbtl  Alcohols.  Recent  researches,  however,  have  somewhat 
modified  the  account  to  be  given  of  them. 

The  butyl  alcohol  of  fermentation  is  a  primary  alcohol,  not  the  normal  primary, 
as  was  believed  until  quite  recently,  but  the  abnormal  or  iso-primary.  There  are  two 
varieties  of  primary  butylic  alcohol,  viz.  Propyl-earbinol,  and  Jbopropyl^arbinol. 

'CH*CH«CH» 
H 
H 
OH 

is  comparativelv  little  known,  and  has  not  hitherto  been  found  as  a  natural  product. 
It  was  obtained  synthetically  by  Scho^en  {Ann.  Ch.  Pharm.  exxx.  236)  from  ethyl  gas, 
by  submitting  it  to  the  action  of  chlorine  and  subsequent  conversion  of  the  resolting 
butyl  chloride  into  butyl  acetate,  which  latter  pimluct  was  transformed  into  the 
alcohol.  A  much  more  complete  investigation  of  this  compound  has  been  just 
published  by  Lieben  and  Rossi  {Compt.  ^end.  Ixviii.  [1869]  1661  et  seq.).  These 
chemists  first  prepared  butyric  aldehyde  by  distilling  a  mixture  of  butyrete  and 
formate  of  calcium.  From  the  aldehyde  the  alcohol  was  obtained  by  hydrogenation 
with  sodium -amalgam.  The  alcohol,  when  perfectly  dried,  boils  at  116^.  It  is 
considerably  lighter  than  water.  In  smell  it  resembles  isobutylic  alcohol.  It  is  very 
sparingly  soluble  in  water.  Treated  with  sodium,  it  gives  sodium  butylate,  with 
disengagement  of  hydrogen  gas.  Iodine  and  phosphorus  transform  it  into  the  iodide, 
boiling  at  127°.  Oxidation  by  means  of  dilute  chromic  acid  gives  normal  butyric  add, 
unaceompanied  by  any  other  acid. 
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CH(CH»)« 

TT 

laopropyl'Carhinol  or  laoprimary-hmtylic  Alcohol,  C-j-rr  . — ^This 

[oh 

alcohol  constitutes  the  butylic  aleohnl  of  Wnrtz,  which  was  extracted  from  fufiel-oil. 
For  a  long  time  it  was  the  only  butyl  alcohol  known  to  chemists.  Erlenmeyer  and 
also  Chapman  have  recently  shown  that  this  common  butylic  alcohol  gives  isobutyric 
acid,  by  oxidation  with  dilute  chromic  acid,  and  that  therefore  it  is  an  iso-alcohol. 
On  its  occurrence  in  crude  spirit,  see  Kramer  a.  Pinner  {Zeitachr.f,  Chem.  [2]  v.  690). 
It  has  recently  been  examined  very  completely  by  Chapman  a.  Smith  (Chem.  Soc.  J. 
1869  [2]  Tii.  158).  Its  boiling  point  is  109^,  being  sensibly  lower  than  that  of  the 
normal  alcohol.  Sp.  gr.  a  0*8055  at  16*8°.  It  dissolres  1  at.  sodium  but  slowly, 
and  only  on  brisk  agitation  and  warming ;  but  calcium  chloride,  potassium  acetate, 
and  potassium  hydrate  are  dissolved  by  it  with  fetcility.  It  mixes  easily  with  glacial 
acetic  add,  with  the  same  acid  diluted  with  twice  its  bulk  of  water,  and  with  hydro- 
chloric acid.  It  dissolves  in  about  eleven  times  its  own  bulk  of  water.  By  strong  sul- 
phuric acid  at  — 15^  to  ~  16^  it  apj^ears  to  be  completely  converted  into  butyl-sulphuric 
add ;  at  ordinary  temperatures  cniefly  into  polymerides  of  butylene ;  with  sulphuric 
acid  diluted  with  three  times  its  weight  of  water,  it  yields  chiefly  butyl-sulphuric  acid. 
The  dilute  and  gently  warmed  solution  of  this  acid  deposits,  on  addition  of  an  excess 
of  crystallised  Glauber's  salt,  a  eolourlees  peculiar-smelling  liquid  which  appears  to 
be  a  hydrate  of  isobutyl  alcohol,  inasmuch  as  it  is  resolved  by  distillation  into 
water  and  that  alcohol. 

Respecting  the  oonversioa  of  isobutyl  alcohol  into  tertiary  butyl  alcohol,  see  p.  374. 

The  various  compounds  described  in  vol.  v.  as  derivatives  of  normal  butyl  alcohol 
are  in  reality  derivatives  of  isopropyl-carbinoL  According  to  Chapman  a.  Smith,  the 
iodide  and  bromide  cannot  be  advantageously  prepared  by  the  action  of  iodine  or 
bromine  and  phosphorus  on  isobutyl  alcohol,  since  in  both  cases  a  laige  quantity  of 
the  alcohol  is  converted  into  butylene. 

The  bromide,  C*H*Br,  is  best  prepared  by  saturating  the  alcohol  with  gaseous 
hydrobromic  add,  and  then  heating  it  to  100°  in  sealed  tubes  with  an  equal  volume 
of  aqueous  hydrobromic  acid  of  sp.  gr.  1%  till  the  separated  oily  layer  no  longer 
increases.  On  fractional  distillation  the  greater  part  goes  over  at  92^,  but  a  small 
portion  having  the  same  composition  distils  16-^  or  17°  lower.  The  colourless 
bromide  boiling  at  92°  has  a  sp.  gr.  of  1*2702  at  16^,  and  behaves  with  reagents  just 
like  the  iodide. 

Isobutyl  iodide,  C^H*I,  is  most  easily  prepared  by  boiling  the  alcohol  for  thirty  or 
forty  minutes  with  four  times  it  volume  of  hydriodic  acid  of  sp.  gpr.  1*8.  The  greater 
part  of  the  product  distils  constantly  at  121^  Sp.  gr.  »  1*6301  at  0° ;  1-6032  at 
16® ;  r&4816  at  50^.  By  alcoholic  potash  or  sodium  ethylate  it  is  for  the  most  part 
converted  into  butylene,  only  a  small  portion  yielding  butyl-ethyl  oxide.  Alcoholic 
ammonia  converts  it  into  butylamine,  with  little  or  no  butylene.  Heated  with 
potassium  acetate  and  glacial  acetic  acid,  it  is  chiefly  converted  into  isobutyl  acetate, 
a  small  quantity  of  butylene  being  however  formed  at  the  same  time.  Heated  with 
mercuric  chloride  it  yields  butyl  chloride  and  a  small  quantity  of  butyleoe.  Honteil 
with  one  and  ether,  it  gives  off  a  large  quantity  of  gas,  and  yields  but  little  zinc- 
butvl.  With  sodium-amalgam  and  ethyl  acetate  it  yields  mercury-butyl,  together 
with  a  large  quantity  of  gas.  Potassium  cyanide  converts  it  into  butyl-cyanide 
without  much  formation  of  butylene.  With  sodium  it  gives  off  butylene  and  butyl- 
hydride,  with  but  little  butyl. 

Horkownikoff  has  lately  shown  that  this  iodide  may  be  converted  into  tcr»iarv 
butyl  iodide,  (CH«)*CI,  by  heating  it  with  alcoholic  potash,  which  abstracts  HI  and 
leaves  isobutylene,  and  then  combining  the  latter  directly  with  HI  (p.  374). 

Se«OBdar3r  Bntjlle  Aloobol.    The   possible  forms  of  the  sccondury 

rCH«CH» 

CH* 

TT  ,  and  meihyl-dhyl  carhino!^  C 

OH 

but  according  to  our  present  theory  these  two  formulae  do  not  represent  any  real 
difference  of  composition,  and  there  is  consequently  only  one  secondary  butylic  alcohol, 
which  may  bear  either  of  the  above  names. 

De  Lnynes  obtained  the  secondary  alcohol  from  erj'thrite  by  reduction  with  hydri- 
odic acid.  Lieben  has  also  obtained  it  by  another  process,  viz.  by  the  succe8»ivo 
action  of  anc-ethyl  and  hydriodic  acid  on  chlorinatea  ether  {Ann,  Ch.  Pharm.  cxli. 
236). 


alcohol  are  ethyl-methyl  carbinol^  C  - 


/CH» 
CH»CH», 
H 
OH 
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Th^  rhanires  vhich  take  p!.ace  id  the  latter  pr,«e^  are  expressed  by  the  following 

The  r«ralting  organic  iodide,  CH'CH'HI,  may  then  he  either  at  once  treated  with 
moiht  silver  oxide,  or  else  con  veiled  into  acetate,  which  latter  is  transformable,  in  the 
iiMuil  manner,  into  the  alcohoL  This  alcohol  boils  at  99°,  according  to  Lieben  and 
Bauer.  According  to  De  Lnynes,  the  boiling  point  is  95°  to  98°.  Its  sp.  gr.  at  0°  is 
0  827  (Lieben  a.  Bauer) ;  OSoO  (De  Lujmes).  By  oxidation  it  yields  neither  normal 
nor  isobut^-ric  acid,  but  acetic  acid.  See  further  t.  734,  where  this  alcohol  is  described 
as  isotetrylic  alcohol. 

(C*H» 
„      ,    ia  described  at  p.   736,  toI.  t.,  as  iaotetrylic 
I 
iodide. 

fCH» 

I  OH 

by  Buttlerow  (Ann.  Ck,  Pharm.  cxliy.  1).  At  the  ordinary  temperature  of  the 
air  it  is  a  solid  substance.  Buttlerow  prepared  it  by  the  slow  action  of  excess  of  zinc- 
methyl  on  acetyl  chloride.  100  grms.  of  acetyl  chloride  were  slowly  dropped  into  260 
p^ms.  of  zinc-methyl,  the  latter  being  kept  cool  by  immersion  of  the  containing  vessel 
in  cold  water.  After  the  lapse  of  several  days,  water  was  added  to  the  product,  until 
it  ceased  to  give  a  precipitate.  A  certain  quantity  of  oily  product  separated  on  this 
treatment,  and  this  was  carefully  removed  from  the  aqueous  liquid,  which  contained 
the  trimethyl-carbinol  in  solution.  Carbonate  of  potassiimi  was  next  added  to  the 
aqueous  solution,  whereupon  the  new  alcohol  formed  an  oily  layer  which  was  subse- 
quently dried  (when  it  solidified).  From  the  above  quantity  of  materials  75  grms.  of 
tjrimetnyl-carbinol  were  obtained.  The  boiling  point  is  82^.  It  forms  large  colourless 
crystals. 
The  reaction  by  which  the  tertiary  alcohol  is  produced  is  the  following : 

'CH» 


COJ^'      +      2Znjg|; 


CH»  .       7„5CH» 


lOZnCH* 

On  adding  the  water  there  is  disengagement  of  gaseous  methyl  hydride  and  formation 
of  zinc  hydrate  and  the  tertiary  alcohoL 

This  alcohol  may  also  be  formed  from  the  primary  alcohol  of  fermentation  {vide 
fVr«).  J«  A.  W. 

Tertiary  Butyl  Iodide  or  Trimethvl  Carhonyl  Iodide,  aCfl«)»I,  is  easily 
formed  by  passing  gaseous  hydriodic  acia  into  weU-cooled  trimethyl-carbinol,  or, 
though  less  completely,  by  agitating  the  alcohol  with  fuming  hydriodic  acid.  The 
iodide  decolorised  by  caustic  potash  or  alkaline  bisulphite,  and  drfed  over  calcium 
diloride,  is  a  heayy  liquid,  insoluble  in  water,  smelling  like  petroleum,  and  boiling,  with 
partial  decomposition,  at  98°-99°.  With  a  solution  of  potash  in  strong  alcohol,  it  is 
easily  resolved  into  butylene  and  hydriodic  acid ;  if,  however,  water  is  present,  a  large 
quantity  of  trimethyl-carbinol  is  formed,  with  but  little  butylene.  By  dry  silver- 
oxide  it  is  decomposed  explosively ;  with  moist  silver  oxide  it  yields  trimeUiyl-carbinol 
and  a  small  quantity  of  butylene. 

This  iodide  has  lately  hetn  obtained  in  a  remarkable  manner  by  Morkownikoff 
(2Mtdekr.f,  Chem,  [2]  vi.  29),  from  isobutyl-iodide  or  isopropyl-carbinyl  iodide,  by 
heating  the  latter  with  alcoholic  potash,  whereby  it  is  converted  into  isobutyleue,  and 
combining  the  latter  directly  with  hydriodic  acia.  The  conversion  is  repreeented  by 
the  following  equations : 

H»C    CH«  H«C    CH« 

V(r  „  V 

CH  -      HI      -  C 

CH»I  CH» 

iMibntyl  iodide.  laobatjloie. 
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CH»    CH"  H»C    CH» 

\i  \i 

C  +      HI      -  CI 

II  I 

CH'  CH« 

InbntTlen^*  Tertiary  butyl  iodide. 

The  tertiary  butyl  iodide  thm  obtained  is  oonTerted  by  moist  silver  oxide  into 
tertianr  bntyl  alcohol,  identical  with  that  obtained  by  Buttlerow  (eee  also  Buttlerow, 
arid.  tL  237).     . 

Tertiary  Butyl  Chloridi,  C(CH*)*C1,  is  formed,  together  with  the  correspond- 
ing acetate,  by  the  action  of  aeeiyi  chloride  on  trimethyl-carbinol ;  also  by  the  action 
of  phosphorva  pentaehloride  on  that  alcohol.  By  prolonged  heating  to  100®  with 
water  it  is  resolred  into  hydrochloric  acid  and  tnmethyl-carbinol.  Buttlerow  has 
obserred  the  formatioii  of  tnmethjl-carbinol  by  the  action  of  water  on  a  butyl  chloride 

firepaxed  from  commercial  alcohol :  hence  it  appears  probable  that  this  tertiary  alcohol 
ikewise  ocean  amongst  the  prodacts  of  alcoholic  fermentation. 

Tertiary  Butyl  Acetate,  C«H»0«  -  C(CH«)».C«H»0«,  is  easfly  obtained  by 
mixing  the  iodide  with  silrer  acetate  prerionsly  moistened  with  strong  acetic  acidf. 
Alter  rectification  orer  silrer  acetate,  washing  with  water,  and  drying  over  calcium 
chloride,  it  forms  an  aromatic  oil,  smelling  like  mint  and  acetic  acid,  soluble  in  a  large 
quantity  of  water,  boiling  at  96®,  and  resolred  by  heating  with  baiyta-water  into 
barium  acetate  and  trimethyl-earbinol. 

BOTTXAVa.  C^H*. — This  hydrocarbon  might  exhibit  the  following  modifica- 
tions: 


L             n. 

m. 

IV. 

V.                 VI. 

— CH»           CH» 

CH» 

CH» 

CH»           CH» 

CH«           CH» 

CH» 

Ah 

CH»       — CH 

CH»           CH« 

L 

K 

C—           CH« 

— CH»       — CH 

'in. 

1 

CH" 

CH»           CH« 

vn. 

VIII. 

IX 

H«C— 0H« 

H'C    CH» 

H"C    CH» 

\ 

\z. 

Y  • 

CH»' 

— CH 

K- 

I 

The  modifieationt  I.  toT.  might  be  formed  by  dehydration  of  normal  butyl  alcohol 
or  propyl-carbinol ;  II.  to  V.,  also  from  secondary  butyl-alcohol  or  methyl-ethyl 
carbinol ;  VI.,  only  ftom  the  latter ;  VII.,  VIII.,  and  IX.,  from  isopropyl  earbinol ;  VII. 
and  IX.,  also  from  the  tertiaiy  alcohol  (trimethyl-earbinol). 

Our  actual  knowledge  of  these  modifications  is,  howerer,  rery  incomplete,  a.  The 
hydrocarbona  C*H"  described  under  Tbtbtlenx  (t.  737)— as  produced  by  the  conden- 
sation of  oil-gas,  by  tbe  electrolysis  of  valeric  add,  by  the  dehydration  of  isobutyl 
carbinol  witb  sulphuric  acid,  and  by  the  action  of  alcoholic  potash  on  secondary  butyl 
iodide— are  probably  not  all  identical.  That  obtained  by  the  first  piDcess  boils  below 
0°  (Paraday)  ;  that  obtained  from  secondary  butyl  iodide  at  -i-  3°  (De  Lnynes).  The 
latter  may  have  the  constitution  represented  by  either  of  the  formulae  III.,  IV.,  V.,  or 
VII.,  according  to  the  particular  hydrogeu-atom  irhich  is  removed  from  the  molecule 
'CH* 

CH* 

^^^,111  eombination  with  the  iodine.    Liebcn    {Ann.  Ch.  Piarm.  di.    121)  by 

CH* 
combining  this  butylene  (boiling  at  -f  1^)  with  bypochlorous  neid,  and  treating  the 

!C1 
QQf  with  sodium-amalgam,  has  obtained  secondary  butyl 

alcohol,  whence  be  infers  that  the    butylene    in    question    has   the  constitution 

rv.orv. 
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fi.  Dimethyl-ethyleney  CH^(CH')^  ButtIcrow*s  iWtf2Mfo6tff^2^,  as  obtained  by 
hetitin^  tertiary  butyl-iodide  with  alcoholic  potash,  has  the  composition  represented  by 
formula  IX. : 

H'C    CH"  H"C    CH« 


v      _     v 


CI  -       HI       -  C 

I  II 

CH*  CH«. 


It  is  given  off  as  a  gas,  which  may  be  freed  from  condensable  producta  by  passing 
through  a  bottle  and  bulb-apparatus  cooled  by  water.  It  smells  like  coal-gas,  bums 
with  a  very  bright  but  sooty  flame,  is  quickly  absorbed  by  strong  snlphuric  or 
hydriodic  acid,  and  condenses  at  15^-18°  under  a  pressure  of  2  to  21  atmospneres  to  a 
liquid  which  boils  at  —  7^  to  -8^  under  a  pressure  of  752  millim.  By  its  combination 
with  hydriodic  acid,  tertiary  butyl  iodide  is  reproduced,  whereas  butylene  from 
erythrite  yields  secondary  butyl  iodide  (v.  736).  Strong  sulphuric  acid  absorbs 
dimethyl-ethylene,  with  separation  of  a  liquid  capable  of  combining  with  bromine,  and 
apparently  consisting  of  polymerides  of  butylene.  A  mixture  of  2  vol.  strong  sulphuric 
acid  and  1  vol.  water  absorbs  the  gas,  with  formation  of  trimethyl-carbinol,  which 
may  bo  separated  by  distillation  from  the  solution  after  dilution  with  water. 

JDimethyl-ethylene  is  likewise  evolved  on  heating  a  solution  of  trimethyl-carbinol  in 
milphuric  acid  diluted  with  2  vols,  water ;  by  heating  isobutyl  iodide  with  alcoholic 
potash  ;  and  by  the  electrolysis  of  ordinary  valerianic  acid. 

Dimethyl-etnylene  is  absorbed  by  a  cold  solution  of  hypochlorous  acid  (obtained  by 
passing  chlorine  into  recently  precipitated  mercuric  oxide  mixed  with  ice^  ;  and  the 
solution  freed  from  excess  of  hypochlorous  acid  by  means  of  sodium  bisulpnite  yields 
by  distillation,  agitation  of  the  distillate  with  ether,  and  evaporation  of  the  latter,  a 

/CC1(CH»)« 
liquid consistingof  isobutylic  chlorhydrin,C-lH'  ,  which  has  a  burning 

(oh 

taste,  boils  at   137°t  *^Qd  is  converted  by  sodium-amalgam  into  isobutyl  alcohol, 

( CH(CH»)« 
C-(  H'  (Buttlerow,  Ann.  Ch.  Pharm,  cxliv.  1 ;  JahareA,  1867i  p.  578 ;  further, 

(oh 

ZeiUchr.f.  Chem.  [2]  vi.  236,  23S). 

y.  Methyl-allyl.  CH".C'H*.— This  modification  of  the  hydrocarbon  C*H«  may 
be  structurally  represented  by  the  formula  IV.  or  VII.  It  is  produced  by  the  action 
of  zinc-methyl  on  allyl  iodide : 

Zn'CH"  +  C>H*I  -  Znl  +  CH«.C"H», 

or  more  easily  bv  heating  a  mixture  of  methyl-iodide  and  allyl-iodide  (dilated  with 
2  vol.  ether)  with  sodium  to  100*^: 

CH»I  +  C»H»I  -h  Na«  =  2NaI  +  CH».C»H». 

Af^er  several  hours*  action,  the  tubes  are  cooled,  quickly  connected  with  a  receiver 
cncjled  to  —12°,  and  then  gently  warmed.  The  ethereal  liquid  which  passes  over  is 
saturated  at  a  low  temperature  with  bromine,  and  the  brominated  product,  freed  from 
excess  of  bromine  by  sgitation  with  potash,  and  from  ether  bv  evaporation,  is  distilled 
under  reduced  pressure.  If  the  distillation  be  interrupted  when  the  thermomet4>r 
shows  a  temperature  of  100^  under  a  pressure  of  10  centim.  of  mercuiy,  the  residue, 
which  solidifies  on  cooling,  consists  of  diallyl-tetrabromide,  and  the  portion  which 
pnKses  over  yields  bv  fractional  distillation,  a  colourless  mobile  liquid,  boiling  between 
166°  and  166°,  and  having  the  composition  of  butylene  bromide,  C*H*Br*.  This  liquid 
attacks  the  eyes,  boils  at  ]66°-169°  under  a  pressure  of  766  millim.  (normal  bntylene 
bromide  boils  at  168°),  and  has  a  sp.gr.  of  1*8299  to  1-81 19  at  0^.  Sodium  decomposes 
it  somewhat  rapidly,  forming  a  dry  white  mass ;  and  on  opening  the  tubes,  previously 
cooled  to  - 12",  a  gas  escapes,  which  may  be  condensed  by  cold  to  a  liquid  boiling 
between  —  4*^  and  +  8®.  This  liquid  (methyl-allyn  forms  with  hydriodic  acid  the 
compound  C^H*. HI,  which  in  sp.  gr.,  1*643,  ana  boiling  point,  116°-1 18°,  agrees 
sensibly  with  butylene  hydriodide  or  secondary  butyl  iodide  (v.  786)  (Wurta,  BvU, 
Boo.  Chim,  f2]  viii.  266). 

8.  Eihyt'vinyl,  C*H*.(?H',  may  have  the  structure  represented  by  II.,  III.,  or  V. 
It  ia  formed  by  the  action  of  zinc-ethyl  on  bromethylene : 

C*H»Br  +  Zn'(C«H»)  =  Zu'Br  +  C«H».C^«. 
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This  reftction  vba  fint  observed  by  Chapnutii  (Chem.  8oe,  J.  [2]  y.  28),  and  has  been 
further  studied  by  Wurts  {Zeitschr.  /.  Chem.  [2]  t.  407).  The  two  bodies  do  not  act 
on  one  another  at  ordinary  temperatures,  and  the  reaction  takes  place  but  slowly  at 
100®,  or  eren  at  140® ;  but  when  the  heated  tubes  are  left  for  several  weeks,  a  white 
(or  sometimes  grey)  crystalline  precipitate  of  zinc  bromide  is  'formed.  On  opening 
the  cooled  tubes  and  passing  the  evolved  gas  into  bromine,  a  bromide  is  formed  which, 
after  purification,  is  colourless,  does  not  attack  the  eyes,  has  a  sp.  gr.  of  1'876  at  0®, 
and  boils  at  165®-166^  (bar.  755*6  mm.).  On  condensing  the  gas  itself  by  a  freezing 
mixture,  liquid  ethyl-vinyl  was  obtained,  boiling  between  —8®  and  0®.  The  purer 
product  obtained  by  decomposing  the  bromide  in  strong  tubes  with  excess  of  sodium, 
and  condensing  the  evolved  g»8  in  a  freesing  mixture,  boiled  constantly  at  —5®,  gave 
with  bromine  a  bromide  C'H'Br',  which  boiled  at  166^,  was  identical  with  that 
obtained  directly  as  above,  and  when  heated  with  concentrated  hydriodic  acid  in  a 
sealed  tube  to  100®,  yielded  an  iodide,  which,  after  purification,  boiled  at  120^-121®,  and 
had  a  sp.  gr.  of  1*034  at  0®.  This  iodide  is  very  much  like  ordinary  butyl  iodide,  but 
is  distinguished  from  that  compound  by  the  facility  with  which  it  acts  on  silver  acetate 
at  ordinary  temperatures,  yielding  a  butyl  acetate  which  boils  at  about  110^,  and  gives 
with  potassium  hydrate  a  butyl  alcohol  boiling  at  about  95®  (?  secondary  butyl 
alcohol). 

The  preceding  characters  are  sufficient  to  show  that  ethyl-vinyl  is  different  from 
ordinary  butylene,  peeudobntylene,  and  methyl-allyl. 

SUmxC  JLCmBm  In  the  article  Aans,  Oboantc  (p.  40),  it  has  been  explained 
that  butyric  acid  is  the  first  of  the  series  of  fatty  acids,  OH'*0',  which  admits  of 
isomeric  modifications,  and  that  it  exhibits  the  two  modifications 

fCH«CH«CH«  fCH(CH«)« 

c]o  cJo 

lOH  iOH 

Konnal  Butyric  add.  Icobatyrlo  acid. 

KoBMAL  BuTTBic,  Pboptl- FORMIC,  or  Ethtl-acbtic  ACID  is  pro- 
duced by  oxidising  propyl-carbinol,  by  decomposing  normal  propyl  cyanide  with  acids 
or  alkalis,  and  by  the  fermentation  of  sugar  in  contact  with  putrid  curd.  The  same 
modification  appears  also  to  be  formed  in  the  putrefaction  of  diabetic  urine  (Klinger ; 
Fonberg,  Jakrub,  1858,  p.  571),  of  wheat-flour  (Sullivan,  ibid,  p.  231),  and  of  rve-fiour 
(Ritthausen,  Znttckr.  f.  Chem,  [2]  iv.  314) ;  in  the  distillation  of  peat  {JahreA.  1858, 
p.  280  ;  1859,  p.  742) ;  in  the  oxidation  of  valeric  acid  by  permanganic  acid  (Neubauer, 
Anm.  Ck.  Pkarm.  cvi.  59),  and  of  Chinese  wax  by  nitric  acid  (Buckton,  Chem.  8oc.  J, 
X.  166) ;  further  by  the  following  definite  reactions : 

«.  By  the  action  of  hydriodic  acid  on  succinic  acid : 

C*H«0*  +  H«  -  C'H"0«  +  2H«0 

(Berthelot,  Bull.  8oc.  Chim.  ix.  455). — fi.  By  fusing  ethyl-crotonic  acid  with  potash 
(Frankland  a.  Duppa,  Chem.  Soe.  J,  [2]  iii.  133). 

C«H>»0«  +  2KH0  -  C^H'KO*  +  C^H^KO*  +  H». 
Bthyl-cratonlo  Batjrnte.  Acetate, 

add. 

y.  From    filicic    acid     (dibutyryl-phloroglucin)    by    evaporation    with .  potash-ley 
(Gnbowsky,  Ann.  Ch.  Pharm.  cxliii.  270) : 

C"H'»0»  +  2H'0  -  2C^H"0«  +  C«H«0« 
Filldc  acid.  Batjrto  add.      Phloro- 

gindn. 

S.  In  like  manner  from  caincotin  and  aphrodsescin  (Rochleder,  Bull.  Soc.  Chim.  [2]  ix 

382,  385) : 

C"n"0»  +  3H»0  »  2C*H»0«  +  C"H«'0» 
Calnoatin.  Butyric         Ga&idgenin. 

add. 


C«H«H)«  + 

8H»0 

ss 

C*H'0« 

+ 

2C»*H*«0'« 

Aphrodnadn. 

Bntyrlo 
acid. 

.Sadnic 
acid. 

Batyric  acid  (probably  normal)  has  been  found  ready* formed  in  flosh-juice,  ffuano, 
excrements,  putrid  yeast,  bad  cider,  and  the  water  of  peat-bogs,  dung-heaps,  and  other 
accumulations  of  decomposing  organic  matter ;  alBo  in  the  fruit  of  (Hngko  biloba,  in 
oenanthic  ether  (wine  fusel-oil)  and  in  wood-tar  (Jahresh.f.  Chem.  1857,  pp.  353,  402, 
403,  559;  1859,  pp.  363,  364;  1861,  p.  454;  1866,  p.  311). 

It  is  only,  however,  within  the  last  few  years  that  normal  butyric  iicid  has  been 
distinguished  from  its  isomeride,  and  the  accounts  which  h.ive  been  given  of  the 
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properties  of  bniyric  acid  and  bntjrric  compotmds  generally  miut  bo  taken  to  refer 
cu>nf[u»edly  sometimes  to  one  and  sometimes  to  the  other  rarietj  of  the  acid.  In 
general,  normal  butyric  deriratives  have  a  slisrhtly  hijorher  specific  grayitj  and 
boiling  point  than  the  corresponding  derivatives  of  isobntjric  acid.     Thus : 


Konnal  com  pounds. 
Butyric  Acids,  I640     0981 7  sp.  gr. 

Anhydrides,  190°        —     . 
Chlorides,        —  —     .         . 

Ethyl -ethers,  119°     0-9019  sp.  gr. 


tt 


If 


i» 


lao-oompoandB. 
154*'         0  9598  sp.  gr. 
ISOo**         — 
92®  — 

110**        0  8893       „ 


The  specific  gravities  in  the  above  tabular  statement  are  given  at  0**  C.  ^Normal 
butyric  acid  has  a  much  more  offensive  smell  than  the  iso-acid.  There  are  also 
fetriking  differences  between  the  calcium  salts  of  the  two  acids.  Butyrate  of  calcium 
is  more  soluble  in  cold  than  in  hot  water,  whereas  the  isobutyrate  is  more  soluble 
in  hot  than  in  cold  water. 

Butyric  acid  heated  with  bromine  in  sealed  tnbe^,  is  converted  into  mono-  and  di- 
biDmobutyric  acids.  With  chlorine  in  sunshine,  it  yields  di-  and  tetnt-chlorobutyric 
acids  (i.  694) ;  in  the  shade  it  is  very  slowly  attacked,  apparently  yielding  mono- 
chlorobutyric  acid;  in  presence  of  iodine  this  product  is  more  quickly  formed 
(Morkownikoff).  With  tuiphuric  chlorhydrate,  it  forms  disulphopropiolic  acid, 
C'H»S*0*,  together  with  other  products  (Baumstark,  Amn.  Ck  Phttrm,  cxli.  25).  By 
permanganic  acid  in  alkaline  solution,  it  is  converted  into  succinie,  paapionie,  acetac,  and 
carbonic  acids ;  and  by  bydriodic  acid  into  butane  or  batyl  hydride : 

C'H-0*  +  em  =  C*H"  +  2HK)  +  3P 
(Berthelot,  JahreA.  1867,  pp.  335,  345). 

ISOPBOPTL-FOBMIC     ACID,     DlM BTHTL-ACETIC,    OF     ISOBUTTBIO     ACID, 
CH(CH')» 

GO  ,  is  obtained  by  oxidising  isopropyl-earbiiiol  {%£.  Wurts'B  aloofa(4  from 

(OH 
fusel-oif) ;  by  the  action  of  acids  and  alkalu  on  isopropyl  cyanide ;  also  by  the  ozidatioii 
of  hexyl  alcohol  (Wanklyn  a.  Erlenmeyer),  &c. 

The  existence  of  this  acid,  as  distinguished  from  common  butyric  acid,  was  esta- 
blished in  1865  by  MorkownikofiE^  who  showed  that  the  acid  given  by  iaopiopyl 
cyanide  (from  glycerin)  is  distinct  from  the  add  given  by  normal  propyl  cyanide. 
According  to  Morkownikoff,  isobutyric  acid  (from  isopropyl  cyanide)  boils  at  153-5°  to 
154-5^.  Sp.  gr.  0-9598  at  0° ;  0  9208  at  50"^ ;  08965  at  lOO''.  According  to  Chapman, 
isobutyric  acid  has  not  so  high  a  degree  of  stability  in  presence  of  oxidising  agents  as 
the  normal  acid.  J.  A.  W. 

Isobutyrates. — ^The  potassium  salt  remains  on  evaporation  as  a  eanliflower-like 
deliquescent  mass,  easily  soluble  in  alcohol.  The  sodium  satt  is  crystalline.  The  silver 
salt  C^H'O'Ag  is  a  white  precipitate,  slightly  soluble  in  cold  water,  and  crystallising 
from  a  hot  saturated  solution  in  microscopic  very  fiat  rectangular  plates  ;  in  a  cold 
solution  small  prisms  are  also  formed.  The  barium  salt  (C^'0')*Ba  is  easily 
soluble  in  water  and  in  alcohol,  and  difficult  to  ciystallise;  over  sulphuric  acid  it 
crystallises  in  small  prismatic  forms ;  from  a  hot  saturated  solution,  in  efflorescent 
triclinic  prisms.  The  calcium  salt  (C^H'O')Ca .  5H*0  dissolves  easily  in  hot  water, 
and  separates  on  cooling  from  a  hot  saturated  solution,  in  a  pulp  of  microscopic 
needles.  From  a  not  completely  saturated  solution  it  separates  by  slow  cooling  in 
long  efflorescent  prisms,  and  from  a  cold  solution  by  slow  crystallisation  in  four^ 
sided  monoclinic  prisms  +P.  —  P.  —  (ooPoo).  ooPoo,  which  are  permanent  in  the 
air. 

The  magnesium  salt  (C*H'0')*Mg  ciystallisos  in  white  shining  laminae,  easily 
soluble  in  water  and  in  alcohol,  and  giving  off  part  of  their  acid  in  drying.  The 
lead  salt  crystallises  from  a  solution  of  lead  hydrate  in  the  hot  aqueous  acid,  in 
beautiful  rhombic  tables,  which  dissolve  in  11  pts.  water  at  16°,  and  melt  to  a 
clear  liquid  in  boiling  water  (normal  lead  butyrate  prepared  in  the  same  manner 
separates  from  the  cooling  solution  in  oily  drops,  which  unite  into  a  viscid  mass). 
Tlie  cuprio  salt  is  a  blue-green  precipitate  slightly  soluble  in  water,  more  soluble  in 
alcohol,  and  crystallising  in  dark  green  prisms.  Mercury  salts. — A  solution  of  recently 
precipitated  mercuric  oxide  in  the  hot  dilute  acid  deposits  on  evaporation  a  reddish-yellow 
crystalline  mixture  of  mercuric  and  mercurous  isobutyrate,  and  if  afterwards  left  over 
sulphuric  acid,  yields  spherical  groups  of  needles,  together  with  a  pulverulent  basic  salt 
In  a  solution  of  neutral  mercurous  nitrate,  isobutyratee  form  a  white  crystalline 
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precipitate,  which  blackons  and  partly  dissolres  at  the  boiling  heat,  and  the  solution 
aepoflits  white  interlaced  needles,  which  in  contact  with  water  are  converted,  without 
change  of  form,  into  a  yellow  basic  salt.  Eih^l  iaobutyrate,  C^H^O^.C'H*,  is  a 
transparent  colonrlees  liquid,  of  purer  and  more  agreeable  odour  than  the  butyrate, 
of  sp.  gr.  0*8898  at  0^  boiling  at  110^  slightly  soluble  in  water  (Morkownikoff, 
Ann.  Ck,  Pkann.  cxxxviii.  361). 

'  SromoUvtsrrle  AotO*  (Friedel  a.  Machuca,  Ann.  Ch.  Pkarm.  exx.  279 ;  SuppL 
ii.  70.  Oorup^Besanez  a.  Klinksieck,  ibid,  cxriii.  248.  A.  Naumann,  Und.  cxix.  116. 
B.  Schneider,  ibid.  279). 

C*H*BrO ) 
Monobromohutyrie  aeid^  OH'BiO'  ■*  Hi^'    ^^^    ^   prepared   by 

heating  1  mol.  butyric  acid  with  2  at.  bromine  to  130^-150^  in  sealed  tubes  for 
three  or  four  hours.  The  tubes  should  be  well  cooled  before  they  are  opened ;  and 
the  yellow  liquid^  consisting  chiefly  of  bromobutyric  acid,  heated  for  a  short  time  to 
100^,  and  then  treated  with  a  small  quantity  of  water,  to  remove  the  last  traces  of 
hydrobiomic  add.  The  bromobutyric  acid  thus  obtained  contains  about  20  p.  c.  water, 
which  may  be  gradually  removed  by  calcium  chloride,  the  hydrate  OH'BrO' .  H^O  being 
first  produced,  and  afterwards  the  pore  hydrogen  bromobutyrate,  C^H'BrO'  (Schneider). 
According  to  Gorup-Besanez  a.  Klinksieck,  the  best  way  of  obtaining  the  pure  acid  is 
to  dissolve  the  contents  of  the  tubes  in  four  times  their  volume  of  alcohol ;  saturate 
the  solution  with  hydroehloric  acid  gas ;  precipitate  the  resulting  ethyl  bromobutyrate 
with  water ;  and,  after  purifying  it  in  the  usual  way  by  washing,  drying,  and  distil- 
lation, deeompose  it  with  recently  precipitated  lead  hydrate,  and  separate  the  acid 
from  the  resulting  lead  salt  by  hydn^n  sulphide. 

Bromobutyric  acid  is  an  oily  liquid,  smelling  of  butyric  acid  and  bromine,  remaining 
liquid  at  —15°,  having  a  sp.  gr.  of  1*54  at  16°,  boiling  at  180°  (Schneider),  at  about 
200°  (Naumann),  and  then  decomposing  with  rise  of  temperature.  According  to 
Friedel  a.  Machuca,  it  boils  under  ordinary  pressure  at  217°  with  partial  decom- 
position, but  under  a  reduced  pressure  of  3  mm.  it  boils  without  decomposition  at 
110°,  and  may  thus  be  obtained  colourless.  Dissolves  in  14  to  15  pts.  water 
(Schneider)  ;  sparingly  soluble  in  cold,  moderately  soluble  in  hot  water  (Naumann) ; 
miscible  in  all  proportions  with  alcohol  and  ether.  From  solution  in  nitric  acid  of 
sp.  gr.  1'2,  or  in  strong  sulphuric  acid,  it  is  precipitated  by  water  without  alteration  ; 
decomposed  by  heating  with  sulphuric  acid.  With  zinc,  it  yields  zinc-bromide  and 
butvric  acid.  Boiled  with  ammonia,  it  forms  ammonium  bromide  and  amidobntyrie 
acid  (Schneider).  By  supersaturating  the  acid  with  soda-ley,  evaporating,  heating 
the  residue  for  some  time  on  the  water-bath,  then  supersaturating  with  sulphuric 
acid,  agitating  with  ether,  and  evaporating  the  latter,  a  syrupy  acid  is  obtained, 
which,  when  saturated  with  zinc  carbonate,  yields  needles  of  a  salt  isomeric  or 
identical  with  ane  butylactate  or  ozybutyrate,  (eH'0>)*Zn.2H?0  (i.  688;  iv.  296) 
(Naumann). 

The  metattic  bromobuh^ates  are  mostly  soluble  in  water  and  in  alcohol,  and 
difficult  to  crystfillise.  The  lead  salt  (C^£[*BrO')'Fb,  obtained  from  the  potassium 
salt  by  precipitation  with  neutral  lead  acetate,  is  a  white  pasty  precipitate  moderately 
soluble  in  alcohol.  A  second  lead  salt,  (C'H«BrO')<Pb.2PbO,  is  obtained  by 
evaporating  the  liquid  filtered  from  the  neutral  salt,  or  by  precipitating  the  potassium 
salt  with  basic  lead  acetate.  The  siltfer  salt  C^H*BrO*Ag  is  a  white  crystalline 
precipitate,  which  becomes  darker  on  exposure  to  light,  and  is  resolved  by  boiling 
water  into  silver  bromide  and  (probably)  butylactic  acid  (Schneider). 

Ethyl  bromobutyrate,  C*H"Bi<)*.CH*,  is  a  colourless,  fragrant,  heavy,  oily  liquid  of 
sp.  gr.  1*33  at  16°,  boiling  at  ab<wt  186°,  but  with  partial  decomposition  even  in  a 
current  of  carbonic  acid  gas  (Schneider) ;  of  sp.  gr.  1*346  at  12^,  boiling  at  175°-178° 
(Cabovrs).  It  is  bat  imperfectly  decomposed  by  boiling  with  caustic  alkalis,  but 
when  heated  with  lead  hymrate  it  yields  the  lead  salt  of  bromobutyric  acid. 

Bromi$obutyrie  acid  is  formed  by  heating  isobutyric  acid  with  bromine  to 
130^,  and  forms  on  cooling  a  crystalline  mass,  which  may  bo  purified  by  heating  in  a 
stream  of  carbonic  acid  gas,  pressing,  and  drying  in  a  vacuum.  It  melts  at  42°, 
deoomposee  on  distillation,  dissolves  easily  in  alcohol  and  ether,  and  forms  with 
water  a  heavy  oil,  which  dissolves  when  warmed,  but  separates  again  on  cooling. 
Heated  with  caustic  baryta  it  yields  barium  bromide  and  the  barium  salt  of 
tso-ozybntyrie  add  (perhaps  identical  with  dimethoxalic  acid,  iv.  274),  which  when 
separated  firom  its  barium  salt  by  sulphuric  acid,  is  ciystallisable,  melts  at  80° 
solidifies  at  76°,  and  sublimes  below  100^  in  long  needles  (Morkownikoff). 

Dibromobutyric  acid,  C*H«Br*0»,  is  formed  by  heating  a  mixture  of  1  mol.  (2-5 
vol.)  but^Tic  acid  and  4  at.  (3  vol.)  bromine  (or  1  mol.  monobromobutyrie  acid  and 
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2  at.  bromine)  to  1 40^-160^  for  six  or  eight  hours  in  8tit>rig  sealed  tubes.  After 
purificatioB  it  is  a  light  yellow  oil  hariiig  a  peculiar  aromatic  odour,  a  sp.  gr.  of  1  '97, 
soluble  in  30  pts.  water,  becoming  buttery  at  —15^,  decomposing  before  it  boils 
(Schneider);  boils  at  150^  under  a  pressure  of  3  mm.  of  mercozy  (Friedel  a. 
Machuca).  According  to  Cahours  (Rfp-  Ckim.  pure,  rr.  145),  dibromobutyric  acid 
obtained  as  above,  crystallises  in  thin  colourless  prisms  melting  at  45°— 48°,  boils 
under  ordinary  pressure  at  232°,  with  partial  decomposition,  and  is  ooDTeited  by 
treating  its  alcoholic  solution  with  hydrochloric  acid  gas,  into  ethyl  dibromobutyrate 
boiling  at  191^-193°.  By  zinc  an<i  dilute  sulphuric  acid,  dibromobutyric  acid  is 
converted  into  butyric  acid.  Its  salts  resemble  those  of  monobromobotyric  acid. 
The  bromotriconic  acid  of  Cahours,  obtained  by  the  action  of  bromine  on  potassium 
citraconate  (L  693),  is  isomeric,  not  identical,  with  dibromobutyric  acid  (Schneider). 

By  heating  1  mol.  dibromobutyric  add  with  4  at.  bromine  to  150°-180^,  there  is  formed 
a  light  brown  viscid  liquid,  which  gradually  deposits  needle-shaped  crystals,  easily 
soluble  in  ether,  and  probably  consisting  of  tetrabromobutyric  acid  (Schneider). 


•  Monochlorobutyrie  acidj  OH'CIO*,  is  formed,  together 
with  more  highly  chlorinated  products,  bypassing  chlorine  into  butyric  acid  containing 
a  little  iodine.  On  distilling  the  thidL  liquid  thereby  produced,  till  decomposition 
sets  in,  a  distillate  is  obtained  containing  butyric  and  chlorobutyric  acids,  and  by 
fractional  distillation  a  portion  may  be  separated  which  boils  at  200°-210°,  and  on 
cooling  yields  monochlorobutyric  acid  in  white  prismatic  needles.  The  product  is 
however  veiy  small.  Chlorobutyric  acid  dissolves  easily  in  hot  water,  and  crystallises 
therefrom  io  slender  flexible  needles.  It  melts  at  98°-99^,  solidifles  again  at  93°, 
sublimes  at  80°  in  white  iridescent  lamina*,  and  volatilises  partially  under  the  air- 
pump  at  ordinary  temperatures  (Morkownikofi)  Ztittckr,/.  Ciem.  [2]  iv.  621). 

Dieklorohutyrie  acid,  C^H*C1*0*,  is  formed  by  the  action  of  chlorine  on 
butyric  acid  in  sunshine  (i.  694).  If  the  action  of  the  chlorine  be  assisted  by  heating 
the  butyric  acid,  first  in  the  water-bath,  afterwards  to  the  boiling  point  of  the  acid,  a 
white  sublimate  is  formed  in  the  neck  of  the  retort,  consisting  of  carbon  trichloride 
CHU*  (Naumann,  Ann.  Ch,  Pharm.  cxix.  120). 


fC»H» 

=  cJcr   .— ' 

IH 


L    OWO  s  C4(r    .—This  compound  is  obtained, 

IH 
together  with  propionic  aldehyde,  by  heating  a  mixture  of  calcium  formate  and 
butyrate  in  equiTalent  proportions.  The  product,  after  treatment  with  lead  oxide  and 
calcium  chloride,  is  resolved  by  fractional  distillation  into  propionic  aldehyde  boiling 
between  54^  and  63°,  and  butyric  aldehyde  boiling  between  73°  and  77^,  identical 
therefore  with  the  butyric  aldehyde  which  Ouckelbeiger  obtained  by  oxidation  of 
fibrin,  albumin,  and  casein  (i.  689).  It  has  a  sp.  gr.  of  0*8341  at  0°,  is  less  soluble  in 
water  than  propionic  aldehyde,  and  on  exposure  to  the  air  is  quickly  converted  into 
butyric  acid.  Isobutyl  alcohol  (from  foael-oil),  oxidised  with  chromic  acid,  abo  yields 
a  butyric  aldehyde  boiling  at  70°-78°,  together  with  propionic  aldehyde,  propionic 
acid,  and  butyric  acid  (Michaelson,  Ann,  Ch.  Pharm.  cxxxiii.  182).  According  to 
Pierre  a.  Fuchot  (Compt.  rend.  Ixx.  434),  butyric  aldehyde  obtained  by  oxidation  of 
isobutyl  alcohol  boib  at  74°,  and  has  a  sp.  gr.  of  0  8226  at  0°,  0*7919  at  27*75°,  and 
0*7638  at  50-4°. 


or  BZaVTTSTXi.  (C'H'0)«  «  C"H»'0«  (Freund,  Ann.  Ch. 
Pharm.  cxviii.  33).— Produced  by  the  action  of  sodium-amalgam  on  butyryl  chloride, 
or  of  zinc  on  the  same  compound  mixed  with  ether.  To  prepare  it,  butyryl 
chloride  is  gently  heated  with  an  amalgam  of  1  pt.  sodium  and  2  pts.  mercury,  and 
the  viscous  mass  which  separates  is  freed  by  distillation  from  excess  of  bu^ryl 
chloride.  On  treating  the  residue  with  water,  an  oily  layer  rises  to  the  surface, 
consisting  of  impure  butyryl,  which  may  be  purified  by  agitation  with  solution  of 
potassium  carbonate,  drying  over  calcium  chloride,  and  distillation,  the  portion  which 
goes  over  between  245°  and  260®  being  collected  apart.  Butyryl  thus  ootAined  is  an 
aromatic  oil,  slightly  soluble  or  insoluble  in  water.  Heated  with  potash,  it  yields 
potassium  butyrate,  and  an  aromatic  liquid  which  passes  over  on  fractional  distillation 
Detween  175°  and  185°,  and  exhibits  the  composition  of  butyrone,  C'H'^0,  but  boils 
at  a  higher  temperature,  and  does  not  unite  with  alkaline  bisulphites  or  with 
ammonia. 

BUTIJiVli  OBIiORZOa  or  BUmZO  CKXiOBZBB,  C'H^OCl,  is  decom- 
posed at  a  gentle  heat  by  sodium-amalaam,  yielding  butyryl  (or  dibutyryl),  C»H'*0-; 
also  in  ethereal  solution  by  granulated  ^{/m!,  according  to  the  equation : 
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40H'GC1  +  2(C»H»)0  +  Zn  «  ZnCl«  +  2C«H»C1  +  2C'H'(C«H»)0«  +  C"H"0« 
Botyric  Bthyl  Ethyl  £thyi  batynte.  ButyiyL 

chloride.  oxide.  chloride. 

(F^and,  Ann,  Ck.  Pkarm.  cxviii.  33.) 

With  gimc-etkylt  it  yields  ethyl>butyryl  or  ethyl-propyl  ketone  (Popoff,  Zeitschr.  f. 
Chem.  [2]  iv.  619). 

2C«H'C0a  +  Zii(C«H»)«  -  Zna«  +  2C0|^]^*. 

hoiuijfrie  eklonde,  fonned,  together  with  isobutyric  oxide,  by  the  action  of 
phoephorie  oxychloride  on  sodium  isobutyrate,  is  a  colourless  liquid,  boiling  at  92® 
(butyric  chlonde  boils  at  95^),  and  deor>mposed  by  water  (Morkownikoff)* 

aVTTSIO  OXZ»a  or  AVHTSHIBB.  (C^H*0)'0.  Preparation  a.nd  properties 
(i.  694). — Isobutyric  oxide,  formed  as  above  mentioned,  is  a  colourless  liquid, 
lighter  than  water,  boiling  at  180^-181®  (butyric  oxide  boils  at  190°),  and  conyerted 
into  isobutyric  acid  by  wanning  with  water  (Morkownikoff). 

'Butyro'hypoekloroue  Oxide  or  Butyrate  of  Chlorine^       ^|[0,isomeriG 

with  chlorobutyric  acid,  is  produced  by  exposing  butyric  oxide  in  a  well-cooled 
Tessel  to  the  action  of  gaseous  hypochlorous  oxide : 

(C*H'0)20  +  CIH)  =  2(C*H'0)aO. 

It  is  a  yellowish  liquid,  which  detonates  when  heated,  is  slowly  decomposed  by  light, 
and  is  analogous  in  its  chemical  relations  to  acetate  of  chlorine  (p.  25)  f&hutzen- 
berger.  Rip.  CMm,  pure^  iy.  268).  The  corresponding  bromine-compound,  (C'H'O)BrO, 
a  colourless  explosiye  liquid,  is  produced  by  the  action  of  bromine  on  the  chlorine- 
compound  (Schutsenberger),  or  on  silyeE-butyrate  (Borodine,  Ann.  Ch.  Pharm.  cxix. 
121;  ZtUeckr.f.  Chem.  [2]  y.  342). 

TributyrO'hypoiodoua   Oxide  or   Iodine  Trihutyrate,  ^         j>'[0*,  is 

formed  by  mixing  iodine  chloride  with  an  equivalent  proportion  of  sodium,  potassium, 
or  zinc  butyrate,  or  by  gradually  adding  iodine  to  butyro-hypochlorous  oxide,  or  better 
by  passing  hypochloious  oxide  into  butyric  oxide  mixed  with  iodine  till  the  latter 
disappears.  The  resulting  flocculent  precipitate  dissolved  in  acetic  oxide  at  60®, 
crystaUises  therefrom  in  slender  white  needles.  It  is  not  altered  by  light,  but  when 
hei.t0d  is  quickly  decomposed  into  iodine,  carbon  dioxide,  and  propyl  butyrate 
(Schtttsenbeiger). 

See  Bsbibucb  (p.  255). 


c 

On  the  extraction  of  cadmium  from  sine-blende  at  Engis  in  Belgium, 
see  Stadeler  {J.  pr.  Chem.  xci.  359  ;  Jahresb.  1864,  759). 

The  solution  of  cadmium  in  acids  is  greatly  facilitated  by  addition  of  a  small 
quantity  of  platinic  chloride.  The  combination  of  cadmium  with  bromine  and 
iodine  is  likewise  &cilitated  by  the  presence  of  platinum  (Alberta,  Jahresb.  1865, 
p.  242). 

The  following  table  exhibits  the  solubility  of  cadmium  chloride  and  iodide 
at  different  temperatures,  as  determined  by  Kremers  {Poyy.  ciii.  57  ;  Jahresb.  1858, 
p.  40): 

At  20®         40°  60®  80®         100® 

1  pt.  CdCl»  dissolves  in  0*71        072        072        070        067  pt.  water 
„     Cdl»         „  108        100        0-93        0-86        075       „ 

Respecting  the  specific  gravities  of  solutions  of  cadmium  chloride,  bromide^  and 
iodide  of  various  strengths  and  at  different  temperatures,  see  Kremers  {Jahresb,  1858, 
p.  41  ;  1859,  p.  49;  1860,  p.  46). 

Cadmium  oxide  may  be  obtained  in  red  crystals,  apparently  cubic,  by  heating 
the  amorphous  oxide  to  whiteness  for  two  or  three  nours  in  a  porcelain  tube 
through  which  a  stream  of  oxygen  is  passed.  The  oxide  melts,  volatilises,  and 
condenses  at  the  cold  end  of  tlie  tube;  the  best  crystals  are  obtained  by  placing 
a  plug  of  asbestos  at  that  end  (Sidot,  Zeitschr./.  Chem.  [2]  v.  606). 
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A  compound  of  cadmium  oxide  with  potasHum  oxide  is  obtained  by  saturating  fused 
potassium  hydrate  with  cadmium  oxide,  and  adding  cold  potash-ley  to  the  fiised  mass 
till  the  resulting  precipitate  becomes  permanent.  The  solution  on  cooling  yields 
crystals  of  potassium  hydrate  enclosing  the  potassio-cadmic  oxide,  and  on  dissolring 
them  in  water,  the  latter  compound  remains  in  hydrated  crystalline  scales  haying  a 
pearly  lustre  and  the  colour  of  lead  iodide.  It  is  insoluble  in  water,  but  is  decomposed 
by  prolonged  contact  with  water,  with  separation  of  cadminm  hydrate  (St.  Meunier, 
Compt.  rend.  Ixiii.  330). 

OMMTUTtKm    Occurrence,  and  separation  from  rubidium  (i.  1113 ;  iv.  126). 

Stannic  chloride  added  to  a  solution  of  the  chlorides  of  sodium,  potassium,  lithium, 
rubidium,  and  cssium  containing  free  hydrochloric  acid,  forms  a  heavy  white  precipi- 
tate consisting  of  nearly  pure  cano-ttannie  chi^mde,  Sn'^Cs'Cl* ;  and  b^  diasolviDg  this 
precipitate  in  hot  water  acidulated  with  hydrochloric  acid,  evaporating  till  crystals 
form  on  the  surface,  and  leaving  the  solution  to  oool,  the  salt  is  obtained  perfectly 
pure.  This  reaction  affords  an  easy  taiethod  of  detecting  caesium  in  a  mixture  of 
alkaline  chlorides,  and  of  preparing  pure  caesium-compounds ;  but  it  is  not  adapted  for 
quantitative  analysis,  as  tne  precipitate  is  not  formed  in  a  neutral  solution,  and  is 
soluble  to  a  slight  extent  in  concentrated  hydrochloric  acid  (J.  P.  Sharpies,  8iU,  Am. 
J.  [2]  xlvii.  178). 

According  to  Bebray  {BvU.  8oc.  Chim.  [2]  v.  404),  caesium — as  well  as  potassium, 
rubidium,  and  thallium — is  precipitated  by  phosphomolybdic  acid. 

See  the  next  article. 


OJkrwmam  or  TBBZVS.  CH'^N^O^.—This  base  has  the  composition  of 
methyl-theobromine,  C'H'(CH*)N'0',  and  may  be  formed  synthetically  by  treating 
the  silver-compound  of  theobromine  (v.  761)  with  methyl-iodide : 

C'H'AgN^O*  +  CH«I  =  Agl  +  C'H'(CH«)N«0« 

(Strecker,  Ann,  Ch.  Pharm.  cxviii.  151).  For  the  relations  between  xanthine,  theo- 
bromine, and  caffeine,  see  XiJCTHiifx  (v.  1051). 

Caffeine  has  been  found  in  the  seeds  of  the  Kola-tree  of  West  Centml  Africa 
(Cola  acuminata)  to  the  amount  of  2- 13  p.  c.  of  the  dried  seed  (Attfield,  Fkarm,  J, 
Trann,  [2]  vi.  257). 

C.  Orosschoff  (JaAre«&.  1866,  471)  describes  a  method  of  preparing  cai&iDe  on  the 
large  scale  from  tea,  by  heating  the  concentrated  aqueous  decoction  with  litharge, 
evaporating  the  decanted  liquid  to  a  syrup,  and  treating  it  with  pearlaah  and 
alcohol. 

To  estimate  the  amount  of  caffeine  in  tea-leaves,  Gaus  (Jahresb.  1863,  p.  708)  exhausts 
them  with  ether ;  distils  off  two-thirds  of  the  ether ;  agitates  the  residue  repeatedly 
with  dilute  sulphuric  acid;  supersaturates  the  colourless  caffbine-solution  with 
magnesia  ;  evaporates  to  dryness ;  and  extracts  the  caffeine  from  the  residue  by  ether, 
which  on  evaporation  leaves  it  in  white  crystals.  Tea-leaves,  after  exhaustion  with 
ether,  still  yield  a  small  quantity  of  caffeine  to  alcohol.  Glaus  finds  that  the  inferior 
commercial  sorts  of  tea  are  richer  in  caffeine  than  the  finer  and  more  fragrant 
sorts. 

Caffeine  evaporated  to  dryness  with  a  little  chlortnC'tcater  yields  a  paiplasred 
residue  which  becomes  golden-yellow  when  more  strongly  heated,  but  rod  again  on 
addition  of  ammonia.  By  this  reaction,  caffeine  may  be  detected  even  in  a  single 
coffee-bean  (Schwarzenbach,  Jahresb.  1861,  p.  871 ;  1865,  p.  730).  Caffeine  forms  with 
jphosphomol^t/bdic  acid  a  yellow  precipitate  which  dissolves  without  colour  in  ammonia 
(J.  Trapp,  Und.  1863,  p.  702). 

Iodine-compounds  of  Caffeine  (Tilden,  Chem,  Soe.  J.  [2]  iii.  99 ;  iv.  145).— 
A  solution  of  caffeine  in  dilute  alcohol  strongly  aciduUted  with  hydriodieacid  deposits 
after  a  few  days,  especially  in  sunshine,  long  prisms  of  caffeine  hydrotri-iodide, 
2(C»H"N*0*.HI«).3H*O,  having  a  green  metallic  lustre  and  exhibiting  the  same 
polarising  properties  as  Herapath*s  sulphate  of  iodoquinine.  Caffeine  ethyl  tri  - 
iodide,  C»H"N*0«.C«H»I»,  is  formed  on  heating  caffeine  with  ethyl  iodide  to  130<>  for 
about  four  hours,  evaporating  at  a  gentle  heat,  mixing  the  residue  with  a  solution  of 
iodine  in  hydriodic  acid,  and  recrystallising  the  resulting  precipitate  from  alcohol.  It 
forms  brown  shining  scales  permanent  at  100^.  When  caffeine  is  heated  for  a  shorter 
time  with  ethyl  iodide,  part  of  it  remains  unaltered,  and  after  the  ethyl-caffeine  has 
l>een  precipitated  with  iodine,  the  solution  d*  posits  monohydrated  caffeine  hydrotri- 
iodide,  C»H»«N«0* .  m»  +  H*0,  in  shining  crystals.  MethyUodidc  forms  with  caffeine 
the  compound  C"H'»N<0* .  CH'I,  which  dissolves  easily  in  water,  and  when  mixed  in 
•lueous  solution  with  tincture  of  iodine,  is  convert*.d  into  the  txi-iodated  compound 
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The  lato  of  ei^nsion  bj  heat  of  solutions  of  calcium  chloride  of  various  strengths 
has  been  determined  by  Gerlach  (Jakresb,  1859,  p.  47).  The  following  table  shows 
the  Tolnmes  at  di£Eerent  temperatures  of  solutions  of  this  salt  containing  in  100  pts. 
the  qnantities  of  salt  standing  at  the  heads  of  the  several  columns,  the  volume  of  each 
solution  at  0^  being  taken  as  unity.  The  last  number  (bracketed)  in  each  column 
denotes  the  boiling  point  of  the  solution : 

CAjjoxnt.  Chlobidb. 


10 

SO 

SO 

40 

OO 

10000 

10000 

10000 

1-0000 

10 

10017 

10027 

10033 

10043 

20 

10048 

10060 

1-0072 

1-0089 

30 

10075 

10096 

10114 

1-0136 

40 

10112 

10139 

10159 

1-0183 

60 

10155 

1-0183 

1-0205 

1-0231 

60 

10205 

10231 

10252 

1-0280 

70 

10259 

10280 

10800 

10329 

80 

10314 

10330 

10348 

10377 

90 

10378 

1-0382 

10397 

10424 

100 

10429 

1-0432 

10447 

10472 

10442 

10456 

10496 

1-0557 

(101-4°) 

(104-2<>) 

(109-7°) 

(118<>) 

On  the  rate  of  expansion  of  solutions  of  calcium  chloride,  bromide,  and  iodide,  see 
also  Kremers  (Jahre^,  1858,  p.  40 ;  1859,  p.  49). 

The  following  methods  of  preparing  calcium  iodide  are  recommended  by  B. 
Wagner  {Chem,  Centr,  1863,  p.  143;  Jakresb.  1862,  p.  132):  1.  Addition  of  iodine 
to  an  aqueous  pulp  of  calcium  sulphite  and  hydrate. — 2.  Addition  of  iodine,  to 
saturation,  to  calcium  hyposulphite  stirred  up  with  water,  whereby  a  mixture  of 
calcium  iodide  and  tetrathionate  is  formed,  which  may  be  used  for  technical  purposes 
fchlorimeti^  for  example)  instead  of  potassium  iodide. — 3.  Mixing  of  iodine,  finely 
aivided  or  dissolved  in  hydriodic  acid  or  potassium  iodide,  with  calcium  nitrite  and 
hydrate,  whereby  calcium  iodide  and  nitrate  are  produced : 

(NO*)*Ca  +  2CaH«0«  +  2I«  -  (NO«)«Ca  +  2CaI«  +  2H«0. 

The  last  portions  of  nitrite  are  not  however  converted  into  nitrate. — 4.  Addition  of 
finely  divided  iodine  to  a  concentrated  mixture  of  arsenious  oxide  and  milk  of  lime. 
The  iodine  then  dissolves,  with  formation  of  insoluble  arsenate,  and  soluble  iodide  of 
calcium.  When  the  reaction  is  complete,  the  filtered  solution  of  calcium  iodide  is 
ouite  free  from  arsenic.  The  arsenious  oxide  may  be*  replaced  by  antimonious  oxide 
(precipitated  from  the  chloride  bv  sodium  carbonate). 

For  Liebig^s  method  of  preparing  calcium  iodide,  and  applying  it  to  the  preparation 
of  potassium  iodide,  see  Potassium  Iodide  (iv.  704). 

Calcium  Oxysulfhide. — According  to  P.  W.  Hoffmann  (Compt  rend.  Ixii. 
291),  a  non>ignited  mixture  of  2  mol.  calcium  sulphide  and  1  mol.  lime  does  not 
form  oxysnlp&de  when  boiled  with  water ;  but  at  a  red  heat  the  same  mixture  is 
converted  into  an  oxysulphide  having  l^e  compoeition  2CaS.CaO,  any  larger 
addition  of  lime  remaining  unoombined.  This  oxysulphide  is  contained  in  recently 
lixiviated  soda  residues. 

Alloy  of  Calcium  and  Zine. — Calcium  fused  with  a*  large  excess  of  zinc  forms 
an  alloy,  C^n",  which  crystallises  in  quadratic  octrjhedrons  of  sp.  gr.  6*37.  It  is 
decomposed  by  water  (G.  vrjm  Bath,  Zeitsckr,  /.  Chem.  [2]  v.  665). 

CAlASUKOm  or  cnnnncUUb  09mmJLXZ0nB,  See  List  of  Memoirs  at  the 
end  of  the  article  Chrmical  Acnoic. 


CJLM9HOOASBOVZC  ACXS.  C"H>H)*  a  C'^H^'O .  CO*.— When  a  solution 
of  camphor  in  a  hydrocarbon  (toluene  or  benzene)  is  treated  with  sodium,  the  metal 
dissolves  without  evolution  of  nydrogen,  and  a  solution  is  formed  containing  sodium 
camphor  and  sodium  bomeol : 

C»«M>»NaO  +  C^'H^'NaO 

Bodinin  Bodlnm 

cami^r.  bomeoL 

CC 


2C>«HW0  +  Na«  = 
Camikhor. 
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On  passing  a  stream  of  carbon  dioxide  into  this  solution,  both  of  these  oomponods 
take  up  CO*,  fonning  sodium  Gamphocarbonat«,  C"H"NaO',  and  sodium  bomeol- 
carbonate,  C''H"NaO' ;  and  if  the  resulting  magma  be  treated  vith  water,  both 
salts  dissolve,  but  the  latter  immediately  begins  to  decompose,  with  separation  of 
bomeol ;  so  that  the  aqueous  solution  decanted  from  the  hjrdrocarbon  becomes  tsrbid 
and  giadualW  deposits  bomeoL  The  camphoearbonate,  on  the  other  hand,  remsins 
undeoomposed,  and  its  dear  aqueous  solution  separated  from  the  bomeol  yields  with 
hydrochloric  or  sulphuric  acid  a  white  precipitate  of  camphocarbonic  add. 

This  acid  is  sparingly  soluble  in  water,  easily  in  alcohol  and  ether,  permanent  at 
ordinary  temperatures,  melts  at  118^-119**,  but  begins  to  decompose  even  at  this 
temperature;  but  on  attempting  to  distil  it  at  a  stronger  heat,  it  is  completelj 
resolred  into  camphor  and  carbon  dioxide.  After  being  once  fused,  it  melts  at  a 
much  lower  temperature ;  in  &ct  a  mixture  of  the  pure  add  with  camphor  melts 
below  100^.  Oamphooarbonic  acid  is  monobasic ;  its  lead  salt  is  insoluble  in  water 
and  in  acetic  add  (Baubigny,  Zeiisckr.  /.  Ckem.  [2]  ir.  481,  647). 

CAMVKO&IO  AOSB.  C^'E'^O*.— According  to  Malin  {Ann.  Ch.  Pharm.  cxIt. 
200),  the  potassium  salt  of  this  acid  is  produced  by  adding  potasdum  in  small  {»eees 
to  a  boiling  solution  of  camphor  in  3  pts.  of  petroleum.  This  salt  crystallises  by 
evaporation  in  a  vacuum  in  laminar  crystals  containing  C**H*'K0*.2H'0.  The 
acid  separated  from  it  by  hydrochloric  acid  forms  white  lumpy  flocks,  which  may 
bo  purified  by  recrystallisation  from  alcohol  or  by  distillation. 

OAMVBOB.  C'**H"0. — Ordinary  camphor — the  camphor  of  the  Lanracee- 
might  be  regarded,  so  far  as  its  ooinpoaition  is  concerned,  as  the  aldehyde  of  bomed, 
C'*H'*0,  and  it  is  produced  by  oxidising  bomeol  with  nitric  add.  Kevertheleas,  it 
does  not  exhibit  the  characters  of  an  iSdehyde ;  for,  as  shown  by  Ftttig  a.  Tollens 
{Ann.  Ch.  Pharm.  cxxix.  371).  it  does  not  unite  with  alkaline  bisulphites ;  it  is  not 
converted  into  bomeol  by  nascent  hydrogen,  nor  into  camphic  acid,  C^'H^H)*,  by  data. 
oxidation  with  nitric  acid  (the  products  of  that  reaction  being  camphoric  add, 
C'*H'*0*,  and  camphretic  acid,  C'H*0^) ;  and  it  is  not  oxidised  by  a  mixture  of 
potassium  dichromate  and  sulphuric  acid,  even  when  heated  therewith  for  a  long 
time  in  sealed  tubes. 

Camphor,  or  a  substance  isomeric  with  it,  is  formed,  together  with  other  prodncti, 
by  oxidising  rectified  turpentine-oil  with  aqueous  potassium  permanganate,  or  bj 
atmospheric  oxidation  of  camphene,  C'*H'*  (prepared  from  the  monohydrodilaride, 
C'®H'*.HCl),  in  contact  with  platinum-black,  also  by  chnnnic  add  (Berthdot,  Comfl, 
rend,  xlvii.  266 ;  Ixiv.  3A ;  Jahreitb.  1868,  p.  441 ;  1867,  p.  337 ;  Ann.  Ch,  Phtam. 
d.  874). 

The  crystals  of  camphor  belong  to  the  hexagonal  system.  Well-defined  crystali 
obtained  by  venr  slow  sublimation  at  ordinanr  temperatures  exhibited  the  com- 
bination oP  .  QoP  .  F;  angle  oP  :  P  -  II8-90  (Desdoizeaux,  Ann,  Ch.  Phf,  [3]  Ivi. 
219). 

Ueactiont. — 1.  The  oil  obtained  by  the  dry  distillation  of  camphor  in  oontad  with 
clay  (i.  728)  is  a  mixture  of  cymene  with  unaltered  camphor  (Kraut,  J.  Pharm.  [3]  xlv. 
105). — 2.  Camphor  distilled  with  ^nc  cA^ruie  yields,  not  merely  cymene,  as  supposed 
b^  Gerhardt,  but  a  mixture  of  several  hydrocarbons  of  the  aromatic  series.    The 
distillate,  fVeed  as^  comnletelv  as  posdble  from  undeoomposed  camphor  by  repeated 
distillation  with  one  chloride,  is  resolved  by  fractional  distillation  (the  portions 
boiling  above  160^  being  distilled  over  sodium)  into  the  following  products:  «.  Below 
100^  a  small  quantity  of  liquid  containing  oxygenated  products  (apparently  induding 
acetone),  and  perhaps  a  little  benzene.— 3.  From  108*'  to  112*>,  chiefly  to  In  on  a.— 
y.  From   138**  to  143®,  xylene.— 3.  From    164*>   to   167°,  pseudocnmone  or 
trimethylbensene  (p.  296).— c.  From  173®  to  176®,  cymene  with  a  small 
quantity  of  pseudocumene.— C  From  185®  to  188®,  laurene,  C*'H'*  (FitAig,  Kobnch, 
a.  Jilke,  Ann.  Ch.  Pharm,  cxlv.  129).    According  to  Lippman  a.  Louguinine  (ZnteeAr. 
/.  Chem.  [2]  V.  418),  the  portion  of  the  distillate  boiling  between  140^  and  S40^ 
contains  also  cresol,  C*H!K),  which  may  be  dissolved  out  from  it  by  potash ;  also 
phenol  (Rommier,  Compt.  rend.  Ixviii.  980). — 8.  Camphor  heated  with  jiJbMpAsno 
pentasuiphitle  is  almost  wholly  resolved  into  water  and  cymene  (R.  Pott,  p.  302) : 

5C'«H»«0  +  P«S»  =  5C"H"  +  P«0»  +  6ffS. 
4.  Camphor  triturated  with  an  equivalent  quantity  of  pho§phoru$  pentachiariie  is 
converted  into  a  semifluid  mass,  which  is  resolved  by  very  slow  distillation  into 
hydrochloric  acid  and  cymene : 

c»»H'«o  +  PCI*  =  c"H»»a  +  Ha  +  poci* 

and 

C'»H'»Cl  «  HCl  +  C'»H»« 
(liouguinine  a.  Lippmann,  Bull.  Soc.  Chim.  [2]  vii.  374). 
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6.  For  the  xwction  of  camphor  with  niirie  acid  and  with  ekromie  acid,  tee  the 
eoiameneement  of  this  article. 

6.  Camphor  heated  to  200^  with  conoentiated  hfdriodie  acid  gires  off  a  mixture  of 
thne  hydrocarbons,  vis.  C*H*«  boiling  at  136^-140'';  C'*H»  boiling  at  163"^;  and 
C**H*,  at  1 70^-1 76^  The  two  former  take  np  bromine  without  giving  off  hydrn. 
bromie  acid,  and  are  easily  oxidised,  C**H**  yielding  thereby  acetic  acid,  together 
with  three  other  adds  (Weyl,  ZeiUckr,  /.  Chem.  [2]  iv.  496). 

Brominaied  Derivatives  of  Camphor. — Camphor  unites  directly  with  bro- 
mine^ forming  a  compound  C^'H^O.Br*,  easily  decomposed  by  heat,  by  ammonia,  and 
eren  by  contact  with  the  air  (Laurent^.  Th.  Swarts  (IneHt.  1862,  p.  63)  prepares  this 
eompoand  by  mixing  a  saturated  solution  of  camphor  in  chloroform  with  an  equivalent 
quantity  of  bromine ;  the  compound  then  partly  separates  after  a  few  honn  as  a  red 
powder,  and  the  remainder  is  deposited  from  the  mother-liquor  in  beautiful  orange- 
coloured  prisma. 

The  fazomide  C>«H>«OBr*  is  resolved  by  heating  to  100^  in  sealed  tubes  (Swarts), 
or  by  distillation  (Peikin,  Chem,  8oe.  J.  [2]  iii.  22),  into  hydrobromic  acid  and 
moDobromocamphor,  C^*H'*BrO.  This  compound  may  also  be  produced  directly 
b?  heatiii^  bromine  and  camphor  in  sealed  tubes  for  three  hours  in  the  water^batn 
(Swarts).  It  crystallises  in  transparent  prisms  rery  much  like  those  of  ordinary 
sodium  sulphate,  having  a  faint  odour  of  camphor,  and  a  turpentine-like  taste ; 
diesolvea  easily  in  alcohol  and  ether ;  melts  at  about  76^  and  solidifies  at  74°,  or 
when  left  at  rest,  sometimes  not  till  cooled  to  54°  (Perkin),  to  36°  (Swarts) ;  boils  at 
274°  (Perkin ;  Swarts).  It  is  not  decomposed  by  alcoholic  potash  (Swarts).  Heated 
with  alooholie  ammonia  to  180°,  it  decomposes  to  a  slight  extent,  with  formation  of 
ammoniiira  bromide  and  a  peculiar  base  (Perkin).  It  unites  with  hydrobromic  acid, 
forming  an  oily  compound,  6G**H'*BrO .  HBr.  Heated  with  bromine  to  120°  in  a 
aealed  tube,  it  forms,  tQeether  with  hydrobromic  add,  an  oil  the  alcoholic  solution  of 
which,  whui  decolorised  by  animal  charcoal,  deponts  shining  prisms  of  dibromo- 
camphor,  C^'H^^Br'O.  This  latter  compound  smells  like  turpentine,  has  a  bitter 
taste,  is  insoluble  in  water,  and  less  soluble  in  alcohol  than  camphor  or  the  mono- 
brominated  compound.  It  melts  at  114*5°,  becomes  liquid  even  under  boiling  water, 
and  distilB  with  partial  decomposition  at  285°  (Swarts,  Zeiieckr.  f,  CAm».  [2] 
ii.  628). 

Ckloroeanphor,  C**H**C10,  is  produced  by  gradually  adding  camphor  to  a 
moderately  concentrated  solution  of  hypochlorous  add,  and  falls  to  the  bottom  as  a 
liquid  which  ultimately  solidifies : 

C"H>«0  +  HCIO  =  H»0  +  C'«H»aO. 

After  sevetal  recrystallisations  from  dilute  alcohol,  it  forms  white  indistinct  crystals 
haviitf  the  smeU  and  taste  of  camphor,  and  nearly  insoluble  in  water.  It  molts  at 
95°,  decomposes  at  about  200^,  with  evolution  of  hvdrochloric  acid ;  is  but  slowly 
atCaieked  by  nitric  acid,  even  at  the  boiling  heat ;  and  dissolves  without  alteration  in 
stroqg  sulphuric  add  at  ordinary  temperatures.  Its  alcoholic  solution  mixed  at  the 
boiling  heat  with  silver  nitrate  yields  a  precipitate  of  silver  chloride  (Wheeler,  SUl. 
Am,  J.  [2]  xlv.  48). 

Oxycamphor,  C^'HiH)*,  isomeric  or  perhaps  identical  with  camphic  acid,  is 
pvoduoed  (together  with  two  other  non-chlorinated  compounds  not  yet  isolated)  by 
ocatang  chlorocamphor  for  several  hours  with  alcoholic  potash.  It  crystallises  from 
alcohol  in  white  needles  melting  at  137^,  distils  with  vapour  of  water,  may  be 
sublimed  writhout  decomposition,  and  has  the  smell  and  taste  of  camphor  (Wheeler). 

Sodium'eampkor.  C**H'*NaO. — ^When  a  solution  of  camphor  in  an  inert 
hydrocarbon  (toluene,  for  example)  is  carefully  heated  with  sodium  to  90°,  the  sodium 
dnsolves,  forming  a  mixture  of  sodium-camphor  and  sodium-bomeol : 

2C"H'«0  +  Na«  -  C'»H'»NaO  +  C"H»'NaO. 


The  aointion  on  cooling  deposits  very  unstable  crystals  of  sodium-camphor  (Baubigny, 
ZeUtekr.  /.  Ckem.  [2]  ii.  408 ;  iv.  298).  According  to  Malin  (Jakresb.  1867;  p.  724), 
a  boilings  solution  of  camphor  in  petroleum  treated  with  potassium  yields,  on 
evaporation  in  a  vacuum,  crystals  of  potassium  campholate,  C^®H"KO'.  If  this 
statement  be  correct,  eymene  should  also  be  formed,  according  to  the  equation 
^O^H^^O  ■■  C'^H^K)*  +  C"H";  but  the  formation  of  this  Hydrocarbon  was  not 
actoally  obeerved ;  on  the  other  hand,  bomeol  was  found  to  be  piroduced. 

The  mixture  of  sodium-camphor  and  sodium-bomeol  obtained  as  above  yields, 
when  treated  with  alcoholic  iodides,  the  corresponding  alcoholic  derivatives  of 
camphor  and  bomeol.  Etkyl-eampkor^  C"H'*(C*H*)0,  is  obtained  by  treating 
this  mixtnre,  or  the  crystals  of  sodium-camphor  dissolved  in  a  hyrlrocarbon,  with 

cc  2 
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ethyl  iodide,  wnahing  the  product  with  water,  distilling  off  the  hydrocarbon,  cooling 
the  i«8idue  to  —20°  to  separate  the  greater  part  of  the  unaltered  camphor, 
and  subjecting  the  remaining  liquid  to  fractional  distillation.  It  is  a  colourless 
liquid  insoluble  in  water,  soluble  in  alcohol  and  ether,  boiling  between  226°  and 
229^,  having  a  sp.  gr.  of  0*946  at  22^  and  a  dextrogyrate  power  of  about  161*4°  for 
the  transition  tint  (Baubigny). 

The  portion  of  the  crude  liquid  obtained  in  the  preparation  of  athyi-camphor 
which  distils  between  195°  and  210°,  yields  by  repeated  treatment  with  sodium, 
followed  each  time  by  distillation,  the  ethyl-denTatiye  of  bomeol,  C"H"(C'H*)0. 
These  ethylated  deriTatiTes  of  camphor  and  bomeol  are  not  attacked  by  phosphorus 
pentachlonde  at  ordinary  temperatures ;  ethyl-camphor  is  slowly  acted  upon  at  100°, 
yielding  a  small  quantity  of  ethyl  chloride.  Ethyl-camphor  is  insoluble  in  cold 
nitric  acid,  but  dissolres  at  100°,  and  separatai  out  unaltered  on  cooling  Ethyl- 
bomeol,  on  the  other  hand,  is  decomposed  by  nitric  add  at  ordinary  temperatures 
with  evolution  of  nitrous  acid  vapours,  the  acid  solution  depositing  camphor  when 
mixed  with  water  (Baubigny,  Zeitachr.  [2]  iv.  481). 

Amyl'camphor,  C>«H>*(C*Hi*)0,  obtained  by  treating  the  mixtora  of  sodium- 
camphor  and  sodium-bomeol  with  amyl  iodide,  boils  at  277'5°  (oorr.)  and  has  a 
dextro-rotatory  power  of  69*4°.  Amyl-bomeol  oonld  not  be  isolated  from  the  product 
of  the  reaction. 

The  same  mixture  of  sodium-compounds  treated  with  methyl-iodide  yields,  on  the 
other  hand,  methyl-borneol,  C**H"(CH')0,  but  no  methyl-camphor. 

The  same  mixture  treated  with  acetic  anhydride,  glacial  acetic  acid,  or  acetic 
chloride,  yields  acetyl-borneol,  C**H"(CH'0)0,  wluch  is  optically  inactive,  and 
is  resolved  by  potash-ley  into  bomeol  and  acetic  add.  No  acetyl-camphor  appears 
to  be  formed  in  either  case  (Baubigny,  ZtUschr,  [2]  iv.  299,  481). 

When  the  product  of  the  action  of  sodium  on  camphor  is  treatisd  with  gtkg^leme 
bromide,  no  euiylene  derivatives  are  formed,  but  the  ethylene  bromide  is  decomposed 
in  the  same  manner  as  when  it  is  treated  with  alcoholic  potash,  yielding  bromethylene, 
which  by  further  reaction  on  the  sodium-compounds  is  converted  into  acetylene,  while 
camphor  and  bomeol  are  set  free : 

C»«H»NaO  +  C"H"NaO  +  2C«H*Bt*  -  2NaBr  +  2C«H^r  +  C»H'«0  +  C"H»"0 

and 

C*H»*NaO  +  C"H"NaO  +  2C»H«Br    -  2C«H«  +  C"H««0    +  C"H»H)  +  Bi*. 

When  a  stream  of  carbonic  acid  gas  is  passed  to  saturation  into  the  mixture  of 
sodium-compounds  obtained  as  above,  the  sodium  salts  of  camphocarbonic  add, 
CH^'O*,  and  borneol-carbonic  acid,  C"H**0*,  are  produced  by  direct  addition  of 
CO^  On  adding  water  to  the  product,  the  sodium  salts  dissolve,  and  the  aqueous 
solution,  if  immediately  separated  by  decantation  from  the  hydrocarbon,  soon  becomes 
turbid,  and  gradually  yields  an  abundant  precipitate  of  bomeol,  resulting  fh>m  the 
decomposition  of  the  veiy  unstable  borneol-carbonic  acid  ;  this  reaction  afibrds  indeed 
an  easy  way  of  preparing  bomeoL  The  aqueous  solution  separated  ftom  the  bomeol 
contains  the  sodium  camphocarbonate,  and  when  mixed  with  sulphuric  or 
hydrochloric  acid,  yields  a  precipitate  of  camphocarbonic  acid  (Baubigny,  Zntsckr.  [2] 
iv.  482,  647). 

OAUfFHW  XBSIW.  Camphor  heated  for  three  or  four  hours  with  alcoholic 
potash  is  partly  conveited  into  a  soft  tough  golden-yellow  resin,  C'*H'*0',  which 
becomes  perfectly  inodorous  after  prolonged  heating  to  100°  (L.  Barth,  ZeiUckr.  /. 
Chem,  [2]  iii.  508). 


CAaiPKOSZC  AOZB.  C<»HiH)«.— Blumenau  {^Ann,  Ck.  Pharm.  Ixvii.  119) 
observed  that  when  the  cmde  add  produced  by  oxidising  camphor  with  nitric  add 
was  heated  very  strongly  to  expel  the  latter,  a  viscous  mass  was  produced,  which  he 
regarded  as  an  isomeric  modification  of  camphoric  acid.  Monoyer  has,  however, 
nhown  (J.  Pharm.  [3]xlv.  177)  that  this  substance  consists  of  camphoric  oxide 
or  anhydride,  C"H'*0^  To  prepare  camphoric  add,  Monoyer  boils  camphor 
with  10  ptii.  of  strong  nitric  acid  and  a  few  platinum-cuttings,  ronewing  the  add 
from  time  to  time  till  the  supernatant  oily  layer  disappears ;  then  distils  off  the 
excess  of  nitric  acid ;  and  heate  the  camphoric  acid,  which  crystallises  out  in  cooling, 
till  white  fumes  begin  to  appear.  The  residual  mixturo  of  camphoric  acid  with  a 
small  quantity  of  the  oxide  may  be  wholly  converted,  either  into  the  acid  by 
boiling  with  water,  or  into  the  anhydride  by  distillation.  If  the  same  mixture  be 
dissolved  in  hot  alcohol,  the  solution  yields  on  cooling,  especially  if  a  little  water  be 
adrled,  nothing  but  camphoric  oxide. 
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Camphoric  oxide  tieated  with  bttrium  dioxide  and  water,  is  converted  into  the 
Varitim-eompound  of  camphoric  peroxide,  C^'H'^BaO  (Brodie ;  see  iv.  311). 

Camphorie  aeid  heated  to  200^  with  concentrated  hydriodic  acid,  yields,  together 
with  carbon  dioxide  and  free  iodine,  a  hydrocarbon,  C*H*%  which  does  not  unite  with 
bromine,  and  is  oxidised  by  prolonged  heating  with  chromic  acid  mixture,  to  an 
insoluble  acid  which  crystallises  in  colourless  needles  (WeyU  ZeiUckr,  /.  Ckem,  [2] 
iv.  496). 

The  camphoraies  of  the  aUuili-metals  yield  by  dry  cKstillation,  phorone  or 
camphorone,  G*H*^0  ^i.  733) ;  but  when  fiised  with  excesa  of  caustic  alkali,  they 
yield  chiefly  three  proaucts,  all  of  which  are  acids,  one  volatile  consisting  of  butyric 
ticid  (perhaps  mixed  with  valeric),  and  two  fixed — viz.  a  cr^'stalline  add  melting  at 
114^,  and  exhibiting  the  composition  of  pimelic  acid,  C^H'^O*,  and  a  liquid  acid 
resembling  Schwanert*B  camphroticacid  (Hlasiwetz  a.  Grabowsld,  ZeiUckr.  /.  Chem.  [2] 
iv.  508). 

Pota$9%um  eamphorate,  C**H**0*K*,  obtained  by  saturating  a  boiling  solution 
of  potassium  carbonate  with  camphoric  acid,  crystallises  with  difficulty  in  tufts  of 
deliqueeceut  czystals  soluble  in  alcohol.  The  sodium  salt  C'H'^O'Na'  jfyrepared 
in  lilbs  manner  forms  indistinct  crystals  which  deliquesce  in  moist  air.  The  lithium 
salt  C*H'K)^Li*  is  a  white  powoer  soluble  in  an  equal  weight  of  water,  soluble  also 
in  alcohol.    Add  camphorates  of  the  alkali-metals  have  not  been  obtained. 

Barium  salts. — By  boiling  camphoric  acid  with  excess  of  barium  carbonate,  an 
add  and  a  neutral  salt  are  formed  together,  the  acid  salt  crystallising  out  first.  The 
mutral  salt  2C»H*K)'Ba.9H'0  crystallises  in  wavellitic  needles,  soluble  in  an 
equal  weight  of  water,  sparingly  soluble  in  alcohol,  becoming  anhydrous  at  120^. 
The  acid  saU  (C"H»H)*)«Ba.2H«0.  or  C»*H'*0*Ba.C'»H»«0«.2H«0,  obtained  as 
above,  or  by  dissolving  camphorie  add  in  an  equivalent  quantity  of  the  neutral  salt, 
crystallises  io  tufts  of  pnsma  soluble  in  60  pts.  of  boiling  and  120  pta.  of  cold 
water.  When  heated  it  gives  off  part  of  the  camphoric  add,  which  sublimes. 
Calcium  salts.-^Thb  neutral  salt  2C>*Hi«0«Ca.9HH)  is  obtained  by  treating 
camphoric  add  with  milk  of  lime,  in  crystalline  crusts  soluble  in  12  to  16  pts.  water. 
The  acid  salt  (C'*H**0*)'Ca  is  obtained  in  large  anhydrous  prismatic  crystals  by 
boiling  the  neutral  salt  with  camphoric  acid,  evaporating  to  dryness,  and  crystallising 
the  rendue  from  aqueous  solution.  A  hudrated  and  salt,  (C**H'*0*)'Ca .  7H'0,  was  once 
obtained  in  crystalline  ousts  by  boiling  calcium  carbonate  with  aqueous  camphoric 
acid,  evaporating  to  dryness,  and  crystallising  the  redissolved  residue.  By  again 
boiling  this  last  salt  with  calcium  carbonate,  crystalline  crusts  or  prismatic  crystals 
were  formed,  soluble  in  16  pts.  water,  and  agreeing  approximately  with  the  formula 
2C"H"0*Ca.(C"H>*0*)»Ca.8aq.  The  magnesium  salt  C'«H»*0'Mg,  produced 
by  heating  aqueous  camphoric  acid  with  mtignesia  albft,  crystallises,  apparently  under 
similiir  circumstances,  with  7|,  12,  and  13^  mol.  water.  The  7}-hydrate  forms  thin 
efflorescent  tables  soluble  in  2*6  pts.  water  at  20^,  and  becoming  anhydrous  at  120^. 
A  dilute  solution  of  the  neutral  salt  mixed  with  camphoric  acid  deposits  the  latter 
without  forming  an  acid  magnesium  salt.  The  zinc  salt  C**H"0*Zn,  obtained  by 
predpitation,  is  a  white  sparingly  soluble  powder  (R.  Kemper,  Arch.  Pharm.  [2]  ex. 
106;  cxvii.  23;  Jahresb.  1862,  p.  270;  1864,  p.  403).  Cupric  camphorais 
heated  to  200°  gives  off,  together  with  camphoric  anhydride  and  water,  a  hydro- 
carbon which,  after  rectification  over  sodium,  has  the  composition  C*H'^,  boils  at 
106°,  has  a  density  of  0*793,  vapour-density  3*984;  smells  like  camphor  and 
turpentine-oil;  is  converted  by  hydrochloric  acid  gas  into  a  green  oil  of  small 
volatility;  and  is  resinised  by  nitric  acid  (Moitessier,  Jahresb,  1866,  p.  410). 

laaotSwe  Cni&plioTlo  Aeid — Paraoampborte  A^ld^s  produced  by  oxidation 
of  optically  inactive  camphor  (i.  729),  or  by  mixing  equal  weights  of  dextro-camphoric 
and  laevo-camphoric  adds  in  concentrated  alcoholic  solution ;  in  the  latter  case  a  rise 
of  temperature  takes  place,  amounting  sometimes  to  Z0°,  and  the  inactive  acid 
seperates  as  a  white  precipitate. 

Paracamphoric  acid  crystallises  with  difficulty  in  forms  belonging  to  the  monoclinic 
system,  but  not  exhibiting  hemihedral  faces.  It  is  less  soluble  than  either  of  the 
optically  active  camphoric  acids;  100  pta.  alcohol  dissolve  33  pts.  of  it;  100  pts. 
father  28  pta. ;  100  pts.  water  only  1  pt. ;  and  in  chloroform  it  is  still  less  soluble. 
The  paracamphorates  of  the  alkali-ttietals  are  easily  soluble  and  uncrystallisable. 
The  barium  salt  forms  needle-shaped  crystals,  soluble  in  about  10  pts.  of  water. 

When  10  pts.  of  paracamphoric  add  are  boiled  with  20  pts.  absolute  alcohol  and 
6  irfs.  sulphuric  acid,  and  the  liquid  then  mixed  with  water,  a  viscid  oil  separates, 
which  is  resolved  by  heat  into  ethyl  paraeamphorate  and  paracamphoric 
anhydride.    On  dissolving  the  mixture  in  boiling  alcohol,  the  anhydride  crystallisea 
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out,  while  the  ether  remains  in  solution,  and  may  be  precipitated  by  water.  Para- 
camphoric  anhydride  crystallises  from  chloroform  in  small  needles;  100 pts. chloroform 
dissolve  25  pts.  of  it;  100  pts.  ether,  4  pts.;  100  pts.  alcohol,  only  1}  pt.  Et^ 
paracamphorate  is  a  colourless  strong-smelling  oil,  having  a  sp.  gr.  of  1*03  at  15^, 
and  boiling  at  270°-27«'>^.  Boiling  potash-ley  decomposes  it,  with  formation  of  an 
inactive  camphoric  acid,  different  from  that  which  was  employed  in  its  preparation, 
being  pulverulent,  uncrystullisable,  nearly  insoluble,  fusible,  and  subliming  partially 
with  loss  of  water  (Chautard,  Compt.  rend,  Ivi.  698  ;  Jahresb.^ IS6Z,  p.  394). 

CAlKPBRBJrB.  C*H^^O. — A  product  isomeric  with  phorone,  formed  by  the 
action  of  sulphuric  acid  upon  camphor.  It  was  first  obtained  by  Chautard  (who 
assigned  to  it  the  formula  C^H'^O,  i.  727)i  and  has  been  further  ezaminea  by 
iSchwanert  {Ann.  Ch.  Pharm.  cxxiii.  298).  To  prepare  it,  1  pt.  of  camphor  is  heat«d 
to  100^  for  five  or  six  hours  with  4  pts.  sulpnuric  acid ;  the  resulting  solution  is 
mixed  with  water ;  the  oil  which  rises  to  the  surface  is  distilled :  and  the  portion 
which  goes  over  between  220°  and  240°  (the  distillate  of  lower  boiling  point  contain- 
ing a  larger  proportion  of  unaltered  camphor)  is  heated  nearly  to  its  boiling  point  in 
a  stream  of  hydrogen  for  four  or  five  days,  or  till  no  more  camphor  is  deposited  on  the 
neck  of  the  retort,  then  rectified,  the  portion  boiling  between  230°  and  235°  being 
collected  apart. 

Camphrone  is  a  nearly  colourless  liquid  having  a  pleasant  aromatic  odour  and  a 
sharp  taste,  a  sp.  gr.  of  0*9614  at  20°  ;  optically  inactive;  insoluble  in  water,  easily 
soluble  in  alcohol  and  ether.  From  phorone,  which  resembles  it  in  its  chemical  reactions, 
it  is  distinguished  chiefly  by  its  boiling  point,  which  is  from  27^  to  30°  higher  than 
that  of  phorone  (208°^  ;  a  similar  difference  of  boiling  point  is  exhibited  idso  by  the 
corresponding  derivatives  of  the  two.  Both  phorone  and  camphrene  are  converted  by 
phosphoric  anhydride  into  hydrocarbons  having  the  composition  of  cumene,  C*H**, 
that  from  phorone  boiling  at  150°-160°,  that  from  camphrene  at  170°-175°.  Both 
camphrene  and  phorone  are  oxidised  by  nitric  acid  to  camphrenic  add. 

Methfl-eamphrenet  CH*'(CH')0,  is  formed  by  adding  sodium  to  a  mixture  of  equal 
parts  of  camphrene  and  benxene  in  an  atmosphere  of  hydrogen,  till  the  sodium  remains 
unaltered  even  when  heated,  and  cohobating  the  solution  with  excess  of  methyl 
iodide.  Water  added  to  the  resulting  liquid  separates  a  brown  oil,  from  which,  by 
repeated  rectification,  methyl-camphrene  is  obtained  as  a  colourless  aromatic  liquid 
boiling  at  225°-230°. 

Acetyl-eamphrene  is  obtained  in  like  manner,  using  acetyl  chloride  instead  of  methyl 
iodide.  It  is  a  yellowish  viscid  liquid,  having  an  unpleasant  odour,  a  sp.  gr.  of  0*954 
at  18°,  and  boiling  at  230°-240°.  Its  analysis  leads  to  the  formula  C"H*'(C>HK))0', 
from  which  it  may  be  inferred  that  the  true  formula  of  camphiene  is  C'*H"0',  and 
that  of  methyl-oamphrene  C"H^(CH')K)'.  This  double  formula  of  camphrene  is 
quite  consistent  with  the  difference  of  boiling  point  between  camphrene  and  phorone, 
which  seems  to  indicate  that  these  compounds  are  polymeric  with  one  another,  rather 
than  merely  isomeric. 


CABKVJUUUriC  ACXB.  CH'O^  ?  (Schwanert,  he.  c«^).— Produced,  b^  treating 
camphrene  or  phorone  for  a  considerable  time  with  3  or  4  pts.  of  strong  nitnc  acid,  as 
a  rosinous  mass  which  may  be  purified  by  solution  in  sodium  carbonate,  precipitation 
with  an  acid,  and  evaporation  of  the  alcoholic  solution,  after  decolonsation  with 
animal  charcoal.  It  is  white  or  pale  yellow,  tasteless  and  inodorous,  nearly  insoluble 
in  water,  easily  soluble  in  alcohol  ana  ether,  and  crystallises  in  microscopic  nodules. 
Heated  to  250°  it  suffers  partial  carbonisation,  and  gives  off  the  anhydride  C»H«0*, 
in  white  feathery  crystalline  groups.  The  barium  salt  C»H«0*Ba  is  a  brownish-yellow 
amorphous  mass  easily  soluble  in  water.  The  lead  salt  C*H*0<Pb,  and  the  mlwr  salt 
C"H*0*Ag»,  are  white  precipitates. 


C"H"0'  ? — An  acid  occurring,  according  to  Schwanert 
(Ann.  Ch,  Pharm.  cxxviii.  77)>  amongst  the  products  obtained  by  heating  camphor 
with  dilute  nitric  acid,  and  yielding  by  dry  distillation  pyrocamphretic  add, 
C'"H**0*,  in  the  form  of  an  oil ;  metacamphrotic  acid,  C"H'*0*,  in  tabular  crystals  ; 
And  a  sublimate  of  camphorit^  anhydride  (iv.  756).  The  existence  of  this  acid  is, 
(however^  by  no  means  well  established.  The  acid  itself  and  all  its  salts  and  ethers 
Are  unerystallisable,  and  thereforo  their  analyses  are  not  much  to  be  depended 
upon. 


C*H"Cl,  is  produced  by  the  action  of  phosphorus 
|»entachloride  on  camphrene.  The  distillate,  washed  with  water  and  sodium  carbonate 
•nd  repeatedly  rectified,  yields  camphryl  chloride  as  a  colourless  neutral  liquid  of  sp. 
gr.  1*038  aA  14**  and  boiling  at  206°.    The  isomeric  compound,  phoiyl  or  camphoryl 
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cUoridfl,  boils  at  1 75^.    Ounphirl  chloride  is  not  deocMnposed  by  sodium  ethylate 
(Schwuiext,  Ji^n.  Ck.  PAarm,  czxiii.  298). 


A  tenn  applied  by  H.  Vohl  to  that  portion  of  the  volatile  hjdr.)- 
carboos  of  Canadian  and  Pennsylyanian  petxoleum  which  boils  at  60^  and  has  a  up. 
gr.  of  0*650  to  0*700.  Tliis  liquid  is  recommended  by  Vohl,  instead  of  carbon  bisul- 
phide, for  extracting  the  ilxed  oils  of  seeds  (Dinffl.  pol,  J.  clxxii.  819 ;  Jakretb,  1866, 
p.  893). 


The  fixed  oil  of  the  East  Indian  plant,  Canarium  commune,  con- 
tains about  61  p.  c  olein  and  49  p.  c  stearin  and  myristin.  The  oleic  acid  obtaineil 
from  it  by  saponification  is  identical  with  that  from  oUto  oil  (Oudemans,  J.  pr,  Chein, 
407). 


This  wax,  which  forms  a  coating  on  the  leaves  of  the  Cananba 
tree  of  Brazil  {Copermeia  cerifera\  has  been  investigated  by  Maskelyne  (Chem,  Soc.  J. 
[i2],vii.  87).  It  is  lig^t  yellow  witn  a  tinge  of  green ;  considerably  harder  than  beeswux 
at  ordinaiy  temperatures;  melts  at  about  84^ ;  has  a  sp.  gr.  of  0*99907  ;  and  leaves 
about  0*14  p.  c  ash  when  burnt.  By  saponification  witn  alcoholic  potash  it  yields  a 
considerable  quantity  of  myricyl  alcohol,  (C**H*K)  or  C**H*'0^,  melting  at  about  88^. 
which  exists  in  the  wax  in  the  free  state,  and  may  also  be  dissolved  out  from  it  by 
aloohoL  By  treating  this  alcohol  in  the  fused  state  (at  120^-135°^  with  phosphorus 
sod  iodine,  it  was  converted  into  an  iodide,  C^H"!  or  C"H"I,  insoluble  in  ether  and 
melting  at  67^ ;  and  another  substance  melting  at  70^-76^,  which  was  dissolved  by  the 
tiCtier.Yfithpho8pkoruMp€»taehivride  it  yielded  achlorinated  substance  probably  consist- 
ing of  a  mixture  of  the  compounds  C"H"a  and  C»»H«Hn»  or  C»»H"C1  and  C«»H«Cl«. 
Heated  with  ndphmrie  acid  and  then  saturated  with  alcoholic  potash,  it  yielded  a  potis- 
sium  salt  i«?reeing  with  the  formula  C**H**KSO«  more  nearly  than  with  G**H<>KSO«. 

The  wax  also  contains  small  quantities  of  other  alcohols,  very  difficult  to  separate. 
By  repeated  crystallisation  from  bensol  and  ether,  it  appears  to  yield  an  alcohol 
C"H^,  melting  at  7B^,  and  a  substance  C*H*K)*,  melting  at  106^. 

Lastly,  the  wax  contains  a  mixture  of  several  acids  differing  in  their  melting 
points,  out  very  difllcult  to  separate  fh>m  a  resinous  body  which  adheres  to  them. 

CarnaMba  or  Carnahuba  wax,  which  coats  the  leaves  of  Corypha  oefifera 
(I.  805),  also  a  Brasilian  tree,  is  probably  the  same  as  Canauba  wax,  inasmuch  as 
it  malts  at  aboot  84**  and  yields  by  saponification  an  alcohol  melting  at  88*^.  Accord- 
ing to  Btexd  {Zeitsckr,  /.  Chem,  [2]  iv.  416^),  it  also  oontains  cerotic  acid,  which  may 
be  dissolved  out  by  alcohol. 

See  the  next  article. 


When  Indian  hemp  (Cannabu  tmltea)  is  distilled  in  considerable 
quaatitj  with  an  equal  weight  of  water,  an  oil  lighter  than  water  is  obtained,  which  at 
12^  deposits  small  crystals,  and  is  therefore  a  mixture  of  two  substances,  one  liquid, 
the  otLer  solid.  The  liquid  portion,  cannabene,  is  colourless;  has  a  powerful 
odour;  boils  between  235^  and  240^ ;  distils  in  a  vacuum  between  90  and  95° ;  gives 
by  analysis  numbers  agreeing  with  the  formula  C*H**,  and  has  a  vapour-density  of 
4*38  (cale.  3*99).  When  heated  it  appears  to  be  partly  converted  into  isomeric  modi- 
fications which  interfere  with  the  exact  determination  of  its  boiling  point  and  vapour- 
densitj.  It  dissolves  with  red  colour  in  strong  sulphuric  acid,  and  is  oxidised  by 
chiQBue  arid,  yblding  acetic  and  valerianic  acids,  together  with  other  products. 
Gannabeiie  cxarts  a  powerful  intoxicating  action,  though  in  this  respect  it  is  less 
energetic  than  eannaiin,  the  resin  of  Indian  hemp  (i.  784).  The  solid  substance 
whi^  separates  from  the  crude  oil,  as  above  mentioned,  crystallises  from  alcohol  in 
small  scales  having  a  fatty  lustre  and  a  faint  odour  of  hemp ;  it  contains  84*02  p.  c. 
carboo  and  15-98  hydrogen  (Personne,  J*.  Pharm.  [3]  xxxi.  46). 

Oxycannabin,  C*H*0',  is  obtained  by  repeatedly  treating  the  resinous  extract  of 
Indian  hemp  with  nitric  arid  of  sp.  gr.  1*32  to  1*42  till  the  whole  is  dissolved,  then 
eraporating  the  acid  liquors,  washing  the  deposited  substance  with  cold  wuter,  and 
oystalliring  it  from  hot  methylated  spirit.  It  forms  long,  fiat,  white  or  slightly 
yellow  prisms,  tasteless,  insoluble  in  water,  slightly  soluble  in  alcohol,  soluble  also  in 
benzol  and  in  chloroform,  insoluble  in  carbon  bisulphide  and  in  ether.  It  dii^solves 
in  hoi  nitric  acid  and  separates  unchanged  on  evaporation  ;  also  in  oil  of  vitriol,  the 
solution  blackening  when  heated.  It  is  not  altered  by  boiling  with  moderately  strong 
potash,  soda,  or  ammonia ;  its  alcoholic  solution  is  neutral  to  test-paper.  Heated  on 
platinum-foil  it  melts  and  bums ;  heated  in  a  tube  it  melts  at  175-176^,  and  at  a 
nigher  temperature  sublimes  without  residue  in  long  asbestos-like  needles. 

The  acid  mother-liquors  of  oxycannabin  left,  on  further  evaporation,  an  acid  substance 
oystaUi^og  in  plates  (Bolas  a.  Francis,  Chetn,  Soc.  J.  [2]  vii.  417). 
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CA»TW  II y rpnr.  Aoeoiding  to  Ferrer  {JakreA.  IMS,  p.  697),  this  snlistanee 
existe  in  all  parts  of  csntharides,  but  most  abondaiitly  in  tin  soft  parts.  From  20 
gnns.  of  Mytahris  puttmUOa  he  obtained  0*066  gnn.  ^^nth^wHiii  ^  fipom  other  apedes  q( 
Mylabris,  smaller  quantities. 

Hortreux  (</.  PAorm.  [3]  xItL  33)  prepazes  eaatharidin  hj  eshaasting  palTeiriaed 
cantliarides  with  chlorofonn  (or  ether)  and  treating  the  erapontod  extract  with  carboo 
bisulphide,  which  dissolves  the  admixed  fat,  and  leaves  nearly  pore  cantharidin,  to  be 
iiiiHlly  purified  by  recrystallisation  from  alcohoL  By  the  use  of  a  suitable  di^Aioe- 
xnent  apparatos,  the  same  process  may  be  aj^lied  to  the  qnantitBtive  estimatioD  of 
cantharidin.  According  to  Mortrenx*s  experiments,  cantharides  contain  on  the  STenge 
0*5  p.  c.  of  cantharidin.  A  similar  metnod  of  preparation  and  esdmsdoB  is  recam* 
mended  by  Fumouse  {Und.  [4]  vi.  161).  According  to  Werner  {Jai^tab.  1867,  p.  786), 
a  quantity  of  cantharidin,  larger  by  )  to  |,  is  obtaimed  by  treating  the  insects  wiUi  ^ 
pt.  finely  pulverised  heavy  spar  and  J^  dilute  sulphuric  acid,  then  quickly  diTing 
them  over  calcium  chloride,  with  addition  of  ^  pt.  of  burnt  alum,  and  ^h^iMtjiig  with 
ethor. 

According  to  Bluhm(Zfi/!scsAr.  /.  Ckem.  [2]  i.  675 ;  JakreA.  1865,  p.  571).  cantha- 
ridin exists  in  canthariaes  in  two  modifications,  one  soluble,  the  other  insolubK  ia 
alcohol,  ether,  and  chloroform ;  but  the  insoluble  modification  may  be  rendered  soluble 
by  treating  the  pulverised  cantharides  with  an  acid,  or  drying  them  mixed  with  water 
and  calcined  magnesia,  and  treating  the  rlried  mass  with  dilute  sulphuric  acid.  When 
cantharides  are  desiccated  with  magnesia,  a  crystalline  compound  is  formed,  insoluble 
in  alcohol,  ether,  or  chloroform,  and  only  partially  soluble  in  water,  but  still  poeseaied 
of  vesiccating  properties.  With  baryta  also  cantharidin  forma  a  oomponnd  sparinglj 
soluble  in  water ;  with  the  alkalis,  easily  soluble  oomnonnds.  GantharidiQ  does  net 
volatilise  with  vapour  of  water  or  alcohol.  100  pts.  of  toe  foUowiqg  liquids  dissolTe  at 
18^  the  quantities  of  cantharidin  stated  below : 

Alcohol     Oartxm  UBO^hlde       Bther  Benasl  OliIenlanB 

0-03  0*06  Oil  0*30  1-20 

For  the  estimation  of  cantharidin,  30  grms.  of  pulverised  cantharides  are  mixed 
with  water  and  8  to  10  grms.  of  calcined  magnesia,  and  dried  over  the  water-bath; 
the  residue  is  supersaturated  with  dilute  sulphuric  acid  «nd  sbaken  up  with  etiier 
frequently  renewed ;  or  the  mass  is  dried  a  second  time  and  treated  with  ether  or  ehlo- 
roform.  The  residue  of  the  ether  or  chloroform  extract,  consisting  of  cantharidin,  fat, 
and  a  yellow  substance,  is  treated  with  carbon  bisulphide  to  remove  the  &t,  and  with 
alcohol  to  remove  the  yellow  substance,  and  the  residue  is  weighed,  the  quantitiei  of 
cantharidin  dissolved  by  the  carbon  bisulphide  and  the  alcohol  being  estimated  by 
calculation  and  added  to  the  weight  By  this  method  Blufam  found  in  cantfaaridea 
0*264  p.  c.  cantharidin,  and  in  Mylabris  quattiordecimpwtuJUUa  0*466  p^  c ;  in  Jf. 
mdanura  only  a  very  small  quantity. 

Dragendorff  a.  Mosing  {ZeUachr,  /.  CUm,  [2]  iii.  464 ;  iv.  306)  have  obtained  a 
number  of  metallic  derivatives  of  cantharidin,  mostly  cfystallisahle  and  represented 
in  composition  by  the  formulse  C*H'0"M  and  (C*H'0*)'M".  The  eompoun<b  with 
the  alkali-metals  separate  in  the  crystalline  form  on  inadng  canthaiicun  with  the 
solution  of  an  alkaline  hydrate ;  those  of  the  alkaline  earth-metals  and  heavy  metaia 
are  obtained  by  double  decomposition  with  the  potassium  compound,  as  sparinglj 
soluble  mostly  crystalline  precipitates.  These  precipitates,  however,  are  gensrally 
mixed  with,  free  cantharidin,  so  that  their  composition  as  determined  \fj  aoaljsia 
is  uncertain. 

According  to  Dragendorff  (ZeiUchr.f,  Chem.  [2]  iii.  187),  cantharidin  ia  not 
poisonous  to  all  animals,  and  acts  upon  different  animals  with  vaziouB  degrees  of 
intensity. 

Dragendorff  finds  also  that  cantharides  contain  a  small  quantity  of  a  volatile  body 
which  passes  over  in  distillation  with  water,  and  exerts  the  same  physiological  action 
as  cantharidin. 

OAOUTCBOVC.  W.  A.  Miller  {Chm,  8oc.  J.  [2]  iii.  27^)  has  made  impiatani 
observations  on  the  alteration  of  caoutchouc  (and  of  gulta-percha)  by  the  action  of  air 
and  water.  Caoutchotic  may  be  left  for  years  ih  the  dark,  exposed  to  the  air  or  under 
water,  without  much  alteration,  but  if  exposed  to  light  and  to  the  open  air,  and 
especially  to  the  alternate  action  of  air  and  water,  it  soon  becomes  glutinous,  lea 
elastic,  and  more  soluble  in  alcohol  and  dilute  alkalis  than  unaltered  caoutchouc.  Th\$ 
change,  which  is  due  to  oxidation,  takes  place  more  quickly  with  manufactured 
caoutchouc  than  with  the  less  porous  natural  substance.  The  chemical  nature  of 
the  change  is  shown  by  the  following  analyses:  A,  of  natural  caoutchouc;  B,  of 
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mannfactarpd  caoutchouc;  C«  of  the  portion  of  A  (11*8  p.  c)  which  was  diMolred  out 
by  alcohol,  after  the  caoutchouc  had  been  exposed  for  nine  months  to  air  and  light : 

Carbon  Hjdrogen  Oxygen 

A    .     .    86-82  11-11  307  »  100 

B    .     .     86-68  1206  2*41  ^  100 

C    .    .    67-23  9-64  23*23  -  idO 

A  similar  result  was  obtained  by  Spiller  {Und.  44)  in  a  waterproof  padung^oth 
consisting  of  cotton  and  dissolved  caoutchouc,  which  had  been  exposed  to  the  air  for 
six  jean. 

Caoutchouc  swells  up  and  dissolyes  with  great  facility  in  melting  naphthalene 
(Kletaina^,  Zeitsehr, /,  Ckem.  [2]  ii.  127). 


r.  According  to  Musculus  {Chem.  Cemtr.  1864,  p.  922 ;  Jakrah. 
1864,  p.  6),  many  substances,  even  in  small  quantity,  exert  a  considerable  influence  on 
the  capillarity  of  water,  whereas  others  do  not  perceptibly  alter  it  To  the  class  of 
snbstAJoes  actire  in  this  respect  belong  alcohol,  acetic  acid,  the  deriTatiyes  of  alcohol 
which  are  soluble  in  water,  also  the  biliary  acids,  and  soap ;  to  the  inactire  class 
belong  mineral  acids,  most  salts,  sugar,  extractire  matters,  and  albumin.  Musculus 
estimiites  the  force  of  capillarity  by  measuring,  by  means  of  a  simple  apparatus,  the 
pressure  required  to  expel  the  column  of  liquid  from  the  capillary  tube.  He  recom- 
mends capillarimetary  as  a  delicate  analyticid  method  for  the  detection  of  substances 
which  are  active  in  the  sense  above  mentioned,  and  especially  for  estimating  the 
anumnt  of  alcohol  or  acetic  add  in  aqueous  solutions.  The  capillarity  of  water  beins 
taken  as  unity,  the  following  values  nave  been  obtained  for  other  liquids,  all  estimated 
in  the  same  capillaiy  tube: 

OKpUIultj 

Water 1000 

Alcohol 0-312 

Acetic  add 0-398 

Water  containing  2  p.  c  Alcohol 0-904 

,•  ^p.  c      „ 0-800 

„  2  pb  c  Acetic  add      ......        0-960 

„  6  p.  c        „  0*846 

On  this  prindple  an  alcoholometer  called  a  '  liquometer*  has  been  constructed.  Its 
essential  part  consists  of  a  graduated  capillary  tube  about  4  inches  long,  and  having  its 
lower  end  in  contact  with  Die  liquid  to  be  tested.  The  point  of  the  tube  at  which  the 
liquid  column  finally  rests  indicates  the  proportion  of  alcohol  in  the  liquid.  The 
indicationa  of  the  instrument  are  limited  to  20  p.  c.  alcohol ;  liquids  richer  in  alcohol 
must  previously  be  diluted  with  a  measured  quantity  of  water.  This  liquometer  is 
applicable  to  the  testing  of  pure  alcoholic  liquids,  and  probably  also  of  light  wine(< ; 
but  not  to  wines  rich  in  sugar  or  to  beer  {Pharm.  J,  Trans,  [2]  ix.  171  ;  Jahresb.  1867, 
p.  14). 

Wilhelmy  {Bogg,  Ann.  cxxi.  44 ;  cxxii.  1)  has  determined  by  a  peculiar  process  the 
eoeflldents  of  capillarity  *  of  a  number  of  oiganic  substances,  and  has  derfuoed  from 
the  resnlta  the  following  general  condusions  respecting  the  dependence  of  this  physical 
propetty  npon  chemical  composition. 

1.  In  saCMtances  equal  in  their  proportions  of  hydrogen  and  oxygen,  the  coeffident 
of  capillarity  increases  with  the  amount  of  carbon  :  e.g.  alcohol  C'H'O,  and  acetone 
(?H«0 ;  ethyl  acetate  C^H*0*,  andmethyl-benzoate  C*H'0' ;  amjlene  C*H>*,  and  xylene 
C"H'».  * 

2.  In  like  manner,  with  equal  amounts  of  hydrogen  and  carbon,  the  coefficient  of 
capillarity  increases  wtth  Uie  amount  of  oxygen  :  m,  acetone  C'H'O,  ethyl-formate 
C^HH)*,  and  lactic  add  C*H-0«. 

•  Tbe  eoeOcient  of  capillari^  is  the  weight  of  liquid  railed  by  capillary  acti<»  on  an  immersed 
Mttdbo4y,  Cor  the  linear  nnit  of  the  line  of  contact  (1  mm.).  Thie  weight, «,  is  oalcolated  hj  the 
eq[iiBtloa 

-  .  »  — P  — e« 

•       A • 

fat  vhldi  P  dsDOtee  the  weight  In  air  of  the  Immersed  body ;  »,  the  weight  which  counterpoises  the 
sane  boAj  when  immersed  so  far  that  the  portion  e  of  its  total  volume  is  within  the  liquid ;  A,  the 
l«DgAo<  the ootttact-line  between  thestiid  body  and  the  liquid ;  and  «,the  qiedflc  gravity  of  the 
liquid. 
The  above  equation  gives 

««P«e«+.«A. 

WUhefany  regards  this  coeiBdent  of  capillarity  «  ss  an  approximate  measnie  of  the  molecular  cohesion 
of  Um  UqaicL 
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8.  It  likewise  inenaees  with  the  shnnltaiiecvfl  iocxcaae  of  cuhon  and  oxjgm: 
€M.  methyl  alcohol  CH'O,  and  acetic  aod  C^HX* ;  ethyl  akohol  CWO.  and  ladie 
addC^K)*. 

4.  Incrtaee  in  the  proportion  of  hjdzogen  diminiahea  the  eoefBcient  of  miUanty: 
tjg,  beiuEoie  aldehyde  CTHH),  and  ethyl-amyl  ether  CH>«0 ;  nlicykd  (rHH)>,  and 
amyl  acetate  (TH'^O*. 

6.  ^r  increaae  of  oxygen  and  diminution  of  hydrogen  it  ia  incnaaed :  tjg,  hntyrie 
acid  0^*0*.  and  acetic  anhydride  C^HH)*. 

6.  The  preaence  of  chlorine,  bromine,  or  iodine  increaaea  theeocffirientof  eapilUuiiy 
when  the  amount  of  hydrogen  ia  at  the  same  time  diminished,  and,  within  certain  limit*, 
errn  when  the  amonnt  of  hydrogen  is  increased,  or  that  tA  oxygen  diminished :  tj^. 
ethyl  chloride  C^*C1,  and  ethylene  chloride  (>H*a*  ;  ethyl-amvl  ether  (?H*H),  vA 
benzoyl  chloride  CrHK)a ;  ethyl  oxide  CH'^O ;  ethyl  chloride  C*H«CU  hramide,  and 
iodide. 

7.  Homologons  compounds  hare  equal  ccefficients  of  cainDarity. 

8.  Increase  of  oxygen  raises  the  coefficient  of  capillarity,  eren  when  the  snbetaaoe 
richer  in  oxygen  diners  at  the  same  time  by  +  nCH*  from  the  one  which  eonlaios 
less  oxygen;  this  however  is  true  only  for  compounds  of  similar  chancier.  As 
examples  in  which  it  holds  good  are  adduced :  acetic  anhydride  C'HH)',  and  ethyl 
oxalate  C«H'«0« ;  amylene  C*H>*,  and  methyl  Taleraie  Q^li}Hfi ;  cnminol  C*H"0,  and 
methyl  bensoate  C*H*0* ;  oetylene  C'^H**,  and  acetic  add  C^H)*.  Km  examples  of 
compounds  in  which  the  same  law  does  not  hold  good :  saligrlol  CHK)*,  and  methyl- 
salicylic  add  C"HK)> ;  cetylene  C>«H",  and  amyl  formate  C^'H)'. 

9.  Isomeric  compounds  exhibit  equal  coeffidenta  of  capillarity  only  when  they  an 
allied  in  chemical  character. 

On  eUetfthcapiilary  diffuium,  see  Becquerel  (Cratp^.  rend.  Ixrii.  1081 ;  ZeiUekr.  f. 
Chem.  [2]  t.  134). 

OAVKOIO  AOIB.  C«H'*0«  «  Cm'»O.H.O  -  C»H«» . CO«H.— This  add oeciui. 

together  with  butyric  and  yaleric  adds,  in  the  flowers  of  Satyrium  kircimvm,  which 
have  an  odour  of  bugs  (ChautArd,  Bull.  Soe,  Chim.  [2]  \L  66) ;  and,  together  with 
several  of  its  lower  homologues,  in  the  sarcocarp  of  Ginffko  hiMHi  (Bichamp,  tMi.). 
It  has  also  been  found  by  C.  Kraut  (Ann.  Ch.  Pkarm.  ciii.  29),  together  with  bntyrie 
acid,  in  the  water  of  a  brook  running  out  of  poaty  soil. 
Caproic  acid  is  formed  synthetically : 

1.  By  the  action  of  carbon  dioxide  ou  sodium-amyl  (produced  by  treating  snc^Dyl 
with  sodium) : 

C»H»'Na  +  C0«  =  C»H".COONa 
Sodium  Sodium  ca{voate 

amyl  * 

(Wanklyn  a.  Schenk,  Chem,  8oc.  J.  [2]  vi.  31). 

2.  By  treating  amyl  hydride  with  carbonyl  chloride,  whereby  caproyl  chloride  if 
produced: 

C*H'»  +  COa«  =  HCl  +  C*H"Oa ; 

converting  this  chloride  into  ethyl  caproate  by  the  action  of  boiling  alcohol,  the  eth^l 
caproate  into  barium  caproate,  &c.  (Hamit2-Hamitaky,  Bull.  Soe.  Ckim.  [2]  iii- 
36»). 

It  is  also  produced  in  the  following  reactions : 

8.  By  the  action  of  hydriodic  acid  upon  leucine  (amidocaproie  acid) : 

C*H"(NH»)0»  +  3HI  «  C«H"0«  +  NH*I  +  P 

(Hufner,  ZeUsekr.f.  Chem.  [2]  iv.  891). 

4.  Together  wiUi  hexyl  alcohol  and  marsh  gas,  by  the  fermentation  of  ethyl 
alcohol  in  contact  with  syntonin  or  washed  meat,  and  chalk  (B^champ,  ibid.  702) : 

7C«H«0  »  2C«H'*0«  +  2CH«  +  2H«  +  3H*0 
and 

7C«H«0  -  C«H»«0«  +  C«H»*0  +  2CH«  +  4H«0. 

6.  In  small  quantity,  together  with  butyric  acid,  in  the  fermentation  of 
8t.  John's  bread  (the  fruit  of  Ceratonia  eiliqua)  and  of  starch-paste  (J.  Sticht,  ihid. 
p.  220). 

6.  Together  with  oenanthylic  and  valeric  acids  and  eapronitrile,  in  the  oxidation  of 
diamyl  by  nitric  acid  (Schorlemmer,  ibid.  643). 

7.  By  oxidation  of  oetylene  hydrate  (secondaiy  octyl  alcohol)  with  potassium 
dibromate  and  sulphuric  acid  (P.  l)e  Clermont,  ibid.  v.  727). 

8.  In  the  dry  distillation  of  wood.    After  the  water}'  portion  of  the  crude  diutiUate 
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bus  been  neutralined  with  aoda,  and  the  greater  part  of  the  sodinm  acetate 
hae  cz3rBtaUi8ed  out,  a  mother-liquor  is  obtained  whicn,  after  concentration,  yielda 
raoceaeiTely  the  sodium  salts  of  all  the  fiitty  acids  from  formic  to  caproic  (Barr6,  ilfid. 
445). 

Caproic  acid  prepared  by  the  action  of  alcoholic  potash  on  amyl  cyanide  ^i.  743) 
boils  at  195^  under  a  barometric  pressure  of  746  mm.  (Rossi,  Ann,  Ch.  PKarm, 
czzxiiL  176). 

The  primary  octylic  ether  of  caproic  acid  C*H'0*.  CH"  is  one  of  the  constituents  of 
the  volatile  oil  of  Heracleum  spkondylium.  The  acid  OH^'O*,  obtained  from  it,  is 
an  oily  liquid  boiling  between  200°  and  206°,  s(»lidifying  at  about  — 10?  to  a  white 
mass ;  it  appears  to  be  identical  with  the  caproic  acid  of  natural  fats,  but  differs  in 
some  respects  irom  that  prepared  from  amyl  cyanide,  e.ff.  in  the  characters  of  its 
silver  salt  (Zincke,  Ann.  Ca.  Pharm.  clii.  20). 

Brompcaproic  acid,  C*H"BrO',  produced  by  heating  2  pts.  caproic  acid  and 
3  pts.  bromine  to  140°-146^  for  several  hours,  is  a  liquid  having  a  less  unpleasant 
odour  than  caproic  acid  itself,  and  boiling  at  about  240°.  It  is  converted  by  potash 
or  moist  silver  oxide  into  leucic  acid,  CH"0',  and  by  ammonia  into  leucine, 
C*H»NO*  (Cahours,  Rip,  Chim.  pure,  iv.  145 ;  Jahresb,  1862,  p.  250).  See  also 
Hofner  [ZdUchr,/.  Ckem,  [2]  iv.  616). 

GAFBOJEO  A&BBKraa,  CH^H)  »  C*H».COH,  produced  by  distilling  a 
mixture  of  sodium  formate  and  caproate,  and  purified  by  separation  from  its 
compound  with  sodium  bisulphite,  is  a  liquid  having  a  pungent,  but  not  unpleasant 
aromatic  odour,  boiling  at  121°  (bar.  at  743  mm.),  s&ghtly  soluble  in  water,  miscible 
with  alcohol,  ether,  axid  glacial  acetic  acid.  It  reduces  ammoniacal  silver  nitrate ;  is 
eonverted  by  oxidation  into  caproic  acid  identical  with  that  obtained  &om  amyl  cyanide ; 
and  when  dissolved  in  strong  acetic  acid,  and  treated  with  sodium-amalgam,  it  is 
converted  into  primary  hexyl  alcohol  C*H**0,  boiling  at  150°  (Bossi,  loc,  eit,), 

CAWmmAXXDMf  G*HiH).H'N  or  CW*,CO*NK\  produced  by  leaving  ethyl 
capiylate  in  contact  with  strong  aqueous  ammonia  for  three  months,  forms  largo 
inodorous  crystalline  laminae,  permanent  in  the  air,  easily  soluble  in  alcohol  and 
ether,  meltiqg  at  110°,  and  boiling  without  decomposition  at  a  temperature  above 
200°.  When  hvdrochloric  add  gas  is  passed  into  its  ethereal  solution,  a  solid  mass 
is  formed,  which  redissolves  on  continuing  the  passage  of  the  gas,  and  the  ethereal 
solution  when  evaporated  leaves  the  ciystallised  hydrochloride  CH^NO.HCl. 
AtUmumie  cJUoride  acts  violently  on  capryhunide,  but  if  the  mixture  be  well  cooled, 
DO  decomposition  takes  place,  the  two  bodies  uniting  directly,  and  forming  a  compound 
which  czykallises  after  a  few  days  in  large  four-sided  prisms.  Phasphcric  anhydHde 
converts  capryhunide  into  caprylonitrile,  C*H"K  (E.  Felletar,  ZeiUchr,  f,  Chem,  [2] 
iv.  MS). 

<;AVKT&Z0  ACZB.  CH^H)*  -  C'H".CO<H.— This  acid  has  been  found, 
leather  with  several  of  its  homologues,  in  putrid  yeast,  in  the  root  of  Arnica 
mimUtna^  and  among  the  products  of  the  oxictotion  of  Chinese  wax  by  nitric  acid 
{Jakreab.  1857,  pp.  303,  403;  1861,  p.  752).  It  is  also  produced  bv  oxidising 
primazy  octyl  alcohol,  C^".CHK)H  (from  the  fruit  of  Heracleum  aphondt/Hum), 
with  potassium  dichromate  and  dilute  sulphuric  acid  (Zincke,  Zeittchr.  /.  Chem.  [2] 
V.  56).  The  add  obtained  by  this  last  process  boils  at  230°-234°,  and  solidifies  at 
12°,  fomxing  a  white  mass  like  spermaceti  which  melts  between  16°  and  17^;  it 
appears,  therefore,  to  be  identical  with  the  caprylic  acid  obtained  from  butter  and 
from  eoooa-nnt  oil  (i.  745).  It  is  slightly  soluble  in  water,  and  separates  therefrom 
at  low  temperatnres  in  thin  laminse.  The  barium  iolt  (C*H'*0*)*Ba  separates  from 
a  coocentnted  solution  by  evaporation  or  rapid  cooling  in  thin  nacreous  laminie ;  by 
slow  coolin^f  in  thin  fiat  concentrically  grouped  needles.  The  oaicium  aali 
(CWHyyCa.'BH)  is  very  much  like  the  barium  salt,  but  somewhat  less  soluble,  and 
the  needles  which  it  forms  by  slow  cooling  are  thinner,  longer,  and  have  a  fine  silky 
lustre  when  dry.  The  eilver  salt  C"H*H>*Ag  is  a  white  curdy  precipitate,  but 
dightly  sensitive  to  light  or  heat,  dissolving  when  boiled  with  a  lai^e  quantity  of 
water,  bat  immediately  separating  in  fiocks  on  cooling  (Zincke). 

C4UratYX4>VZnZUI  or  BSyTTXi  (TTAVZBB,  C*H>»N  «  C'H>*.CN, 
obtained  by  heating  ammonium  caprylate  or  caprylamide  with  phosphoric  anhydride, 
is  a  clear  oolourlees  liquid,  having  a  highly  aromatic  odour,  like  that  of  cinnamon 
oil,  and  A  sweetish,  aromatic,  slightly  burning  taste.  Sp.  gr.  «>  0*8201  at  13*3^. 
Boiling  point  194°-196°.  Very  infiammable  ;  bums  with  a  bright  fuliginous  fijime. 
with  alcohol  and  ether.  By  boiling  with  alcoholic  potash  it  is  converted  into 
and  potassium  caprylate  (Felletan,  Zeitsckr.  /.  Ckem.  [2 J  iv.  665). 
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C>'Hi*0*.— An  add  obuined  from  the  hnsks  of  tho 
hone-chestnut.  The  cnnceiitnted  alcoholic  decoction  is  left  to  cool ;  the  liquid 
expreued  from  the  jelly  which  then  tanaa  is  distilled  in  the  water-bath ;  and  th« 
lukewarm  aqneons  mfnaicm  of  the  lesidne  is  precipitated  with  neutral  lead  aceUte. 
The  portion  of  the  precipitate  insoluble  in  dilute  acetic  add,  after  repeated  daoom- 
position  with  hjdmgen  sulphide,  predpitation  with  lead  acetate,  ana  boiling  with 
alcohol,  yields,  by  eraporation  of  the  liquid  filtered  from  the  lead  sulphide,  colooriess 
crystals  of  capsulaesdc  add.  This  add  sublimes  without  deonmpoifition  and  aystallisai 
unaltered  from  hot  dilute  hydrochloric  acid.  Its  aqueous  solution  is  coloured  daA 
greenish-blue  by  ferric  chloride,  and  its  solution  in  hot  potash-ley  reacts  like  no 
alkaline  solution  of  gallic  acid  (Rochleder,  Jakrab.  1866,  p.  693). 

OASAMSft.  When  crude  caramel  obtained  by  heating  susar  to  210^-220'^  )• 
dialysed  through  parchment-paper  (iii.  716),  caramelane  and  caramelene  pus 
through,  whilst  caramelin,  the  component  richest  in  carbon  (i.  748),  remains  on  th« 
dialyser.  This  purified  caramel  (which  may  also  be  prepared  from  crude  CHntniftl  by 
repeatetUy  precipitating  the  aqueous  solution  with  alcohol,  till  the  predpitate  is  no 
longer  plastic,  but  pulrerulent)  possesses  fire  times  the  colouring  power  of  cnid« 
caramel.  A  solution  containing  10  p.  c  of  it  is  gummy,  and  coagulates  on  standing 
to  a  jelly  perfectly  soluble  in  water,  whether  hot  or  oold ;  its  solution  dries  up  in  a 
vacuum  to  a  black  shining  mass,  which  when  it  retains  a  certain  amount  of  water  it 
still  tough  and  elastic.  If  this  caramel  has  been  completely  dried  at  a  oomparatirely 
low  temperature,  it  remains  soluble  in  water  eyen  after  subsequent  heating  to  12<^; 
but  if  its  solution  be  directly  evaporated  to  dryness  at  100^,  it  becomes  insolnble 
both  in  hot  and  in  oold  water.  Soluble  purified  caramel  contains  64*59  p.  c.  carbon, 
agreeing  with  the  formula  C^H'*0**.  A  solution  of  pure  canmel  is  tasteless  and 
neutral ;  the  caramel  is  precipitated  from  it  by  the  smallest  quantities  of  mineral 
acids,  alkaline  sulphates,  sodium  chloride  and  most  other  salts,  and  by  alcohol,  as  a 
brownish-black  pulrerulent  substance  insoluble  in  water ;  the  caramel  in  the  crade 
product  of  the  roasting  of  sugar  is  protected  from  the  action  of  these  bodies  br  the 
presence  of  undocomposed  sugar  and  brown  substances  of  intermediate  composition. 
Insoluble  caramel  obtained  as  abore  swells  up  to  a,  gelatinous  mass  in  weak  potavh- 
solution,  and  dissolres  therein  when  warmed.  If  the  solution  be  then  dialysed,  the 
proportion  of  p6tash  in  that  which  remains  in  the  dialyser  rapidly  diminishes  to 
9  p.  c,  and  on  adding  acetic  acid,  the  whole  of  the  potash  passes  through,  and  pore 
caramel  remains  (Graham,  Chem.  Soc.  J.  zt.  268). 

Caranuitme, — According  to  Q^lis  {R^.  Chim.  pure^  \y.  410),  this  substance  may  be 
prepared  from  starch-sugar,  and  becomes  perfectly  colourless  when  treated  with 
animal  chiucoal.  It  cannot  be  reconTerte<l  into  sugar.  When  the  su^r  in  the 
preparation  of  caramel  has  not  been  heated  long  enough,  or  to  a  sufficiently  high 
temperature,  the  portion  of  the  product  soluble  in  alcohol  contains,  besides  caramelane, 
a  considerable  quantity  of  glucosane.  The  Litter  is  also  colourless,  and  differs  from 
caramelane  in  being  reconrertible  into  sugar  by  the  action  of  water  ur  dilute  adds. 

Methods  of  preparing  caramel  brown  are  described  by  F.  Thomson  and 
T.  Sherlock  (Ch(m.  News,  xy.  242,  282). 

OABAVIW.  An  uncrystal Usable  bitter  principle  obtained  from  the  bark  of 
Camjpa  ^taneusis.  It  is  nearly  related  to  ca'il-cedrin  Xp.  384)  and  tulucunin  (v.  897 )i 
and  IS  prepared  in  a  similar  manner  to  those  bodies,  but  is  distinguished  from 
the  former  by  its  inferior  solubility  in  ether,  and  from  the  latter  by  not  bdng 
coloured  by  acids  (Carentou,  Jakrub,  1861,  p.  769). 

OAmSAOSTOXTUCO  AOIB.  C*H'0«  (Wichelhaus,  Ann,  Ck.  Pkerm.  ex\r. 
283). — A  monobasic  add  isomeric  with  malonic  acid,  produced  by  heating  0  chloro- 
propionic  add  *  with  excess  of  silver  oxide : 

C«H*C10«  +  3Ag«0  «  C«H«AgO«  +  Aga  +  2Ag»  +  H«0. 

The  resulting  solution  filtered,  heated  with  sodium-amalgam  as  long  as  silver 
chloride  is  thereby  precipitaterl,  and  evaporated,  yields  silver  carbaoetoxylate, 
CH'AgO*,  in  tufts  of  steel-grey  shining  neeales,  which  may  be  dried  at  100°  without 
decomposition.  Carbacetoxylie  acid,  separated  from  the  silver  salt  by  hydnjigen 
sulphiiio,  remains  on  evaporation  as  a  yellowish,  easily  soluble  syrup,  having  the 
odour  of  the  lower  fatty  acids.  The  barium  salt  cr^'stallises  in  spherical  nodules ; 
the  lend  salt  in  crusts ;  the  sine  salt  in  shining  scales ;  the  ammonium  salt  is  very 
deliquescent. 

*  The  modiflcatlon  of  thie  aoirl  produced  ftnom  lactyl  chloride  is  called  a  chloropropionic  acid ; 
that  produood  by  the  action  of  rCl*  on  glyceric  acid,  ^  oUloropropio&ic  add.    (See  Pkopioxic 

A  ID.) 
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Ourbaeetozylic  acid  is  converted  by  nascent  hydrogen  into  glyceric  acid,  C'HH)*. 
Beated  in  a  sealed  tube  to  200^  with  aqueous  hydriodic  acid,  it  is  reduced  to 
pyroiacemic  acid,  C"HH)*,  with  separation  of  iodine. 

C8  IIMli  ft  OMI'  1 JUIO  AOm.  This  name  is  applied  to  pyroracemic  acid  by 
Wichelhans  (^.01^.),  who  represents  it  by  the  constitutional  formula  CH' — CO — COOH, 
regarding  it  as  homologous  with  glyoxalic  acid,  H — CO — COOH.  He  finds  that  it 
is  not  attacked  by  phosphorus  pentachloride,  and  therefore  does  not  contain  any 
alcoholic  hydrogen,  like  glycollic  acid,  lactic  acid,  &c 

Syn.  with  Tbicahbatj.tlic  Acm  (v.  879). 

CO  ACZB.  CO«NH«  =  NH«. COOH.— The  ammonium  salt  of  this 
acid,  C0*.2NH*  =  NHVCOONH*,  is  produced  by  the  direct  combination  of  gaseous 
ammonia  and  carbon  dioxide,  and  by  distilling  ammonium  sulphamate  with  sodium 
carbonate  (i.  750^.  It  is  also  contained  in  commercial  carbonate  of  ammonia. 
Kolbe  a.  Bsesxon  (Ckem,  8oe.  J.  [2]  yi.  194)  prepare  it  bypassing  carbon  dioxide 
and  ammonia  gases,  both  perfectly  dry,  into  cold  absolute  alcohol,  separating  the 
oopioos  oystalline  precipitate  by  filtration  from  the  greater  part  of  the  liquid,  and 
heating  it  with  absolute  alcohol  to  100°  or  above  in  a  sealed  tube ;  the  liquid  on 
cooling  deposits  the  carbamate  in  laige  crystalline  lamine.  Divers  {ihid.  viii.  216) 
prepares  this  salt  by  the  following  processes,  depending  partly  on  tne  direct  com- 
bination of  CO'  and  NH',  partly  on  the  dehydration  of  the  carbonate:  a.  By 
passing  carbon  dioxide  and  ammonia  sas  into  strong  aqueous  ammonia. — 0.  By  digest- 
ing the  commercial  carbonate  or  any  ouer  carbonate  of  ammonia  to  20°-26°  in  a  closed 
yessel  for  36  to  40  hours  with  aqueous  ammonia  saturated  with  the  gas  at  a  low  tem- 
perature.— y.  By  heating  commercial  carbonate  of  ammonia  with  anhydrous  potassium 
carbonate  to  50^-80°  in  a  retort  connected  with  a  wide  lube  dipping  under  mercury, 
the  carbamate  then  subliming  in  the  neck.— 8.  By  distilling  in  like  manner  a  mixture 
of  commercial  carbonate  and  anhydrous  calcium  chloride. — c.  By  very  slowly  dis- 
tilling the  commercial  carbonate,  the  more  remote  part  of  the  earlier  incrustation  then 
consisting  of  impure  carbamate. — (.  By  distilling  normal  ammonium  carbonate  at  a 
heat  not  exceeding  60°. — if.  By  repeatedly  dissolving  the  commercial  carbonate  at  a 
gentle  heat  in  the  same  quantity  of  water,  cooling  ailer  each  addition,  and  separating 
the  crystals,  until  normal  ammonium  carbonate  is  depositerl ;  then  warming  the 
solution ;  dissolving  a  firesh  quantity  of  commercial  carbonate  in  it ;  leaving  it  to  cool 
and  crystallise  for  a  day ;  separating  the  crystals ;  passing  ammonia  gas ;  straining 
(if  necessary)  the  precipitate  of  normal  carbonate  produced ;  renewing  or'continuine 
the  stream  of  ammonia  gas  till  the  solution  (kept  cool)  is  about  saturated ;  and 
straining  off  the  precipitate  of  normal  carbonate :  the  solution  then  exhibits  the 
characters  of  the  carbamate  with  a  little  carbonate  dissolved  in  it. — 0.  By  distilling 
the  commercial  carbonate  with  strong  spirit,  or  better,  perhaps,  with  absolute 
alcohol. 

Ammonium  carbamate  occurs  in  the  form  of  fiocculi ;  of  a  more  or  less  crystalline 
incrustation ;  of  prisms  projecting  from  this  incrustation ;  of  crystalline  lamime ; 
and  of  crystals  neither  tabular  nor  decidedly  elongated  or  columnar.  When  exposed 
to  moist  air  it  gives  off  ammonia  and  is  gradually  converted  into  acid  carbonate : 

CO»(NH»)«  +  H«0  «  NH«  +  CO«(NH*)H. 

It  differs  ficom  the  carbonates  in  not  melting  when  heated.  When  vaporised  at  any 
temperature,  it  is  resolved  into  ammonia  and  carbon  dioxide ;  but  when  heated  in 
sealed  tabes  to  180O-l40°,it  is  converted  into  urea,  rCO«(NH«)«  -  H«0  =  CON^H*], 
which  is  therefore  the  amide  of  carbamic  acid  (Eolbe  a.  Basaroff).  See  Urea.  It 
dissolves,  with  fall  of  temperature,  in  about  1^  pt.  of  water,  at  first  without  change, 
but  after  a  short  time  it  takes  up  water  and  is  converted  into  carbonate :  CO*(NH')* 
+  H«0  -  CO^NH«)«. 

Ammonium  carbamate  dissolves  in  spirit  of  sp.  gr.  0*829  (J.  Davy),  also  in 
absolute  alcohol  when  heated  with  it  in  a  sealed  tube,  and  crystallises  out  on  cooling 
(Kolbe  a.  Basaroff).  It  dissolves  freely  in  strong  aqueous  ammonia,  with  production 
of  cold.  The  solution,  left  to  itself  for  some  time,  deposits  crystals  of  the  normal 
carbonate ;  but  if  cooled  to  about  0°  soon  after  it  is  made,  it  yields  the  carbamate 
again  in  relatirely  large  crystals.  Ammonia,  therefore,  has  the  power  of  impeding 
the  hydration  of  the  carbunate ;  and  this  appears  to  be  its  mode  of  action  in  somo 
of  the  methods  above  given  {0,  if)  for  preparing  the  carbamate  from  the  commercial 
carbonate  (Divers). 

The  distinguishing  reaction  between  the  carbamate  and  carbonate  is  that,  when 
added  in  excess  to  calcium  chloride  and  ammonia,  the  carbamate  precipitates  the 
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clilciiim  Toy  slowly,  whereas  the  cariwiiate  prvapitates  it  iTninediately.  The  gslatioonf 
precipitate  (caldom  carbamate?)  produced  in  solution  of  ammoninm  carbamsts  by 
excess  of  caldam  chloride  can  be  dissolred  by  soiBcient  water  almost  immedistsh ; 
the  gelatinous  carbonate  is  also  sensibly  dissolyed  by  water,  but  not  oearlj  to  the 
same  extent  as  the  carbamate  (Diyezs,  Chem.  Soe.  J.  [2]  yiii.  363). 

Eikjfl  earbamaU  (urethane)  is  formed,  together  with  ammoninm  nitnte,  by  hestinc 
urea  nitrate  with  absolute  alcohol  to  120^'130°  (Bautej  ZtUsekr,  f.  CW  [2] 
Ti.  90): 

CON«H*.HNO«  +  C«HK)H  -  NH*.NO«  +  CO(NH*XOC»H«) 
Uras  nitnte.  Uxethsne. 

Bengjflidene'ammonuim  carbamate  is  formed  as  a  white  solid  mass  when  ammonmiD 
carbamate  is  left  in  contact  with  benaoic  aldehyde  orer  sulphuric  add : 

CO(im»XONH«)  +  2CmH)  -  2H«0  +  CO(NH«)[ON(C«H«)«]. 

Heated  with  water  it  gives  off  gas ;  heated  with  alcohol  it  yields  hydrobeDamidi 
(£.  IColder,  ZeUsekr.  /.  Ckem,  [2]  t.  68). 


AmnoBlvm  Osjsnl^oeArbMiuiief  CS(NH'XONH«),  prepared  by  psmng 
gaseous  carbon  orjrsulphide,  COS,  into  absolute  akohol  eatunited  with  unmoniA, 
forms  crystals  easily  solnble  in  water.  Ita  sc^ution  is  precipitated  by  lead  loetste, 
cupric  sulnhate,  and  uranie  nitnte ;  by  barium  chloride  only  when  heated.  Hjdio- 
chloric  ada  added  to  the  concentrated  aqueous  solution  decomposes  it,  with  erolvtioB 
of  gas.  With  bm^oie  aideMe,  the  oxmlphocarbamate  reacts  like  the  carbamate, 
yielding  the  eompound  CS(NH*)[ON(C'H«)*]  (Mulder,  loe.  eU.), 

OMMMAMUXa  AOm.  Reichenbach  a.  Beilstein  (BitU.  Soe.  Ckim.  [2]  ii.  U) 
hare  conflrmed  the  result  previously  arrived  at  by  GerUnd,  that  Chancel's  carbaoilie 
or  phenyl-carbamic  acid,  obtainea  by  the  action  of  potash  on  i^enyl-caibamide 

ii.   762),  is    identical  with    amidobenamide,  not  wita    amidodracylamide.     (Se« 
{■MSAMIDI,  p.  267.) 

OABBAVZ&IDBf  or  Dipkenyl  carbamide^  is  formed,  together  with  other  prodoefci, 
by  heating  1  moL  oxalic  acid  with  2  mol.  aniline,  or  by  the  dry  distillation  of  nevtnl 
aniline  oicalate  (Hofmann,  Proe,  Roy.  Soe.  xv.  386) : 

5,|0«  +  2C«H«(H«N)  =  2H«0  +  (C^»)«In« 
Oxalio  add.  Aniline.  plphenyl- 


C«0«i 


C«0«)  CO) 

(C«H2«[        -  CO  +    (C^»)*[^ 

DIphenyloaunide.  Diptaenyloarbamide. 


IHphenyl'Mrea,  isomeric,  if  not  identical,  with  carbanilide,  is  produced  by  heading 
1  pt.  urea  to  160^-170°  with  3  pts.  aniline : 

CN'HK)  +  2(C«H»)H«N  -  2NH"  +  CN«H«(C^*)«0 
Una.  Aniline.  Diphenyl- 


This  mode  of  formation  of  diphenyl-urea  is  analogous  to  that  of  triphenyl-rosaniline 
finm  aniline  and  rosaniline  (baeyer,  Ann.  Ch.  Pkairm.  cxzxi.  261). 


OJJtSnrO&.    The  generic  name  proposed  by  Kolbe  for  the  monatomie  aleoholt 
(p.  62). 

The  corresponding  term  fbr  alcohol-radicles ;  ex/., 
Dimethyl-carbinol,  C(CH«)«H .  OH. 

Dimethyl-carbinyl  iodide,  C(CH»)«H.I. 


OABaOBIMOnnnnb-BniTHTXN   CH<«  -  cH^>'    (Friedela.Ladenbais. 

Ann.  Ch.  Pharm.  cxlii.  810). — ^A  hydrocarbon  of  the  paraffin  series,  produced  by  tbe 
action  of  due-ethyl  on  methyl-chloracetol  (i.  27)  *. 

qCH«)«a«  +  2n(C«H»)«  =  ZnCl»  +  C(CH«)\C*H»)«. 

To  prepare  methyl-chloracetol,  acetone  is  mixed  by  drops  with  phosphoros  penta- 
chloride,  cooled  at  the  commencement  of  the  process,  and  the  mixture  is  distilled 
till  the  distillate  dissolves  completely  in  water.  This  distillate,  washed,  dried,  and 
several  times  rectified,  yields  chloropropylene,  C'H*C1,  between  26°  and  36^aiid 
methyl-chloracetol  between  66°  and  78°. 
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To  ooDTort  this  oomponnd  into  carbodimethyl-dietiiyl,  it  is  dropped  upon  sine-ethyl 
contained  in  a  flaak  haring  an  upright  condensing  tube ;  and  the  mixture,  after  being 
warmod  for  some  time,  is  distilled,  the  portion  which  goes  OTer  below  110^  being 
collected  apart.  The  distillate  is  tJien  mixed  by  drops  with  water  in  a  cooled  flask 
to  decompose  the  excess  of  zinc-ethyl ;  the  zinc-oxide  thereby  formed  is  dissoWed  in 
hydrochloric  acid ;  the  oil  which  remains  undissolyed  is  dried  and  subjected  to  fractional 
distillation ;  and  the  liquid  which  passes  oyer  bclween  86°  and  90°  is  heated  for 
sereral  days  with  sodium,  to  free  it  from  still  remaining  chlorine.  The  raoduct  thus 
obtained  is  pure  carbodimethyl-diethyl,  boiling  between  86^  and  87^t  haying  a 
yapour-density  of  3'46  (calc.  3*62),  and  a  sp.  gr.  in  the  liquid  state  of  0*7111  at  0°, 
and  0-6958  at  20*6°. 


OAXSOBX»BXVT&-TKXAMZira.      N>[C<*(C^»)*H*].-8yn.     with     Mn- 
AKiLOfM,    (See  FHBNTLAMnnB,  iy.  461.) 


(nmiCkt[^^*^*' — ^Produced,  together  with  other  compounds,  by  the  action  of  carbon 
tetrachloride  on  triethylphosphine  (Hofmann,  Jahretb,  1861,  p.  448).    See  Psoa- 

FH0BU8  BaSBS. 


rO»ZO  ACZB.  CrH*0«.~This  acid,  described  under 
DsBiyATiyBS  of  HTDBOQuncoira  (iii.  214),  is  produced,  with  eyolution  of  hydrogen, 
by  heating  quinic  acid  with  4  pts.  potassium  hydrate  (Graebe,  Ann.  Ck.  Pkarm» 
cxxxyiii.  197) : 

C»H'«0«  «  C»H«0*  +  H«  +  2HK). 

It  decomposes  at  200°,  giring  off  pyrocatechin  and  hydroquinone.  The  same  pro- 
duets,  but  with  a  larger  proportion  of  pyrocatechin,  are  obtained  by  heating  carbo- 
hydroquinonic  acid  with  mineral  adds  (Graebe).  The  isomeric  acid,  protocatechuic 
acid  (iy.  788),  is  resolyed  at  the  same  temperature  into  carbon  dioxide  and  pyrocatechin 
without  any  atdmixture  of  hydroquinone.  Carbohydroquinonic  acid  reduces  a  neutral 
silyer  solution  at  ordinary  temperatures  and  in  the  dark ;  also  cupric  oxide  in  alkaline 
solution;  whereas  protocatechuic  acid  reduces  silyer  oxide  only  in  ammoniacal 
solution,  and  cupric  oxide  not  at  all  (Hesse,  Ann.  Ch,  Pharm.  cxxii.  221). 

JkMXmm    C*H'N>  -  NN  CH*.— Syn.  with  Mbthtl- 

IH* 
(iii.  1009). 


OJkMMOMm  A  yariety  of  carbon  exhibiting  somewhat  peculiar  properties  is  found 
in  small  quantities  at  Singbhom,  near  Calcutta,  on  yeins  of  copper  and  iron  ore 
tzayersing  clay  slate.  It  is  black,  with  metallic  lustre,  crystalline  structure,  and  sp. 
gr.  1*9  (Breithaupt,  Jakreab.  1869,  p.  766). 

On  the  spectrum  of  carbon,  see  Sfbctral  Analysis  (f .  389). 

Carbon  is,  under  certain  circumstances,  separated  from  cyanides  in  the  form  of 
graphite.  Tlie  mother-liquors  of  the  soda  manufacture,  which  are  often  used  for  the 
preparation  of  caustic  soda,  are  mixed  with  sodium  nitrate,  and  eyaporated  down  in 
iron  pans  for  the  purpose  of  oxidising  the  sulphides  and  cyanides  (chiefly  sodium 
ferrocyanide)  contained  in  them.  As  soon  as  the  mass  has  attained  a  dull  red  heat, 
a  rcgidar  eyolution  of  gas  sets  in,  ferric  oxide  is  deposited,  and  the  surface  of  the 
liquid  becomes  coyered  with  a  shining  layer  of  graphite.  The  separation  of  the 
giaphite  takes  place  most  abundantly  when  the  sodium  nitrate  is  at  first  added  only  in 
quantity  sufficient  to  oxidise  the  sulphur-compounds,  and  the  further  quantity  required 
to  decompose  the  cyanides  is  added  just  as  the  mass  begins  to  exnibit  a  red  heat 
(Piuli,  Pka,  Mag,  [4]  xxi.  641). 

In  connection  with  the  question  of  the  yolatility  of  carbon  at  high  temperatures, 
Eisner  (c/l  pr.  Chem,  xeix.  267)  has  observed  that  when  porcelain  yessels,  &c.,  are 
heated  in  the  pottery-furnace  on  trays  made  of  a  mixture  of  day  and  graphite,  they 
become  brown-black  throughout  their  mass,  and  coyered  with  a  light  grey  specular 
glaze.  This  result  is  attributed  by  Eisner  to  yolatilisation  of  the  carbon.  Begnault, 
on  the  other  hand,  ascribes  it  to  the  formation  of  a  hydrocarbon  {Jahreth,  1866,  pp.  22, 
36). 

Kespeeting  the  absorptiye  power  of  charcoal  for  gases  and  yapours,  see  Gasbs. 


The  dibromide  C^r^  is  described  in  yol.  i.  p.  764; 
the  tribromide  C^Br*,  or  tetrahronuthylene  dibromide  CBr^.Br*,  in  yol.  ii.  p. 
671. 
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The  tttrahromide  CBr*  is  produced  by  the  action  of  bromine,  in  pfeeeece  of 
iodine  bromide  or  antimony  tribromide,  on  carbon  bisulphide,  bromopicrin,  ixt  bromo- 
form.  It  is  a  white  substance  crystallising  in  shining  plates,  melting  at  91^ ;  has  an 
ethereal  odoor  like  that  of  the  tetrachloride,  and  a  sweetish  taste ;  is  almost  insoluble 
in  water,  but  yery  easily  soluble  in  ether,  carbon  bisulphide,  carbon  tetzachloride, 
chloroform,  bromoform,  benzril,  and  American  petroleum ;  alsfi  in  hot  alcohol,  from 
which  it  separates  in  the  crystalline  form  on  cooling.  When  heated  in  alcoholic  solu- 
tion it  is  decomposed,  with  formation  of  aldehyde  and  hydrobromic  add.  The  alcoholic 
solution  bums  with  a  pale  green  flame.  The  compound  is  rapidly  decomposed  by 
alcoholic  potash  or  soda ;  thus : 

CBr*  +  8(?H*NaO  +  SNaHO  =  4NaBr  +  NaKX)»  +  SC^«0. 

Aqneoui  potash  or  soda  does  not  affect  it  at  ordinary  temperatures,  and  only  slowly 
at  100^,  but  at  150°  the  action  goes  on  rapidly,  the  products  being  sodium  bromide, 
sodium  carbonate,  and  water.  When  carefully  heated  it  sublimes  unchanged,  but  its 
▼apour  when  passed  through  a  red-hot  tube  is  for  the  most  part  resolred  into  bromine 
ana  carbon,  a  small  quantity  of  a  crystalline  substance  being  however  obtained, 
apparently  consisting  of  the  tribromide  C'Bi'  (ii.  571).  By  water  and  sodium-amalgam 
it  is  reduced,  first  to  bromoform,  CHBr*,  and  afterwards  to  methylene  dibromide, 
CH*Br*  (Bolas  a.  Groves,  Ckem.  8oe.  J.  [2]  riii.  161). 


The  t$traekloridB  0C1\  heated  to  200^  in 
sealed  tubes  with  dzy  tine  oxide^  is  oonTerted  into  carbon  ozychloride  and  carbon 
dioxide: 

2ca«  +  szno  =  8Zna«  +  coa«  +  C0«. 

When  passed,  together  with  earhcn  dioxide,  orer  pumice  heated  to  350^,  it  is 
conyerted  into  carbon  ozychloride :  CCl*  +  CX)*  »  2C0a*.  With  carbon  monoxide, 
in  like  manner,  it  yields  carbon  ozychloride  and  carbon  dichloride :  2CC1*  -f  2C0  ■■ 
2CX)Cl«  +  C*C1*  (Schiitaenberger,  Compt.  rend,  Izvi.  747). 

The  tetrachloride  heated  to  100°  with  eulpkuric  anhydride  gires  off  carbon 
ozychloride,  and  leares  a  fuming  liquid,  which  when  distilled  ffives  off  the  excess  of 
tetrachloride  at  75°,  and  at  130°  the  compound  SK>*Cl*  identical  with  that 
which  Bose  obtAined  by  the  action  of  sulphuric  anhydride  on  brown  chloride  of 
sulphur  (y.  535).    The  reaction  is : 

ca*  +  2so«  =  sH)»a«  +  coa*. 

When  a  mixture  of  sulphuric  anhydride  and  carbon  tetrachloride  is  heated  to  100°  with 
benzene,  and  the  product  is  treated  with  water,  hydrochloric  acid,  sulphobemdde,  »nd 
benzene-sulphuric  add  are  obtained,  together  with  a  considerable  quantity  of  benzoic 
acid  (Schutzenberger,  ibid,  Ixix.  352 ;  Zeiteckr,  f,  Chem,  [2]  y.  631).  See  Benzoic 
Acn>,  p.  306. 

The  trichloride  CCl*  is  formed,  together  with  other  products,  when  the  yapour  of 
the  tetrachloride  is  passied  through  a  long  tube  heated  to  moderate  redness.  A  liquid 
then  condenses  in  the  receiyer,  coloured  yellow  by  free  chlorine  and  consisting  of  the 
trichloride  G*Cl*,  the  dichloride  CH?l^  a  little  unaltered  CCl*,  and  a  yeiy  small 
quantity  of  C*Cl'.  On  exposing  it  to  light,  so  that  the  dichloride  may  absorb  the  free 
chlorine,  and  distilling  till  the  temperature  rises  to  150°-160^,  a  residue  is  left  in  the 
retort  consisting  almost  wholly  of  trichloride,  which  may  be  completely  purified  by 
crystallisation  or  by  distillation  with  water.  The  distillate  obtained  below  160^ 
contains  a  considerable  quantity  of  dichloride,  which  maybe  conyerted  into  trichloride 
by  the  action  of  chlorine  in  sunshine  (Bassett,  Chem,  Neum,  xx.  175). 

Carbon  trichloride  is  also  formed  by  passing  chlorine  into  butyric  acid  heated  first 
to  100°,  afterwards  to  the  boiling  point  of  the  acid:  it  then  collects  as  a  white 
sublimate  in  the  neck  of  the  retort  (A.  Naumann,  Ann.  Ch,  Pharm,  cxix.  120). 
According  to  Pbtemo  {Zeitachr,/.  Chem.  [2]  y.  246),  it  appears  to  be  formed  by  the 
action  of  phosphorus  pentachloride  on  acetyl  chloride. 

The  dichloride^  C*Cl*,  unites  with  nitrogen  tetioxide,  forming  the  compound 
C*Cl*(NO')',  which  may  also  be  regarded  as  tetraehlorethylene  dtnitrylide,  carbon 
nitrotrichhride  oTdinitro-tetrachlorethane.  This  compound  is  formed  when  the  djchloride 
is  heated  to  100^-120^  in  a  sealed  tube  with  liquid  nitrogen  tetroxide.  The  product 
is  howeyer  somewhat  scanty,  as  a  considerable  portion  suffers  further  decomposition, 
resulting  in  the  formation  of  carbon  oxychloride.  The  compound  CCl^NO*)'  is  a 
yolatile  crystalline  compound  haying  yery  much  the  aspect  of  carbon  trichloride,  and  a 
rather  strong  odour  like  that  of  chloropicrin.  It  is  insoluble  in  water,  easily  soluble 
in  ether  and  hot  alcohol,  cannot  be  fused,  but  decomposes  at  140°  into  GKIPand  N0'« 
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Aiter  drying  over  solpliaiic  acid,  it  is  somewhat  glutinous,  and  therefore  cannot  be 
pulverised.  It  would  probably  be  conyeited  by  reducing  agents  into  a  diamina 
(Kolbe,  Zeitsekr,/.  Chem.  [2]  t.  430). 

Julin's  Chloride  of  Carbon,  C>C1*  (i.  768),  is  identical  with  hexchlorobenzene,  C*C1*. 
(See  BiNZBioE,  p.  267.) 


C ASJiO V OXXBflSt  I:  MoNoxiDB  or  Cabbom'ous  oxide,  CO,  conunonly 
called  Carbonic  oxide. — This  gas  is  easily  obtained  pure  and  in  large '  quantity  by 
passing  the  gsbteouff  mixture  eVolred  by  heating  oxalic  acid  with  sulphuric  acid,  first 
through  a  zi9d-hot  tube  filled  with  charcoal,  then  through  a  mixture  of  potash  and 
lime-water  to  absotb  thd  small  quantity  of  carbon  dioxide  still  remaining  undecom- 
poeed  (Chevridr,  QHnpt.  rend.  Ixix.  138).  It  is  formed  in  small  quantity  when  oxygen 
IS  absorbed  by  an  Alkalihe  solution  of  pyrogallic  acid,  100  ror.  pure  oxygen  yielding 
about  3'6  yoL  CO.  When,  however,  the  oxygen  is  mixed  with*  excess  of  nitrogen,  as 
in  atmospherie  air^  the  quantity  of  carbon  monoxide  thus  formed  is  but  small,  and 
scarcely  sufficient  to  affect  the  result  of  an  eudiometrical  determination  (Calvert, 
Chejn,  News,  viii.  272 ;  Cloez,  Compt.  rend.  Ivii.  875 ;  Boussingault,  ibid.  885). 

Carbon  monoxide  in  the  dry  state  is  not  decomposed  by  a  succession  of  induction- 
sparks  or  by  aapiral  of  iron  or  platinum  wire  intensely  ignited  by  the  electric  current ; 
but  over  water  it  is  decomposed  by  the  glowing  platinum  spiral,  the  carbon  monoxide 
being  converted  into  dioxide  and  replaced  by  an  equal  volume  of  hydrogen  (Buff  a. 
Hofmann,  Ciem.  Soc.  J.  xii.  273). 

Respecting  the  decomposition  of  carbon  monoxide  by  heat,  see  Chemical  Affixitt 
and  DissociATioK.  On  the  temperature  of  its  flame  and  the  results  of  its  combustion 
under  pressure,  see  Combustion. 

Carbon  monoxide  passed  over  heated  aodamide  converts  it  into  sodium  cyanide : 
NaH'N  +  CO  »  KaCN  •^  H'O,  ammonia  and  sodium  hydrate  being  also  formed  as 
secondary  pioducts  b^  the  action  of  the  water  on  the  sodamide  (Beilstein  a.  Oeuther, 
Ann.  Ck.  Fharm.  cviii.  88). 

With  wdimn-etijfl,  carbon  monoxide  forms  propione  or -diethyl-ketone;  thus : 

CO  +  2NaC»H»  «  CO(C«H*)«  +  Na*. 

This  leacdoQ  is  general : 

CO  +  2NaO»H-*«  -  CO(C-H«-+»)«  +  Na» 

(Wanklyn,  Chem.  8oe.  J.  [2]  iv.  13,  826). 

With  foUiaeimm^  carbon  monoxide  unites  directly,  at  about  80^,  forming  .the 
eompoona  K*CO'  (iv.  696).  Also  with  eulphur,  forming  carbon  oxysulphide,  COS 
(p.  407). 

When  a  mixture  of  carbon  monoxide  and  chlorine  is  passed  over  platinum  aponge 
heated  to  400^,  carbon  oxychloride  is  formed,  together  with  a  crystallisable  compound 
of  carbon  monoxide  with  platinie  chloride,  (CO)'PtCl^  (Schiitzenberger,  ZeiUchr.  /. 
Chem,  [2]  iv.  321).    See  Platdttim. 

A  mixture  of  carbon  monoxide  and  carbon  tetrachloride  passed  over  heated  pumice 
yields  phosgene  and  carbon  dichloride  (p.  400). 

For  the  reaction  of  carbon  monoxide  with  blood,  see  p.  354. 

Oabboit  Dioxide,  Carbonic  Anhtdbidb,  or  Cabbanhtdbi»b,  CO*, 
commonly  called  Carbonic  add. — This  gas  may  be  liquefied  under  the  ordinary  atmo- 
spherie pressure  by  a  temperature  of  ~87°t  produced  by  evaporating  liquefied  ammonia 
over  sulphuric  add  in  a  vacuum.  At  the  same  temperature,  under  a  pressure  of  three 
Off  four  atmospheres,  the  carbon  dioxide  solidifies  to  a  mass  which  has  the  transparency 
of  ice,  and  may  be  divided,  by  pressure  with  a  glass  rod,  into  cubic  cxystals  tnree  or 
four  millim.  thick ;  these  crystals  are  unctuous  to  the  touch,  and  bum  severely  when 
pressed  between  the  fingers.  Mixed  with  ether  in  a  crucible,  they  produce  a  cold  of 
«-81''  (Loir  a.  Drion,  Compt.  rend,  lii.  748  ;  JahreA.  1860,  p.  42  ;  1861,  p.  109). 

Liquid  carbon  dioxide  boils  at  —78*2^  under  a  pressure  of  760  mm.  (Regnauh, 
Jahretb.  1868,  p.  70).  Its  expansion  by  change  of  temperature  is  exhibited  in  th« 
'following  table : 

Temperature  Volame 

-lO® 0-9517 

0      , 10000 

+  10 ,        ,  10686 

20 11457 

Its  fp.  ffr.  at  0^  (compared  witli  water  at  the  same  temperature)  is  0*9470  (Andr^ff, 
Ann,  cX.  Fharm.  ex.  1). 

aifp.  DD 
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The  followiDg  determinations  of  its  rapour-teusion  at  difleiwnt  tempefratiUM  an 
giren  by  Regnault  (Bilatian  da  Exphimces,  &c. ;  JakreA,  1863,  p.  66) : 


Tensioiiin 

Tension  ia 

millinucrf 

minim,  of 

Temp. 

Mercury. 

Temp. 

Mdcufy. 

-26° 

13007-02 

+  16*» 

89646*86 

-20 

15142-44 

+  20 

44716-58 

-15 

17582-48 

+  25 

50207-32 

-10 

20340-20 

+  80 

56119-05 

-6 

23441-34 

+  35 

62447*30 

0 

26906-60 

+  40 

69184-45 

+  6        . 

80753-80 

+  45 

76814-60 

*flO 

34998-65 

Gore  {Chem.  8oe.  J,  xr.  163)  has  described  a  method  by  which  small  quantities  of 
liquid  carbon  dioxide  may  be  safely  prepared  in  stout  glass  tubes  dosed  with  gntta- 

etrcha  stoppers,  and  solid  substances  attached  to  the  supers  submitted  to  its  action, 
aring  in  this  way  examined  its  action  on  more  than  fiftT  substances,  he  eoDdudes 
that  it  is  oomparatiyely  an  inactiye  substance,  and  is  not  deoxidised  by  any  oidinaiy 
reducing  agent  except  the  alkali-metals.  Its  solTent  powers  are  also  retry  limited. 
It  dissolres  camphor,  iodine  sparingly,  and  a  few  other  substances  in  small  quantity ; 
it  does  not  dissolve  any  oxygen-i^t,  and  does  not  redden  extnet  of  litmus.  It 
abstzBcts  the  colouring  matter  of  gutta-percha.  Caoutchouc  left  in  contact  with  it  for 
some  time,  swells  up  strongly  after  remoral,  then  slowly  contracts  again  and  appears 
white.  The  liquid  anhy&de  is  a  bad  conductor  of  electricity.  In  its  genenl 
properties  it  is  somewhat  analogous  to  carbon  bisulphide,  but  has  much  less  power  of 
disBolring  fatty  bodies. 

At  the  temperature  of  0^,  gaseous  carbon  dioxide  is  reduced  to  the  liquid  state  under 
a  pressure  of  thirty-six  atmospheres ;  as  the  temperature  rises,  greater  pressure  m 
required  to  effect  the  liquefaction,  and  abore  a  certain  tempemture  the  gas  is  no 
longer  liquefied  by  pressure.  The  effect  of  pressure  on  caibon  dioxide  at  Tarious 
temperatures  has  lately  been  veiy  carefully  inyestlgated  by  Dr.  Andrews  (i^U/.  TVohb, 
1869.  p.  575;  Chem,  Soe.  J.  \2]  Tiii.  74;  abstr.  Proe,  Soy.  Soe.  xviii.  42).  When 
this  gas  is  partially  liquefied  by  pressure,  and  the  temperature  is  gradually  raised  to 
about  31^,  the  surface  of  demarcation  between  the  liquid  and  the  gas  becomes 
fainter,  loses  its  curvature,  and  at  last  disappears,  the  tube  being  tlien  filled  with  a 
fluid  which,  from  its  optical  and  other  properties,  appears  to  be  perfectly  honiogMeons, 
the  phenomena  being  m  fact  similar  to  U&ose  observed  by  Qigttiard  de  la  Tour  on 
heating  water,  alcohol,  ether,  or  petroleum  in  sealed  tubes  (Hbat,  iii.  95).  The 
temperature  at  which  carbon  dioxide  ceases  to  be  liquefied  by  pressure  is  designated 
by  Andrews  as  the  *  critical  point,*  and  he  finds  it  to  be  80*92^.  At  temperatures  a 
little  above  this  point,  although  no  liquefaction  occum,  a  TSry  grtet  change  of  density 
is  produced  by  slight  alterations  of  pressure,  and  the  fiiokming  moveAents  above 
mentioned  come  conspicuously  into  view. 

At  13*1°,  under  a  pressure  of  48*9  atmospheres,  the  gas,  then  just  on  the  point  of 
liquefying,  is  reduced  to  j^.ji  cft  the  volume  it  occupied  under  one  atmosphere.  After 
liquefaction,  the  volume  of  the  gas,  already  reduced  to  ^  of  its  original  volume, 
continues  to  diminish  as  the  pressure  augments,  and  at  a  much  greater  rate  than  in 
ordinary  liquids.  Similar  results  were  obtained  at  21*5°.  At  81*1%  or  0*2^  above  the 
critical  point,  the  volume  of  the  gas  diminished  steadily  with  the  pressure,  till  about 
74  atmospheres  were  attained.  After  this  a  raud  fall  ooonired  (but  not  abruDt^  as  in 
the  case  of  liquefaction),  and  the  volume  was  diminished  to  one-half  by  an  additional 
pres8Ui«  of  less  than  two  atmospheres.  Under  a  pressure  of  75-4  atmosiplieres  the 
gas  was  reduced  to  g^  of  its  volume  under  one  atmosphere.  Beyond  this  point  it 
yielded  very  slowly^  to  pressure.  During  the  stage  of  rapid  contraction  thare  wus  no 
evidence  at  any  time  fi  liquefaction  having  occurred,  or  of  two  conditions  of  matter 
being  present  in  the  tube.  At  32*5^  and  35-5*^  the  same  gener^  results  were  observed, 
except  that  the  rapid  diminution  of  volume  became  less  marked  as  the  tempentuie 
was  higher.  The  experiments  at  35*5°  were  carried  as  fSskr  as  107  atniospheres,  at 
which  pressure  the  volume  of  the  gas  was  almost  the  same  as  t]iat  which  it  would 
have  occupied  if  it  had  been  derived  directly  from  liquid  carbon  dioxide  according  to 
the  law  of  the  expansion  of  that  body  for  heat.  Lastly,  at,'48-l*'*,  between  the  pressure 
of  62-6  and  109*4  atmosplieres,  the  rapid  fall  exhibited  at  lower  temperatures  almost 
if  not  wholly  disappears,  and  the  curve  representing  the  changes  of  volume  approxi- 
mates closely  to  that  of  a  gas  following  the  law  of  MariotCe,  though  tlie  actiMU 
diminution  of  volume  is  much  greater  than  if  that  law  held  good. 
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Theie  reBulte  are  rapretented  gnphically  by  the  eurtM  in  fig.  10.  Equal  ToluniM 
of  air  and  carbon  dioxide,  measured  at  0^  and  760  mm.,  when  compreeeed  at  the 
temperatures  marked  on  each  cunre,  undeigo  the  changee  of  volume  indicated  by  the 
form  ot  the  cnrre.  The  figures  at  the  top  and  bottom  indicate  the  approximate 
pressures  in  atmospheres;  the  volumes  of  the  gas  and  air  are  measured  upwards  from 
the  dotted  horiaontal  linai 

Fio.  10. 


Under  pressures  still  higher  than  those  above  mentioned,  carbon  dioxide  may  also  be 
made  to  pass,  without  break  or  interruption,  from  what  is  universallv  regarded  as  the 
gaseous  to  what  is  in  like  manner  universally  regarded  as  the  liquid  state  of  mattes 
Thus,  if  a  given  volume  of  the  gas  at  60®  or  a  higher  temperature  be  exposed  to  a 
pressure  increasing  up  to  160  atmospheres,  its  volume  will  steadily  diminish  as  the 
pressure  increases,  and  no  sudden  diminution  of  volume,  without  the  application  of 
external  pressure,  will  occur  at  any  stage  of  the  process.  When  the  Aill  pressure  has 
been  applied,  let  the  gas  be  allowed  to  eool  down  to  the  ordinary  temperature  of  the 
atmosphere.  During  the  whole  of  this  operation  no  breach  of  continuity  will  occur. 
It  begins  with  a  gas,  and  by  a  series  of  gradual  changes,  nowhere  presenting  any 
abrupt  alteration  of  volume  or  sudden  evolution  of  heat,  it  ends  with  a  liquid.  The 
closest  observation  indeed  luls  to  discover  anywhere  indications  of  a  change  of 
condition  in  the  carbon  dioxide,  or  evidence,  at  any  stage  of  the  process,  of  part  of  the 
compound  bein^  in  oae  ph^rsical  state  and  part  in  another.  That  the  gas  is  actually 
changed  to  a  liquid  would  indeed  never  have  been  suspected,  did  it  not  show  itself  to 
be  so  chaxtted  by  entering  into  ebullition  on  the  removal  of  the  pressure. 

From  all  these  results,  it  may  be  inferred  that  the  ordinary  gaseous  and  ordinary 
liquid  states  are  only  widely  separated  fonns  of  the  same  condition  of  matter,  and  may 
be  made  to  pass  into  one  another  hy  a  series  of  gradations  so  gentle  that  the  passage 
shall  nowhere  present  any  interruption  or  breach  of  continuity.  From  carbon  dioxide 
as  a  perfect  gas  to  carbon  dioxide  as  a  perfect  liquid,  the  transition  may  be  accom- 
plished by  a  eontinuous  process,  and  the  gas  and  liquid  are  only  distant  stages  of  a  long 
series  of  eontinuons  physical  changes.  Under  certain  conditions  of  temperature  and 
pressure  indaed,  caroon  dioxide  finds  itself  in  what  may  be  described  as  a  state 
of  instability,  and  suddenly  passes,  with  evolution  of  heat,  and  without  application  of 
additional  pressure  or  change  of  temperature,  to  the  volume,  which  by  the  continuous 
process  can  only  be  reached  through  a  long  and  circuitous  route.  In  the  abrupt  chan^ 
which  here  occurs,  a  marked  difference  is  exhibited,  while  tha  process  is  going  on,  m 
the  optical  and  other  physical  properties  of  the  carbon  dioxide  which  has  collapsed 
into  tne  smaller  volume,  and  of  Uie  carbon  dioxide  not  yet  altered.  There  is  no 
difficult  here,  therefore,  in  distinguishing  between  the  liq-iid  and  the  gas.  But  in 
other  cases  the  distinction  cannot  be  made ;  and  under  many  jf  the  conditions  above 
described,  it  would  be  vain  to  attempt  to  assign  carbon  dixzide  to  the  liquid  rather 
than  the  gaseous  state. 

Nitrogen  monoxide,  hydroeen  chloride,  ammonia,  common  ether,  and  carbon  bisul- 
phicbi  All  reeemble  carbon  oioxide  in  exhibiting  critical  points  when  exposed  under 
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yn9fmTt  to  the  required  temperatiires.  Andrevs  proposes,  instead  of  the  pgMcnt 
arbitnrj  distioctioo  between  TspoiiTB  and  gases,  to  confine  the  term  Taponr  to  gaaeons 
bodies  below  their  critical  points,  and  therefore  capable  of  being  liquefied  bj  presanre 
alone,  so  that  gas  and  liqnid  may  exist  in  the  same  Teasel  in  ptesenee  of  each  other. 

Beaciions. — 1.  Gaseous  carbon  dioxide  is  slowlj  deoomposed  by  the  indndioD- 
spark,  more  quickly  by  the  rezy  high  temperatnre  of  the  electric  aic  (bttwaen  iron 
terminals),  into  caiiwn  monoxide  and  oxygen,  the  latter  combining  with  the  iion,  and 
tearing  a  volnme  of  carbon  monoxide  equal  to  the  original  Tolume  of  the  gaa  (Boffa. 
Hofmann,  CJkem,  Soe.  J.  xii.  282). — 2.  Bespecting  its  deeompositioD  by  heat,  see 
Chkxicai.  Amnm  and  Dissociation. — 3.  Mixed  with  Mtrbim  teiradUaride  and 
passed  oyer  heated  pmniee,  it  forms  carbon  oxychlorids:  GO*  +  CCl*  »  2COC1* 
(p.  4(K)). — i.  Passed  orer  gently  heated  mtdamide,  it  forms  eyaiiamide  and  sodium 
hydrate :  C0<  +  2NaH'N  »  (C1N)H*N  -i-  2HaH0  (Beilstein  a.  Geothar.  A»n.  CK 
Pharm.  cviii.  88). 

6.  With  the  aodkuHreompomnds  of  H$  aleokd  radieUi  OH*^^*,  it  forms  the  sodium 
salts  of  the  next  higher  fatty  adds :  e^., 

C«H*Na  +  00«  »  C«H».CO«N» 

flodinm  Sodlim 

ethyl  pro|Aaiiat» 

(Wanklyn,  Ckem.  8oc.  J,  zi.  103). 

6.  BotoMwium  immersed  for  about  twenty-fomr  hours  in  an  atmosphere  of  cacrboii 
dioxide  standing  over  lukewarm  water,  is  cooTeited  into  a  miztore  of  formate  and 
acid  carbonate  of  potaasinm: 

2C0«  +  K«  +  H«0  -  CHKO«  +  CHKO* 

Yennsto.  Add 


Sodium  acts  in  a  similar  manner,  but  appears  to  produce  a  smaller  proportion  of 
formate  fKolbe  a.  Schmidt,  Atm.  Ch.  Pkarm.  cxix.  261^. 

7.  Soaium  heated  with  dnr  nnd  and  exposed  to  a  rapid  comnt  of  drr  eaxbon  dioxide, 
the  pasty  mixture  being  weU  stirred  and  the  temperatnre  ultimately  raised  to  about 
ihs  boiling  point  of  mercniy,  is  oonyerted  into  sodram  oxalate : 

2C0«  +  Na«  -  C«Na«0\ 

A  similar  reaction  takes  place  with  an  alloy  of  sodium  and  potassium,  or  with  potas- 
sium amalgam,  the  lattar  being  heated  to  the  boiling  point;  this  last  method  seems 
indeed  to  yield  the  laxgest  quantity  of  oxalate  (DxMhsel,  ZeUsckr.  /.  Ckem,  [2]  ir. 
120). 

8.  According  to  J.  Kolb  (Ccm^t  rend.  Ixiy.  862),  dry  caibon  dioxide  is  not  absorbed 
by  the  anhydrous  oxides  or  the  dry  hydrates  of  the  alkali-metals  or  alkaline-earth 
metals  eyen  after  prolonged  contact,  the  presence  of  water  being  absolutely  neoessaiy 
to  promote  the  absorption.  This  statement  is,  howeyer,  somewhat  at  yarianoe  with 
the  well-known  fiict  that  carbon  dioxide  is  readily  taken  up  by  ignited  soda-lime. 
According  to  BehdtaS  (Jakreeb,  1866,  p.  14),  carbon  dioxide  decomposes  a  solution  of 
calcium  acetate  under  a  pressure  of  27  or  28  atmospheres,  soicular  ciystals  of  calcium 
carbonate  being  formed  in  the  liquid;  on  the  otner  hana,  it  does  not  deoompose 
a  dilute  solution  of  calcium  chloride  at  45  atmospheres^  of  barium  chloride  at  40 
atmospheres,  or  of  barium  acetate  at  80  atmospheres. 

Ahiorptian  by  Water  <md  Saline  Seilutione. — Ehanikoff  a.  Louguinine  (Ann,  Ck, 
Pky$.  [41  xi.  112)  haye  determined  the  quantities  of  carbon  dioxide  absorbed  by  water 
under  different  pressures,  and  haye  obtained  results  not  quite  in  accordance  with  the 
law  of  Dalton  a.  Henry  (ii.  792).  In  the  following  table  a  denotes  tibe  yolume  of 
carbon  dioxide,  reduced  to  0°  and  760  mm.,  absorbed  by  1  vol.  water  under  the 
pressure  P: 

P  a 

697*71  0-9441 

80903  11619 


1289-41  1-8647 

1469-95  {21623 

2002-06  2-9076 


F  u 

2188*65  3-1764 

2369-02  8*4857 

255400  8-7152 

2738-33  40031 

3109-51  4-5006 


Denoting  two  of  these  absorptioi^^oeffieients  by  a*  and  «■  -f-  n,  and  the  corresponding 

pressures  by  P*  and  P*^",  the  law  of  B^nxy  a.  Dalton  would  give  ?i±f  ~l!!^  eO  ; 

a  i" 

but  on  calculating  the  differences  of  these  quotients  from  the  preceding  table,  the 

t^rms  of  the  resulting  series  exhibit,  with  increasing  pressure,  an  augmentation 
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tegular  enoogh  to  show  that  the  deTiation  from  the  law  aboTe  mentioned  cannot 
be  attributed  to  erron  of  experiment. 

When  water  is  aatorated  with  carbon  dioxide  under  pressure  (as  in  making  soda- 
water),  the  force  with  which  the  gas  is  retained  depends  to  a  considerable  extent  on  the 
time  oaring  which  the  gas  and  water  have  been  kept  in  contact  and  agitated  together. 
If  tlie  agitation  be  continued  merely  for  an  hour  or  an  hour  and  a  half,  then,  on  letting 
out  the  water»  the  excess  of  carbomc  anhydride  is  immediately  disengaged  with  effer- 
Teseenee  throughout  the  whole  mass  of  the  liquid,  which  becomes  creamy ;  whereas  if 
the  gas  be  left  in  contact  with  the  water  in  the  closed  vessel  for  20  to  24  hours, 
flLod  the  liquid  be  then  let  out,  the  carbonic  anhydride  disengages  itself  from  the 
water  and  attaches  itself  to  the  sides  of  the  glass.  It  appears  indeed  as  if  after  a 
ghort  contact  the  carbonic  anhydride  dissolves  in  the  water  as  such,  but  that  after 
prolonged  eontaet  it  becomea  hydrated  and  dissolyes  as  hydrogen  carbonate  or 
carbonic  acid,  smd  is  then  retaued  more  firmly.  The  (ussolution  of  the  carbonic 
anhydride  is  greatly  accelerated  by  adding  a  little  common  salt  to  the  water,  the 
acceleration  bung  probably  due  to  a  reaction  between  the  sodium  chloride  and 
carbonic  add,  resnltang  in  the  formation  of  acid  sodium  carbonate  and  hydrocMorie 
add.  The  presence  of  the  latter  acid  in  the  resulting  solution  may  in  fact  be 
demonstrated  by  means  of  ultramarine,  which  is  acted  upon  by  hydrochloric  acid, 
but  not  by  sodium  chloride.  A  solution  of  lead  chloride  is  acted  upon  in  a 
similar  manner  by  carbonic  acid,  a  precipitate  being  gradually  formed  consisting 
of  carbonate-chloride  of  lead  (Hugo  Miiller,  Chmm.  Soe.  J.  [2]  yiii.  87).  A  solution 
of  ordinanr  sodhtm  photphaie  into  which  carbonic  anhydride  is  passed  is  partly 
deeomposed  in  like  manner,  with  formation  of  acid  phos|phate  and  acid  carbonate 
of  sodium.  Bespecting  the  law  of  absorption  of  carbonic  anhydride  by  aqueous 
sodiom  phosphate,  see  Heidenhain  a.  Meyer,  Ann»  Ck,  Pkarm.  8ufpL  ii.  157 ;  Jak^sh, 
1863,  p.  92« 


It  CTOBr*,  is  formed  when  a  mixture  of  bromina- 
Tapoor  and  carbon  monoxide^  the  latter  in  excess,  is  exposed  to  the  8un*s  rays. 
The  mixture  becomfs  nearly  colourless,  and  on  bringing  it  in  contact  with  potash- 
ley,  rapid  absorption  takes  place,  the  solution  containing  bromide  and  carbonate  of 
potassium  (J.  Scniel,  Amn,  Ck.  Pharm,  Sufpl.  ii.  811 ;  JaXresb,  1863,  p.  165). 


U  COCl'.  CaHwiyl  chloride.  Phoegene. — The 
following  is  given  by  Wilm  a.  Wischin  (ZeUtehr.f,  Chem.  [2]  iv.  5)  as  the  best  method 
of  obtainii^  considerable  quantities  of  this  gas,  free  from  chlorine  and  containing  only 
a  si^t  excess  of  carbon  monoxide.  Into  a  104itre  flask  of  white  glass,  exposed  to 
sunshine  and  fitted  with  a  caoutchouc  stopper  traversed  by  three  tubes,  carbon 
monoxide  (prepared  from  oxalic  acid,  |mrifted  by  passing  throogh  a  mixture  of 
potash  and  lime,  and  dried  by  oil  of  vitriol)  is  admitted  on  one  side,  and  diy  chlorine 
on  the  other,  the  two  gases  being  directed  on  to  the  bottom  of  the  flask,  the  carbon 
monoxide  at  a  slightly  more  rapid  rate  than  the  chlorine,  whereby  a  perfect  mixture 
is  effected  almost  instantaneously.  The  gaseous  mixture  is  then  directed  throiigli 
the  third  tube  to  the  bottom  of  a  second  flask  of  the  same  sise,  the  stopper  of 
which  is  traversed  by  two  tubes,  and  from  this  it  passes  into  a  third  flask  fitted 
up  in  a  similar  manner.  The  gas  which  passes  into  the  third  flask  is  nearly  pure 
phoqgene,  quite  free  from  chlorine,  and  containing  only  a  slight  excess  of  carbon 
monoxide.  By  passing  it  into  well-cooled  absolute  aloohol,  it  is  easy  in  favourable 
weather  to  prepare  2  or  3  pounds  of  ethyl  chlorocarbonate  in  the  coarse  of  a  day. 

On  the  formation  of  carbon  oxychloride  from  carbon  tetrachloride,  see  pi  400. 

Phosgeiie  is  also  produced  by  the  oxidation  of  chloroform  with  potassium  dichromate 
and  snlphvric  add : 

2CHa»  +  0«  -  200Cl«  +  HK)  +  Cl», 

a  certain  quantity  of  carbon  dioxide  being  formed  at  the  same  time  by  fiirther 
deoompositaon.  The  gas  is  evolved  slowly  or  quickly  accordingly  as  the  mixtute  is 
heated  in  the  water-bath  or  at  a  higher  temperature ;  in  the  latter  case  it  als^ 
oontains  free  oxygen.  To  evolve  phosgene  quite  free  from  oxygen  in  not  too  slow  n 
stream,  »  mixture  of  50  pts.  potassium  dichromate,  400  strong  sulphuric  acid,  and 
20  pts.  diloroform  is  exposed  to  the  heat  of  a  water-bath  in  a  flasK  fitted  with  an 
inverted  Liebig*s  condenser,  so  that  the  chloroform  which  distils  over  may  flow  bnck 
a^io.  To  the  farther  end  of  the  condenser  is  attached  a  rather  large  wide  U-tulie 
filled  with  coarse  lumps  of  metallic  antimony,  to  retain  the  free  chlorine.  This  tulm 
should  be  slightly  warmed  from  time  to  time  with  the  flame  of  a  spirit-lamp,  to 
•mreat  it  from  getting  stopped  up  by  the  formation  of  solid  antimonious  chloride. 
The  phoKgene  gas  thus  evolved  contains  about  10  p.  c.  of  carbon  dioxide  and  a  small 
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quantity  of  chlorofonn-TEpour,  which  eannot   be  removed  by  any  diy  abforiMot 
(Emmerling  a.  Lengyel,  Ann.  Ch.  Pharm,  8uppl.  r\i.  104). 

Liquid  Phoagene. — The  gas  prepared  by  the  method  just  described  oondniM  to  a 
liquid  at  0®,  or  more  quiddy  at  the  temperature  of  a  mixture  of  ice  and  lalt  Only  t 
portion  of  it  ein  hoveTer  be  thus  oondeneed,  but  the  remaining  gaa  may  be  naed  fior 
other  pnipoees.  20  grma.  ehloroform  deeompoaed  as  above  viehled  only  4  gnu.  of 
rectified  bquid  phosgene,  whereas  the  theoretical  quantity  would  be  16  gnu.  HonoTM', 
the  liquid  phosgene  thua  obtained  always  contains  chloroform. 

A  purer  and  more  abundant  product  may  be  obtained  by  eyolving  the  gis  by  Wilm 
a.  Wischin's  method  above  described.  Aa,  however,  the  presence  of  an  unooodeiutbU 
gas  offers  a  great  obstacle  to  the  liquefaction  of  the  phosgene,  it  is  best  to  ngvlite 
the  flow  of  Uie  two  gasee,  so  that  the  chlorine  may  be  in  slight  excess  instead  of  the 
carbon  monoxide,  this  excess  of  chlorine  being  removed  as  above  by  PMB^  the  gu 
over  metallic  antimony.  From  the  antimonv  tube  it  is  passed  througf  a  wide  U'tiiba 
cooled  by  a  freezing  mixture,  and  from  this  the  liquefied  phosgene  is  ftom  time  to  time 
quickly  poured  into  a  small  flaak  also  surrounded  by  a  fieesing  mixture.  Using  stoppered 
bottles  of  the  capacity  of  a  or  4  litres,  instead  of  the  10-litre  flasks  employed  by  Wilm 
and  Wischin,  and  with  a  conaumption  of  80  litres  of  carbon  monoxide,  the  qvantity  of 
liquid  phoagene  obtained  in  the  course  of  a  aunny  day  was  about  110  gnns.;  on  a 
cloudy  day,  60  litrea  carbon  monoxide  yielded  about  60  grma.  of  liquid  phosgene. 

Phoagene  obtained  by  the  method  just  deacribed  is  perieetly  poie,  whereas  that 
prepared  from  chloroform  cannot  be  completely  freed  htm.  the  latter,  even  by  repeatid 
na^onation. 

Pure  phoagene  ia  a  limpid  very  mobile  liquid,  whose  vapours  exhibit  in  the  greslert 
intensity  the  well-known  auffocating  odour  of  phosgene  gaa.  In  water  it  sinks  m  the 
form  of  an  oil,  and  gradnallv  deoomposes,  with  evolution  of  carbon  dioxide.  It 
boils  constantly  at  8'2^(coit.)  under  a  pressure  of  766*4  mm.  VapouMleniity 
-  8*606  (calc  «  8*420). .  Sp.  gr.  of  the  liquid  -  1*482  at  O"* ;  1*892  at  IS-^^, 
compared  with  water  at  4^  (Emmerling  a.  Lengyel). 

Phosgene  gas  is  gradually  absorbed  by  Hnc'metfyl,  forming  a  white  ayBtalline 
mass,  mich  is  decomposed  by  water,  ^ving  off  carbon  monoxide  (and  probably  alio 
marsh  gas),  and  a  mixture  of  propylic  and  butylic  alcohols,  together  with  a  small 
quantity  of  acetic  acid  (Buttlerow,  yahreab,  1868,  p.  476). 

According  to  Bezthelot  (ZtiUokr,  /.  Chem,  [2]  v.  480),  ohoegene  does  not  act  i^n 
ethylene,  acetylene,  or  bensene  in  the  manner  described  b^  Hamitaky ;  the  obeerrationf 
of  other  chemista,  however,  are  in  accordance  with  Harmtak/a  reeuUe.  iSee  Banani 
p.  262,  and  Bekzoic  Acm,  p.  806.)  With  aeeUm4  it  produces  dichkuaeetoDe 
(Wroblevsky,  ihid,  iv.  666). 

OliloroearliMdo  BtlMrs.  Ethyl-chlorooarbonate  acta  violently  on  «is^ 
metk^^  producing  carbon  dioxide,  ethylene,  mavah  gaa  (periiape  alao  methyl-ethyl),  and 
ainc  chloride : 

2C0C1(0C«H»)  +  Zn(CH»)*  «  2C0«  +  2C«H«  +  2CH«  +  ZaCi\ 

Methyl  chlorocarbonata  doea  not  aet  on  ainc-methyl  under  the  oriintty 
atmospheric  pressure ;  and  when  the  mixture  is  heated  to  nearlv  100®,  only  paitial 
decomposition  takes  place,  resulting  in  the  fotmation  of  methyl  cariwaate  sad 
hydrocarbons  (ethylene  and  its  homologues),  also  carbon  dioxide  and  methylehkride, 
the  latter  being  produced  bv  a  simple  splitting  up  of  the  methvl  chloroearboaate  in 
presence  of  the  ainc  chloride  produced.  PiumboteinametM  and  nureuff  mtfthfl  are 
likewise  only  imperfectl3r  decomposed  by  methyl  chlorocarbonata  at  lOO®. 

Ethyl  chlorocarbonata  is  converted  by  Wncand  mdphurioadd  into  ethyl  eaiboaats  ;bT 
»od%uni'amdlga7m\TiXo  alcohol,  sodium  carbonate,  and  sodium  chloride;  by  iifoaMakneat 
ordinary  temperatures,  into  ethyl  carbonate  and  hydrochloric  acid  (Buttlerow,  ZeiU^r 
Ch.Pharm,  1863,  p.  484  ;  Jahretb,  1868,  p.  474). 

Ethvl  chlorocanwnate  gradually  mixed  with  potaeHum  phenaU  yields  potaseiom 
chloride  and  ethyl-phenyl  carbonate  (^tianoff,  SSeiUckr.  Ch,  Pktrm.  1861.  p* 
77): 

Co!oC«H*  +  C*HK)K  -  KCl  +  COJgg^:. 

« 

With  wdium  monomlphide  it  forma  the  ethylic  ether  of  dicarbo th ionic  aeid, 
S(CO*H)«  (V.  Meyer,  Deui.  Chem,  Ges.  Ber,  1869,  p.  297): 

2C0a(0C«H»)  +  Na«S  =  2NaCl  +  S(COOC«H»)«. 

OAJUBOV  OZTBV&PBXBB,  COS.— This  compound,  diaooverad  by  Than 
{Ann.  Ch.  Pharm.  Suppl,  v.  32 r>),  is  produced :  1.  By  direct  combination,  when  carbun 
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mooozide  mixed  with  exoefls  of  Bulphur-Tapoor  is  |Mi88ed  through  a  red-hot  porcelain 
tabe.  Ab  thus  prepared,  howerer,  it  ia  always  mixed  with  frm)  carbon  monoxide. — 
1  A  purer  product  ia  obtained  by  decomposing  potassium  sulphocyanate  with 
Dodantelj  dilute  acids.  Potassium  sulphocyanate  is  added  to  a  cooled  mixture  of 
6  ToL  strong  sulphuric  acid  and  4  toL  water  as  long  as  the  mass  remains  liquid,  the 
action  being  mo^rated  by  cooling,  or  assisted  by  warming,  as  may  be  necessary ;  and 
I  he  erolTed  gas — after  passing  tluoufh  three  U-tubes,  the  first  containinp[  cotton- wcol 
impregnated  with  moist  mercuric  oxide  to  remove  traces  of  hydrocyanic  and  formic 
acids,  the  second  containing  fine  cuttings  of  non-vulcanised  caoutchouc  to  absorb 
curboo  bisulphide,  and  the  third  containing  calcium  chloride  to  absorb  water — is 
collected  over  mercury.  The  formation  of  carbon  oxysulphide  from  sulphocyanio 
scid  is  represented  by  the  equation : 

C8HN  +  HK)  «  NH»  +  CSO, 

which,  howBver,  holds  good  only  for  a  fraction  of  the  mixture,  a  laige  portion  of  the 
sulphor^anic  acid  being  at  the  same  time  resolved  into  hydrocyanic  and  persulpho- 
^anic  acids,  especially  when  heat  is  applied  (iv.  379)  (Than). 

3.  By  heating  nreawith  carbon  bisulphide  to  110®  in  a  sealed  tube,  ammonium 
niphocyanate  beiqg  formed  at  the  same  time : 

COH*N«  +  CS«  -  COS  +  G8N.NH«. 

Od  opsBiQg  the  tube,  the  carbon  oxysulphide  is  given  off,  together  with  hydrogen 
sulphide,  from  wiiieh  it  may  be  freed  by  lead  acetate  (Ladenbug,  ZmUekr.  /.  Chim, 
P3  V.  26S). 

4.  Together  with  diethyl-urea,  by  passing  diy  hy^K>gen  sulphide  into  ethyi  eyaaate 
(Ladealrazg,  tbid.  346) : 

2C0NC»H»  +  H«S  -  COS  +  OOHXC«H»)«N». 

5.  Thiacetie  acid  heated  to  300®  is  decomposed,  with  evolution  of  a  gaseous 
jnixture,  three-fourths  of  which  consists  of  hydrogen  sulphide,  and  one-fourth  of 
carbon  0]i78nlphid«,  perhaps  mixed  with  a  little  methyl  and  marsh  gas  (Ladenburg, 
Uc.  ett.). 

6.  Together  with  sulphurous  oxide,  hvdrochlorie  add,  and  f^  sulphur,  by  heating 
squivalent  quantities  of  chlorhydiosulphuric  acid  and  car^n  bisulphide  to  100®  for 
sevenl  honn  in  a  sealed  tube : 

S0*C1H0  +  CS«  «  COS  +  Ha  +  S0«  +  S. 

The  solpbar  is  depontsd  in  large  yellow  ciystals ;  the  sulphurous  oxide  condenses  to 
a  liqmd ;  and  on  opening  the  tube,  this  oompound  is  given  off  as  gas,  together  with 
hjdinehlorie  afdd  and  eaibon  oonnsulphide,  which  may  be  freed  from  tbo  other  two 
gases  by  ooUeeting  it  over  water  (Dewar  a.  Cranston,  Chem,  News,  xx.  174). 

7.  Together  with  sulphurous  oxide  and  free  sulfur,  by  gently  heating  carbon 
bisulphide  with  an  equivalent  quantity  of  sulphuric  oxide  (Amstiong,  ZnUehr.  f. 
Ckm.  [2]  Ti.  247). 

Oumn  oajBoiphide  is  a  gas  of  sp.  gr.  2*1046  (cale.  2*0838),  and  may  easily  be 
poorsd  from  ona  veasel  to  another.  It  has  an  aromatic  odour  like  that  of  some 
nsins,  ali^itlj  also  that  of  hydrogen  sulphide,  and  a  feebler  acid  reaction  than 
carbon  diooade.  At  a  low  red  heat  it  is  partly  resolved  into  carbon  monoxide  and 
sulphar-vi^oiir;  by  a  fine  platinum  wire  ignited  by  the  electric  current,  it  is  slowly 
bat  fionplataljr  decomposed,  yielding  an  equad  volume  of  carbon  monoxide.  It  bums 
in  the  air  with  a  &ut  blue  flame,  producing  carbon  dioxide  and  sulphur  dioxide ; 
with  1^  voL  oxygen,  it  forma  an  explosive  mixture  burning  with  a  shining  bluish- 
white  flame.  U  is  not  acted  upon  by  chlorine  or  fuming  nitric  acid  at  ordinary 
tearaeiaturee,  and  does  not  form  an  explosive  mixture  with  nitrogen  dioxide  (Than). 

Iwtitr  abeorbe  about  its  own  volume  of  carbon  oxysulphide,  acquiring  a  sweetish 
and  alterwarde  a  pungent  taste,  and  decomposing  it  titer  some  time.  It  appears  to 
exist  in  some  snlplrar  springs  and  in  the  sulphurous  gases  of  volcanos.  Pota»h4ty 
ahaorhs  the  gas  as  completely  as  carbon  dioxide,  though  less  quickly ;  the  solution 
exhibits  the  reactions  of  metallic  sulphides,  and  when  treated  with  acids  gives  off 
H'BaiidCO*: 

COS  +  4KH0  -  CO'K«  +  K»S  +  2H«0. 

Baryta  and  lime  water  act  in  a  similar  manner  (Than).  It  is  absorbed  by  alcoholic 
potash-solution  cooled  to  a  very  low  temperature,  the  liquid  ultimately  solidifying  to 
a  crystalline  mass  of  the  potassium  salt  of  ethyl-dioxysulphocarbonic  acid  (v.  49) : 
COS  +  C»HH)K  =  CSO\Cm*)K  (Bender,  ZeitKhr.  /.  Chem.  [2]  v.  302). 
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Neutral  or  acid  soliftionfl  of  Uad^  eoppa^f  cadmium^  and  «i?oer  boIU  aie  not  precipitAled 
by  the  gas ;  but  when  mixed  with  excess  of  ammonia,  they  yield  with  it  characteristic 
precipitates  of  metallic  sulphides.  Mercury  is  not  altered  by  the  dry  gas  at  oidiiiar}' 
temperatures,  but  at  the  boiling  heat  it  slowly  becomes  corered  with  a  film  of 
mercuric  sulphide ;  the  moist  gas  produces  this  effect  at  ordinary  tempentar». 
Sodium  decomposes  it  even  in  the  cold,  and  at  a  low  red  heat  bums  in  it  with 
explosion,  forming  a  black  substance.  Finely  divided  copper,  silver^  and  trva 
decompose  it  without  separation  of  free  sulphur.  Mercuric  wade,  heated  to  boiliog 
in  a  stream  of  the  gas,  is  violently  decomposed,  yielding  metallic  mercury  and  a 
yellowish  liquid  (probably  ethyl  thiopropionate)  having  an  alliaceous  odour  (Than). 

Carbon  oxysul^ide  unites  quickly  with  dry  ammonia  oae,  and  is  rapidly  abMU^ 
by  strong  aqueous  ammoma,  forming  oxysulphocarbamate:  COS  +  2NH'  e 
CH'NSO.KH*,  which  when  dissolved  m  waUr  and  heated  in  a  sealed  tube, is 
converted  into  ammonium  sulphocyanate:  CH«NSO.NH«  -  HK)  «  CHNS.NH', 
and  when  gently  heated  with  a  lead-compound,  is  converted  into  urea,  CH'NSO.NH' 
—  H*S  »  CH*N*0.  The  reaction  with  ammonia  affords  a  leady  means  of  dis- 
tinguishing carbon  oxysulphide  from  the  bisulphide,  wliich  is  but  slowly  acted  upoo 
by  ammonia  (BerUielot^  Zeiisekr.  f.  Chem.  {2]  iv.  416).  According  to  Hof^nann  (im. 
V.  346),  tJie  best  reagent  for  separating  the  two  ooncpounds  is  trietkylpkoap^m,  vhich 
unites  immediately  with  the  bisulphide,  but  has  no  ac6on  on  the  oxysulphide. 

OASBOXr  SUUnriBB.  CSe*.— Formed,  but  in  very  smaU  quantity,  when 
moist  vapour  of  carbon  tetrachloride  is  passed  over  phosphorus  selenide.  The 
hydrogen  selenide  formed  by  the  action  of  the  water  on  the  phosphorus  selenide  then 
reacts  with  the  carbon  chloride  as  follows : 

CCl*  +  2H«Se  =  4Ha  +  CSe«. 

It  has  not  been  obtained  pure,  but  appears  to  be  a  liquid  having  an  intensely  pungeni 
and  tear-exciting  odour,  resembling  also  when  diluted  that  of  carbon  bisulphide. 
With  alcoholic  potash  it  yields  the  ethylic  ether  of  ^eleniozantliic  acid,  C^H'*SeO' 
(Rathke,  Zeitschr.f,  Chem,  X2]  v.  722). 

CJkMBOM  SUUPKXBBS.  I.  BisuLPHiDB.  CS^.^This  compound  if  dov 
prepared  on  a  veiy  laige  scale  and  applied  to  a  variety  of  purposes.  Thn  seToal 
forms  of  apparatus  used  for  its  manufacture  are  similar  tn  principle  to  the  lahontoiy 
apparatus  already  described  (i.  776),  differing  only  in  the  forms  of  tite  ffetott  and 
condenser,  and  in  the  mode  of  introducing  the  sulphur.  For  descriptions  and 
figures  see  Richardson  and  Watts's  Chemical  Technology,  pt  iii.  ^p.  124-lSO. 
.^^oording  to  Sidot  (Con^,  rend.  Ixix.  1863),  the  largest  product  is  obtained  at  a  nd 
heat  (not  above  that  temperature).  Wagner  has  suggested  the  production  of  caiton 
bisulphide  hy  distilling  some  of  the  metallic  sulphides  with  chaxeoal  in  closed 
vessels. 

To  purify  carl>on  bisulphide  obtained  as  above  from  free  sulphur,  hydrogen  sulphide, 
and  small  quantities  of  other  sulphur-compounds  which  give  it  an  intensely  di^gosting 
odour,  it  must  be  rectified  and  treated  with  absorbents.  Boni^  uses  fbr  this  purpose 
a  series  of  vater-bath  stills,  the  first  containing  potash-ley,  and  the  others  soIoUoos 
of  lead,  copper,  iron,  &e.,  to  retain  the  hvdrogen-sulphide,  &c.  (Wagner's  Jakretberv^t, 
1860.  p.  76).  Sidot  {loc,  cit.)  first  distils  it  alone,  and  then  agitates  it  with  mercoir 
till  the  shining  surface  of  the  metal  is  no  longer  blackened  by  it.  does  {Com^* 
rend.  Ixix.  1366^  leaves  it  in  contact  for  24  hours,  and  frequMitly  agitates  it^  with 
}  p.  c.  of  its  weight  of  mercuric  chloride,  which  removes  a  fetid  sulphur-oompound ; 
then  decants  the  clear  liquid ;  adds  0^02  of  its  weight  of  an  inodorous  fat ;  and  distils 
it  in  the  water-bath  at  a  low  temperature.  The  bisulpliide  purified  by  either  of 
these  processes  has  an  ethereal  odour  quite  different  ftom  that  of  the  ordinaiy 
commercial  product. 

Uses. — Carbon  bisulphide  is  now  used  for  a  variety  of  industrial  purposes,  chieflv 
on.  (M^count  of  its  solvent  power,  e.g.  for  the  vulcanisation  of  caoKtcfaouc;  as  a 
solvent  of  caoutdiouc  and  gutta-percha;  as  a  substitute  for  ether  in  dissolving 
quinine  and  other  alkaloids ;  for  the  extraction  of  fatty  matter  from  v^etable  sod 
animal  tissnes ;  fiar  recovering  the  oils  retained  by  the  press-cake  of  olives  and  other 
seeds ;  for  extracting  oils  and  aromatic  principles  from  seeds,  spices,  ^^,  and  even 
for  extracting  the  scents  of  flowers ;  for  these  latter  purposes  it  must  of  course  be 
very  pure ;  also  for  dissolving  bitumen  and  sulphur  from  certain  rocks  in  which 
they  exist  in  too  small  a  proportion  to  be  extracted  economically  bv  other  processes. 

The  poisonous  properties  of  carbon  bisulphide  have  been  turned  to  account  for  the 
destruction  of  insects.  According  to  Boy^re  {Technologisie,  Aug.  1857,  p.  «^73). 
jg;rain  may  be  readily  freed  from  insects,  if  kept  in  closed  receptacles,  with  a  small 
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addition  of  the  bisulphide  (2  grams  of  tho  hitter  to  100  kilo,  of  the  grain).  The 
Vtralphide  not  only  kills  the  insects,  but  also  the  larvse  and  ova.  The  odour  may 
be  completely  removed  by  merely  exposing  the  grain  for  a  short  time  to  the  air. 

Lastly,  the  bisulphide  is  used  in  electroplating,  a  few  drops  added  to  the  liquid 
causing  the  silver  to  deposit  with  increased  brightness. 

For  details  respecting  the  industrial  applications  of  the  bisulphide,  see  Chemical 
Teeknoloay,  pt  iii.  pp.  134-141 ;  jbAso  Hofmann's  Exhilntion  Report,  1862,  p.  98. 

Beadunu. — I.  Carbon  bisulphide  passed  through  a  tube  heated  to  bright  redness  is 
partly  resolved  into  its  elements,  carbon  being  deposited  on  the  sides  of  the  tube,  and 
sulphur  passing  off  with  the  undeoomposed  bisidphide.  If  the  tube  be  filled  with 
lumps  of  charcoal,  the  separated  sulphur  is  reconverted  into  bisulphide  (Beithelot, 
Zeiiteir.  f.  Ckem.  [2]  v.  128  ;  Stein,  ilnd.  512). 

2.  When  carbon  bisulphide  is  exposed  to  sunshine  for  some  months  in  sealed  tubes, 
a  brown  substance  is  deposited,  which  after  a  while  greatly  interferes  with  the  action 
of  the  light.  If^  however,  a  small  quantity  of  water  be  introduced  into  the  tubes, 
this  subetonce  is  no  longer  deposited,  and  the  water  takes  up  a  small  quantity  of  formic 
add: 

CS»  +  2HK)  »  CHH)«  +  H«S  +  8. 

Ob  removing  the  watery  layer  and  the  undeoomposed  bisulphide,  a  bulky  solid 
substance  remains,  consisting  of  carbon  sesquisulphide  (0.  Loew,  Aid.  iv. 
622). 

5.  When  a  Ions  thin  plate  of  gold  or  platinum  wound  into  a  spiral  with  iin'foU  is 
immersed  in  carbon  bisulphide,  the  latter  is  decomposed,  sulphur  combining  with 
the  tin,  and  carbon  being  deposited  in  small  crystals  (liionnet,  Qnnpt.  rend,  Ixiii. 
218). 

4.  Hie  action  of  carbon  bisulphide  on  various  metallic  salts  at  a  red  heat  has  been 
stndied  \3j  W.  HuUer  {Pnffff.  Ann.  cxxvii.  404 ;  Jahredt.  1866,  p.  120).  Potaeeium 
ekromute  ignited  in  a  current  of  the  vapour  yields  potassium  tnsulphide,  chromium 
sesquisulphide,  and  gaseous  products : 

2CrO*K«  +  6CS«  -  2K«S«  +  Cr'S'  +  4C0  +  C0«  +  S0«. 

Ammonium  ehromate  yields  similar  products.  Potaseium  aniimonate  is  converted  into 
snlphantamonite,  according  to  the  equation : 

4SbO«K  +  6CSP  =  4SbS«K  +  3C0»  +  2C0  +  2S0«. 

Ammenmm  cnUmonate  yields  an  ammonium  polysulphide,  together  with  antimonions 
sulphide.  Potateium  manganate  at  a  strong  red  heat  is  converted  into  potassium 
trisnlphide  and  manganous  sulphide,  with  evolution  of  carbon  dioxide ; 

MnO*K«  +  2CS«  -  K«S«  +  MnS  +  2C0*. 

BsffHsi  mangtmate  yields  similar  products.  Anhydrous  sodium  pyrophoephate  yields 
sodium  metaphoephate  and  monosulphide,  together  with  carbon  monoxide  and  tret 
sulphur: 

P«0'Na*  +  CS*  -  2P0»Na  +  Na«S  +  CO  +  8. 

Mnhh  meiaphnspkate  is  not  altered  under  the  same  circumstances ;  but  potassium 
^ietepkospkate  is  decomposed  at  a  higher  temperature,  with  formation  of  a  sulphide  of 
phoephoros. 

6.  Oxamide  heated  to  180°-200^  in  sealed  tubes  with  carbon  bisulphide,  forms 
uuDonium  sulphocyanate,  carbon  oxysulphide,  and  carbon  monoxide : 

0»0»HW  +  CS»  -  CSN.NH*  +  COS  +  CO. 

The  tabes  must  be  opened  from  time  to  time  to  allow  the  gases  to  escape.  With 
oBttawude  the  reaction  is  more  complex,  a  combustible  gas  not  absorbed  by  cuprous 
chloride,  perhaps  methyl,  being  likewise  evolved,  according  to  the  equation : 

2(C0CH».H»N)  +  CS«  «  CSN.NH*  +  COS  +  CO  +  (CH«)«. 

If  alcohol  is  added,  mercaptan  and  ethyl  bisulphide  are  also  found  amongst  the 
products  (Ladenburg,  Zeitscbr.f,  Chem.  [21  v.  478). 

6.  For  the  reaction  with  sulphuric  chlorhydrate  see  p.  407. 

7.  Carbon  bisulphide  readily  diitsolvos  the  chlorides,  bromides,  and  iodides  of  phos- 
phorus, antimony,  arsenic,  sulphur,  and  selenium,  also  hydrogen  bisulphuie,  and  mixes 
vith  the  tetrachlorides  of  tin  and  titanium ;  but  the  fluorides,  chlorides,  bromides, 
i^ides,  sulphides,  and  oxides  of  most  metals,  and  all  oxygen  salts,  are  insoluble  in  it« 

J^aohition  of  phosphonts  in  carbon  bisulphide  exerts  a  reducing  action ;  a  solution  of 
'^mine  or  iodine,  an  oxidising  action  (Gore,  Phil,  Mag.  [2]  xxx.  414). 

^'  Carbon  bisulphide  may  be  detected  in  coal-gas  by  passing  the  gas  (completely 
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freed  from  hydrogen  salpliide)  over  red-hot  copper-foil.  If  any  bisulphide  is  present^ 
the  copper  aoquiree  an  iridescent  snrface,  and  its  nitric  acid  solution  dilated  with 
water  yields  after  some  time  a  precipitate  with  barium  chloride  (A.  Vogel,  ZaUd)r,f, 
Chan,  [2]  Ti.  258). 

Hydrate  of  Carbon  BiaulpMde, — ^A  hydrate  2CS'.H'0  is  formed  in  whita 
crystalline  scales  when  moist  carbon  bisulphide  is  strongly  cooled  by  rapid  eT&pon* 
tion.  It  decomposes  at  about  —  3°,  and  is  therefore  as  inflammable  as  the  bisulphide 
itself  (Berthelot,  Ann,  Ck,  Phys,  [3]  xlvi.  490 ;  Dudaux,  Bull.  Soe.  CJdm,  [2]  riii. 
258). 

Cabbon  SBsavisuLPHiDB.  0*3*. — ^This  compound  is  formed  by  dignting 
recently  precipitated  hydrogen  carbosesquisulphide,  H'G'S'  (it{fra\  with  strong aqnaous 
ammonia  at  a  gentle  heat,  and  treating  the  dark  red  filtered  liquid  with  a  cnirentof 
chlorine.  The  sesquisulphide  is  then  precipitated,  and  may  be  freed  from  sdherios 
sulphur  by  means  of  sodium  sulphite,  washed  with  warm  water,  then  with  alcohol,  and 
dried.  It  is  also  formed  when  the  bisulphide  is  enclosed,  together  with  mtsr,  in 
sealed  tubes  and  exposed  for  a  long  time  to  the  sun*s  rays  (p.  409).    It  is  an  aoor- 

Shous,  brown,  inodorous  powder,  insoluble  in  alcohol,  ether,  and  carbon  bisolphide ; 
ecomposed  into  its  elements  by  a  heat  a  litUe  abore  200** ;  not  altered  by  amnumiai 
soluble  without  decomposition  in  boiling  potash-ley.  It  is  oxidised  by  weak  nitric 
acid,  yielding  an  acid,  tne  barium  salt  oi  which  is  soluble  in  water,  the  lead  and  lilrer 
salts  sparingly  soluble.  This  add  has  perhaps  the  composition  (C9)'^H>'  eone- 
sponding  to  ozalio  add  (0.  Loew,  Zeittekr.  /.  Cftem.  [2]  i.  722;  il  173;  ir. 
628). 

Hydrogen  Carho99$qu%9Hlph%de,  C^H*,  is  produced  by  agitating  escbos 
bi8ul];»hide  with  pasty  sodium-amalgam.  On  throwing  the  resulting  mass  into  inXa, 
filtering  the  blood-red  solution,  passing  hydrogen  sulphide  into  it  to  deconmoisa 
mercurial  compound,  and  pouring  the  liquid  into  dilute  hydrochlorie  add,  bjrdrQgio 
sulphide  is  giyen  off,  and  a  red  fioeeulent  substance  is  precipitated,  which  whan 
punfied  by  crashing  with  water,  dissolution  in  carbon  bisulphide,  filtering,  and  evapor* 
ation,  has  the  oompodtion  CS^.  This  substance  melts  at  100^  and  deoomposei  at 
a  somewhat  higher  temperature ;  it  is  slightly  soluble  in  alcohol  and  ctbsr,  bom 
fredy  in  carbon  bisulphide  and  in  alkaline  sulphides. 

Hydrogen  carbosesquisnlphide  is  an  acid,  and  is  amUoeoos  in  composition  to 
glyoxalie  add,  CK)*H* ;  it  might  therefore  be  called  tnioglyozalie  acid. 
Boiled  with  baryta,  it  forms  the  salt  BaCW,  which,  when  tieated  with  hydroeUane 
acid,  reproduces  the  hydrogen  compound.  In  the  same  reaction  there  are 
formed  oxalate,  sulphide,  and  earbomonosulphide  of  barium,  as  shown  by  the 
equation : 

2C«S»H«  +  6BaO  -  C«0«Ba  +  4BaS  +  C«8«Ba  -f-  2H«0. 

The  soc^tami  tdi  is  foimed,  together  with  sodium  sulphide,  by  heating  sodinai  in  a 
sealed  tube  with  carbon  bisulphide  to  140^-150^.  The  carboeesquisulphides  d  th» 
heaTy  metals  are  dark-coloured  predpitates.  The  copper  eaU,  which  has  a  black- 
brown  colour,  is  produced  when  finely  dirided  copper  is  digested  for  sererd  boon  i* 
sunshine  with  carbon  bisulphide  and  water  (Loew,  loo^  cit). 

Hydrogen  carbosesquisulphide  is  likewise  formed  by  prolonged  digestion  of  phoi- 
phQnis  pentasulphide  with  acetic  add  at  150^  in  a  flask  .Auni wed  with  a  condenstDg 
tube.  The  residue  left  after  distillation  is  washed  with  water  and  weak  sod»-Uy> 
and  dissolred  in  a  dosed  vessel  in  carbon  bisulphide  at  120^.  The  solution  irfaeo 
evaporated  leaves  the  compound  CS'H*.  The  portion  insoluble  in  carbon  bisdpbidt 
is  a  body  which  appears  to  have  Uie  composition  0^ ;  it  dissolves  with  red  eokar  is 
hot  concentrated  sidphnric  add  and  is  attacked  by  nitric  add.  Carbon  sulphides  con- 
taining lover  proportions  of  sulphur  are  likewise  fonned  by  the  action  of  phospbnw 
pentamilphide  on  many  organic  bodies  (Loew,  Zeiieekr,  [2]  iii.  20 ;  Jahretb,  lS67i 
p.  157). 

The  action  of  sodium-amalgam  on  carbon  bisulphide  was  first  examined  bv  Lowiga. 
Hermann  (Jakreeb,  1860,  p.  897),  who  obtained  compounds  of  sodium  with  sdixivr 
and  carbon  of  uncertain  composition ;  afterwards  by  Guignet  {ibfd.  p.  122).  Oiiard 
(Compt.  rend,  xliii.  896)  found  that  nascent  hydrogen  evolved  by  sine  and  dilute 
sulphuric  add  converted  carbon  bisulphide  into  a  crystallised  compound,  CB^ 
volatile  at  about  150^,  and  another  substance  not  examined,  hydrc^gen  sulphide  being 
at  the  same  time  evolved. 

O ASBOVATSS.  Ammonia  Carbonate «. — ^An  elaborate  exam i nsl ion  of  tbe^ 
salts  has  ktely  been  made  by  Divers  (Chem.  8oc.  J.  [2]  viii.  171  [1870]).  The 
main  result  of  this  examination  is  a  confirmation  of  the  conclusion  arrived  at  by 
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DeTiUe  (i.  190),  tliat  thoM  are  \hne  definito  aixunonitun  carbonates  repiMMnted  by  the 
following  formuUB : 

Nonnal  carbonate,  CO*(KH*)*(H*0)*  -  CO«(NH«)*  +  H*0 

Add  carbonate,  (CO*)(NH«XH«0)  =  CO'j^^* 

Half^d«8e«,-i^bonat..(CO.)HimWH')«  -  (CO'lg^')*  *  H'O. 

The  carbonate  of  anunonia  now  found  in  commerce  appeaxa  to  be  a  mizton  or 
compound  of  add  carbonate  and  carbamate,  represented  by  tne  formnla : 

CO«(NH*)H  .2[C0«(NH«XNH*). 

The  preparation,  physical  properties,  and  chemical  reactions  of  these  salts  ars  faUy 
discussed  in  the  memoir  above  referred  to,  which  also  contains  a  yery  complete  histozy 
of  the  inrestigations  relating  to  them. 

The  add  carbonate  occurs  below  the  guano  of  the  Chinca  Islands,  as  a  saline  deposit 
smelling  of  ammonia  (Phipson,  Ckem.  800,  J,  [2]  i.  74). 

Barium  Carbonate. — The  precipitated  salt  dissolres,  under  a  pressure  of  4  to  6 
atmospheres,  in  132*3  pts.  of  water  saturated  with  carbonic  acid,  and  is  afterwards 
retained  in  this  solution  under  ordinary  atmospheric  pressure.  The  solution  when 
left  to  evaporate  deposits  a  heavy  precipitate  consisting  of  a  mixture  of  amor{^us 
and  crystalline  banum  carbonate ;  at  Uie  boiling  heat  the  whole  of  the  barium  is 
predpitated  as  czystalline  carbonate.  The  salt  appears,  therefore,  to  be  insoluble  in 
water  (R.  Wagner,  J.  pr.  Okem.  di.  238;  Jahretb,  1867,  p.  135). 

Caleium  Carbonate, — A  hydrate  containing  C0'Ga.6HH)  is  formed  on  passing 
carbon  dioxide  into  lime-water  or  a  solution  of  sugar-lime  cooled  to  between  0^  and 
+  2^,  or  by  predpitating  ealdum  chloride  with  sodium  carbonate  at  the  same 
iemperature.  The  predpitate,  flocculent  at  first,  soon  becomes  ciystaUine,  and  after 
wasning  with  ice-water  and  drying  at  (P,  contains  20  p.  e.  water,  answering  to  the 
formula  above  givMi.  At  30°  it  is  quickly  converted  into  a  semifluid  mixture  of 
water  and  anhvdrous  carbonate;  at  20°  this  change  takes  place  somewhat  more 
slowly ;  and  at  lower  temperatures  the  salt  gradually  effloresces.  Calcium  carbonate 
predpitated  at  temperatures  above  80°  is  ^ways  anhydrous ;  between  0°  and  30° 
(s^.  at  10°-20°)  precipitates  are  formed,  containing  quantities  of  water  (10  to  27  p.  c.) 
varying  not  oidy  wiUi  the  temperature,  but  with  the  time  occupiea  in  the  pre- 
cipitation (J.  Pelouze,  BuU,  Soe.  Chim,  [2]  iii.  183).  Calcium  oarbonatoekloriiU, 
CaCl'.SOsCC  +  6H'0,  was  obtained  as  a  sandy  crystalline  residue  on  dissolving  in 
water  some  crystallised  ealdum  chloride  which  had  been  prepared  on  the  laige  scale 
for  technical  purposes.  The  crystals  are  decomposed  by  prolonged  contact  with 
water,  the  chloride  dissolving  and  the  carbonate  remaining  in  the  form  of  skeletons, 
which  under  the  microscope  appear  like  aggregates  of  amorphous  spherical  masses. 
The  same  double  salt  is  formed  when  a  solution  of  calcium  chloride  mixed  with 
ammonia  is  left  exposed  to  the  air,  its  formation  being  accelerated  by  excess  of 
carbonic  add  in  the  air  above  the  liquid. 

On  the  solution  of  ealdum  carbonate  and  dolomite  in  saturated  aqueous  carbonic 
add,  see  Cossa  (Zeitschr.  anal,  Chem,  1869,  146 ;  ZeiUchr,/,  Chan,  [2]  vi.  89). 

Cupric  Carbonate. — By  dissolving  the  precipitated  basic  carbonate  in  saturated 
aqueous  carbonic  acid  under  a  pressure  of  4  to  6  atmospheres,  a  greenish  solution  is 
formed  containing  1  pL  of  the  neutral  salt  CO^Cu  in  4,690  pts.,  and  depositing  an 
amorphous  basic  salt  when  heated  to  boiling.  The  portion  of  the  original  predpitate 
not  dissolved  by  the  aqueous  carbonic  acid  is  a  greenish  crystalline  powaer  having 
the  composition  of  malachite  (Wagner,  /oc.  cU,), 

Ferroue  Carbonate  occurs  as  an  amorphous  hydrate,  CO'Fe.H'O,  in  the  mines 
of  Pontp^an  (Bep.  dTlIe-et-Vilaine) ;  white,  earthy ;  but  little  alterable  in  the  air, 
and  scarcely  decomposed  by  adds  at  ordinary  temperatures  (Massieu,  Compt.  rend. 
lix.  2381  Ferrous  carbonate  (spathic  iron)  dissolves,  under  the  conditions  above 
■pediied  for  the  barium  salt,  m  water  saturated  with  carbonic  acid,  forming  a 
colourless  solution  which  contains  1  pt.  in  188  of  the  normal  carbonate,  and  when 
heated  to  boiling  deposits  a  black  amorphous  precipitate  (Wagner). 

Indium  Carbonate  is  a  white  gelatinous  precipitate,  soluble  in  ammonium 
carbonate,  repredpitated  on  boiling,  insoluble  in  fixed  alkaline  carbonates.  The 
predpitate  formed  in  indium  solutions  by  alkaline  bicarbonates  is  also  soluble  in 
excess  of  the  reagent  (Winkler,  J.  pr.  Chem.  xdv.  1). 

Lanthanum  carbonate,  2C0'La.5H'O,  precipitated  from  the  sulphate  by 
neutral  or  add  sodium  carbonate,  and  dried  at  ordinary  temperatures,  forms  miciiceous 
scales  having  a  silky  lustre  (Hermann,  ibid.  Ixzxii.  385). 
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Lead  Carho%ai€$, — The  basie  nit  (white  leed)  is  nearly  ineohible  in  tttnited 
aqneooe  caxbonie  add  eren  under  pressure ;  bat  the  carbonate  obtained  b]rpreei|nt«tioi 
with  sodhim  carbonate  is  percepUblj  sdable  therein,  1,000  pts.  of  Uia  aolution 
containing  0'6  pts.  of  normal  lead  carbonate  (Wagner).  On  the  formation  of  cubonaiO' 
chloride  of  Imi,  see  p.  405. 

Mag»€9ium  Carbonate*. — ^Aeeording  to  Herkel  {JahreA.  1867ip.  136),  nonnal 
magnesinm  carbonate,  CO'Mg,  roqnins  for  solntion  at  5^  vnder  pfessnn  of  feratl 
atmospheies  of  carbonic  add  gas,  the  following  quantities  of  water: 


.    .    1 

S 

S 

4 

6 

6 

Furtsof  water 

.    .  761 

744 

134 

110-7 

110 

76 

At  other  tempentnies  the  solubility  is  in  proportion  to  the  qnanti^  of  eulxm 
dioxide  absorbed  by  the  water. 

On  the  reaction  of  a  mixtnre  of  magnesium  and  caldnm  chlorides  with  sodium 
carbonate,  the  solubility  of  the  carbonates  of  caldum  and  magnesium  in  solatioitf  of 
<»iili»iiim  and  magnesium  salts,  and  the  action  of  dol<nnite  or  gypsum  and  magneote 
in  presence  of  water  eontaining  carbonic  add,  see  T.  S.  Hunt  (^.  Am,  J.  [21  zliL  49 ; 
Jaketb.  1866,  177)*  On  the  reaction  of  basic  magnesium  carbonate  ana  gypcom 
with  carbonic  add  water,  see  also  Oossmann  (SUl.  Am.  Jl  [2]  zlii.  217,  366). 

Manganoue  Carbonate. — ^According  to  R  FHor  {ZeiUekr.  anai.  Ckem.  1M9, 
429),  the  ptedpitate  formed  by  ammonium  carbonate  in  manganoos  solpbate  bai, 
after  drying  by  pleasure,  the  composition  CO'Hn.H'O,  and  gires  off  half  iti 
water  orer  oil  of  yitiioL  The  precipitate  formed  by  fixed  alluLne  csrbonattf  ia 
an  atmosphere  of  hydrogen,  ana  dried  out  of  contact  with  the  air,  has  alao  the 
composition  OO'Mn ;  if  predpitated  in  contact  with  the  air,  it  contains  Taiyiiy 
quantities  of  manganoeo-manganic  oxide. 

Carbonate*  of  Potassium  and  Sodium. — 100  pts.  water  at  10^  dianhv 
S4*4  pts.  of  CO*KE and  83  pts  of  COVaH  (O.  J.  Mulder,  JaJkrtsb.  1866,  p  67). 

The  double  salt  CO'KNa.OHH),  which  Marignac  obtained  by  ciyaUlliaing  « 
solution  containing  squiTalent  Quantities  of  the  component  salts,  lias  been  obtained 
by  Stolba  (Bull.  Soe.  CUm.  [2]  ir.  192)  in  purifying  the  potash  of  beet-molaaaei. 
The  salt  is  decomposed  by  recrystaUisation,  yielding  crystals  containing  larger 
proportions  of  sodium  carbonate  and  water,  and  a  mother-liqaor  richer  in  potaisiinB 
carbonate.  From  a  solution  containing  excess  of  potassium  carbonate,  howerer,  the 
double  salt  may  be  crystallised  without  alteration  (see  further  BuU,  Soe.  CUm.  [2] 
Tii.  241 ;  Jakresb.  1866,  p.  156). 

Crystallised  soduxalck  carbonaU,  (C0*)K)aNa*.5H*0  (Gay-LussiU),  is  formed  ob 
mixing  an  excess  of  a  saturated  solution  of  sodium  carbonate  (sp.  gr.  1*186  to  1-200). 
with  a  solution  of  calcium  chloride  (sp.  gr.  1*13  to  1*15) ;  the  bMt  proportiona  are 
10  ToL  of  the  former  to  1  vol.  of  the  latter.  The  liquid  gelatinous  masa  at  first 
produced,  quickly  changes  to  a  sediment  composed  of  well-defined  crystals,  which  are 
monodinic  like  those  of  the  native  mineral ;  when  quickly  formed,  they  exhibit  the 
combination  ooP  .  —  P;  when  more  slowly  deposited  (from  somewhat  wnkfr 
solutions),  they  are  usually  larger,  and  exhibit  only  the  two  hemipyramids  t  P  and 
~P  (PritzBche,  J.  pr.  Ckem.  xdii.  339  ;  Jakrtsb.  1864,  p.  190). 

Subidium  Carbonate,  CO'B.h'  (v.  131). 

Silver  Carbonate,  CO'Ag*,  separates  in  crystals  from  a  solution  of  1  grm.  siker 
nitrate  in  15  grms.  water  mixed  with  1*156  grm.  sodium  hydrate  in  20  pts.  vater. 
and  then  with  ammonia  added  by  drops  ;  the  liquid  first  deposits  crystalhsed  aiker 
oxide,  and  afterwards  crystals  of  the  carbonate  (H.  Vogel,  J.  pr.  Ckem.  Ixxxrii.  286 ; 
Jakresb,  1862,  p.  228). 

Tk allium  Carbonate,  C0*T1*.-See  THAixim-SALTS  (r.  753), 

Tkorinum  Carbonate,  (CO«)«Th  (v.  787). 

Zino  Carbonate. — By  dissolring  the  precipitated  basic  salt  in  saturated  aqoeons 
carbonic  add  prepared  under  a  pressure  of  4  to  6  atmospheres,  a  solution  ii 
formed  oontahiing  1  pt.  of  the  neutral  carbonate  CO'Zn  in  189  pts. ;  it  beoones 
turbid  under  ordinary  pressure,  and  deposits  amorphous  basic  salt  both  by  spontaneoui 
evaporation  and  at  the  boiling  heat  (Wagner). 

OarboBle  Btliem.  Eikyl  carbonate,  CO'(C*H*)*,  is  formed,  together  with 
carbon  monoxide  and  alcohol,  by  the  action  of  sodium  ethylate  or  potassium  ethybte  on 
ethyl  oxalate.  In  its  formation  from  the  latter  by  the  action  of  sodium  or  potasfiuB« 
it  is  probable  that  ethylate  of  sodium  or  potassium  is  firet  formed,  and  then  reacts  at 
above  (Cranston  a.  DiUmar,  Chem.  Soe.  J.  [2]  vii.  441).  See  Oxauc  Kthkbs  in  thia 
volume. 
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Ethyl  carbonate,  latarated  with  hifdrobromic  acid  and  heated  to  100®,  is  xeaolved 
into  ethyl  bromide,  carbon  dioxide,  and  water  (H.  Gal,  Compi.  rend.  lix.  1049).  With 
sodmm  it  yields  sodinm-ethylcarbonate,  ethyl  oxide,  and  carbon  monoxide : 

8C0»(C«H»)«  +  Na«  -  2C0»C«H»Na  +  2(C»H*)H)  +  CO. 

The  same  prodnete  are  obtained  when  ethyl  carbonate  is  heated  with  sodium  ethylate 
in  a  sealed  tube  (Qeuther,  ZeitdtAr,/,  Chem,  [2]  iv.  668). 

Q«Q»,  produced  by  the  action  of  potassium 

phenate  on  ethyl  chlorocarbonate  (p.  406),  and  separated  from  the  warmed  mixture 
by  water,  is  a  transparent,  colourless,  strongly  refracting  liquid,  having  an  aromatic 
odour,  resembling  also  that  of  phenol,  a  sp.  gr.  of  1*117  at  0®,  and  tailing  (though 
not  constantly)  at  234°.  By  boiling  with  baryta-water,  it  is  resolved  into  ethyl 
alcohol,  phenol,  and  carbon  dioxide,  without  formation  of  salicylic  acid  (Fatianoff, 
ZeiUekr,  Ch.  Pkarm.  1864,  p.  77). 

Etkyl  ortkoearhonate,  CO<(C*U*)«  or  C(OCH*)*,  discovered  by  Bassett,  is 
described  in  vol.  iv.  p.  288. 

Syn.  with  Naphthtl-oabbokic  Acid  {q.v.). 


C**H''0*. — An  acid  nearly  related  to  usnic  acid, 
(C"H"0*),  existing  in  Utnea  barbata,  Hoffm.,  a  lichen  which  grows  on  cinchona 
bark.  It  is  extracted  by  treating  the  lichen  with  milk  of  lime  and  with  alcohol, 
precipitating  the  resulting  solution  of  the  calcium  salt  with  hydrochloric  add,  and 
reczTstallising  from  ether.  It  forms  sulphur-yellow  prisms,  insoluble  in  water, 
slightly  soluble  in  alcohol,  dissolving  in  834  ptB.  #ther  at  20°.  From  solution  in 
alkalis  or  lime-water,  it  is  precipitated  by  carbonic  acid ;  not  coloured  by  chloride  of 
lime.  Melts  at  196*4°  (usnic  acid  at  201*8°).  When  boiled  with  alcohol  or  treated 
with  baryta-water  in  sunshine,  it  is  resolved  into  carbon  dioxide  and  an  acid 
precipitated  by  hydrochloric  acid  and  crystallising  in  prisms ;  perhaps  evemic  acid 
(O.  Hesse,  A»m,  Ck.  Pkarm,  cxxxvii.  241). 

O JI»»0y¥a>»PIWIXM01HJiTH  1  J-  CO(SCH*)*. — A  compound  isomeric 
with  xanthic  ether,  produced  by  the  action  of  strong  sulphuric  acid  on  ethyl  sulpho- 
mnate  (Schmitt  a.  Qluts,  ZsUtckr,  f.  Chem,  [2]  iv.  723).  See  SiTuniooARBOific 
Sthbi 


L    Syn.  with  PimoxrcAviDB.    See  Ptroicvcxc  Acid, 
AxiBBS  OF  (iv.  766). 

CUmOZT&i  (XX)H ;  also  called  Oxatyl, — ^A  radicle  supposed  to  enter  into  the 
composition  of  oiganic  acids  (p.  38). 

flABBOarrblO  AOIB.    C>*H«0>* ^An  acid  formed  by  oxidation  of  the  hydio- 

4«rboxylie  acids  (iii.  189 ;  iv.  296). 

CimmntAlllMJM^    See  CrAinBBfl,  Aixx)Bolic. 

O AB M — ATJ.  A  copper  ore  approaching  nearly  in  composition  to  Cu'S.CuS, 
occurring,  together  with  red  copper  ore,  malachite,  and  tile  ore,  on  the  island  of 
Carmen,  in  the  Ghilf  of  California.  It  is  massive,  imperfectly  cleieivable,  of  dar]c 
steel-blue  colour ;  hardness  3*6,  and  sp.  gr.  6*29  (Hahn,  Jahrtsb,  1866,  p.  868). 

OABlfflW  gW1>»    See  the  next  article. 


CO  AOm  n.  804).  C.  Schaller  {BvU.  8oe.  Ckim.  [2]  ii.  414)  piepaies 
this  acid  by  precipitating  Uie  aqueous  extract  of  cochineal  with  neutral  lead  acetate 
slightly  aeiaulated  with  acetic  add;  decomposing  the  washed  precipitate  with 
sulphuric  acid ;  again  precipitating  the  filtrate  with  lead  acetate,  and  decomposing  the 
predmtate  with  sulphuric  acid,  avoiding  an  excess ;  then  precipitating  a  third  time, 
and  oeoomposing  tms  precipitate  with  hydrogen  sulphide.  Tne  filtered  solution  is 
evaporated  to  di^ess;  the  residue  dissolved  in  absolute  alcohol;  the  crystalline 
nodules  of  carminie  acid  obtained  on  leaving  this  solution  to  evaporate  are  freed  from 
a  yellow  substance  by  washing  with  cold  water,  which  dissolves  only  the  carminie  acid ; 
and  the  residue  left  on  evaporating  the  aqueous  solution  is  recrystallised  from  absolute 
alcohol  or  from  ether.  Schaller  assigns  to  carminie  acid  the  formula  C*H'*0',  differing 
by  BH)  from  that  given  by  Schiitsenberger,  C*H>*0*  (i.  804).  It  is  bibasic,  forming 
aeid  and  nentxal  salts.  The  neutral  sodium  salt  is  obtained  by  mixing  the  solutions 
of  Uie  acid  and  of  caustic  soda  in  absolute  alcohol,  as  a  precipitate  which  crystallises 
irom  water  in  nodular  groups. 

According  to  HIasiwets  and  Grabowski  (Ann,  Ch.  Pkarm.  cxli.  129),  on  the  other 
JMnd,  the  composition  of  carminie  acid  is  represented  by  the  formula  C'*H'*0>*.    With 
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potfuh  in  alcoholic  solution  it  forms  a  red,  afkenraids  darii  ykUt  pnafntata,  vhieh 
when  washed  with  alcohol  out  of  contact  with  the  air  dries  jm  to  a  daik  TioI«t  mass, 
haring  when  dried  at  1 20°-l  SO""  the  composition  2C"Hi*0i«K* .  H*0.  The  porple-ied 
aqueous  solution  of  this  salt  is  precipitated  by  the  chlorides  of  barium,  stiontiiim,  and 
calcium ;  the  barium-compound  dried  at  130®  consists  of  C^H**0>*Ba. 

Carminic  acid  is  a  glucoeide,  and  is  resolved  hj  boiling  with  dilute  adds  into 
earmine-red  and  sugar: 

C"H"»0»»  +  2H*0  -  C"H'«0»  +  OffH)* 
Oarmlnlo  Canniiie-  fiogar. 

acid.  red. 

To  obtain  these  products  of  deeom|)osition,  the  dark  Tiolet  pedpitata  formed  by  lead 
acetate  in  a  fllterea  daeoction  of  cochineal,  after  being  carefully  washed,  is  decomposed 
with  dilute  sulpburie  add,  and  the  dark  red  filtrate,  completely  f^«ed  firom  le»d  by 
hydrogen  snlimide,  is  boiled  for  sereral  hours  in  a  fUsk  having  an  uprieht  eoodanser 
with  ralphunc  acid  (10  c.c.  of  the  concentrated  add  to  1  pound  of  eodineal).  The 
liquid  is  then  mixed  with  levigated  barium  carbonate  till  both  the  predpitate  and  the 
liquid  assume  a  violet  colour ;  the  liquid  is  filtered  as  quickly  as  possible ;  and  the 
iUtiHte  is  predpitated  with  neutral  lead  acetate.  The  predpitate  (A)  contains  the 
carmine-reid ;  the  liquid  (B),  which  is  mostly  reddish,  contains  the  sugar.  The  solution 
freed  from  lead  by  hydrogen  sulphide  and  cautiously  evaporated — best  under  the  air^ 
pump — Cleaves  a  honey-yellow  syrup,  from  which  idcohol  throws  down  a  sogar^bsrium 
compound,  (OE[*0*)']Da,  in  white  flocks  which  become  gummy  in  drying.  The  sugar 
sepitfated  theref^m  has  the  composition  C*H>K>*  at  50"*,  and  C^*0'  at  100^  It  is 
a  noney-yellow,  amorphona,  hygjjP^pi^  mass,  having  a  fiitnt  odour  of  caramel  and  a 
bitterish  taste ;  easily  reduces  cupric  oxide  in  alkaline  solution ;  exhibits  Pettenkofei's 
reaction  with  bile,  even  in  very  small  quantity ;  is  nearly  insoluble  in  alcohol, 
unfermentable  and  optically  inactive. 

To  separate  Uie  carmine-red,  the  precipitate  (A)  stirred  up  with  water  is  treated 
with  dilute  hydrochloric  add,  till,  on  adding  the  acid  by  drops,  the  colour  of  the 
liquid,  which  has  become  scarlet,  suffers  no  further  alteration.  The  filtrate  f^eed  from 
lead  bv hydrogen  sulphide  is  then  evaporated  at  a  gentle  heat; the  rettdue  ia  disMlved 
in  cold  water;  and  tJie  soloUon  is  peifectly  dried  crrer  sulphuric  add  under  the  air- 
pump.  Pttie  carmine-red,  C"H'*0',  is  thus  obtained  as  a  dark  pnrple-red  shining 
mass  with  green  reflex,  trituxable  to  a  very  slightly  hygroscopic  powder,  soluble  with 
flne  red  oolour  in  water  and  in  alcohol,  insoluble  in  ether.  When  burnt,  it  leaves  a 
trace  of  ash,  consisting  of  lime,  iron,  and  phosphoric  acid.  On  mixing  the  alcoholic 
solution  of  carmine-red  with  an  alcoholic  solution  of  potash,  a  potassium  salt 
0"H'*0^'  is  predpitated,  with  red  colour  changing  to  dark  violei.  The  aqueons 
solution  of  this  salt  gives,  with  barium  chloride,  caldum  chloride,  and  sine  sulphate^ 
dark  violet  predmtates  containing  respectively  C'*H*^'Ba,  C>*H>H)'Oa»  and 
C"H**0^n.  Another  sine  com^und,  (C"H"0')*:&i,  is  depodted  on  leaving  a 
solution  of  carmine-red  (or  carminic  acid^  in  contact  with  dilute  sulphuric  add  and 
excess  of  sine,  as  a  pulverulent  mass  exhibiting  a  green  translucence.  A  solution  of 
carmine-red  boiled  with  sine  and  sulphuric  add,  or  warmed  with  sodium^malgam 
out  of  contact  with  air,  becomes  almost  colourless,  yielding  eadly  decompodUe 
pvoducts. 

Oooelfflliif  C*^H*'0*,  is  formed,  together  with  oxalic,  sucdnic,  and  probably  acetic 
acid,  by  ftising  carmine-red  with  3  pts.  of  potasdnm  hydrate  liquefied  with  a  little 
water  (or  crude  carminic  add  with  4  or  0  pts.  potash)  till  a  sample  of  the  ftised  mass 
dissolves  in  water  with  gold-brown  colour.  'Efy  decomposing  the  aqueoos  aolntion  of 
(he  product  with  dilute  sulphuric  add,  filtering  to  separate  a  lednoiis  aubatanoe, 
agitating  the  flltiate  with  ether,  and  evaporating  the  ethereal  solution,  a  ciyatalline 
residue  is  obtained  f^m  which  water  extracts  the  above-mentioned  adds,  leaving  the 
ooednin  (which  is  formed  only  in  small  quantity)  undissolved.  The  eoednin,  when 
freed  by  pressure  from  a  brown  extractive  nutter  and  recrystallised  from  hot  dilute 
alcohol,  iorms  yellow  micaceous  lamin»  having  a  greenish  tinge  in  the  mass,  but 
appearing  under  the  microscope  as  straw-yeUow  rectangular  tablets,  apparently 
belonging  to  the  rhombic  system,  and  exhibiting  the  colour-phenomena  of  polatidng 
crystals. 

It  is  insoluble  in  water,  easily  soluble  in  aleohol,  sparingly  is  ether,  vwy  sdlnble 
in  dilute  alkalis.  The  alkaline  solution  is  yellow  at  fint,  but  on  esposnre  to  the  air 
becomes  green,  then  violet,  and  at  last  purple-red ;  the  solution  in  ammoniacal  water 
soon  turns  violet  when  agitated  with  air ;  the  alcoholic  solution  is  coloured  red  by 
ferric  chloride.  The  solution  in  strong  sulphuric  add,  which  is  yellow  in  the  edld, 
becomes  indigo-blue  when  warmed  or  on  addition  of  a  few  grains  of  manganese  dioxidB^ 
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With  sodiwn-aiiialgaiii,  the  alcoholic  solution  immediately  depoeita  flocks,  tnras  green 
and  then  dazk  hlne  on  ezpoanre  to  the  air,  a  dark  blue  amorphous  body  being. at  the 
same  time  deposited.  An  ammoniacal  compound  of  coeeinin,  C'^H^H)* .  NH%  is  formed 
on  passing  ammonia  gas  orer  the  dried  substance ;  the  alcoholic  solution  gives  with 
lead  acetate  a  yellowish  prscipitats  quickly  changing  to  riolet  (Hlasiweta  a. 
Onbowski). 

aac    See  Caka6ba  Wax  (p.  391). 

KGl.MjgCl'.flHH),  is  found   in   the  rock-salt  formation   of 
Mamaa  in  Persia  (Q6bel,  /.  pr,  Chem.  xevii.  6 ;  Jakreah,  1865,  p.  912). 


OJUnKAXUf  •  According  to  Malin  {Aim,  Ch.  Pharm.  czxzri.  116),  this  colour- 
ing matter,  fused  with  potash  till  hydrogen  is  rapidly  given  off  and  the  aqueous  solution 
of  the  mass  is  flo  lott^  yredpitated  by  acids,  yid£  pareozybenzoie  acid,  together 
with  oxalic  acid : 

Ci4H*«0'  +  O  -  2C'HH)>  +  2H"0. 
Onrlksailn.  Fua-ozy- 

benioio 
acid. 


BV10&nf«    A  substance  which  separates   frem  the   concentrated  aqueoua 

extract  of  cauliflower  and  other  species  of  Aiassica,  in  microscopic  leaf-like  crystals, 
which  on  addition  of  alcohol  to  the  solution,  change  into  granules  grouped  in  hexagonal 
masses  (H.  Beinsch,  If.  Jahrb,  Pharm.  xxri.  196 ;  xxyii.  197 ;  JahnA,  1866,  p.  706 ; 
1867,  767). 

CMUIVO&.  C>«H*H).— Oarvol  from  oil  of  caraway  does  not  unite  with  potash,  but 
is  oonyerted  by  it  into  the  isomeric  compound  carracrol.  When  vapour  of  carvol  is 
passed  over  heated  sino-dnst  (metallic  anc,  oxide  and  hydrate),  two  hydrocarbons  are 
obtained,  via.  C>*H**,  boilinff,  after  distillation  oyer  sodium,  at  178'',  and  C'H**, 
boilinffat  176^-178^.  The  nydrocarbon  C>*H"  is  oxidised  by  chromic  add  to  tere- 
phthalie  add,  whereas  carrene  from  oil  of  caraway  (i.  809)  yiel(U  by  the  same  treatment 
oxalic  acid  and  a  resin.  This  hydrocarbon  gives  also  with  filming  sulphuric  acid  a 
sulpho-add  identical  with  that  obtained  from  cymene  (Amdt,  ZtUsekr,  f,  Chem.  [2]  iv. 
780). 

O li  11  ^miMiTWa>  A  base  obtained  from  cascarilla  bark  (i^om  Cfot4m 
c/SfnterMi),  and  allied  in  its  properties  to  ridntne  (Tuson,  CAsm.  8oc,  J,  [2]  ii 
195). 

SeePnomms. 


The  kernels  of  this  tree,  called  Ao^j<m 
nuU^  yield  41*8  p.  c.  of  a  sweet  pale  yellow  oil,  of  sp.  gr.  0*916.  The  pericarp  yields 
86  p.  c.  of  a  white  viscid  vesicating  oil,  of  sp.  gr.  1*014;  this  oil  becomes  dark- 
coloursd  on  exposure  to  the  air ;  reddens  litmus ;  dyes  linen  permanently  yellow- 
red  ;  and  dissdlves  in  alcohol  and  ether,  leaving  a  white  flocculent  substance  (J.  Lepine, 
/.  Pharm,  [8]  xL  16). 

eMMWMMMAm    SeeCnmrtT. 


A  mineral  hom  Ouanasevi  in  Mexico,  massive,  variegated  on 
the  surfiaee,  distinctly  laminar,  and  having  a  sp.  gr.  of  6*186  to  6*241.  Gives  by 
analysis: 

8  Cu  Ag  Pb  Zn  Fe 

25*65        41*14        4*64        1004        1209        6*49  »  10005, 

a  compoaitioo  which  may  be  represented  by  the  formula  (Cu';Ag)'S.2(Gu;Pb; 
Zn;Fe)S  (Baauulsbeig,  Jakreth,  1866,  p.  917). 


OATJLSVnURB.  A  mineral  from  the  Langbans  iron  mines,  in  Wermland, 
Sweden,  where  it  occurs  imbedded  in  grey  chlorite.  It  has  the  crystalline  form  of 
cotdieritd,  afid  appea^  to  be  a  product  of  the  alteration  of  that  mineral.  Ash-grey, 
translucent  at  the  thin  edges,  gndually  turning  red  on  exposure  to  the  air.  Haruiess 
»  2-5; 

BIO"         APO**         OaO         VgO         K*0         Ka'O        Lw by  Ignition 
4005        28*95        7*48        8*20        6*90        6*26         8*22  to  1*0: 

whenfleth6foniiu!a9[2(ir;M*)O.SiO<]  +  5(2lSPO«.dSiO*)  (Igelstrom, /aAmft.  1867, 
p.  983). 

*  With  a  flull  quantity  of  fevrte  oxidi. 
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OATSOXnr  (Zwonger,  Ann.  Ck.  Pkarm.  xzxrii.  320;  Nefulianer,  ibid.  xcri. 
387  ;  Kraut  a.  van  Delden,  ibid,  cxxriii.  285  ;  Hlasiwets  a.  Blalin,  ibid,  exxxir.  118  ; 
Schiitzenbei^r  a.  Rack,  Bull.  Soe.  Chim.  [2]  vr.  5). — This  tubstance  giTos  by  analysis, 
in  the  air-dried  state,  about  52  p.  c  carbon  and  6  p.  c.  hydrogen ;  dried  at  100®,  about 
61*4  p.  c  carbon  and  5*0  hydrogen.  These  numbers  agree  approximately  with  the 
following  formulie,  by  which  catcchin  dried  at  100®  has  been  represented  by  different 
chemists : 

Zwenger  NeabAOor         Blairiwets  Bdilltnnberger  s.  Back 

a.  Malln  f         <  '  '^  ■  i    .    .  ^ 

C"H'H)«        C'*H»"0»        C'»H'"0*       C"H"0*       C"H»K)*        C"H«0». 

Kraut  a.  Tan  Delden  also  represents  catechin  dried  at  100®  by  the  formula  C"H'K>\ 
and  the  air-dried  substance  by  C"H"0*.2H*0. 

Catechin  melted  with  poUuaium  hydrate  is  resolyed  into  protoeatechuic  acid  and 
phlorpgludn  (Hlasiwets  a.  Malin) : 

C>»H"0*   +    0«   =   C^HH)*   +    2C^«0* 
Catechin.  Protocste-       Pblgroi^iiolB. 

chaic  acid. 

Kino,  which  contains  catechin,  yields  by  similar  treatment  12  p.  c  phloroglucin,  and 
is,  according  to  Hlasiwets,  the  best  material  for  the  preparation  of  that  oompoand. 

Catechin  boiled  with  dilute  nUpkurie  acid  out  of  contact  with  the  air,  or  with 
alcohol  containing  hydroehlorie  acidf  is  converted  into  a  brown  amorphous  powder 
called  ca tee hure tin,  insoluble  in  water  and  in  alcohol.  This  substance  appears 
to  be  formed  from  catechin  by  dehydration  and  [according  to  the  formula  of  catechin 
given  by  Hlasiwets]  its  formation  may  be  represented  by  the  equation : 

C»»H»K)»  —  2HK)  -    C»*H"0« 

Oatoohln.  Cateohnrettn. 

Oatechuretin  treated  with  bromine-water  is  converted  into  reddish  insoluble  bromo- 
catechuretin  (Kraut  a.  van  Delden).  These  chemists  give  for  catechuredn  the 
formula  C"H»»0*  (=  C"H'K)»  -  H*0),  and  for  bromocatechuietin,  C'*H«Br*0*. 
According  to  Sacc  {Compt.  rend.  liii.  1102),  an  aqueous  solution  of  catechu  heated 
to  100®  for  an  hour  with  sulphuric  acid  deposits  a  brown  powder  insoluble  in  water, 
alcohol,  ether,  and  acids  (doubtless  catechuretin),  and  the  filtered  liquid  neutralised 
with  calcium  carbonate  yields,  on  addition  of  alcohol,  a  precipitate  consisting  of 
the  tartrates  of  calcium  and  sodium,  and  a  filtrate  which  on  evaporatioi)  leaves  a 
residue  of  glucose. 

Catechin  heated  to  190®  with  benzoyl  chloride  yields  two  brown  products,  one 
soluble  in  alcohol,  and  having  the  compKwition  of  monobensoyl-catecnin,  the  other 
insoluble,  derived  in  like  manner  irom  catechuretin.  Catechin  heated  to  100^  with 
water  and  phoephoroue  iodide,  PI*,  forms  a  solution  which  gradually  deposits  a 
yellow  elastic  substance  insoluble  in  water,  alcohol,  ether,  and  glacial  acetic  acid, 
and  agreeing  approximately  with  the  formuk  C^H'H)*  [or  C>*H<*0'].  When  a 
solution  of  catechin  in  acetic  anhydride  is  mixed  with  pulverised  barium  peroxide, 
and  then  wi^  water,  a  white  substance  is  precipitated,  which  when  freed  from  baryta 
by  repeated  solution  in  glacial  acetic  acid  and  precipitation  with  water,  has  the 
composition  C*>H*^0'*  for  C"H'*0*].  A  brown  substance  of  the  same  o^  nearly  the 
same  composition  (called  Japonic  acid)  is  obtained  by  oxidising  catechin  with 
potassium  bichromate  (Schiitzenberger  a.  Back). 


AOIBB  OF  (J.  Loewe,  J.  pr.  Chem.  cv.  82,  75 ;  ZeUeckr.  /. 
Chem.  [2 J  T.  588). — 1.  Catechuicacid,  C^'H'^0*.  To  prepare  this  add, pulverised 
catechu  is  boiled  with  water;  the  solution  is  left  to  stand  for  some  oays;  the 
crystals  which  separate  are  dissolved  in  water  containing  acetic  acid ;  the  solution  is 

Precipitated  with  lead  acetate ;  and  the  filtered  liquid,  after  being  fineed  IW>m  lead  by 
ydrqgen  sulphide,  is  left  to  crystallise  in  a  dark  place.  Catechuic  acid  is  thus 
obtained  in  concentric  groupe  of  white  microscopic  needles,  having  the  composition 
2C>'Hi«0*.HK),  which  give  off  their  water  of  crystallisation  at  100^-160%  and 
decompose  at  a  higher  tempNarature. 

The  solution  of  catechuic  acid  in  alkalis  is  colourless  at  first,  but  soon  turns 
yellow.  On  addition  of  acetic  acid  the  colour  becomes  lighter,  and  the  solution  then 
gives  a  precipitate  with  gelatin.  Ferric  chloride  colours  the  solution  of  catechuic 
acid  chrome-green,  and  afterwards  forms  a  brown  precipitate.  With  sodium  acetate 
and  ferric  chloride  an  indigo-blue  colour  is  prodaoecL  mercuric  chloride  produces  a 
white  turbidity,  soluble  in  hydrochloric  acid;  cupric  acetate  throws  down  tmiwn 
fiocks.  No  precipitate  is  formed  by  zinc  acetate,  potassium  ferro-  or  ferri-«yuiide, 
gelatin,  alkaloids,  or  tartar-emetic*    Silver  nitrate  is  decomposed,  with  separ^on  of 
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metallic  Bilyer. '  Potasnum  dichromAte  forms  a  zed-brown  precipitate.  Solutions  of 
cateehuic  acid  torn  brown  on  es^poeure  to  the  air,  and  are  then  precipitated  by 
gelatin.  When  boiled  with  actda,  it  deposits  a  brown  powder  consisting  of 
catechnretin,  which,  aeoording  to  Loewe,  has  the  composition  C**H>K>**.  The  liquid 
filtered  from  this  precipitate  contains  eatechutannic  add,  but  no  sugar. 

2.  CATSCHUTAifHio  AcxD.  C"H*H)*.-rThe  aqueous  eztzaet  of  catechu  is 
eTaporated ;  the  residue  exhausted  with  alcohol ;  ana  the  filtered  alcoholic  solution 
is  freed  from  lime  with  sulphuric  acid,  then  treated  with  lead  carbonate,  finally 
purified  with  hydrogen  sulpnide,  eyaporated  to  a  spun,  mixed  with  water,  and 
evaporated  to  dirness.  The  residue  is  then  dissolved  m  alcohol ;  the  solution  mixed 
with  ether,  whidn  ptoduoes  a  precipitate ;  the  filtered  ethereal  solution  eyaporated  ; 
the  residue  moistened  with  water ;  and  the  resulting  aqueous  solution  filterod  from 
catechuic  add,  which  crystallises  out,  and  from  catechin  by  repeated  agitation  with 
ether,  which  dissolves  the  latter.  On  finally  evaporating  the  solution  thus  purified, 
eatechutannic  acid  is  obtained  as  a  gummy,  easily  friable  mass,  veiy  soluble  in  water, 
insoluble  in  ether,  sparingly  soluble  in  a  mixture  of  ether  and  alcohoL  Its  aqueous 
solution  gives  an  immediate  predpitate  with  gelatin,  tartar-emetic,  alkaloids,  ferric 
chloride  either  alone  or  mixed  with  sodium  acetate,  also  with  cupric  acetate  and  sine 
acetate ;  it  reduces  silver  nitrate,  and  forms  with  potassium  dichromate  a  brown-red 
predpitate,  with  merevrous  nitrate  a  white,  with  platinic  chloride  a  yellow,  and  with 
auric  chloride  a  brown  predpitate,  after  a  while  also  metallic  gold.  Hydrochloric 
add  added  to  the  solution  throws  down  yellow  flocks;  sulphuric  acia  resinises 
pulverulent  eatechutannic  add,  but  after  the  latter  has  absorbed  water,  forms  a 
yellow  nowder.  The  solution  of  eatechutannic  acid  is  coloured  brown  by  caustic 
alkalis,  becomes  lighter  on  addition  of  acetic  acid,  and  then  yields  with  lead  acetate  a 
pred|ritate  which  quicUy  turns  brown.  The  acid  dissolves  in  ammonia,  and  the 
solution  dries  up  over  sulphuric  acid  to  a  varnish,  which  dissolves  in  water,  is 
nredpitated  by  acetic  acid,  out  is  not  altered  b]^  gelatin.  Catechutannic  acid  when 
neated  gives  off  water,  and  then  a  yellow  liquid  which  solidifies  to  small  prisms 
(pyrocatechin  ?).  On  boiling  the  acid  with  water  containing  2  p.  c.  sulphuric  acid,  a 
blown  resinous  body  separates,  whiph  when  wa^ed  with  water  and  dissolved  in 
alcohol  leaves  on  evaporation  a  gummy  mass  having  the  composition  C**H"0^ 
Catechutannic  add  is  absorbed  by  animal  membranes.« 

8.  The  predpitate  formed  by  ether  in  the  alcoholic  solution  of  catechutannic  acid 
contains  two  compounds,  C**wH)*  and  C'^H'^0*,  agreeing  in  their  properties  with 
thejaponic  and  rnbinic  adds  described  by  Svanberg  (iii.  442 ;  v.  182). 

The  portion  of  the  aqueous  extract  of  catechu  which  is  insoluble  in  alcohol  dissolves 
partially  in  alcohol  containing  sulphuric  acid ;  and  on  removing  the  sulphuric  acid 
noon  the  solution  by  lead  carbonate,  the  lead  by  hydrogen  sulphide,  and  evaporating 
the  filtrate  to  dryness,  a  reddue  is  obtained  only  a  part  of  which  dissolves  on  boiling 
with  water,  the  remainder  being  however  soluble  in  alcohol.  The  residue  left  on 
emM>rating  the  alcoholic  solution  thus  obtained  has  the  composition  2C'*H^0*.HK), 
and  is  designated  byLoewe  as  mimotannihydroretin.  The  aqueous  solution 
when  boiled  also  depodts  biown  fiocks,  which  are  likewise  soluble  in  alcohol,  and  the 
resulting  alcoholic  solution  leaves  on  evaporation  a  substance  called  mimotanni- 
retin,  having  the  oompodtion  C**H*-0*. 

finally,  Loewe  confirms  the  observation  of  Runge,  that  on  agitating  an  aqueous 
solution  of  catechuic  acid  with  ether,  and  evaporating  the  ether,  a  base  is  obtained  in 
combination  with  tannic  add. 


See  Catbchin,  p.  416. 

C»ioHiwN*0«S  ?— This,  according  to  Dragendorff  a. 
Kubly  (Bull.  8oc.  Chim,  [2]  vii.  366),  is  the  active  principle  of  senna-leaves,  in  which 
it  exists  partly  in  combination  with  lime  and  magnesia.  To  prepare  it,  the  aqueous 
extract  of  the  leaves,  evaporated  to  a  syrup,  is  mixed  with  an  equal  volume  of  alcohol, 
and  the  liquid,  filtered  from  the  mucus  and  salts  thereby  separated,  is  mixed  with 
absolute  alcohol  as  long  as  a  nredpitate  is  formed.  The  aqueous  solution  of  this 
predpitate,  purified  by  a  secona  predpitationwith  alcohol,  and  freed  from  albuminous 
substances  by  a  few  drops  of  hydrochloric  acid,  yields,  on  further  addition  of  hydro- 
diloric  add,  a  predpitate  of  cathartic  acid,  which  may  be  purified  by  precipitation 
with  ether  from  the  alcoholic  solution. 

Cathartic  add  thus  obtained  is  an  amorphous  substance,  brown  while  moist,  black 
after  drying,  soluble  in  alkalis,  and  precjpitable  thereftom  by  acids.  It  is  a  glucoside, 
and  is  resolved,  by  boiling  with  adds  in  alcoholic  solution,  into  sugar  and  a  yellow- 
brown  powder,  insoluble  in  water  and  in  ether,  called  cathartogenic  acid. 
2>rag»naorfP  a.  Kubly  represent  the  decomposition  by  the  following  equation : 
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C'~H'»«N«0«S  +  10H«O  =  C'«H"*NK)*»S  +  8C^»«0« 
Cathartic  acid.  Cathartogoxio  Sugar. 

add. 

It  muBt  be  observed,  bowerer,  that  neither  eathartie  nor  eathartxigfeiiie  acid  has  jet 
been  obtained  sufficiently  pure  to  enable  their  oompoaiUon  to  be  detaminwl  bj  aaalyais : 
hence  the  preceding  equation  ie  to  a  great  extent  eoqjectoraL 

The  alcoholic  liquids  obtained  in  the  preparation  of  cathartic  aeid  oontain  a  reddish- 
brown  substance  soluble  in  ether,  ana  resembling  chrjiophanie  add;  and  in  the 
portion  insoluble  in  ether  (together  with  Ludwig^s  sennepicrin,^.*.)  a  dTatalliaable 
saccharine  substance,  C"H^^O'*(?),  called  cathartomannite.  Thia  mbatance  ia 
unformentable,  optically  dextrogyrate,  and  does  not  reduce  an  alkaline  euprie  aolution, 
even  after  seTenal  days'  contact  with  dilute  sulphurio  acid* 


CATKASTOOaVZO  AO».( 

t  See  the  preceding  article. 


OJkynJkMM.    See  Eoo. 


The  bark  of  Ctdrfia  fthfifuga^  used  in  Java  as  a  febriftig*,  containa 
— besides  starch,  wax,  oxalic  acid,  citric  acid,  and  a  non-erystallisable  bitter  principle 
— a  body,  C'*H>*0*,  resembling  phlobaphene^  and  an  iron-greening  tannin,  called 
cedrela-tannic  acid,  which  appears,  from  the  analysis  of  its  lead-salt,  to  hare  tha 
composition  C"H'*0",  analogous  to  that  of  cinchona-tannie  aeid  (W.  Lindan,  Jokrtth, 
1861,  p.  768). 

OaA&inLOBa.  iiC*H**0*.— This  compound,  or  a  modification  of  it,  exists, 
according  to  De  Luca  (Compt,  rend.  lii.  102 ;  Ivii.  48),  in  the  skin  of  the  silkworm 
and  of  serpents,  and  according  to  B^champ  {ihid.  Ixt.  42)  in  the  yibratinff  eorpaselee 
of  the  silkworm.  These  animal  substances,  boiled  with  strong  potash-^y,  yield  a 
non-azotised  body  insoluble  therein,  but  dissolving  in  cold  strong  snlplniric  acid,  and 
forming  a  jelly  which  by  prolonged  boiling  with  water  is  converted  into  fermentable 
sugar. 

Cellulose  is  formed  from  drupose  (a  substance  obtained  by  the  action  of  boiling 
hydrochloric  acid  on  glycodrupose,  which  constitutes  the  stony  concretions  oocnmng 
in  pears)  by  boiling  wiUi  dilute  nitric  acid : 

C««H«W  +  0«  +  H«0  -  C«H'»0»  +  (>H««0« 
Dnpose.  CeUukMe.         Otnoois. 

Also,  though  in  smaller  quantity,  by  similar  treatment  of  glyeodrapose  itself 
(J.  £rdmann,  Asm,  Ch,  Pkarm,  exxxviii.  1).    See  Qltoosbuposb. 

Pure  cellulose  is  euily  prepared  ftom  the  pith  of  various  plants  (e.^.  Pl^lolaeiMi 
dUfiea  and  Jralia  pawri/era)  dv  maeemting  it  fbr  eight  to  fouteen  days  in  a  mixture 
of  1  vol.  hydrochlone  add  and  9  vol.  water,  washing  the  undiasolv«d  matter  with 
water,  and  then  with  aqueous  ammonia  (Payen,  Ann.  Ck.  PAys.  [4]  vii.  883; 
ZmUekr,/.  Chmn,  [2]  ii.  884).  See  Auther  Pbyen  {Con^.  rend,  Ixiv.  1167 ;  Jnkretb. 
1867,  p.  962). 

AoDoiding  to  K  Mulder  (Sekeik.  Onderr,  III.  deel,  tweede  stnk,  Onden.  145; 
Jakre$b»  1863,  p.  666),  the  solution  of  cellulose  in  cupnmmonia  (i.  880)  gives  -with 
lead  aeetate  a  predpitate  containing  cellulose  and  leaif  oxide  in  varying  propoitions ; 
by  digestion  with  finely  divided  lead  oxide,  the  same  solution  yields  the  oompoond 
G*H>  0*.PbO.  With  potash,  soda,  baiyta,  and  lime,  blue  gelaiinoaa  predpatates  are 
obtained.  Mulder  represents  the  compound  of  cellulose  and  cuprammonia  by  the 
formula  (C*H**C>*)'Cu(NHMK),  and  supposes  the  blue.predpitates  just  mentioned  to 
have  the  composition  (OH**0*)'CuKH),  (C*H>*0*)*CuBaO,  dec  Zinc  added  to  a 
solution  of  cellnloso  in  cuprammonia  precipitates  the  copper  and  forms  a  colourless 
liquid  dmilar  in  its  chemical  properties  to  the  original  solution,  and  quite  inactive  to 
polarised  light 

Mulder  has  alao  observed  that  when  pure  (Swedish)  filter-paper  is  heated  with 
water  to  200°,  a  small  quantity  of  glucose  is  produced. 

Aoettfi-ceUuloge, — Cellulose  (cotton  or  Swedish  filter-paper)  heated  bo  180®  in  sealed 
tubes  with  six  to  eight  times  its  weight  of  acetic  anhydride,  dissolves  to  a  thick 
synip^  which  when  poured  into  water  deposits  white  floc^  oftriacetocellulose, 
0*U'(CU*O)*O\  This  compound  is  insoluble  in  water,  alcohol,  and  ether,  soluble  in 
strong  acetic  acid,  and  easily  saponified  by  alkalis,  with  reproduction  of  cellniose.  No 
more  highly  aoetylated  compound  is  formed,  however  long  the  heat  may  be  oonUnned, 
or  however  great  an  excess  of  acetic  anhydride  may  ba  employed.    JBLenee  cellulose. 
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C^>H>*,  wpotfOB  to  be  a  tmtomic  alcohol*  Cotton  heated  to  only  160^  with  2  mol. 
iieetac  anhydride  swella  up  without  diasolying,  and  yields  a  mixture  of  mono-  and 
di^aoel^l-oellnloM,  which  nave  not  yet  been  separated  (Schiitcenberger  a.  Naudin, 
O^a^  remd.  Ixriii.  814 ;  Zeitsckr.  /.  Cltfm.  [2]  v.  264). 

FcuoNOfix. — ^Thia  name  is  applied  by  Blondean  {Ann.  CA.  P^-  [8]  xriii.  462 ; 
Mtnth,  1863,  p.  567)  to  an  isomeric  modification  of  cellulose,  which,  according  to 
his  obaerrations,  is  |nt>duoed  by  boiling  gun-cotton  with  ammonium  sulphide ;  also  by 
the  action  of  concentrated  acios,  or  even  of  heat  alone,  on  celluloee,  and  forms  the 
chief  constituent  of  parchment-paper  (i.  819).  It  is  not  altered  by  contact  with 
water,  adds,  or  alkalis ;  in  fuming  nitric  acid  it  does  not  dissolve  like  ordinary  paper, 
bat  is  converted  into  a  nitro-compound.  When  heated  for  some  time  to  100^,  it 
becomes  so  brittle  that  it  may  be  pulverised ;  at  140°  it  is  immediately  resolved  into 
water  and  a  porous,  very  easily  combustible  charcoal.  A  piece  of  calico  placed 
between  hot  bricks  is  converted,  without  alteration  of  external  appearance,  into  a  very 
friable  snbetance,  which  bums  like  tinder.  Fulminose  decomposes  at  the  same 
temperature  as  gnn-eotton ;  it  dissolves  in  a  mixture  of  alcohol  and  ether,  also  in 
aeetic  acid,  and  is  converted  by  acetic  acid  into  a  gelatinous  mass. 

CMKMMtUM*  A  fl^oooside  existing  in  solution  in  the  poisonous  oil  of  Carbera 
OioUam^  an  East  In£an  plant,  and  sepsratins;  in  the  crystalline  form  from  the 
alfloholic  aolntion  of  the  oil  (Oudemans,  J.  pr,  Cnem,  xcix.  407)* 


Jiatme  weight  92. — ^Wohler  {Ann.  Ck.  Pharm.  cxliv.  251)  prepares 
metallic  cerium  as  follows :  The  hydrochloric  acid  solution  of  crude  brown  cerium 
oxide  (obtained  by  igniting  the  mixed  oxalates  of  cerium,  lanthanum,  and  didymium) 
was  mixed  with  alK>ut  an  equal  weight  of  potassium  chloride  and  sal-ammoniac, 
evapomted  to  dryness,  heated  as  long  as  sal-ammoniac  continued  to  be  given  off,  and 
fused.  The  fiised  mass  (which  was  perfectly  soluble  in  water)  was  pulverised,  mixed 
while  still  warm  with  small  pieces  of  sodium,  thrown  into  a  red-hot  earthenware 
emdble,  and  after  the  reaction  had  commenced,  heated  till  the  sodium  flame 
disappeared,  but  no  longer.  The  cooled  mass  contained  numerous  small  metallic 
g^lmles*  which  were  picked  out,  or  separated  by  lixiviation  with  cold  water.  Larger 
and  more  numerous  globules  were  obtained  by  placing  the  sodium  in  a  single  lump  on 
the  botbom  of  the  ignited  crucible,  covered  with  potassium  carbonate,  and  shaking  the 
pulverised  saline  mass  upon  it.  The  metal  thus  prepared,  which  appears  to  consist 
mainly  of  cerium  [doubtless  containing  small  quantities  of  lanthanum  and  didymium, 
and  perhaps  also  potassium  and  sodium]  is  intermediate  in  colour  between  iron  and 
lead,  and  has  a  bright  lustre  on  polished  surfaces,  but  acquires  a  blue  tarnish  on 
exposure  to  the  air.  It  is  malleable,  may  be  flattened  and  melted  almost  like  lead, 
and  has  a  sp.  p.  of  5*5  at  12°.  Heatea  to  redness  before  the  blowpipe,  the  Aised 
metal  bonis  with  a  glimmering  light  to  a  brown  oxide,  and  at  a  stronger  heat  bums 
expIosiTely  with  very  brilliant  sparks ;  the  pulverised  unfosed  metal  takes  flre  even 
below  100^.  With  water  it  produces  a  slight  disengagement  of  hydrogen  at  the 
boiling  heat ;  hydrochloric  acid  dissolves  it  with  violent  action ;  strong  nitric  acid 
converts  it  into  brown  cerium  oxide ;  dilute  nitric  acid  dissolves  it  readily. 

The  saline  mass  which  served  as  matrix  to  the  metallic  cerium  was  accompanied  by 
shining  scales  of  an  oxychloride,  CeCl*.2CeO  or  Ce'Cl*0*. 

PrtptBTotion  of  pure  Cerium  salts. — Bunsen's  method  (i.  882)  has  been  modified  as 
follows  hj  Gzudnowics  {J.  ^.  Chem.  Ixxx.  16) :  The  mixture  of  ceroso-ceric,  magnesic, 
lanthanie,  and  didymic  nitrates  is  cautiously  heated  to  230^-800°,  with  continual 
agitation,  tlie  salts  then  fusing  in  their  water  of  crystallisation,  and  afterwards  giving 
off  nitroos  vapours.  As  800i\^  as  brown  oxide  of  cerium  begins  to  separate  at  the 
bottom  of  the  capsule,  the  mass  is  left  to  cool,  and  treated  first  with  a  large  quantity 
of  boiling  water,  then  with  water  containing  nitric  oxide,  wherebv  basic  ceroso-ccrio 
nitrate  is  separated,  which  is  to  be  purified  by  decantation.  The  aecanted  liquids  are 
evaporated  to  crystallisation,  and  the  crystals  are  treated  as  above.  In  this  manner 
the  whole  of  the  cerium  present  is  obtained  in  the  form  of  basic  ceroso-ceric  nitrate, 
which  when  ignited  yields  pure  ceroso-ceric  oxide.  See  also  Holtzmann  {Zeitsehr. 
Ck.  PAonga.  1862,  p.  668 ;  Jahresb.  1862,  p.  136).  Popp  {Ann.  Ch.  Pharm.  cxxxi. 
361)  mixes  the  solution  of  crude  cerium  oxide  with  sodium  acetate,  and  passes  chlorine 
9M  into  it«  or  treats  it  with  sodium  hypochlorite,  whereby  a  precipitate  of  a  hydrated 
peroxide  (CeC,  according  to  Popp)  is  obtained  free  firom  lanthanum  and  did3rmium. 
Thia  is   but  a  slight  modification  of  the  original  mode  of  separation  given  by 

•  The  oaaspodtion  of  the  nJtrylated  derivatives  of  cenuloae  (Ptroxyukb,  fv.  777)  would  teem  to 
riiow  ttuBt  tba  true  fonrala  o<  celluloee  is  0"H**0" ;  If  so,  the  compound  above  descrilxkl  muit  be 

■  e2 
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Hoflander  (i.  881).  Patdson  a.  Qafk  (Chem.  News,  xvi,  259)  ^Bsolve  the  cndB  oiide 
of  cerium  in  aqaeoiu  ehromie  acid,  erapomte  to  diyneBS,  and  heat  the  residue  to  110^. 
On  subsequently  treating  it  with  water,  the  didymium  and  lanthaniim  dianite, 
while  a  pure  cerium  oxide  remains  in  the  form  of  a  Tsllowish-white  powder,  vhich 
can  be  rendered  soluble  only  by  fusion  with  potassium  bisulphate. 

Cerium  Carbide. — ^PMduoed  by  heating  cerous  formate  or  oxalate  in  a  doaed 
crucible  completely  filled  with  it,  or  better  in  a  glass  tube  through  which  a  stnem  of 
hydrogen  is  passed.  A  black-grey  powder  then  remains,  which  while  hot  bnrns  ble 
tinder  on  exposure  to  the  air,  but  remains  unaltered  if  kept  from  contact  with  the 
air.  Hydrochloric  acid  extracts  from  it  a  certain  quantity  of  cerous  oxide,  leATing  the 
carbide  in  the  form  of  a  dense  black  powder  insoluble  in  concentrated  adds  eren  when 
heated,  and  agreeing  approximately  in  composition  with  the  formula  CeO  (Belafon- 
taine,  Jakrtab.  1865,  p.  177). 

Cerous  Chloride,  CeCl*. — ^By  digesting  oeroso-oerie  oxide  with  hydrochloric  idd 
and  hydroferroeyanic  acid,  oolourless  erystals  of  hydrated  cerous  chloride  are  obtained 
having  the  composition  2CeCl*.9HK)  (Lange,  J,  pr.  CAsm.  Ixxxii.  129).  The 
platinochloride  (i.  833)  is  crystelline  and  contains  2Ce01*.Pta^8HH).  ThesKfo- 
chloride  8CeCl*.2AuCl'.20H'O  is  obtained— by  learing  a  mixture  of  the  ooDceotnted 
solutions  of  cerous  chloride  and  auric  chloride  for  sevwal  days  orer  calcium  chh>nde, 
and  recrystallising  several  times — ^in  yellow,  transparent,  apparently  monoeliBie 
ciystels,  which  deliquesce  rapidly  in  the  air,  but  effloresce  oyer  caustic  potash,  melt  in 
their  water  of  crystallisation  at  a  temperature  considerably  below  100**,  and  are  soluble 
in  absolute  alcohol  (Holzmann,  Zeitsehr.  Ch.  Pharm.  1862,  p.  668). 

A  ehloro4odide  of  cerium  and  sine  is  obtained,  as  a  yisdd  syrup,  or  sometimes  in 
crystals,  by  leaving  a  mixture  of  cerous  chloride  and  zinc  iodide  to  stand  oyerqnick- 
lime  and  calcium  chloride.  The  crystals  are  very  soluble  in  water  and  in  sleohol,  and 
are  decomposed  by  heat  (Holzmann,  Jahresb.  1861,  p.  189). 

Cerous  lod  ide,  CeP. — ^Diy  ceroeo-ceric  oxide  dissolves  easily  in  aoueoas  hTdiio^ 
acid,  with  elimination  of  iodine ;  and  if  the  6ee  iodine  be  reconverted  into  hjdziodic 
add  by  a  current  of  hydrogen  sulphide,  and  the  solution  evaporated  in  an  atDOsphere 
of  that  gas,  a  colourless  liquid  is  obtained,  which  when  left  over  sulphuric  add  depoiiti 
the  iodide  in  transparent  oolourless  crystals,  which  deliquesce  in  the  air  to  a  brovi 
liquid  (Lange,  J.  pr.  Chem.  Ixxxii.  129). 

Oxides.—Ceroso^erie  oxide,  CeK)*,  is  obtoined  in  ezystols  belonging  to  the  regular 
system,  mostly  cubo-octohedrons,  by  heating  cerous  chloride  with  bonx  for  48  honn 
in  a  porcelain  furnace,  and  treating  the  fosed  mass  with  hydrochloric  add.  A  hesTj 
powder  is  then  left,  consisting  of  transparent  colourless  crystals  of  sp.  gr.  6*94  at  15^ 
insoluble  in  hydrochloric  acid,  sparingly  soluble  in  sulphuric  add.  In  one  experiment 
brick-red  crystels  were  obtainea  having  a  sp.  gr.  of  7*09  at  14'5^  (Nordenskiold,  Bogg. 
Ann.  cxiv.  612). 

According  to  Hermann  (cT.  pr.  Chem.  xcii.  113;  Jahresb,  1864,  p.  19S),  the  oxide 
produced  by  caldning  cerous  oxalate  with  free  access  of  air,  or  by  ig^ting  oeroso^erie 
sulphate  writh  2  pte.  sodium  carbonate  and  lixiviating  the  residue,  condsts  of  eerie 
oxide  CeH)* ;  but  this  view  of  ite  composition  is  contrary  to  the  reeulte  obtained  bj 
Bammelsberg,  Diarignac,  Holzmann,  and  others  (i.  834).  Hermann  further  states  that 
an  oxide  (VO*  or  2Ce*0*.CeO'  is  formed  by  the  calcination  of  ceitms  nitrate,  or  hj 
heating  the  supposed  sesquioxide  in  oxygen  gas.  According  to  Stapf  (/.  pr.  Ckem, 
Ixxix.  257),  the  residue  obtained  by  calcining  cerous  nitrate  in  an  open  vessel  eonsiita 
of  the  dioxide  CeO*,  or  perhaps  of  Ce'O*.  According  to  Popp  (Ann.  Ch.  PHarsi.  caxi. 
36),  the  yellow  precipitete  formed  on  treating  a  solution  of  crude  cerium  oxide  nuxed 
with  sodium  acetete,  with  chlonne  or  hypodilorous  acid  (p.  419),  is  a  hydrate  of  the 
dioxide ;  this  stetement  however  does  not  appear  to  be  founded  on  any  quaotitatira 
determination ;  moreover,  the  anhydrous  oxide  whidi  Popp  obtoined  by  ^dning  the 
yellow  hydrate  in  the  air  had  a  brown  colour,  indicating  tne  presence  of  didymium. 

Oxygen-salts. — On  the  sulphates  and  double  nitrates  of  cerium,  see  Zsehieseha 
(J.  pr.  Chem.  cvii.  65 ;  Zeitschr./  Chem,  [2]  vi.  41). 

Silieide.  CeSi.— UUik  (Zeitsehr.  f.  Chem.  [2]  ii.  60  ;  Jahresb.  1865.  p.  186),  hj 
subjecting  a  mixture  of  potassium  fluoride  and  cerium  fluoride  fbsed  in  a  poroelaiQ 
crucible  to  the  current  of  a  battery  of  eight  Bunsen*s  elements,  obtained  at  the 
negative  pole  a  brown  mass  mixed  with  globules  of  potassium.  This  mass  tritnrated 
with  water  left  a  powder  containing  23*19  p.  c.  silicon  and  76*21  cerium,  agreeing 
with  the  formula  ahove  given.  The  silicon  was  derived  from  the  ddes  of  the  crudble, 
which  were  strongly  attacked. 
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EC  A€31IK  C^'H'^O'. — ^This  acid  is  produced,  together  with  sereral  of  its 
Wer  homologoes,  bj  ozidising  paraffin  (melting  at  66^)  wiui  potassium  dichrcimate 
and  sulphuric  acid  padding  a  small  quantity  of  manganese  dioxide,  whidi  greatlj 
fadlitatss  the  oxidation),  or  with  nitric  acid  of  sp.  gr.  1*3  diluted  with  IJ  toI.  water. 
The  osroiie  add,  purified  by  refNsated  crystallisation  from  alcohol  and  ether,  melted 
at  78^,  and  was  identical  in  all  its  characters  with  that  obtained  from  Chinese  wax 
(i.  8S7)  (Oill  a.  Meuael,  Chem.  Soe.  J.  [2]  vi.  466).  Aoeording  to  Biraid  {ZeiUckr. 
f,  Ckem.  [2]  tL  465),  cerotic  add  exists  in  the  free  state  in  camauba  wax  (p.  891),  and 
may  be  extracted  therefrom  by  aloohoL 

OaTAn  or  Cirri  Ji  RMUMv  C>"H'\  is  one  of  the  constituents  of 
American  petroleum.  When  separated  by  fractional  distillation  it  is  a  colourless 
liquid  boi^ng  at  about  280^,  and  haying  a  Tapour-density  of  8*078  (calc  7*96) 
(Pelouse  a.  Oahours,  Campi,  nnd.  Irii.  62). 

VWXMMM  or  VWSWMJBKMm  C*'H''. — Bromine  added  by  drops  to  cetene  under 
watar  unites  readily  with  it,  forming  cetene  bromide,  C'*iI"Br*,  a  yellowish 
liquid  which  nnks  in  water  and  is  decomposed  by  distillation  even  in  a  vacuum.  By 
alcoholic  potash  it  is  converted  into  monobromoeetene,  C'*H*'Br,  a  yellowish 
liquid  which  floats  on  water.  Cetene  also  unites  with  eJUorine,  but  it  is  difficult 
to  obtain  deflnite  compounds.  Cetene  diacetate^  C**H''(CH'0*)',  appears  to  be  formed 
as  a  semifluid  mass  by  heating  the  dibromide  to  130^-140°  with  silver  acetate  and 
glacial  acetic  add  (Chydenius,  Jnn,  Ch.  Pkarm,  cxliii.  267). 

Cetene  Oxyehloride  or  Chlorohydrate,  C>*H**Oa  »  C>«H"a(OH),  the 
chloihydxin  of  the  unknown  oetylic  glycol,  is  obtained  by  Stating  a  weU-eooled 
solution  of  hypochlorous  acid  (of  at  most  1  p.  c,  and  still  mixed  with  the  mercuric 
o^chloirida  formed  in  its  preparation)  with  cetene  gradually  added,  till  the  acid  is 
all  decomposed.  The  resulting  cetylic  chlorhydrin  is  extracted  by  ether  from  the 
mercuric  usde  with  which  it  is  mixed,  and  the  colourless  oil  which  remains  on  dis- 
tilling off  the  ether,  is  freed  from  admixed  mercuric  chloride  by  agitation  with  solution 
of  sal-ammoimac,  and  from  unaltered  cetene  by  prolonged  heating  to  250^  in  a  stream 
of  carbon  dioxide.  Pure  cetene  oxychloride  distils  at  about  300^  almost  without 
deeompoeition ;  it  becomes  viscid,  but  not  solid  at  — 15®,  and  is  resolved  by  potash  into 
potassium  chloride  and  cetene  oxide,  C'H'H),  which  aystalliaes  in  slender  micro- 
seo^  needles,  melts  at  80®,  boils  at  300®,  and  is  insoluble  in  water  (Carina,  Ann.  Ch. 
195). 

C'H**  (also  called  Cetyiene). — ^This  hydrocart)on,  homologous  with 
ethine  or  acetylene,  is  produced  by  distilling  monobromoeetene,  C'*H'*Br,  with  sodium 
ethylate  or  caldum  hydrate ;  also,  together  with  oxaHc  acid,  by  heating  an  ethereal 
solution  of  cetene  bromide  with  silver  oxalate : 

C»«H"«Br*  +  C»Ag«0«  =  C'«H«»  +  C«H«0«  +  2AgBr. 

It  is  a  eolonrless  liquid,  lighter  than  water ;  boils  without  decomposition  at  280®-285®  ; 
solidifies  in  a  mixture  of  solid  carbon  dioxide  and  ether ;  becomes  liquid  again  at 
—  25® ;  dissolves  eanly  in  alcohol  and  ether.  It  unites  with  2  at.  bromine,  forming  a 
heavy  yellow  liquid  which  is  easily  decomposed  by  alcoholic  potash,  yielding  potassium 
bronide  and  a  dark-coloured  liquid  containing  bromine.  This  latter,  when  quite  freed 
from  bromine,  is  a  colourless  hydrocarbon  consisting  for  the  most  part  of  cetene  boiling 
at  275^  (Chjdenius,  loe.  eU.), 

CJHIJbXC  A&COXOa^  C'H'^O,  is  formed,  together  with  octane,  when  sebic 
acid  is  heated  with  caustic  baryta.  The  cetyl  alcohol  thus  obtained  melts  at  49®,  and 
solidifies  again  at  the  same  temperature  (Schorlemmer,  Proc.  Roy.  Soe.  xix.  22). 

I.    Syn.  with  Palmitio  Alobhtdb. 

C*R*0'  (i.  847).— The  products  of  decomposition  of 
this  acid  by  heat  and  by  bromine  have  been  studied  by  J.  Wilde  {Ann.  Ch.  Pharm. 
cxxvii.  164  ;  Jakresb.  1868,  p.  388).  At  150®  it  gives  off  water,  in  addition  to  that 
which  is  expelled  at  100°  ;  at  220°  it  softens,  turns  black,  gives  off  carbon  dioxido, 
and  yieldjs  a  crystalline  sublimate  melting  at  55®.  The  aqueous  solution  of  the  residue 
leAvee  on  evaporation  a  crystalline  acid,  to  which  Wilde  assigns  die  formula 
C"H>*0*^,  its  silver  salt  ^ving  by  analjrsis  numbers  approximating  to  the  formula 
C^H^A^fO** ;  but  it  is  very  improbable  diat  an  acid  containing  only  7  at  carbon 
and  4  at.  hydrogen  should  be  transformed  by  heat  into  another  containing  15  at.  C 
aod  14  at.  H.  On  treating  an  aqueous  pulp  of  chelidonic  acid  with  excess  of  bromififf 
and  diatHling the  product  with  water,  a  neavy  oilpasses  over,  and  a  watery  residue  is 
left,  together  with  an  oil  heavier  than  water.  Tnis  latter  solidifies  on  cooling  to  a 
cryst^mie  mass,  having  the  composition  and  propertiesof  penta-bromacetone,  CH'BrH). 
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The  watery  liquid  abore  this  oil  contains  oxalic  acid ;  and  the  Ofily  diitilUte  eonnsts 
of  bromoform.  If  this  last  compound  be  regarded  as  a  Bccoodary  product,  tlie  actioii  of 
bromine  on  chelidonic  acid  may  be  represented  by  the  equatioD 

CHK)«  +  6Br«  +  3HK)  -  CHBrH)  +  2CnS?0*  +  5HBr. 

Monoorgentic  chduUmate,  C'H'AgO* .  HK),  obtaiaed  by  reezystalliaiig  the  diaigeotic 
B;ilt  (i.  849)  from  vexy  dilate  nitric  acid,  forme  white  needles  which  giTe  off  their  WBter 
at  U0°-1M°  (WUde). 


Hesearches  on  the  laws  of  oonneetioii  Leiweea  the 
conditions  of  a  chemical  change  and  its  amount  have  been  made  by  Haxcooft  a. 
Ettson  {Proe.  Soy.  8oe,  xiy.  470 ;  xt.  262 ;  Okem.  Soe.  J.  m  r.  460).  One  of  the 
reactions  studied  was  that  between  hydrogen  dioxide  and  l^rtodie  aeia  ^or  between  a 
mixture  of  sodium  or  barium  dioxide,  hydrochloric  acid,  and  potassium  iodide).  The 
progress  of  the  reaction  wan  obserred  by  determining  the  interfals  of  time  which 
elapsed  between  the  successire  appearances  of  the  yellow  coloration  (or  blue  if  starch 
was  added)  after  the  iodine,  separated  according  to  the  equation 

H«0»  +  2HI  -  2HK)  +  P. 

had  been  recombined  (reconverted  into  hydriodic  acid)  by  addition  of  a  small  quantity 
of  sodium  hyposulphite.  The  solution  of  this  salt  was  added  by  drops,  and  alwavs 
in  equal  measures ;  and  the  amount  of  hyposulphite  in  such  a  measure,  and  the 
quantity  of  peroxide  used,  were  accurately  estimated.  In  this  manner  data  were 
obtained  for  determining  the  quantity  of  hydrogen  dioxide  present  in  the  mixture  at 
the  time  <  of  a  particular  coloration,  and  the  quantity  v'  still  present  at  the  time  <* 
of  the  next  coloration,  whence  the  quantity  y— jr*  of  dioxide  decomposed  in  the 
interval  t—t^  was  determined.  The  observed  results  are  given  in  the  following 
table: 


Amount  of  dioxide 

Time  from  the 
beginning 

Ohemlflsl  diaage  In 
each  Infterfsl 

Intcmta 

20-90 

$ 
000 

19-9A 

4-67 

4-67 

1895 

9-87 

4-80 

17-96 

14-6 

613 

16-96 

19-87 

6-87 

15-96 

26-67 

6-70 

14-96 

81-68 

611 

13-96 

88-20 

6-62 

12-95 

46-28 

7-03 

11-96 

62-82 

7-69 

10-95 

61-12 

8-30 

9-96 

70-16 

9-03 

8-96 

8008 

9-93 

7-95 

91-27 

1119 

6-95 

108-88 

12-61 

6-96 

118-60 

14-62 

4-96 

136  85 

17-35 

896 

16700 

2115 

296 

181*68 

27-63 

1-96 

223-45 

38-92 

0-95 

29113 

66-73 

The  general  conclusion  doducible  from  these  experiments  is  that  the  amount  of 
change  at  any  moment  varies  directly  with  the  quantity  of  dioxide  present  in  tlie 
solution  ;  in  accordance  with  this  law,  the  quantities  of  dioxide  at  the  end  of  a  series 
of  times  taken  in  arithmetical  progression  are  themselves  in  geometrical  progression, 
and  the  curve  which  represents  the  relation  between  these  times  and  quantities  is  a 
logarithmic  curve. 

These  results  are  corroborated  by  experiments  on  the  reaction  between  perman- 
ganates and  oxalic  acid  in  presence  of  sulphuric  acid,  the  ultimate  result  of  which  is 
represented  by  the  equation  : 

K«Mn»0«  +   8H«S0«  +  5H»C«0'  =  K«SO*  +  2MnS0«  +  lOCO*  +  8HK). 
The  observations  were  made  by  varying  successively  the  quantities  of  sulphuric 


CHEMICAL  ACTION. 


423 


Acid,  pennanganate,  and  oxalic  acid,  while  the  qtiantitiea  of  the  other  subeUnces 
present  remained  oonatant. 

The  inflaenoe  of  the  relatire  qnantitiee  of  the  reacUng  subetancee  on  the  final 
result  of  a  chemical  action  has  been  stndied  by  Chiiyfiski  (Ann.  Ck,  Pharm.  Suppi. 
IT.  226 ;  BUI.  A%.  [4]  zzxii.  388 ;  Jakresb.  1866,  12)  in  the  case  of  the  action  of 
phosphorie  acid  on  mixed  eolations  of  lime  and  magnesia.  Solntions  of  calcium 
chloride  and  magnesium  chloride  were  mixed  with  quantities  of  phosphoric  acid 
sufficient  only  for  partial  precipitation,  and  with  ammonia,  and  the  proiK>rtion  of  the 
bases  in  the  precipitate  was  determined.  The  composition  of  this  precipitate,  which 
iuTariably  contained  both  lime  and  magnesia,  was  found  to  be  nearly  independent  of 
the  quantity  of  water  used  for  dilution,  and  of  the  quantity  of  ammonia  present,  but 
to  Taiy  with  the  ratio  between  the  calcium  and  magnesium  salts,  and  with  Uie 
proportion  of  both  to  the  phosphoric  acid.  The  results  are  given  in  the  following 
table ;  1  cub.  cent,  of  the  oUcium  chloride  solution  contained  28*5  milligr.  lime ; 
1  cc  of  the  magnesiimi  chloride  solution  contained  21  milligr.  magnesia ;  1  c.c  of 
the  phosphoric  add  solution  contained  72'8  milligr.  phosp^rie  anhydride.  The 
absolute  quantity  of  phosphoric  acid  was  in  all  the  experiments  5  c.c. 


Bxperlmentsl  liquid 
in  CO. 

OontentsoC  precipitate 

in 
f                   A                ,  .^ 

IV)  1  mol.  I-0»  the 
preof  pftate  oootalaeil 

(D 

(■) 

OsGP            ICgOl* 

OaO            MgO 

'  GaO                MgO  ' 

10               10 

02139      01876 

1*50               1*35 

15               10 

0-3182      01008 

2-23               1*06 

20               10 

0-3796      0-0758 

2-66              0*74 

25              10 

0-4078      0*0698 

2-88              0*68 

80              10 

0-4037      0-0515 

2*83              0-50 

100              10 

0-5159      00505 

360              0*50 

15              10 

0-3182      01008 

2-23              1*00 

15              15 

0-2727      01078 

1-91               105 

15              20 

0-2642      01244 

1-85               1-22 

15              25 

0-2449      01470 

1-71               1-38 

15              80 

01525      01542 

107              1-51 

15            100 

00289      02062 

0*20              202 

10              10 

0-2139      01376 

1-50              1-35 

J  _ 

O'SiB 

0-928 

16              15 

0-2727      0-1078 

1-91               1*05 

1 

0-733 

15-6           15*6 

0*3184      0-0860 

2-25              0*85 

1 

6^16 

0016 

19-5           19-5 

0*3420       00800 

2-40              0-78 

1 

0-573 

25              25 

0*8641       00978 

2*55              0-96 

1 

0-613       i 

50              50 

0*4045      01156 

283              Ml 

QUI* 

lOa            100 

0-4302      01106 

3-02              108 

< 
1 

These  numbers  lead  to  the  following  conclusions :  When  the  two  chlorides  are 
mixed  in  eqaiyalent  proportions,  the  lime  passes  into  the  precipitate  in  greater 
equivalent  piroportion  than  the  magnesia,  and  this  proportion  increases  as  the  total 
quantity  of  the  chlorides  used  is  greater.  When  the  quantity  of  calcium  chloride  is 
increased,  that  of  the  magnesium  chloride  remaining  constant,  the  quantity  of  lime  in 
the  precipitate  incteasss,  while  that  of  the  magnesia  diminishes  ;  the  contrary  takes 
place  when  the  quantity  of  caldum  diloride  remains  constant,  and  that  of  the 
magnesium  ehloride  increases ;  these  variations  in  the  composition  of  the  precipitato 
are  not  sudden,  but  steady  and  gradual.  With  a  large  excess  of  calcium  chloride 
the  composition  of  the  precipitate  approximates  to  the  formula  4R0.P*0*;  with 
exeess  of  magnssium  ehloride  to  the  formula  2R0.I*0»,  probably  because  the  salt 
Ca«PK)»  is  produced  in  the  former  ease,  and  (NH*)BI^PO«  in  the  latter.  It  appears 
from  thia  that  the  affinity  of  lime  for  phos|^ric  acid  is  greater  than  that  of 
magnecia.  On  the  other  hand,  from  2*5  to  3  mol.  magnesium  chloride,  (lA^Cl*), 
exert  tonraida  1  mol.  phosphoric  acid  the  same  action  as  1*5  mol.  calcium  chloride, 
(CaCl*),  inasmoch  as  with  these  proportions  in  the  solution,  the  two  bases  combine 
with  the  phooi^ric  add  in  nearly  equivalent  proportions.  The  chemical  action  of  a 
body  is  therefore  a  function  of  its  chemical  affinity  and  of  its  mass  conjointly. 
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iDcrmsiiig  m  the  prodiiei  of  tliefle  magnitudes  incrwiifi,  thoog^  not  in  met 
proportion  thereto.  HoieoTer,  when  the  quantities  of  two  bodies  incnise  is  e^ul 
proportion  compared  with  a  third  for  which  they  both  have  ai&nity,  the  chniuttl 
action  of  the  body  with  the  greater  affini^  increases  more  qnickly,  and  that  of  Um 
body  with  the  smaller  affinity  decreases  more  qnicfcly  tlian  might  he  ezpeeted 
according  to  their  relative  «■«**«"*  The  action  of  calcinm  chloride  on  pbosphone 
acid  is  always  greater,  and  that  of  magnwrinm  chhwide  is  always  less  than  tbey 
should  be  aoeoidiQg  to  6erthollet*s  law  of  the  action  of  messes  (i.  860).  To  eitimate 
the  amount  of  chemical  action  according  to  quantity,  it  is  necessary  to  miUtiply  iha 
chemical  mass  (the  number  of  equiTalents)  with  a  ooeffieimt  rf"  affi«Uv,  which  Ttrim 
with  the  mass,  and,  according  to  the  preceding  experiments,  is,  for  calcium  chloiide, 


greater  than  waitj(-     of   x<.  1 V  and  for  magnesium  chloride  lees  than  unity  (x). 

Generalising  this  result*  Chiiyl&eki  modifies  Berthollet's  law  of  the  action  of  muMi 
as  follows:    Ciemieal  aetioms  (W,  W)  are  proportumal  to  Ue  pndwctt  •J  ik 

chemical  maue$  (M,  IT)  aad  their  eoeJfeienU  of  qfimily,  ^>  ;  jrV  or: 

W  :  W  -  m1  :  ir#. 

He  failcnlated  the  coefficients  of  affinity  for  calcium  chloride  and  magnesium  chloride, 
taking  account  of  the  disturbing  infloenoe  arising  from  the  presence  of  sal-amBiinuae 
and  ammonia  in  the  solutions,  on  the  assumption  that,  with  the  smallest  posiihle  sad 
equal  chemical  msesos,  their  actions  are  proportional  to  these  mnnnnn,  and  theiefon 
equal;  and  finds  that  with  equal  increase  of  the  chemical  masses,  the  coeffioent 
enters  ss  a  fiictor  in  the  one  case  direcUy,  in  the  other  inversely,  as  appeals  from  the 
values  in  the  last  column  of  the  table,  which  agree  nearly  with  the  adual  nenlti  of 
experiment.  Equal  masses  of  calcium  chloride  and  magnesium  chloride  ^Bf^ 
therefore  to  possess  coefficients  of  affinity  equal  in  magnitude,  but  opposite  in 
direction.  Chiiyiiski  reguds  it  as  probable  that  the  same  law  with  regaid  to  tqptl 
chemical  masses  of  unequal  chemical  eneigy  is  universally  applicable. 

That  reciprocal  decomposition  does  not  always  take  place  between  mizsd  selti  ai 
required  by  Berthollet*s  law,  is  shown  by  the  following  experiment  of  BettandoHT 
(Zeitsckr.  /.  Chem,  [2]  ii.  641 ;  Jakresb,  1866,  10).  A  solution  of  ferric  acetate  when 
examined  by  the  spectroscope  absorbs  part  of  the  spectrum  (in  the  red  and  gnen, 
and  especially  in  toe  violet),  but  does  not  exhibit  any  bands.  If,  however,  a  tabe 
filled  with  vapour  of  nitrogen  tetroxide  be  interposed  between  this  sohition  sad  the 
source  of  light,  bands  make  their  appearance  in  numben  increasing  with  the 
strength  of  die  solution.  A  very  dilute  solution  of  ferric  chloride,  either  alone  or 
mixed  with  ferric  acetate,  makes  no  alteration  in  the  absorption  spectram  of  the 
latter,  or  in  that  of  nitrogm  tetroxide ;  the  same  is  the  case  with  potassium  aoetete. 
Now  a  solution  of  ferric  acetate  (containing  from  0*0044  to  0*0350  gnn.  of  the 
neutral  salt  in  26  cc),  after  addition  of  an  equivalent  quantity  of  potassium  chloride, 
afibcts  the  spectrum  of  nitrpgen  tetroxide  in  exactly  the  same  manner  as  an  eqaallr 
diluted  solution  of  pure  ferric  acetate ;  and,  moreover,  a  solution  of  ferric  eUonde 
mixed  with  an  equivalent  quantity  of  potassium  acetate  affects  the  said  spectnon  in 
exactly  the  same  manner  as  an  equally  diluted  solution  of  the  entire  quantity  of 
ferric  acetate  corresponding  to  the  feme  diloride;  hence  it  must  be  inftrred  that 
potassium  chloride  and  feme  acetate  do  not  decompose  one  another,  and  thst  the 
reaction  between  potassium  acetate  and  ferric  chloride  gives  rise,  not  to  four  asltii 
but  only  to  two— namely,  notassium  chloride  and  ferric  acetate.  For  this  naetioB, 
therefore,  BerthoUet's  law  aoes  not  hold  good. 

Experiments  on  the  degree  of  neutralisation  of  acids  by  different  basse,  and  the 
modifications  produced  therein  by  the  presence  of  neutral  salts,  have  been  msds  by 
Lowenthal  a.  Lenssen  {J.  pr.  Chem.  Ixxxv.  241,  401 ;  Jahretb.  1868,  120). 

Influence  of  Preeeun  on  Chemical  Actum, 

When  a  body  is  decomposed  by  heat  in  a  confined  space,  and  one  or  more  of  the 
separated  elements  (ultimate  or  proximate)  is  gaseous,  the  decomposition  goes  oo 
until  the  liberated  gas  or  vapour  has  attained  a  certain  tension  greater  or  lev  aeeord* 
ing  to  the  temperature.  So  long  as  this  temperature  remains  constant  no  inither 
decomposition  takes  place,  neither  do  any  portions  of  the  separated  dementB 
recombine ;  but  if  the  temperature  be  raised,  decomposition  recommences  and  goes 
on  till  the  liberated  gas  or  vapour  has  attained  a  certain  higher  tension,  also  defloita 
for  that  particular  temperature ;  if  on  the  other  hand  the  temperature  be  lowered. 


CHEMICAL  ACTION.  425 

neompositi^n  takes  place,  until  the  tension  of  the  remaining  gas  is  reduced  to  that 
which  oomsponds  to  the  lower  tempecatore.  These  phenomena,  which  are  closely 
KDslogoos  to  those  exhibited  in  the  Taporisation  of  liquids  (iii.  81),  have  been  especi- 
ally stndied  by  DeviUe  {Con^.rend.  zly.  857  ;  Iri.  195,  822 ;  Iz.  317,  884;  Jeintb, 
1857,  68;  1863,  27;  1865,  59,  68;  Lemons  mr  la  JDisaocitUiom,  Fkris,  1864)  and 
Bebrny  (OMnpt.  rend,  Ixir.  608;  Izn.  194;  Jahreab.  1867,  85;  1868,  75).  Derille 
designates  decomposition  under  these  conditions  by  the  term  '  Dissociation  ;  but  the 
ntility  of  this  new  word  is  by  no  means  obvious. 

1.  When  ealeium  earbonaU  is  heated  in  an  iron  tube  ficom  which  the  air  has  been 
exhsQsted  by  means  of  a  mercuiy-pump,  no  decomposition  takes  place  at  300**,  and 
a  scsroely  perceptible  decomposition  at  440^ ;  but  at  800^  (in  Tapour  of  cadmium)  it 
becomes  Tary  perceptible,  and  goes  on  till  the  tension  of  the  evoived  carbon  dioxide 
beeomes  equiralent  to  85  millimetres  of  mercury ;  there  it  stops  so  long  as  the 
tempemtare  remains  constant;  but  on  raising  the  temperature  to  1040^  (in  yapour 
of  sue}  more  carbon  dioxide  is  eTolved  until  a  tension  equiyalent  to  about  520  mm. 
is  attained.  If  the  tension  be  reduced  by  woriung  the  pump,  it  is  soon  restored 
to  its  focmer  Talue  by  a  fresh  evolution  of  carbon  dioxide.  If,  on  the  other  hand, 
the  appoiatos  be  allowed  to  cool,  the  carbon  dioxide  is  gradually  reabsorbed  by  the 
quiekliBie,  and  a  vacuum  is  re-established  in  the  apparatus. 

2.  fiiw«»l*y  phenomena  are  exhibited  in  the  ((fflonactnee  of  k^drated  saltt.  When 
SQch  a  aalt  is  enclosed  in  a  sealed  and  exhausted  glass  tube,  also  containing  a  small 
msvearial  pressnie-gauge,  and  heated  to  a  constant  temperature  in  a  water-bath,  the 
tension  of  the  vapour  emitted  by  it  in  the  closed  space  is  found  to  increase  with 
the  tmperatare,  and  to  be  constant  for  each  paiUcnlar  temperature.  As  th»  tem* 
pentora  &lls  the  tension  diminishes,  in  consequence  of  the  reaosorption  of  a  portion 
of  the  aqueous  vapour. 

The  efflonsoenoe  or  hydratation  of  a  salt  exposed  to  the  open  air  is  detflcmined  by 
similar  oonditions.  For  as  the  pressure  of  the  air  has  no  perceptible  influence  on  the 
tension  of  vapours  which  form  in  it,  a  salt  will  eflSoiesce  when  the  tension  of  its 
vapour  is  greater  than  that  of  the  aqueous  vapour  in  the  atmosphere  at  the  existing 
tempeiatnre ;  on  the  other  hand,  an  efBoresced  salt  will  take  up  water  from  the  air,  if 
the  tension  ik  the  vapour  in  the  atmosphere  is  greater  than  that  of  the  vapour  which 
the  effioreeoed  salt  emits  at  the  same  temperature. 

In  the  decomposition  of  calcium  carbonate  by  heat,  the  maximum  tension  of  the 
evolved  gas  oomsponding  to  each  particular  temperature  is  quite  independent  of  the 
poportion  of  the  compound  already  dec(»nposed ;  and  the  same  is  the  ease  in  some 
instaooes  of  the  efflorescence  of  salts,  but  not  in  aU.  Take  for  example  the  common 
dicodle  phosphate  Na*HFO«  -h  12HH).  The  tension  of  the  vapour  emitted  by  this  salt 
is  at  flrst  independent  of  its  state  of  efflorescence.  Thus  a  salt  containing  all  its 
water  (62-8  p.  c)  and  an  effloresced  salt  containing  only  58  to  64  p.  c,  emit  vapours  of 
exactly  the  same  tension  at  any  given  temperature ;  but  when  the  quantity  of  vrater  is 
redaeed  to  50  pi  c,  corresponding  to  the  hjidrate  Na'H^O*  +  7HH)  (which  is  obtained 
by  oystallieing  the  salt  below  81°),  the  tension  of  its  vapour  is  much  less.  On  com- 
paring the  tensions  of  the  vapour  emitted  by  a  salt  containing  49*5  p.  c  water 
with  that  emitted  by  the  salt  containing  12H'0,  the  following  differences  have  been 

Ka'HPO'  with  Ka'HFO*  with 

7  to  12  aq.  rather  lees  thaa 

7aq. 

BUBt  nun. 

i2-3*> 7-4  ..  4-8 

16-8 9-9  ..  6-9 

20-7 141  .        .  9-4 

24-9 18-2  .        .12-9 

Sl'5 80*2  .        .  21-8 

86*4  (melting  point)        .        .        .  89*5  .        .  80*5 

40-0 600  .         .  41*2 

Henee  it  appears  that»  in  its  first  phase  of  decomposition,  ordinary  sodium  phosphate 
behaves  like  a  compound  of  water  with  the  hepta-hydiated  salt.  This  compound 
deeompoaes  just  like  calcium  carbonate,  emitting  aqueous  vapour  whose  tension  is 
constant  for  a  giren  temperature,  whatever  may  be  the  proportion  of  water  and  hepta- 
faydiated  phosphate  existing  in  the  effloresced  salt ;  but  when  this  first  phase  is  ter- 
minated, and  the  quantitv  of  water  in  the  residue  is  reduced  to  7  molecules,  this 
hepta-hydrated  salt  likewise  gives  off  aqueous  vapour,  but  of  lower  tension  for  a  given 
The  difierence  between  uie  decomposition  of  hydrated  salts  by  neat, 
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and  Uiat  of  calcium  carbonate,  consists  therefore  in  (his,  that  there  are  no  compoiuids 
intermediate  between  calcium  oxide  and  calcium  carbonate,  as  there  are  between  an 
anhydrous  salt  %nd  its  highest  hydrate.  A  careful  9tudy  of  the  yapour-tensions  of 
hydrated  salts  would  affo^  the  means  of  determining  the  several  hyuates  whieh  the 
same  salt  is  capable  of  forming  (Bebray). 

3.  Similar  phenomena  are  exhibited  by  certain  compounds  of  ammonia  with 
metiUlic  chlorides.  The  compound  AgOl.SNH*,  formed  by  exposing  well-dried  silrer 
chloride  to  ammonia  gas  at  0®,  possesses  sufficient  tension  at  ordinary  temperatures 
to  render  it  possible  to  remove  half  the  ammonia  by  exhaustion  with  the  air-pump,  so 
as  to  convert  the  compound  into  2AgCl .  8NH'.  The  tension  of  the  latter  at  68°  is 
760  mm. ;  that  of  the  compound  Agul .  SNH'  at  20°  is  800  mm. ;  at  these  tsmperatuies 
therefore  the  compounds  in  question  cannot  be  formed  under  the  ordinary  atmospheric 
pressure.  Both  of  them  when  heated  in  a  Faraday's  tube  yield  liquid  ammonia ;  if 
the  cooled  arm  of  the  tube  haa  a  temperature  of  about  13*6°,  the  compound 
AgC1.3NH'  must  be  heated  to  56°,  the  compound  2Ag01.3NH'  to  103°,  at  which  it 
melts.  Iodide  and  cyanide  of  silver  take  up  but  small  quantities  of  ammonia,  forming 
compounds  which  behave  in  a  similar  manner  to  the  ammoniacal  compounds  of  silver 
chloride  (Isambert,  Compt.  rend.  Ixvi.  1259 ;  Jahresb.  1868,  182). 

Calcium  chloride  forms  with  ammonia  the  compounds  OaOl*.2NH* ;  GaCl'.4KH' ; 
CaCl* .  8NH*.  The  two  latter  at  given  temperatures  give  off  ammonia  of  constant 
tension,  this  tension  increaaing,  as  in  the  preceding  case,  as  the  temperature  rises.  When 
half  the  ammonia  has  been  expelled  IVom  the  compound  GaCl*^8NH',  the  tension 
suddenly  falls  to  that  which  corresponds  to  the  compound  CaCl*.4KH'.  The  com- 
pound CaCl'.2NH'  is  decomposed  with  difficulty,  and  only  at  high  temperatures. 
Similar  relations  are  exhibited  by  the  compounds  CaI'.6NH';  ZnCl*.6NH';  and 
MgCl'.6NH*,  the  two  latter  being  converted  by  heat  into  ZnGl'.4NH'  and 
MgCl*.4NH*  respectively;  also  by  the  mercurous  compound  Hg'Cl«.2NH' 
(Isambert). 

4.  We  have  next  to  consider  decompositions  in  which  the  decomposed  body,  as  well 
as  one  at  least  of  its  constituents,  is  gaseous.  In  these  cases  it  is  not  possible  to 
obtain  an  exact  measurement  of  the  maximum  tension  corresponding  to  the  tempera- 
ture ;  nevertheless  the  decomposition  is  found  to  take  place  according  to  the  same 
general  law,  ceasing  as  soon  as  the  liberated  gases  have  attained  a  certain'  tension, 
which  is  greater  as  the  temperature  is  higher. 

It  has  long  been  known  that  chemical  combination  between  any  two  bodies  capable 
of  uniting  directly  takes  place  only  at  and  above  a  certain  temperature,  and  that  the 
combination  is  broken  up  at  a  higher  temperature ;  but  it  is  only  in  later  years  that 
we  have  become  acquainted  with  the  fact  that  bodies  like  water  begiii  to  decompose  at 
temperatures  considerably  below  that  which  they  produce  in  the  act  of  combining, 
and  therefore  that  their  combination  at  that  temperature  is  never  complete. 
Grove  showed  some  years  ago  that  water  is  resolved  into  its  elements  in  contact 
with  intensely  ignited  platinum.  This  reaction  has  been  more  closely  studied  by 
Deville,  who  finds  that  when  vapour  of  water  is  passed  through  a  heated  platinum 
tube,  decomposition  commences  at  960°-1000°  (about  the  melting  point  of  silver),  but 
proceeds  only  to  a  limited  extent ;  on  raising  the  temperature  to  1200°,  fiirther  decom- 
position takes  place,  but  again  only  to  a  limited  amount,  ceasing  in  fact  as  soon  as  the 
liberated  oxygen  and  hydrogen  have  attained  a  certain  higher  tension.  The  quantity 
of  these  gases  actually  collected  in  this  experiment  is  however  very  small,  the  greatir 
portion  of  them  recombining  as  they  pass  through  the  cooler  part  of  the  apparatus,  till 
the  tension  of  the  remainder  is  reduced  to  that  which  corresponds  to  the  lower 
temperature.  In  Grove's  experiment,  the  heated*  platinum '  first  *  becomes  surrounded 
with  an  atmosphere*  of  aqueous  vapour,  part  of  which  is  then  resolved  into  oxygen  and 
hydrogen  ;  but  these  gases  as  they  rise  to  the  surface  are  cooled  by  the  water,  and 
therefore  recombine<as  above.  The  recombination  of  the  mixed  gases  is  not  however 
quite  complete,  because  they  are  surroimded  by  a  considerable  excess  of  aqueous  vapour, 
which  interferes  with  their  combustion.     (See  next  page.) 

The  recombination  of  the  gases  may  be  prevented  to  a  greater  extent  by  means 
of  an  apparatus  consisting  of  a  wide  tube  of  glazed  earUienware,  through  the 
axis  of  which  passes  a  narrower  tube  of  porous  earthenware,  the  two  being  tightly 
fitted  by  perforated  corks  provided  with  gas-delivery  tubes,  and  the  whole  strongly 
heated  by  a  Aimace.  Vapour  of  water  is  passed  Uirough  the  inner  tube,  carbon 
dioxide  through  the  annular  space  between  the  two,  and  the  gases,  afler  passiitg 
tlirough  the  heated  tubes,  are  received  over  caustic  potash-solution.  The  vapour  of 
water  is  then  decomposed  by  the  heat  as  before  ;  but  the  hydrogen,  according  to  the 
laws  of  difiusion,  passes  through  the  porous  earthenware  into  the  surrounding  atmo^ 
sphere  of  carbon  dioxide,  being  thus  separated  from  the  oxygen,  which  remains  in  the 
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fnner  tabe,  and  becomes  mixed  with  carbon  dioxide  passing  through  the  porons  septum 
in  the  opposite  direction  to  the  hydrogen.  As  those  gases  pass  through  the  alkaline 
vater,  t&e  carbon  dioxide  is  absorbed,  and  a  mixture  of  hyorogen  and  oxygen  collects 
in  the  reoeiTer.  A  gramme  of  water  passed  in  the  state  of  Tapour  through  sudi  an 
apparatus  yields  about  a  cubic  centimetre  of  detonating  gas  (Beyille). 

A  small  quantity  of  water  is  likewise  deoomposed  when  a  stream  of  carbon  dioxide 
Hitiirated  with  aqueous  Tapour  is  passed  through  an  intensely  heated  porcelain  tube 
filled  with  firagments  of  porcelain.  The  ^ueous  mixture,  eoUected  over  potash,  exhibited 
ia  two  experiments  the  following  oompodtion : 

Oxygen 46*1  46*8 

Hydrogen 854  81-9 

Carbon  monoxide         •        .        •        .  12*0  10*7 

Nitrogen 6*5  10*6 

100*0       100-0 

The  carbon  monoxide  arises  from  the  reducing  action  of  the  hydrogen  on  the  carbon 
dioxide ;  the  nitrogen  is  an  accidental  admixture.  The  quantity  of  detonating  gas 
ftfrrainnd  in  this  experiment  is  only  about  a  fourth  of  that  in  the  preceding,  bManse 
the  separated  oxygen  and  hydrogen  remain  in  contact  during  the  cooling  of  the 
mixture ;  their  complete  recombination  is  however  prevented  by  diffusion  through  a 
laige  quantity  of  neulzal  gss,  just  as  the  detonation  of  a  mixture  of  the  same  or  other 
eombvistible  guaes  by  the  electric  sjpark  is  prevented  by  the  presence  of  a  laige  eaoess 
of  oAcr  of  them,  or  of  any  indifbrent  gas.  In  like  manner,  in  Grove's  original 
cxperiflMnt  of  the  decomposition  of  water  by  incandescent  platinum,  the  complete 
reoombination  of  the  gases  is  prevented  by  their  diffiision  Uiroug^  a  considerable 
quaatitj  of  aqueous  vapour. 

The  deeonq^tion  A  waJber  at  comparatively  low  temperatures  may  also  be  effected 
by  paaaing  its  vigour  over  melted  silver,  hydrogen  being  then  set  firee,  and  the  oxygen 
beiqg  afaeorbed  by  the  silver,  which  then  acquires  the  property  of  spitting.  In  this 
experiment,  first  made  by  B^gnault,  the  water  is  not  decomposed  by  the  superior 
affinity  of  the  silver  for  oxygen,  for  silver  does  not  oxidise  at  that  temperature ;  but 
the  dttDompoaition  of  the  water,  as  ia  the  former  cases,  is  a  direct  efS&dt  of  heat,  and 
the  oxygen  thereby  liberated  does  not  combine  with  the  silver,  but  is  simply  absorbed 
by  it.  That  such  is  the  case,  Deville  has  shown  by  substituting  litharge  for  the  silver. 
When  vapour  of  water  is  passed  over  litharge  contained  in  a  platinum  boat,  placed 
within  a  poroelatn  tube  ana  heated  to  1200^-1800^,  the  litharge  remaining  In  the  boat 
after  the  experiment  is  found  to  have  absorbed  oxygen,  which  has  subsequently  escaped 
from  it  by  spitting,  and  part  of  the  litharge  carried  over  in  fine  particles  by  the 
vapour  has  been  reduced  to  metallic  lead,  forming  a  black  ring  ai  that  part  of  the 
tube  where  tJie  heat,  though  rather  high,  was  not  great  enough  to  melt  the  litharge. 
These  remits  show  that  part  of  the  aqueous  vapour  had  been  resolved  into  oxygen 
aod  hydrogen. 

k,  CarhoH  dioxide  passed  through  a  porcelain  tube  filled  with  fragments  of  porcelain, 
and  heated  in  a  furnace  to  1200^-1300®,  is  partly  resolved  into  carbon  monoxide  and 
6ee  OKygeo.  In  one  experiment  the  gaseous  mixture  received  cfver  potash  was  found 
to  eooatst  of  80  p.  c  oxygen,  62*8  carbon  monoxide,  and  7*7  nitrogen. 

6,  When  earbon  mtmixide  is  passed  through  an  intensely  heateid  porcelain  tube  in 
the  axia  of  which  is  fixed  a  narrow  tube  of  silvered  brass,  and  a  stream  of  water 
eooled  to  10°  is  passed  through  the  metal  tube  during  the  whole  of  the  experiment, 
the  snr&ce  of  this  tube  becomes  coated  at  its  lower  part  with  a  black  layer  of  carbon. 
The  particles  of  the  carbon  monoxide  in  contact  with  the  lower  part  of  the  porcelain 
beonne  strongly  heated,  and  consequently  expand  and  rise,  striking  aoainst  tne  lower 
surface  of  the  metal  tube ;  at  the  same  time  they  are  deoomposed,  and  their  carbon  is 
deposited  cm  the  cold  surface  of  the  metal ;  if  the  tube  were  not  kept  cool,  the  carbon 
thoa  set  free  would  reoombine  with  the  oxygen. 

7.  Smlpkurotu  oxide  may  be  decomposed  in  a  precisely  similar  manner,  the 
metal  tube,  however,  having  a  thicker  coating  of  silver  than  in  the  preceding  case. 
The  solphurous  oxide  is  resolved  into  oxygen  and  sulphur,  the  latter  uniting 
with  tlw  silver  (sulphurous  oxide  itself  does  not  atta<^  silver  even  at  800^), 
nduld  the  oxygen  combines  with  another  portion  of  sulphurous  oxide,  converting  it 
into  anlphurie  oxide  or  anhydride,  which  is  deposited  in  white  flocks  on  the  cooled 


8.  When  dry  kydroekhrie  acid  ga»  is  passed  through  the  same  apparatus,  the 
surfiftee  of  the  metal  tube  having  been  previously  slightly  amalgamated,  decomposition 
takes  place  to  a  small  extent  at  about  1800^  a  small  quantity  of  hydrogen  gas  being 
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(^ven  off,  and  small  quantities  of  mercurouB  chloride  and  silyer  chloride  being  formed 
on  the  surface  of  the  metal  tube. 

Carbon  dioxide,  sulphur  dioxide,  and  hydrochloric  acid  gases  are  deoompoied  bjr  s 
stream  of  induction-sparks  nearly  in  the  same  way  as  by  heat  in  the  apparatus  just 
described.  In  fact  the  decomposing  action  of  the  electric  spark  appears  to  be  due 
merely  to  the  great  heat  which  it  eyolves.  The  particles  in  the  immediate  neigfaboor- 
hood  of  the  spark,  and  these  alone,  become  intensely  heated  and  are  decomposed,  the 
separated  elements  being  immediately  difibsed  through  a  large  mass  of  the  undeoom- 
pneed  gas  and  thereby  cooled — as  by  the  cold  metal  tube  in  the  experiments  abore 
described — below  the  temperature  at  which  they  can  reoombine. 

On  the  decomposition  of  kydriodic  acid  by  heat,  see  loDim ;  on  that  of  cyanmie 
acid,  see  Ctanic  Acid. 

The  influence  of  pressure  on  chemical  decomposition  is  seen  in  other  reactions 
besides  those  which  are  brought  about  by  heat.  &ibinet  in  1828  (Ann.  Ch.  PAjw.  [2] 
xxxyii.  183)  found  that  zinc  and  dilute  sulphuric  acid  cease  to  giye  off  hydrogen  when 
the  pressure  of  this  gas  amounts  to  thirteen  atmospheres  at  10^,  or  to  thirty-three 
atmospheres  at  26°.  Faraday  had  preyiously  obseryed  that  under  these  circumstances 
the  eyolution  of  gas  is  not  arrested,  but  only  retarded  (Nno  Quarteriy  J<mmdL  of 
Science,  iii.  474) ;  and  the  same  result  appears  to  follow  from  the  experiments  of 
L.  Gmelin. 

Lothar  Mrfer  (Pogg,  Ann,  ciy.  189  ;  PAt^.  Mac,  [4]  xyi.  160)  found,  by  experiments 
in  which,  as  in  tnose  of  Gmelin,  sine  and  sulphuric  acid  were  enclosed  together  in 
sealed  glass  tubes,  that,  with  acid  of  the  moet  yarious  strengths,  eyen  in  presenoe  of 
large  quantities  of  metallic  sulphates,  and  likewise  when  citric  and  aeetic  acids  were 
used,  the  pressure  of  the  eliminated  hydrogen  yery  greatly  exceeded  the  limits  aasigned 
by  Babinet  (amounting  to  sixty-six  atmospheres  at  0°).  Neyertheless,  the  ehemieal 
action  under  these  drcumatances  appeared  to  reach  a  limit,  inasmuch  as  the  liquid, 
after  remaining  in  the  tube  for  seyeral  months,  eyen  in  contact  with  excess  of  sine, 
still  exhibited  a  yery  strong  acid  reaction.  According  to  Fayre  (Comnt,  rmd.  li.  827). 
the  decomposition  of  dilute  sulphuric  acid  by  sine  sUll  goes  on  unaer  a  pi^essuie  of 
eighty-six  atmospheres,  but  at  a  slower  rate. 

Similar  obseryations  haye  been  made  by  Cailletet  {Ccmpt,  rend.  Ixyiii.  395 ; 
Zeiiaehr.  /.  Chem,  [2]  y.  190)  on  the  action  of  hydrodilonc  add  upon  sine.  A 
plate  of  sine  which,  when  acted  upon  by  hydrochloric  acid  in  the  open  air,  exhibited 
after  a  certain  time  a  loes  of  weignt  denoted  by  10,  suffered,  under  predsely  similar 
circumstances,  excepting  that  the  materials  were  exposed  to  a  pressure  of  60  atmo- 
spheres, a  loss  of  only  4*7,  and  under  120  atmospheres  only  0*1.  In  like  manner  the 
quantities  of  calcium  carbonate  dissolyed  by  nitric  acid  in  the  same  time  under  a 
pressure  of  160  atmospheres,  and  in  the  open  air,  were  found  to  be  as  1  to  11*09.  A 
similar  retardation  of  chemical  action  under  pressure  takes  place  in  many  other 
instances.  The  electrolysis  of  water  'is  retaraed  under  pfessurs.  The  action  of 
sodium-amalgam  on  water  in  sealed  glass  tubes  is  entirely  or  almost  entirely  arrested 
as  soon  as  the  eyolyed  hydrogen  has  attained  a  certain  tension.  Chemical  action  thus 
retarded  by  pressure  may  be  accelerated  again  by  rise  of  temperature.  The  quantities 
of  gas  eyolyed  by  the  action  of  dilute  sulphuric  acid  on  a  plate  of  sine  in  a  sealed 
tube  at  Q9  and  at  50°  were  to  one  another  as  1  to  2*8.  Under  diminished  pressure 
the  preceding  reactions  go  on  with  increased  rapidity,  t^e  quantity  of  metal  dissolyed 
in  an  acid  in  a  giyen  time  being  greater  in  a  yacuum  than  under  ordinary  pressure. 
With  aluminium  in  hydrochloric  acid  the  ratio  is  1  :  1*68 ;  with  sine  in  sulphuric 
acid  1  :  1*58  ;  with  calcium  carbonate  in  nitric  acid,  1  :  2'61. 

From  the  preceding  results  Cailletet  oondudes  that,  under  a  oeitain  pressure,  sub- 
stances which  ordinarily  react  on  one  anotJier  become  actually  indifferent  Berthalot, 
on  the  other  hand  {Zeitschr,  /.  Chem.  [2]  y.  191),  maintains  that  the  action  of  adds 
upon  metals  under  the  circumstances  aboye  described  is  not  completely  arrested,  but 
only  retarded,  the  retardation  arising  partly  from  the  fonnation  oi  a  film  of  saturated 
solution  at  the  surface  of  the  metal,  partly  from  the  adhedon  of  hydrogen  to  its 
surface.  Under  increased  pressure,  the  gas-bubbles  become  smaller  and  moye  less 
freely,  and  consequently  the  agitation  of  the  liquid,  which  under  ordinary  atmospheric 
pressure  is  caused  by  these  gas-bubbles  and  fadlitates  the  transport  of  fresh  add  to 
the  surface  of  the  metal,  is  greatly  impeded :  hence  the  retardation.  To  these  obser- 
yations Cailletet  replies  (ibid.  868)  that  he  has  kept  nnc  and  sulphuric  acid  for 
twelye  days  in  sealed  tubes,  which  were  continually  agitated  by  a  mechanical  arrange- 
ment, and  that  on  opening  the  tubes  the  acid  was  found  to  be  still  unsaturated,  and 
eanable  again  of  acting  on  the  zinc  under  ordinary  pressure. 

In  all  the  reactions  aboye  noticed,  the  elimination  of  a  gas  is  an  essential  condition 
of  the  change,  and  this  being  preyented,  the  action  is  retarded.    On  the  other  hand. 
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tfaeream  xnimeioiui  naetions  wluchare  greatly  promoted  by  increased  pressare— Uiote, 
namely,  wliich  depend  on  the  solution  of  gases  in  liquids,  or  on  the  prolonged  contact 
of  substances  which  under  ordinary  pressure  would  be  Tolatilised  by  heat.  Beketoff 
has  shown  (Cbmp^.  rmd.  xlriii.  442 ;  Zeitaehr.f,  Chem.  1866,  376  ;  Jakre^.  1869,  66; 
1866,  18^  that  solutions  of  silrer  nitrate  and  sulphate,  and  an  ammoniacal  solution  of 
ailyer  chloride,  are  reduced  by  hydrogen  in  sealed  tubes,  though  under  the  ordinary 
atmospheric  pressure,  little  or  no  reduction  takes  place;  dilute  solutions  of  silrer 
sulphate  are  reduced  under  lower  pressures  than  concentrated  solutions.  A  solution 
of  calcium  acetate  is  decomposed  by  carbon  dioxide  under  a  pressure  of  twenty-seven 
to  twenty-eight  atmospheres,  calcium  carbonate  being  precipitated  in  microscopic 
spherical  groups  of  pointed  crystals;  imder  fourteen  atmospneres  no  precipitation 
takes  pla^  tSarbon  dioxide  does  not  decompose  a  neutral  solution  of  calcium  of 
chlorioe  under  a  pressure  of  forty-five  atmospheres,  or  of  barium  chloride  at  forty,  or 
of  barium  acetate  at  thirty  atmospheres. 

Theories  of  Chemical  Action  and  Chemical  Affinity,  and  of  the  Constitution  of 
Chemical  Compounds,  have  been  proposed  by : 

Csirmanski,  T%eori8  der  eAemuehen  VerbSndungen  a%f  die  roHrende  Bewegung  der 
Atame  hagitt.  Krakau,  1868  and  1866.   Jahreab.  1868,  8 ;  1868,  6. 

Maumen^,  Ann,  Ck,  Plwa,  [4]  iii.  819 ;  BuU.  8oc.  Ckim.  [2]  ii.  129 ;  Jakretb,  1864, 
8 ;  further,  Qtrnpt.  rend,  bdi.  697  ;  Jakreab,  1866,  9. 

P&undler,  Fogg,  Jbm,  cxzxi.  66  ;  Zeiischr,/,  Chem,  [2]  iii.  673  ;  Jahresb.  1867, 26. 

Hinrichs,  Akmmeckanik,  oder  die  ChtmU  eine  wuckanische  Btweguna  der  PanatotM, 
Iowa.  1867.  Also  A  Programme  of  Atomeckanice,  Iowa,  1867.  Jahresb.  1867,  20. 
Further  OontrihtUione  to  Molecular  Science,  or  AUmuehaniee,  Iowa,  1868.  Jahresb. 
1868,  6. 

Brodie, '  The  Calculus  of  Chemical  Operations :  being  a  method  for  the  investigation, 
by  means  of  Svmbols,  of  the  Laws  of  the  Distribution  of  Weight  in  Chemical  Change.' 
But  I.,  *  On  the  Construction  of  Chemical  Symbols,'  Phil.  Trans,  Part  II.  for  1866. 
Chem,  8oe.  J.  [2]  vi.  867 ;  abstr.  Proc.  Bog.  8oe,  xv.  136 ;  Chem.  News,  xv.  296. 
For  discussions  on  the  same  by  various  chemists,  see  Laboratory,  pp.  220, 230, 283, 266, 
808 ;  Chem,  Newe,  xvL  39 ;  PkH  Mag,  [4]  xxxiv.  129 ;  SiU.  Am,  J.  xUv.  270 ;  Eiinb, 
Pha,  Trans,  xiv.  212. 

OSXnvXXXTB.    A  ferruginous  eupric  arsenate  from  Cornwall,  occurring  in 

2uartB-rock,  as  a  dark  green  compact  mass,  of  sp.  gr.  8*93  (nearly),  and  hardness  4*6. 
hires  by  analysis  32*20  p.  c.  As*0*,  2*30  P*0»,  3170  CuO,  2610  Fe*0",  0*84  CaO,  and 
8*66  water  (»  100*80)  (^sani,  BuU,  Soc.  Chim.  [2]  vi.  30). 


rOVOBmi  CH'^NO*. — ^A  base  existing  in  white  goosefoot  (Chenopodium 
eibnm),  and  produced  in  small  quantity  in  the  putrefaction  of  yeast  and  of  vegetable 
juices.  It  is  prepared  by  heating  the  recently  expressed  juice  of  the  young  plant,  to 
ftee  it  from  albumin,  then  evaporating  to  a  thin  syrup,  treating  the  extract  with  hot 
alcohol,  and  again  evaporating  the  alcoholic  solution.  The  chenopodine,  which  gradu- 
ally separates  in  Rrains,  is  pressed,  washed  with  ether,  and  then  dissolved  in  alcohol 
of  80  p.  c,  from  wiaeh.  it  separates  in  the  pure  state  on  cooling.  It  is  a  white,  granular, 
tasteless,  and  inodorous  powder,  appearing  under  the  microscope  as  a  mass  of  spherules 
made  up  of  concentric  needles,  and  when  moistened  with  amyl  alcohol  or  linseed-oil 
varnish,  exhibiting  a  dark  cross  in  polarised  light.  li  dissolves  in  3  to  4  pts.  of  hot 
and  about  11  pts.  of  cold  water;  in  77  pts.  of  boiling  and  200  pts.  of  cold  alcohol. 
At  200°  it  begins  to  sublime  in  snow-white  crystals,  and  at  226*^  sublimes  completely, 
becomes  liquid,  and  begins  to  boil,  giving  off  an  extremely  pungent  repulsive  odour. 
Meltinfl;  sodium  hydrate  converts  it,  with  evolution  of  ammonia,  into  a  peculiar  acid. 
On  ad£ng  bromine  to  the  alcoholic  solution,  a  red  powder  separates  after  a  while,  and 
the  red  solution  deposits  large  cubic  erystals  of  chenopodine  hgdrobromide.  The 
J^fdroehloride  likewise  crystallises  in  cubes,  and  forms  a  yellow  precipitate  with  platinic 
chloride.  The  sulphate  and  nitrate  crystallise  in  rhombic  needles  (H.  Keinscb, 
If.  Jakrb,  Pharm.  xz.  268 ;  xxi.  132;  xzvii.  198 ;  Jahresb.  1863,  p.  613  ;  1867,  p.  631 ; 
also  Witistein's  Vierteffahrsschrift,  zvii.  37;  Zeiischr,/.  Chem,  [2]  iv.  670). 


iTO&nm  occurs  near  Lancaster  in  Massachusetts,  in  large  elongated 
nodules  an  inch  thick,  and  exhibiting  a  well-marked  crucial  structure  in  the  interior. 
^.  gr.  2*928.  Composition  41*96  SiO*,  48*60  Al'O',  9*30  Fe*0',  0*41  CaO(»  100*26) 
(Petersen,  Jahresb,  1860,  p.  926). 


This  mineral  occurs,  with  amblygonite,  at  Hebron  in  Maine 
(TJ.8.),  forming  small  hair-brown  crystals  essentially  similar  in  form  to  those  found 
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at  Tavistock  in  DeTonshire  (i.  869),  but  distingaiahed  by  the  oecanmiee  of  tha  fiuss  oP, 
andprismatically  elongated  in  the  diiection  of  the  biachjdiagonaL  Combination 
oP.F.2(oo  .  ooPoo  (G.  J.  Bnuh,  8ia.  Am.  J,  [2]  zzzri.  267.  J.  P.  Cooke,  f6u{. 
258). 


A  yellow  cxystalline  Babetance  obtained  from  Pyroia  (or 
ChimaphyUa)  umbeUata  (it.  760). 

OHnroXATB.  C*H'N.— This  base,  like  aniline  (ir.  429, 476),  nnitei  with  metallie 
salts,  forming  oompounds  represented  by  the  general  formula  C^H'N.MX,  where  M 
denotes  a  metal  (univalent),  and  X  an  acid  radicle.  These  oompotmds  are  mostly 
ciystallisable,  slightly  soluble  in  cold  water,  decomposed  by  the  prolonged  action  of 
boiling  water,  and  turn  slightly  yellow  when  exposed  to  snnlight.  The  tine-'eompommd 
(CH^)*.ZnCl'  etystallisee  from  a  hot  solution  in  small  prisma,  apparently  mono- 
dinic.  The  mercury-compound  (C*H'N)'Hg(NO')'  is  a  white  precipitate  nearly 
insoluble  in  pure  water,  but  crystallisable  from  very  dilute  nitric  add.  By  decomposing 
the  corresponding  acetate  with  various  salts  of  the  alkali-metals,  the  mora  easily 
decomposible  compounds  of  chinoline  with  other  merennr  salts  may  be  prepared.  A 
compound  of  chinoline  with  mercurio  cyanide^  (CH'N)*  .HgCy*,  crystallises  from  water 
in  lonff  shining  prisms.  Chinoline  unites  in  like  manner  with  stannic  chlorida, 
bismuth  chloride,  antimonious  chloride,  and  arsenions  chloride ;  but  the  teanlting 
compounds  are  less  stable  than  the  corresponding  salts  of  aniline.  Adds  deeampose 
the  compounds  of  chinoline  with  metallic  salts  (exenit  the  mercuiy-eomponnd), 
giving  rise  to  crystallisable  double  salts,  of  which  thie  following  are  examples : 

Antimony  salt         ....  SbCl«.C»H»NCl 

Zinc  salt Zna«.2C»H»NCl 

Stannic  salt SnCl*.2C*H*Na 

Bismuth  salt BiCl" .  3C*H«Na 

(H.  Bduff,  Arm.  Ck.  Pharm.  cxxxi.  112 ;  Jakretb,  1868,  p.  429). 

Tribromoehinoline,  CH^Br'K,  is  produced  by  the  action  of  bromine-vapour  on 
chinoline,  and  crystallises  f]x>m  alcohol  in  colourless  silky  needles,  which  melt  at 
173^-176^,  and  volatilise  without  residue  at  a  higher  temperature.  Insoluble  in  water, 
sparingly  soluble  in  cold,  easily  in  hot  alcohol,  easily  also  in  strong  hydrochloric  or 
sulphuric  add,  and  precipitated  therefirom  by  water.  When  fused  with  potash  it 
exhibits  the  same  colours  as  chinoline.  A  compound  intermediate  between  tri-  and 
tetra-bromochinoline  is  formed  by  the  action  of  bromine  on  diinoline-sulphurie  add 
(Lubavin,  Zeitschr.  /.  Chem.  [2]  v.  690). 

Chinoline-aulphurio  acid,  C*H*N.SO'H,  formed  by  heating  chinoline  for 
several  days  with  fuming  sulphuric  acid,  separates  from  hot  water  in  large  anhydrous 
crystals,  easily  soluble  in  alcohol,  insoluble  in  ether.  The  barium  $aU  (C*H'KSO>)*Ba 
is  sparingly  soluble  in  water  and  separates  on  evaporation  in  warty  crusts.  The  siher 
salt  crystallises  in  sparingly  soluble  needles.  The  add  ftised  wi&  potash  gives  off 
vapours  of  chinoline  and  leaves  a  black  amorphous  mass  (Lubavin). 


IXiVS  or  OTAVZn.  The  blue  dye  known  in  commeree  by 
these  names,  which  was  discovered  by  C.  Gr.  Williams  (i.  STB),  and  is  prepared  on  the 
large  scale  by  Miiller  in  Basel,  has  been  investigated  chemically  by  Nadler  a.  Mers 
(J.  pr.  Chem.  c.  129;  Jakretb,  1867»  p.  612).  It  is  an  amyl-chinoline  derivative 
having  the  composition  C'H'^IN*,  whereas  the  similarly  nameid  oompound  from  the 
works  of  Menier  in  Auris,  examined  by  Hofmann,  is  an  amyl-lepidine  derivative, 
C"»H»IN«  (iii.  673). 

Chinoline-iodocyanine,  or  more  shortly  lodoepanine,  C**H'*IN*,  forms, 
accordingly  as  it  is  reciystallised  by  spontaneous  evaporation  or  by  cooling  of  very 
concentrated  alcoholic  solutions,  cantharides-green  pnsms  and  scales,  or  crystalline 
grains  of  a  brass-yellow  to  bronse-yellow  colour,  differing  f^m  one  another  by  Uieir 
amount  of  water.  It  is  very  slightly  soluble  in  cold  water  and  in  ether ;  very  soluble, 
with  deep  dark  blue  colour,  in  hot  slcohol ;  and  melts  at  100^,  with  loss  of  water,  to  a 
bronze-coloured  liquid  which  solidifies  to  a  crystalline  mass  on  cooling.  Its  formation 
by  the  action  of  potash  on  amylchinoline  iodide  (i.  873)  is  represented  by  the 
equation : 

2C»H»(C*H")NI  +  KHO  =  KX  +  H«0  +  C»H»IN« 
Amyl-chinoUne  OhinoUne-iodo* 

iodide.  ^anine. 

The  colourless  solution  of  chinoline-iodocyatiine  in  hvdrochlorie  add  deposits  on 
evaporation  colourless  scales  of  the  hydrochloride  C*^&"*IK'.2HC1,  which  in  the 
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nnet^trr  gmdiiallj  enimble  to  a  yellow  powder ;  at  100®  this  salt  graduallj  gives  off 
half  its  hjdxochloiie  acid,  leaying  the  bioDxe-ooloured  salt  CH*^IN'.HC1,  sparinglj 
soluble  in  water,  easily  inaloohoL 

Ckinol%ne-eyanin€,  or  more  shortly  Cyanine,  C"H**N'0  or  C**H**(OH}N',  is 
obteined,  together  with  neinons  sabstances,  by  treating  the  iodine-compoimd  with 
reoeatly  precipitated  silrer  oxide,  or  with  potash  in  alooholio  solution,  as  a  yiscid, 
unoyaiaUisable  mass. 

Chlor9cyanine^  CH'^CIK',  is  obtained  b^  mixing  the  solution  of  cyanine  in 
hydmhlorie  add  with  ammonia,  or  by  decomposing  an  acetic  acid  solution  of  sul^hato- 
eyuine  {infra)  with  barium  chloride,  and  saturating  the  filtrate  with  ammonia;  or 
by  digesting  an  aleoholic  solution  of  iodocjranine  with  silver  chloride.  It  forms  brown 
flocks  easily  soluble  in  hot  water  and  in  alcohol,  and  separates  from  the  former  in  a 
coherent  cake  of  long  blue  wisms,  from  the  latter  by  spontaneous  eraporation,  in 
canthazides-^een  shining  needles,  or  in  dark  green  prisms  and  tables.  In  the  air-dried 
state  it  eoQtains  4HH)  (14*2  p.  c).  It  dissolves  without  colour  in  adds,  forming  salts 
resembling  those  of  iodo-cyanine. 

NitratocyaninB,  C^H'*(NO")N*,  is  obtained  by  predpitating  an  alcoholic 
solntioii  of  iodocyanine  containing  a  little  nitric  acid,  with  silver  nitrate,  snper- 
satuating  the  iiltiwte  (freed  tvmk  silver  by  cantious  addition  of  hydrochloric  acid) 
with  axceae  of  ammonia,  and  distilling  off  the  alcohol.  The  residual  resinous  mass, 
which  Bolidifies  in  the  crvstalline  form,  is  purified  by  recrystallisation  from  very 
weak  spirit.  Nitratocyanine  crystallises  with  1  mol.  (8*76  p.  c.)  water  in  bronee- 
eolouiea  highly  lustrous  rhombic  needles  and  prisms,  sparingly  soluble  in  ether  and 
in  eold  water,  more  sadly  and  with  splendid  blue  colour  in  not  water  and  alcohol. 
The  solution  of  nitratocyanine  in  hydrochloric  add  deposits  by  eraporation  over 
quicklime,  long  transparent  prisms  of  the  compound  C'*±I"*N'0'.2HC1,  which  when 
heated  above  65^  gives  off  HQ,  and  is  converted  into  the  blue  salt  C"H»N*0*.HCI. 
Nitrato^anine  heated  with  ammonium  sulphide  yields,  together  with  other  products, 
a  slightly  banc  eompoond,  dissolving  with  red  colour  in  ether,  and  separating 
therefrom  in  shining  yellowish-red  monoclinic  crystals,  whose  analysis  leads  to  the 
Ibrmola  0"H"H«^«. 

Smlvhaioeyanine,  C*^^(S0<)'77^4H*O,  is  formed,  with  evolution  of  iodine 
and  snlphaTana  oodde,  on  heating  iodocyanine  with  excess  of  strong  sulphuric  acid : 

20»H»IN»  +  2H«S0«  -  C»«H'»(90«)N*  +  2H«0  +  I«  +  S0«. 

On  dilattnff  the  add  solution  with  water  and  adding  ammonia,  the  sulphatocyanine  is 
predpitafed  in  bulky  red-brown  fiocks,  and  separates  from  a  hot  aqueous  solution, 
lika  diloro^anine,  in  a  mass  of  long  blue  needles,  resembling  a  blood-dot. 

Cyanins'platinoehloride,  C*H«^«Cl».Pta<  or  C"H"»ClN«.Ha.Pta«,  is 
Ibnoied  aa  a  yellow  hydrated  predpitate  on  adding  platinic  chloride  to  the  hydro- 
chloric acid  solution  of  a  cyanine  salt. 


Iodocyanine  and  its  analogues  may  be  regarded  as  diamines  (sulphatocyanine  as  a 
tefzwnine),  represented  by  the  following  ft^ulss : 

C»H'!c»H70 
(OH"y|.N«  .  (C»H"y|.N«  (C»H»>)«l.N« 

(c»H»*i)'J  [c»H''(No»)jJ  r^H'»«^n-\ 


lodttTsaiae.  KitxatocTanijie.  BnlphatocyBiiizie. 

dJAminea  fbnn  mono-add  and  bi-acid  salts,  the  latter  being  colourless,  and 
at  a  moderate  heat  into  the  mono-add  salts,  which  are  coloured  like  the 
tiieiiMelTee.  Even  silk  decomposes  the  colourless  solutions  of  the  bi-acid  salts, 
setting  add  free  and  acquiring  a  deep  bine  dye.  Chinoline-blue,  which  appears  of  an 
eq[aalij  bcantiinl  lilac  tint  by  lampbght»  is  unable  to  withstand  the  action  of  sunlight. 


KOIKO&OauaS  or.  Bases  obtained,  together  with  chinoline, 
by  diatilUng  dncfaonine  or  quinine  with  potassium  hydrate.  Chinoline  and  lepidine 
nay  be  partly  separated  by  fractional  distillation,  and  afterwards  more  completely 
by  fractaonal  eryrtallisation  of  their  platinum  salte  (i.  869) ;  but  for  separating  the 
bases  of  higher  boiling  point,  the  latter  method  is  alone  available.  The  higher 
portioii  of  the  crude  distilUtte  (boiling  abore  270^),  fr«ed  from  pyrrol  and  other 
imparitiea  by  heating  its  hydrochloric  solution  with  a  little  nitric  acid,  and  filtered 
to  sefpantta  a  rednons  mass,  g^ree  with  platinic  chloride  yellow  predpitetes,  the  first 
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of  wfaieh  eontain  the  buM  of  highest  molecnlAr  weight    The  namee  and  formatoflf 
the  known  baMS  of  the  aeries  are  given  in  the  following  table : 

Chinoline,       G^^.  PentahiroUne,  C>*H>*N. 

Lepidine,         C»»H»N.  laoline.  C'W'N. 

BiapoUne,       C»»H«»N.  Efctidine,  C»H>»N. 

TetnhixoUne,  G*«H*«N.  VaUdine,  G><H"N. 


beantmil 
anbatance 
Laboraiory,  L  109). 

CSMMULUBTJUm.    Sjn.  with  chlonthylidene.    See  BiHTUonnL 

OB&IISA&.     C*Ha*0  -  OGl* .  OOH.— Produced  bj  heating  triehlonceUl  with 

anlphnrie  add  to  \6^  (Paterno,  Zatsekr.  /.  Ckem,  [2)  iy.  738). 

Chloral  ia  oonTeited  oj  atrong  suipiurie  aeid  into  inaolnble  chloral,  or  mctaehloru, 

CWC1*0*,  which  la  afterwaida  reaolyed  into  chloralide  and  ehlorofotm,  or  the  PtoincU 

of  decompoaition  of  the  latter,  hjdrochlorie  add  and  carbon  dichlotide  (Stideler, 

Ann.  Ck.  i^ktrm.  cyi.  268) : 

2C«H"a»0«  -  20*HH31«0»  +  2Ha  +   CKJ1«. 

Ifffltanhlftnil,  OhloniUds. 

Chloral  or  metachloral  diatilled  with  atrong  nitric  add,  or  a  mixture  of  utzic  vA 
aoLphnric  add,  yielda  ehloropicrin,  CGl'NO'  (Eekuli,  ibid,  144). 

Chloral  mixed  with  an  alcoholic  solution  of  sodium  ethyHaie,  ia  oonTVtad  into 
ehUnoform  and  elhyl  formate.  The  reaction  however  takes  place  wholly  btivNB 
ehlorofonn  and  alcohol ;  thna : 

c«Ha«o  +  c»H«o  -  CHa«  +  ch(c»h»)o« 

OlilonL  AlooboL        Chloio-  Bthyl  fociiMte. 

fonn. 

The  aame  reaction  ia  produced  by  alcoholic  potaah,  but  not  by  alcohol  alooe,  althoagli 
great  heat  ia  produced  on  mixing  the  two  liquida.  Bemdea  the  diief  pioducta  akfft 
mentioned,  there  are  alao  formed  aodium  formate,  ethyl  oxide,  and  a  amall  f  uati^ 
of  a  liquid  having  a  higher  boiling  point,  probably  Kay's  tribado  fomue  flthff 
(Kekule,  Ann,  Ck.  Plarsi.  cxix.  187). 

When  chloral  is  mixed  with  pkaapkorut  pentaeklorids,  added  by  amall  portioB^ 
the  mixture  bdng  gently  warmed  each  time,  ultimatelT  boiled  for  some  htnuii  >» 
then  mixed  wiUi  water,  an  oil  aeparatea  out,  which  when  distilled  yields  penta- 
chlorodimethylor  pentachlorethane,  C^Cl'or  CC1*.CHC1': 

CHa«o  +  pa*  -  Poa»  +  c«Ha». 

The  same  eompoand  appears  to  have  been  obtained,  though  not  pure,  bv  B^gaaolt,  bj 
the  action  of  Serine  in  aunahine  on  ethyl  chloride  and  ethylene  ddoride  (L  M,  671) 
(Patomo,  Zeitsekr.  /.  Chem.  [2]  ▼.  245). 

Chloral  hjfdraU  introduced  under  the  akin  ia  converted,  on  ooming  in  contact  with 
the  alkali  in  the  blood,  into  chloroform  and  formic  add : 

0^aK).HH)  •  CHa*  +  CH«0«. 

The  phydological  action  of  chloroform  thua  generated  within  the  drcolation  ii 
different  from  that  which  it  exerts  when  inhaled,  produdng  deep  sleep,  but  mA 
insendbility  to  pain.  The  chloroform  and  formic  acid  are  ultimately  converted  ialo 
chloride  and  formate  of  sodium  (Liebreich ;  Personne,  ConmL  rtnd,  Nov.  8, 1869). 

The  preparation  of  chloral  hydrate  has  lately  been  tae  subject  of  eoosidtfabla 
attention,  out  all  the  methods  given  are  menly  modifications  of  that  aliai^7 
described  (i.  881).  MuUer  a.  Paul  pasa  a  current  of  dry  and  pure  chlorine  into  pan 
abaolute  alcohol  for  about  70  hours,  till  the  contenta  of  the  flaak  are  converted  ii^  * 
white  cryaUlline  maaa  (Jkut.  Ckem,  Get.  Berlin,  No.  16,  1859).  See  alao  Umbmb 
{Zeitsekr,  /.  CAasi.  [2]  vi.  156 ;  Bouaain,  ibid,  96 ;  Penronne,  Coanti,  rtnd.  Dw.  S7, 
1869).  According  to  Thomaen,  chloral  hydrate  boila  at  116^  unoer  a  praasore  U 
766  mm.,  and  aolidifiee  at  40*2^  According  to  Miiller  a.  Paul,  it  ia  roadUy  auUimablA, 
and  may  be  thua  obtained  aa  a  anow-white  ciystalline  powder. 

On  chloral  hydrate  and  alcohohite,  see  alao  B.  H.  Paul  (Pkarm.  J,  Thnw.  [8]  i.  6S1 ; 
Ckmn.8oe.J,  [2]  ix.  184). 

<nnbO»KllMUMB«  Monoeklorkydrin  ia  converted  by  aodium-anuUgua 
into  propylene  glycol :  C»H»0*C1  +  H«  =  HQ  +  C»H"0«  (Lonionco,  Comft.  rnwl. 
lu.  1048 ;  Buff,  BuU.  8oe.  Ckim,  [2]  x.  128).  It  unitea  directly  with  trimethyiaauM. 
when    heated   with    it,    forming    the    compound   N(CH')*.CflXOH)*Cl,  vliieh 


and 
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OTBtalliseB  in  slender  needles  solnble  in  water.  The  aolntion  mixed  with  auric 
chloride  fonne  orange-yellow  needles  of  the  gold-salt  K(CH"/.CH\OH)*Cl.AuCl' 
(V.  Mejer,  ZeiUekr.f,  Chem.  [2]  t.  439). 

Dieklorhydrin^  C*H*(0H)C1*,  heated  with  potassium  cyanide  and  alcohol  to 
100°  in  a  closed  vessel  for  24  hours,  is  converted  into  dicyanhydrin,  which  when 
boiled  with  potash  yields  oxypyrotartarie  acid,  OH*0* : 

C»H«Oa«  +  2KCN  -  2KCI  +  C»H»0(CN)« 

Cra«0(CN)»  +  2KH0  +  2H«0  =  2NH«  +  C5»H-K»0» 

• 

(Muwell  Simpson,  Proe.  Soy.  8oe.  xiii.  44). 

Dichlorhydrin  dissolved  in  ether  free  from  alcohol,  but  not  dehydmted,  is  conTeited 
bj sodium-amalgam  into  isopropyl  alcohol  (Buff,  loc,  cU.)i 

CH«Cl  CH« 

CHOH     +  2H'  »  2HG1  +     CHOH 

CRHJl  CH». 

Trichlorkydrin  or  Glyceryl  Trichloride,  CH^Cl',  is  formed,  together  with 
other  products,  by  the  action  of  phosphorus  pentachloride  on  acrolein.  A  convenient 
flkode  of  preparing  it  is  to  heat  acrolein  hvdrochloride,  CH^O.HCl,  with  1  moL 
phosphoTDs  pentachloride  as  long  as  hydrocmorie  acid  is  given  off,  and  submit  the 
washed  product  to  iiactional  distillation  (Geuther,  Jakresb.  1864,  p.  333).  It  is  also 
formed  by  the  action  of  chlorine,  or  of  a  mixture  of  potassium  chlorate  and  hypo- 
chlorotts  acid«  on  isopropyl  iodide  (Linnemann,  Jakrub.  1865,  p.  489).  A  solution  of 
trichlorhydrin  in  7  or  8  vol.  alcohol,  saturated  with  ammonia  and  heated  to  180^- 
14(F  for  three  or  four  days,  is  converted  into  chlorodiallyl amine  (Engler, 
p.  96): 

2C»HKn«  +  6NH»  -  4NH«C1  +  ((?H*a)«NH. 

Respecting  the  chlorhydrins  corresponding  to  propylphycite,  see  that  compound. 

Epicklorkydrin,  CHKX?!. — ^Two  laticmal  formulas  have  been  assigned  to  this 
compound,  vis., 

H«CC1  H'CCl 

(O^TJa    or    HC^       and    (CHTJc?    or    H  C 

H«C-^  H  COH. 

The  first  of  these  supposes  that  the  oxygen  is  directly  connected  with  two  of  the 
carbon-atoms ;  whereas  the  second  supposes  it  to  be  joined  to  only  one  atom  of 
carbon  and  to  one  atom  of  hydrogen — ^in  other  words,  to  be  present  as  hydroxyl 
(it  896).  That  the  former  of  these  represents  correctly  the  structure  of  epichlor- 
hydrin  is  shown  by  the  reaction  of  that  compound  with  phosphorus  trichloride  and 
bromine.  It  appears  indeed,  from  the  experiments  of  Wichelhaus  (Ann.  Ch.  Pharm, 
Svfpl.  vi.  277),  that  when  oiganic  bodies  containing  hydroxyl  are  thus  treated,  tha 
ultimate  products  are  a  chlorinated  organic  compound,  phosphorus  oxychlorobromide, 
and  hydrogen  bromide,  whereas  bodies  in  which  the  oxygen  is  entirely  combined  with 
the  carbon-atoms,  like  the  ketones  and  oxides,  yield  as  final  products  an  organic 
bromide  and  phosphorus  oxychloride.  Now  when  epichlorhydrin  is  mixed  with 
1  mol.  PCI*  and  1  moL  bromine,  (Br*),  is  added  by  small  portions  to  the  cooled 
mixture,  a  product  is  formed  which  by  repeated  rectification  may  be  separated  into 
phosphOTos  oxychloride  boiling  at  110^,  and  dibromochlorhydrin,  C'H^Br'Cl  (i.  894), 
bofliflg  between  195<'  and  2W)'* : 

H«ca  H«CC1 

H  C^^^^^     +  PC1»  +  Br«  »  POCl"  +    H  CBr 

H'C-"'^  HHJBr 

Xpkhlorixydrln.  Dibromochlor- 

hydrin. 

If  the  epichlorhydrin  molecule  contained  hydroxyl,  the  latter  would  be  replaced  by 
an  atom  o(£  chlorine  (Darmstadter,  Ann.  Ch.  Pharm.  clii.  319). 

Epichloriiydrin  heated  to  100°  with  acid  sodium  sulphUe  unites  with  it  directly. 

Su^.  EP 
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forming  the  beantifnllj  crystallised  soditun  salt   of  chlormethTl-is«tkio«tc 
or   chlorhydroxypropyl-sulphonic   acid,   CHH^OH>SO*H 
ZeU9chr.  f.  Chem.  [2]  iv.  342) : 

H«ca  H*ca  H^cci 

•  J.  » 

HC.  +     HSOK)Nft    -     HCOH  or    H  CSO 

H«c/  H*CS0H)5a  H«COH. 

Epichlorhydrin  heated  with  a  concentrated  eolation  of  2  moL  mattrai  pot^tfivm 
sulphite  in  a  retort  with  npright  condenser,  yields  the  dipotassic  salt  of  drsiili>r.<> 
glyceric  acid,  CH'S'O'k'  +  2HK),  together  with  free  potaah,  the  zeacckm  probably 
taking  place  in  two  stages,  as  follows : 

H*CC1  H»C80H)K 

kKSO«OK  r 

+  -  KQ     +    HGOK 
,    ^O            KSO«OK  I 

H'C""'^  H«CSOH>K 

Bpichlorhydrin.  Tripoteadc 

diralphfO^yoenfie. 


and 

H»C80«0K  H«CSO*OK 

H  COK  •¥   HOH  -  EOH  +    H  COH 

H«C80«0K  H*CSOK>K 

Tripotaaiio  Dtpot—rir 

DUulpboglycerate.  Dinlphoglyoecate. 

(Fatzschke,  ZeUtckr.f,  Chem,  [2]  t.  612.) 

Epichlorhydrin  unites  directly  with  hypocklorous  acid,  when  added  to  a  cooled 
solution  of  that  add  containing  from  6  to  8  p.  c  ClOH,  and  protected  fiEom  light, 
forming  the  dichlorhydrin  (C'H^)''(0H)'C1',  corresponding  to  the  tetcatomie 
alcohol,  propylphycite,  (C?H7'(0H)*  (▼.  894): 

c«H»oci  +  Hoa  -  o"H«o«a« 

(Carins,  Ann.  Ch.  Pharm,  cxxxiv.  71)> 

Epichlorhydrin  unites  directly  with  add  eklorides  and  anh^ridss,  forming 
chlorhydrins  containing  the  corresponding  add  radicles,  the  proportions  in  which 
the  combination  takes  place  varying  according  to  the  temperature  and  ciicumstances 
of  the  reaction.     Thus  with  acetyl  chloride  at  ordinary  temperatures,  after  long 

t  OCH*0 
standing,  or  more  quickly  at  100*',  it  forms  acetodichlorhydrii^  CH^j^p  « 

C»HK)a  +  C«H«0C1.  In  like  manner  is  formed  6»iirorfic«t>ril3^rm,C"H*(OC*H»0)a«. 
With  hmzovl  chloride  at  180°  it  forms  benzodichlorhydrin,  C*H»(0C7HK))C1*. 
Epichlorhydrin  and  acetic  chloride  heated  for  thirty  hours  to  100°  in  sealed  tabes 

/n.H.y.'fOC'H-O 
fbrm  (besides  acetodichlorhydrin),  diglycerin-acetotrichlorhydrin,  /rmuw^l^^ 

rC^H»r  (OC*H"0  \\^^)    (ci« 

and  triglycerin-acetotetrachlorhydrin,  (C*H»y*   0*  ,    produced  respectively  by 

(C«H»)'"ia« 
the  union  of  2  or  8  mol.  epichlorhydrin  with  1  mol.  acetyl  chloride.     Epichlorhydin 
heated  for  four   hours  to   180°  with  acetic   anhydride  yields    diacetockhrJ^drin^ 

(CHTJ^^^^'^^'  -    C«H*0C1    +    (C»H»0)K);   and  when  heated  with  acetic 

a&hydride  for  20  hours  to  200°  it  forms  (besides  the  last-mentioned  compound)  a  body 

having  the  composition  /^^o^xljci  •"  C"H»0C1  +  2(C«H»0)«0  (Tmchot,  Sua.  Soe. 

am.  [2]  V.  447 ;  vi.  481). 

OHX4lsnni.  The  following  methods  of  preparation  on  the  large  scale  have  been 
proposed  as  capable,  under  particular  circumstances,  of  advantageously  replacing  the 
ordinary  method  of  decomposing  hydrochloric  acid  with  manganese  dioxide : 

1.  Binks  and  Macqueen  (Twhnologieie^  1862,  p.  627)  heat  a  mixture  of  2  mol. 
magnesium  chloride  and  1  mol.  manganese  dioxide,  whereby  2  mols.  magnesia  and 
1  mol.  manganous  chloride  are  formed  and  1  mol.  chlorine  is  given  off: 

2Mga«  +  MnO«  -  2MgO  +  MnCl«  +  Cl». 
A  simihir  method  is  described  by  Clemm  {Journal  of  Qae-liyktin^,  1863,  p.  886). 
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2.  Sefaloaiiig  (Rip.  Ckim,  pure,  rv.  378)  proposes  to  heat  a  mixtitre  of  hydrochloric 
and  nitric  adds,  suitably  concentrated,  with  manganese  dioxide,  whereby  chlorine, 
manganona  nitrate,  and  water  are  produced.  The  manganoos  nitrate  heated  to  between 
160^  and  195^  yields  manganese  dioxide  and  nitrogen  tetroxide ;  the  latter  under  the 
influence  of  water  and  oxygen  reproduces  nitric  acid,  which,  together  with  the  manganese 
dioxide,  may  be  used  for  the  decomposition  of  a  fresh  quantity  of  hydrochloric  acid. 
In  one  experiment,  using  4  equiyalents  of  nitric  acid  oontaining  60'5  p.  c  NK>*,  and 
3  eq.  of  hydrochloric  acid  containing  39*5  p.  c  HCl,  these  acids  being  diluted  with  ^ 
of  their  Tofaune  of  water  and  heated  to  122°,  Schl6sing  obtained  91  p.  c  of  the 
ehionne  contained  in  the  hydrochloric  acid,  reoorering  at  the  same  time  93*8  p.  e.  of 
the  manganese  and  91  p.  c  of  the  nitric  add.  This  method  seems  therefore  to 
promise  well  for  application  on  the  manufacturing  scale. 

3.  Laurens  (S^.  Ckim.  app,  iv.  110)  mixes  eupric  chloride,  GuCl',  with  half  its 
weight  of  sano,  dries  the  mixture,  and  heats  it  to  250^-800^  in  an  earthen  retort 
The  residue,  consisting  of  cuprous  chloride,  Cu'Cl',  is  reoonverted  into  cnpric  chloride 
by  exposure  to  the  air  in  contact  with  hydrochloric  acid. 

4.  Mallet  (Bull.  8oc,  Ckim.  [2]  Tii.  522)  directs  a  current  of  air  orer  cuprous 
chloride  heated  to  100®,  whereby  an  oxychloride  Cu'GlK)  is  formed,  which  is  decom- 
posed by  hydrochloric  add  into  cuprous  chloride,  water,  and  free  chlorine : 

Cu»ci«o  +  2Ha  «  Cu«a«  +  hk)  +  ci«. 

In  a  subsequent  paper  {Compt.  rend.  Ixri.  349)  Mallet  states  that  between  100°  and 
200°,  and  even  at  higher  temperatures,  cuprous  chloride  is  almost  instantly  eon- 
Terted  into  oxychloride  in  a  stream  of  moist  air,  and  that  the  latter,  if  hydrochloric 
add  be  slowly  dropped  upon  it  at  the  same  time,  may  be  converted  into  eupric  chloride, 
which  gires  off  chlorine  when  farther  heated. 

6.  H.  Deacon  finds  that  when  a  mixture  of  hydrochloric  and  oxygen  gas  is  passed 
orer  eupric  8ul|^iate  or  other  copper  sAlt  heated  to  700°-750°  F.,  the  hydrochloric  add 
is  eompletely  decomposed,  its  hydrogen  combining  with  the  oxygen,  and  the  chlorine 
being  set  free.  The  best  way  of  conducting  the  process  is  to  pass  the  mixed  gases 
orer  pieces  of  brick  soaked  in  solution  of  eupric  sulphate  and  dried.  Lead-salts, 
except  the  sulphate,  act  in  the  same  mannw,  but  require  a  higher  temperature ;  also 
manganese  salts,  but  less  completely.  The  action  of  all  these  salts  anpears  to  be 
catalytic  (Ckem.  Newt,  September  30,  1870).  This  process  is  now  carriea  out  on  the 
manufactoring  scale.  For  other  processes,  see  Bichardson  a.  Watts*s  CkefMcal  Tbek" 
nology,  pL  iii.  p.  386. 

In  tha  ordinary  method  of  preparing  chlorine  by  oxidising  hydrochloric  acid  with 

mAngnnese  dioxide,  the  waste  still-liquors,  consisting  of   solution  of  manganous 

chloride  and  ferric  chloride,  have  always  been  an  incumbrance  to  the  manufacturer, 

and  have  hitherto  been  but  little  utilised.    Methods  of  reconyerting  the  manganese 

oontained  in  these  liquids  into  dioxide  have  however  been  proposed,  and  to  a 

certain   extent  carried  out.    Dunlop  and  Balmain  neutralise  the  bquid  with  crude 

ammonium  carbonate  (from  ammoniacal  gas-liquor),  which  throws  down  ferric  oxide, 

and  then  predptate  the  decanted  solution  completely  with  a  fresh  proportion  of 

ammoaium  carbonate,  which  throws  down  manganous  carbonate.    The  latter  dried 

and  calaned  in  a  muffle  is  converted  into  a  mixture  of  dioxide  and  an  intermediate 

oxida.     Caldum  carbonate  may  also  be  used  instead  of  ammonium  carbonate. — 

P.  W.  Hofooann  (IHnal.  pol.  J.  dxxxi.  364)  recommends  the  following  process.    The 

impure  manganous  solution  neutraliBed  with  chalk  or  lime  is  predpitated  with  calcium 

sulphide  (for  which  purpose  the  yellow  liquid  obtained  by  lixiviating  soda-waste  after 

expoeuze  to  the  air  may  be  used) ;  and  the  precipitate  of  manganous  sulphide  and 

sulphur  aeparated  after  24  hours  is  dried  at  a  gentle  heat.    It  then  contains  about 

57  p.  c  sulphur,  and  forms  a  good  material  for  burning  in  pyrites  burners.    Hofmann 

obtained  from  it  41  p.  c  sulphur  in  the  form  of  sulphurous  oxide,  and  a  residue  con- 

siatioig  of  75*4  p.  c  manganous  sulphate,  8*8  p.  c  manganese  dioxide,  and  15'8  p.  c 

manganoiis  oxide.    The  latter  gently  heated  with  sodium  nitrate  (2  mol.  NaNO'  to 

1  moL  MnO  or  MnSO')  yields,  with  evolution  of  nitrous  vapours,  a  mixture  of  sodium 

sulphate  and  the  higher  oxides  of  manganese.    The  washed  and  dried  product  yields 

on  the  aT-erage  a  quantity  of  available  oxygen  equivalent  to  55  p.  c.  MnO'.    Any  iron 

that  may  be  present  in  the  crude  manganese  solution  may  be  separated  before  the 

piecipitatiott,  by  addition  of  a  small  quantity  of  soda  residue. 

W.  Weldon  (Laboratory,  i.  445)  predpitates  the  crude  man^nese  solution  in  the 
genefatiii£^  vessel  with  slaked  lime,  and  passes  a  stream  of  air  into  the  liquid  in  order 
to  brings  tiie  manganese  to  a  higher  state  of  oxidation.  The  resulting  solution  of 
f^JASiitn  chloride  is  decanted  after  subsidence.  The  oxide  of  manganese  thus  obtained 
is  said  to  correspond  to  55  p.  c  dioxide.  For  a  full  description  of  this  process, 
which  ia  now  largely  employed,  see  Ckemical  News,  Sept.  23,  1870. 

rF2 
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Kuhlmann  (Compt.  rencL  xlrii.  403)  utilises  the  manganese  residoes  far  the  prepara- 
tion of  barium  chloride,  by  heating  them,  after  evaporation  to  dryness,  with  a  mizturo 
of  native  barium  sulphate  and  charcoal : 

Mna«  +  SO'Ba  +  C*  -  BaCl«  +  MnS  +  400. 
The  barium  chloride  is  extracted  by  lixiviation. 

Lastly,  these  liquors,  which  contain  free  chlorine,  as  well  as  manganous,  manganic, 
and  ferric  chlorides,  are  utilised  by  £.  Kopp  at  Diemse  for  the  reooyery  of  sulphur 
from  soda-waste.  The  sulphur  which  is  contained  in  them  as  sulphide  and  hyposul- 
phite of  calcium,  &c.,  is  separated  by  the  action  of  the  manganese  liquor,  partly  in 
the  free  state,  partly  as  hycbogen  sulp^de:  10,000  litres  of  manganese  liquor  yield 
on  the  average  36  kilos,  of  pure  sulphur.  An  additional  quantity  is  reoorered 
by  burning  the  hydrogen  sulphide  with  a  limited  supply  of  air  (Jnn.  Ch.  Pkgs.  [4] 
Yii.  6,  63  ;  BuU.  8oo.  Chim,  [2]  ir.  335,  440 ;  Jahrt^.  1865,  p.  779). 

Physical  Properties  of  Chlorine. — From  the  experiments  of  K  Ludwig  (Zo^Ar.  /. 
Chem.  [2]  y.  172)  it  appears  that  chlorine  does  not  conform  to  Gay-Lussac  and 
Mariotte's  laws  till  raised  to  temperatures  considerably  above  its  point  of  condensation. 
Its  specific  gravities  at  different  temperatures  were  found  to  be  as  follows : 


Temp. 

20° 

60 
100 


8p.gr. 

Temp. 

2-4807 

160<> 

2*4783 

200 

2-4685 

^.  gr. 
2-4609 
2-4502 


The  density  calculated  from  the  atomic  weight  determined  by  Stas  (35*457)  is 
2-45012. 

Chlorine  gas  liquefies  imder  a  |ares8ure  of  six  atmospheres  at  0^,  and  under  eight 
and  a  half  atmospheres  at  12*5°  (Niemann).  Liquid  chlorine  boils  under  the  ordinary 
atmospheric  pressure  at  —33-6°  (Regnault,  Jmkresb.  1863,  p.  70).  According  to 
Loir  a.  Drion  {Bull.  Soc.  Chim.  22  juin  1850),  chlorine  does  not  liquefy  under  ordinary 
pressure  at  —34° ;  but  at  the  temperature  of  —  50°,  obtained  by  blowing  air  over  liquid 
sulphurous  oxide,  the  liquefaction  takes  place. 

Chlobidbs. 

KydrocoB  Oblorltf  e.  Bydrooblorto  Add.  Among  various  methods  suggented 
for  the  preparation  of  this  acid  on  the  manufacturing  scale,  may  be  mentioned  the 
decomposition  of  calcium  chloride  by  aqueous  vapour  at  a  high  temperature.  The 
calcium  chloride  obtained  by  treating  the  still-liquors  of  the  chlorine  manu&ctnre. 
with  calcium  carbonate  (p.  435)  may  be  utilised  for  this  purpose  (Pelonce,  J.  Chim, 
mid.  [4]  vi.  197  ;  Compt.  rend.  Hi.  1267).  At  present,  however,  by  far  the  greater 
part  of  the  hydrochloric  acid  used  in  the  arts  is  obtained  as  a  secondary  product  in 
the  decomposition  of  common  salt  by  sulphuric  acid  for  the  production  of  sodium 
sulphate  in  the  soda  manuftccture,  the  vapour  of  hydrochloric  acid  thereby  evolved 
being  condensed  by  passing  tlirough  towers  filled  with  fragments  of  coke  or  stone, 
down  which  a  continuous  stream  of  water  is  made  to  fiow  (v.  610).  For  details,  see 
Bichardson  and  Watts's  Chemical  Technology,  vol.  i.  pt.  iii.  pp.  204-2 15|  and  pt.  v. 
pp.  235-244. 

Hydrochloric  acid  f^e  froni  arsenic  may  be  readily  obtained  by  distilling  the  crude 
commercial  acid  with  fuming  solution  of  stannous  chloride,  filtering  after  twenty-four 
hours  from  the  precipitated  metallic  arsenic  (p.  217),  and  distilling  from  a  retort,  the 
receiver  being  changed  after  the  first  tenth  has  passed  over  (Bettendorff,  Zeitsehr.  f, 
Chem.  [2]  V.  493).  P.  W.  Hofmann  {tbid.  253)  prepares  pure  hydrochloric  acid  by 
filling  a  bottle  having  a  twice  perforated  stopper,  bo  one-third  of  its  volume,  with  the 
crude  acid,  and  adding  sulphuric  acid  of  ep.  gr.  1*848  through  a  stoppered  funneL 
Hydrochloric  acid  gas  is  then  immediately  evolved,  and  may  be  collected,  after 
washing,  in  distilled  water. 

Gaseous  hydrogen  chloride  is  somewhat  quickly  decomposed  by  a  glowing  spiral  of 
iron  wire,  or  by  the  electric  arc  between  iron  points,  white  fumes  of  ferrous  chloride 
being  formed  and  the  volume  of  the  gas  reduced  to  one-half ;  the  decomposition  is, 
however,  not  quite  complete,  even  after  the  experiment  has  been  continued  for  several 
hours.  The  induction-spark  produces  a  scarcely  perceptible  diminution  of  volume 
even  when  continued  for  a  long  time  (Buff  a.  HofWnn,  Chem.  Soc.  Qu-  J^  xii.  273). 

"When  air  mixed  with  vapour  of  hydrochloric  acid  is  passed  into  a  warm  solution  of 
potassium  permanganate  mixed  with  sulphuric  acid,  or  through  a  mixture  of  manga- 
nese dioxide  and  sulphuric  acid,  the  hydrochloric  acid  is  oxidised  to  hypochlorous 
acid,  HCIO  (Odling,  Pharm.  J.  Trans.  [2]  i.  469). 

Hydrochloric  acid  gas  is  absorbed  by  solid  nitrogen  tetroxide  (iv.  76),  forming  a 
liquid  which  by  repeated  fractional  distillation,  may  be  separated  into  two  liquid 
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compoondB,  one  boiling  at  —  6®,  the  other  at  +  5.  The  former  is  Gay-Lussac's  chloro- 
nitricacid,  N0C1»  (iv.  116);  the  hitter  has  the  compoeition  N0*C1  (R.  Miiller,  Aup, 
Ch.  PftoTM.  czxii.  1). 

Aqneons  hydrochloric  add  heated  to  200®  for  sixteen  hours  with  amorphous  phot- 
pkonu  giires  off  gas  and  yields  a  solution  of  phosf^orous  acid ;  apparently  thus : 
3Ha  +  P«  -  PH«  +  PC1« ;  and  Pa«  +  8H«0  -  3HCI  +  PHW  (Oppenheim, 
BmU.  8oe,  CJtim.  [21  i.  163). 

Anhydrous  liquid  hydrodilorie  aeid  is  much  less  energetic  in  its  chemical  reactions 
than  the  aqueous  add :  it  does  not  attack  magnesium,  sine,  iron,  lime,  metallic 
snlphides,  or  certain  carbonates.  Potassium,  sodium,  tin,  and  lead  are  attacked,  but 
without  evolution  of  gas ;  aluminium  dissolves  in  it  quickly,  with  effervescence  (Qore, 
iM.  Moff.  [4]  zziz.  541). 

Metallic  «Alaride«  are  decomposed  by  aoueous  vapour  at  high  temperatures, 
yielding  metallic  oxides  and  hydrochloric  acia.  With  the  chlorides  of  the  heavy 
metals,  espedally  those  which  are  volatile,  this  decomposition  takes  place  easily,  also 
vith  the  chlorides  of  aluminium  and  maenesium.  The  chlorides  of  caldum  and 
strontium  are  decomposed  more  slowly,  whereas  those  of  barium,  potassium,  and 
sodium  are  not  decomposed  by  aqueous  vapour  alone»  but  only  in  presence  of  silica ; 
lithium  chloride,  on  the  oQier  hand»  is  decomposed  by  aqueous  vapour  alone 
(Kuhnheim,  Jakretb.  1861,  p.  149). 

The  reactions  of  metallic  chlorides  with  ammonia  are  described  in  the  Dictionary 
under  the  chlorides  of  the  respective  metals :  see  also  Deherain  (Contpt.  rend.  lii. 
734;  Sep.  Chim.  vwrty  1861,  p.  2 Id).  On  the  action  of  wJtrio  aeid  on  metallio 
chlorides,  see  H.  Wurtz  (Sill,  Am.  J.  [2]  xxv.  371 ;  Johreth,  1858,  p.  604) ;  of  phos- 
phoms  pentachloride  (iv.  512). 

TBAirsFomtATioy  of  Chlorimatsd  ikto  Iodatxd  OnaANic  CoMPouifDS. 

Ad.  Lieben  has  made  important  experiments  on  this  kind  of  transformation.  Ethyl 
chloride,  mixed  in  a  sealed  tube  with  three  or  four  times  its  weight  of  strong  hydriodic 
acid,  sp.  ppr.  1*9,  and  heated  for  five  hours  to  130^,  is  almost  wholly  converted  into 
ethyl  iodide,  according  to  the  equation : 

(?H»Cl  +  HI  -  C«H»I  +  HCL 

In  like  manner  .ethylated  ethyl  chloride  (butyl  chloride)  and  amyl  chloride  are  con- 
verted by  strong  hydriodic  add  into  the  corresponding  iodides,  without  formation  of 

secondary  piroduets.    Ethylchlorinated  ethyl  oxide         ^      q/|t  J  0  is  converted,  by 

an  exeeas  of  strong  hydriodic  acid,  chiefly  into  ethyl  iodide  and  ethylated  ethyl  iodide 
(butyl  iodide) ;  but  there  are  also  some  secondary  products  formed,  viz.  butyl  chloride, 
aleohol,  and  a  substance  having  a  carbonaceous  aspect,  the  quantitv  of  these  secondary 
prcNlucts  increasing  as  the  hydriodic  acid  is  less  concentrated  ana  present  in  smaller 

3uanti^.  To  determine  whether  the  action  of  hydriodic  acid  is  a  simple  double 
eoomposxtion  or  a  case  of  the  action  of  masses,  the  converse  reaction  was  tried  by 
heatai^  ethyl  iodide  with  a  considerable  excess  of  hydrochloric  add  in  a  sealed  tube 
to  134^.  A  small  quantity  of  ethyl-chloride  was  thereby  obtained,  together  with 
hydriodic  and  vid  free  iodine,  showing  that  the  inverse  of  the  first-described  reaction 
does  really  take  place ;  but  the  quantity  of  ethyl  chloride  which  it  yields  is  very 
small,  even  when  the  action  is  continued  for  fifty  hours.  The  result  of  the  two 
supplemeiitary  experiments,  namely,  the  decomposition  of  ethyl  chloride  by  hydrogen 
joajde,  and  of  ethyl  iodide  by  hydrogen  chloride,  may  be  represented,  though  some- 
what emdely,  in  the  following  manner : 

(Affinity  of  H  for  I)  +  (Affinity  of  C»H»  for  a) 
<  (Affinity  of  H  for  CI)  +  (Affinity  of  C«H»  for  I). 

The  deeomposition  of  ethyl  chloride  and  its  homologues  by  the  action  of  hydriodic 
add,  is  analogous  to  the  decomposition  of  silver  iodide  by  Uie  same  reagent.  As  an 
example  of  the  action  of  hydrioaic  add  on  organic  chlorides  of  other  series,  chloroform 
CHCl*  was  introduced,  together  with  eleven  times  its  weight  of  hydriodic  acid  of  sp. 
gr.  1*9,  into  a  seali^d  tube,  and  heated  for  seven  hours  to  125^.  The  principal  results 
of  this  reaction  were  hydrochloric  acid,  free  iodine,  and  methylene  iodide,  CH'I'. 
Now,  remembering  the  fact^  demonstrated  by  KekuU,  that  iodides  submitted  to  the 
action  of  hydriodic  acid  undergo  an  inverse  substitution,  the  reaction  just  described 
may  be  explained  bv  supposing  that  the  chloroform  is  in  the  first  instance  converted 
into  iodoform,  which  is  then  converted  into  methylene  iodide  by  the  action  of  the 
hydriodic  acid,  thus : 
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CHa»  -I-  sm  -  CHP  +  3Ha 

and 

CHI*  +    HI  «  COT*   +  P. 

In  other  cases,  the  action  represented  by  the  second  eqnatioD  goes  so  &r  as  to  iimia 
all  the  iodine  from  the  ioddted  product  formed  in  the  first  instanoe,  and  conTcrt  it 
into  the  corresponding  hydride.  Such,  indeed,  is  the  case  with  eompooiidB  belonging 
to  the  aromatic  series.  Berthelot  {BuU.  Soe.  Chim.  [2]  ix.  80)  has  abown  that  Julia's 
chloride  of  carbon,  or  perchlorinated  benzene,  C*C1*,  is  oonTerted  into  beoaene,  CH', 
when  heated  to  280®  with  a  large  excess  of  hydriodie  acid ;  and  Lieben  finds  that 
monochlorobenzene,  C*H^C1,  heated  to  235°,  for  fifteen  hours,  with  from  three  to  fire 
times  its  weight  of  hydriodie  acid.  Likewise  yields  benaene. 

The  action  of  hydriodie  acid  on  organic  chlorine-compounds  appsazs,  then,  to 
exhibit  two  cases :  1.  The  chloride  is  easily  oonrerted  into  the  oonesponding  iodide 
by  double  decomposition,  whereas  the  transformation  of  the  iodide  into  the  corre- 
ponding  hydride  is  difficult,  and  takes  place  only  at  high  temperatures.  In  this  case, 
if  the  experiment  is  well  conducted,  an  iodide  is  obtained  without  a  tarace  of  hydride. 
Such  is  the  case  in  the  action  of  hydriodie  acid  on  the  chlorides  of  the  series 
C"H*"'*'*C1. — 2.  The  chloride  is  attacked  by  hydriodie  acid  with  difficulty,  and  only  at 
a  high  temperature,  whereas  the  conversion  of  the  iodide  into  hydride  takes  place 
easily,  and  at  a  comparatively  low  temperature.  In  such  cases,  as  with  the  chlorides 
of  the  aromatic  series,  the  product  of  the  reaction  is  a  hydride  without  any  trace  of 
iodide.  In  some  cases,  as  that  of  chloroform,  intermediate  products  are  obtained, 
only  part  of  the  iodine  being  removed  by  the  inyerse  reaction  {Gii>maU  di  Scieiue  tU 
Palermo,  t.  130). 

CML^HWLKMMf  OSnnim-^AOZIlS  or.  These  adds,  with  the  ezoepCion  of 
perchloric  acid,  are  reduced  by  nitrous  acid;  chloric  acid  in  the  first  instance  to 
chlorous  acid;  chlorous  and  hypochlorous  acids  immediately  to  hydrochloric  acid : 

HC10«  ^    HNO*  -    HNO«  +  HaO« 

HCIO*  +  2HN0«  -  2HNO«  +  Ha 

HCIO   +    HNO«  -    HNO»  +  HCL 

Perchloric  acid  is  not  altered  by  heating  with  nitrous  add,  eren  in  ooneentrated  solu- 
tion (Tonssaint,  Ann,  Ch,  Pharm.  czxxvii.  114). 

Mjrpoebleroiis  Oxide,  Aeld,  and  ■atts.  Hypochlorous  oxide  gas  is  absorbed 
by  sulphuric  oxide,  forming  a  dark  red  thickish  liquid,  which  on  cooling  solidifies  to  a 
mass  of  slender  needles  consisting  of  Cl'0 .  4S0'.  This  compound  melts  at  about  65°, 
is  instantly  resolved  by  water  into  hypochlorous  and  sulphuric  acids,  acts  upon  iodine, 
with  evolution  of  chlorine  and  formation  of  iodic  acid,  and  as  a  powerful  oxidising 
sgent  on  sugar,  alcohol,  and  other  oiganic  bodies.  When  quickly  heated,  it  detonates. 
Hypochlorous  oxide  is  likewise  absorbed  by  liquid  ndphurom  oxide ;  but  as  soon  as 
the  containing  vessel  is  removed  from  the  freezing  mixture,  a  mpid  evolution  of 
chlorine  takes  place,  and  a  red  visdd  liquid  is  left,  containing  hypochlorous  and 
sulphuric  oxides  in  a  proportion  not  yet  determined  (Schiitaenbeiger,  Compt.  rend,  lii. 
136). 

Qirins  {Ann,  Ch.  Pharm,  cxxvi.  129)  prepares  a  2  to  3  p.  &  solution  of  hypochlo- 
rous acid  containing  mercuric  oxvchlonde  and  excess  of  mercuric  oxide^  by  sgitating 
mercuric  oxide,  previously  heated  to  300°  and  suspended  in  a  small  quantity  of  water, 
with  chlorine  gas  as  free  as  possible  from  air  (16  grms.  HgO  to  1  litre  of  chlorine)  in 
a  dark  place,  m  bottles  provided  with  glass  stoppers  and  not  holding  more  than  a 
litre ;  with  larger  quantities,  the  preparation  feiils  in  consequence  of  the  formation  of 
mercuric  chlorate.  The  aqueous  acid  thus  obtained  is  mixed  with  a  small  quantity  of 
predpitated  mercuric  oxide  previously  heated  to  300°.  Such  a  solution  is  better 
adapted  for  certain  experiments  on  oiganic  bodies  than  pure  hypochlorous  add,  which 
easily  gives  off  chlorine  even  in  very  dilute  solution. 

Hypochlorous  acid  unites  directly  with  many  unsaturated  oiganic  compounds,  €,ff,, 

(OH 
with  ethylene,  forming  ethylene  oxychloride  or  glycoUc  chlorhydrin,  C*H*  j  ^^    ;   with 

(OH 
amylene  in  like  manner,  forming  C*H'*  j  ^    ;  with  glyceric  epkhlorhydrin,  C*HH)Cl, 

forming  the  dichlorhydrin  of  propyl-phydte,  (C«H*)*'  |  ^^,^^',    &c    (Oarius).     With 

turpentine  oil,  it  also  forms  a  dichlorhydrin,  C**H"  ynvt     t  which  dissolves  in  the 

aqueous  liquid  and  may  be  extracted  therefrom  by  ether ;  and  likewise  a  visdd  liquid 
apparently  containing  di-  and  tri-chlorinated  turpentine  oil.  With  camphor  it  fonss 
monochlorocamphor,  C>«H>*C10  (Wheeler,  Zeitechr,  /.  Chem,  [2]  iv.  170). 
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Caldtun  Hypochlorite, — The  eonatitotion  of  bleachmg  powder  has  lately  been 
examined  by  J.  Kokh  (Aim,  Ck,  Phpa.  [4]  xii.  266 ;  Jakrab,  1867,  p.  192),  who  ftnde 
that  the  most  concentrated  preparation  producible  by  satuiatiDg  dry  calcium  hydrate 
with  chlorine  containe  88*6  p.  e.  bleachmg  chlorine,  45*8  lime,  and  24' 7  water,  corre- 
■ponding  with  the  fonnula  •  8CaHK)«  +  4C1  or  CaH«0«  +  2(CaO.H20.CP)  or 
Oft*HH)* .  Gl^.  In  this  product,  the  water  and  the  whole  of  the  lime  are  essential 
constituents,  which  cannot  be  removed  without  complete  decomposition  of  the  compound* 
Commercial  bleaching  powder  alwap  contains  a  slight  excess  of  water,  as  well  as  free 
Hme,  which  gives  it  greater  stability,  an  effect  likiewise  produced  by  other  inactive 
substances,  such  as  carbonate  and  sulphate  of  calcium.  Dry  chloride  of  lime  is 
decomposed  by  water,  with  separation  of  calcium-hydrate  and  formation  of  a  solution 
containing  chloride  and  li3rpochlorite  of  calcium : 

Oa«H«0*Cl«  -  QiH*0«  +  CftQ*  +  Ca(C10)«  +  2H»0. 
HydtaU.      Otaloride.         Hypo- 

d&knriteL 

This  agrees  with  the  result  formerly  obtained  by  Fresenius  (iii.  287).  Hence  it  appears 
that  the  solution  of  bleaching  powder  differs  materially  in  constitution  from  the  diy 
product,  which  does  not  ap^r  to  contain  a  ready-formed  hypochlorite ;  in  fact  the 
oiy  compound  and  the  solution  differ  materially  in  their  modes  of  decomposition  under 
the  influence  of  free  chlorine  and  of  heat.  {a\  Dry  bleaching  powder  is  not  altered 
at  ordinaiy  temperatures  by  an  excess  of  chlorine ;  out  the  solution  when  thus  treated 
becomes  strongly  acid ;  and  on  afterwards  expelling  the  excess  of  chlorine  from  the 
solution  by  a  current  of  carbon  dioxide,  the  quantity  of  bleaching  chlorine 
(that  is  in  the  form  of  hypochlorous  acid)  in  the  liquid  is  found  to  hare  doubled ; 
thus: 

Oaa*  +  Ca(C10)«  +  CI*  +  2H«0  -  2Caa«  +  4HaO. 

This  reaction  may  serre  for  the  preparation  of  hypochlorous  acid. 

(6)  Under  the  influence  of  hesJb  (at  80^-90^  if  it  is  poor,  at  40O-85<'  if  it  is  rich) 
diy  chloride  of  lime  is  converted  into  chlorate,  becoming  pasty  in  consequence  of  the 
sepazaticn  of  water : 

8Ca«H«0«Cl«  »  5Caa«  +  Ca(aO«)»  +  8CaH«0«  +  6H«0. 

The  dissolved  chloride  is  much  less  alterable,  and  it  is  only  at  the  boiling  heat  and 
when  ooncentiated  that  it  ib  converted  into  chlorate,  with  evolution  of  oxygen  and 
chlorine.  In  direct  sunshine,  the  dry  chloride  is  decomposed  in  the  same  manner  as 
when  heated,  though  less  quickly ;  the  dissolved  chloride  is  partly  converted  into 
chlorite. 

Dry  chloride  of  lime  is  completely  decomposed  by  dry  carbon  dioxide,  with  evolution 
of  chlorine,  whereas  from  the  aqueous  solution,  even  the  greatest  excess  of  carbon 
dioxide  precipitates  only  half  the  calcium  as  carbonate,  and  with  separation  of  hypo- 
chlorous acid,  which  does  not  act  upon  the  residual  calcium  chloride.  The  same 
behaviour  is  exhibited  by  solid  chloride  of  lime  in  moist  air,  whence  it  appears  that  in 
the  use  of  bleaching  powder  for  disinfecting  the  air,  the  active  agent  is  not  free  chlorine, 
bnt  hypochlorous  acid. 

Aooofding  to  Scheurer-Kestner  (BuU,  8oe.  Chim.  [2]  ix.  159),  a  slight  elevation  of 
temperature  (to  about  65^^  consequent  on  the  absorption  of  the  chlorine  is  not  disad- 
vantageous in  the  production  of  bleaching  powder ;  but  an  excess  of  chlorine  actually 
diminishes  the  proportion  of  that  element  in  the  product  available  for  bleaching, 
apparently  in  consequence  of  the  formation  of  chlorite.  When  a  rather  thick  layer  of 
slaked  lime  is  saturated  with  chlorine,  the  superficial  portion  is  idways  inferior  in 
bleaching  power  to  the  lower  portions. 

Solutions  of  bleadiing  powder  or  of  pure  calcium  hypochlorite  exposed  to  sunlight 
give  off  ordinary  oxygen,  yielding  at  the  same  time  chlorite  as  well  as  chlorate  of 
calcium. 

Por  the  analysis  of  bleaching  powder  Kolb  {loo.  eU.)  estimates  the  bleaching  chlorine 
Tolumetrically  by  Guy-Lussac's  method  with  arsenious  acid  (i.  904),  and  the  entire 
amount  of  chlorine  present  as  chloride  and  hypochlorite,  in  another  portion,  by 
precipitation  with  silver  nitrate,  after  previous  warming  with  anunonia  to  convert 
the  hypochlorite  into  chloride : 

80a(aO)«  +  4NH«  -  3CaCl«  +  6H«0  +  N«. 

In  perfectly  normal  chloride  of  lime,  Ca*H'0*Cl*,  the  two  processes  give  the  same 
result ;  but  if  part  of  the  chlorine  is  in  the  form  of  chlorate,  the  second  method  will 
give  an  excess  of  chlorine.  To  determine  the  amount  of  chlorate  present,  a  third 
portion  is  heated  with  ammonia,  then  strongly  acidulate(/  with  sulphuric  acid,  metallic 
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zinc  is  introduced,  and  the*mixture  is  left  for  soma  hours,  to  conyert  the  chlomte  into 
chloride  by  the  action  of  the  nascent  hydrogen.  If  after  this  treatment  the  amount  of 
chlorine  determined  by  precipitation  with  silver  nitrate  is  greater  than  that  given  by 
the  second  method,  the  difference  is  to  be  estimate  as  chlorate. 

Magnesium  Hypochlorite. — According  to  Bollev  a.  Jokisch  {Butt.  Soe.  CJUm. 
[2]  vii.  624),  a  solution  of  chloride  of  magnesia,  obtained  bv  precipitating  a  solution  of 
chloride  of  lime  with  magnesium  sulphate,  or  by  passing  chlorine  into  water  in  which 
magnesia  is  suspended,  exerts  a  quicker  and  at  the  same  time  a  milder  bleaching 
action  than  the  solution  of  chloride  of  lime.  Bolley  attributes  this  difference,  partly 
to  the  more  ready  docomposibility  of  magnesium  hypochlorite,  partly  to  the  fact  that 
magnesia  does  not  possess  caustic  properties. 

Silver  Hypoohlorite,  ClOAg. — ^When  chlorine  in  excess  is  passed  into  water  in 
which  oxide  or  carbonate  of  silver  is  suspended,  the  silver  is  converted  into  chloride, 
and  an  aqueous  solution  of  hypoehlorous  acid  is  formed  without  a  trace  of  chlorate  or 
chlorite.  But  if  the  silver  oxide  is  in  excess,  jand  the  liquid  \b  repeatedly  shaken 
during  and  after  the  passage  of  the  chlorine,  silver  chloride  and  hypoehlorous  acid  are 
form^  indeed  in  the  first  instance  as  before,  but  the  latter  gradually  reacts  with  the 
excess  of  silver  oxide,  forming  silver  hypochlorite,  so  that  ultimately  the  liquid  loses 
the  smell  of  hypoehlorous  acid.  The  very  soluble  silver  hypochlorite  remains  unde- 
composed,  and  the  solution  retains  its  transparency  aj9  long  as  the  agitation  with 
excess  of  silver  oxide  is  kept  up ;  but  when  left  at  rest,  the  hypochlorite  is  quickly 
resolved  into  chloride  and  chlorate.  These  reactions  may  be  represented  by  the 
following  equations : 

3Ag«0    +  12C1+     3H«0  ^  6Aga     +  6HaO 
6H010  +  3Ag«0  -  6AgC10  +  8H«0 

6AgC10  «  4Aga     +  2AgC10«. 

Cblorons  Oxide,  Cl^O*,  and  Aoid*  HClO'.-^hiel  {Ann,  Ck.  Pharm.  ciz.  317) 
prepares  chlorous  oxide  by  means  of  a  mixture  of  3  pts.  nitric  acid  of  sp.  gr.  13, 
2  pta.  potassium  chlonite,  0'6  to  O'jB  pt  cane-sugar  (instead  of  the  tartaric  acid 
recommended  by  Millon),  and  8  to  4  pts.  water :  it  is  not  necessary  to  pulverise  the 
chlorate  or  the  sugar.  The  mixture  is  poured  into  a  fla^k  standing  in  a  water-bath, 
in  such  quantity  that  the  neck  of  the  vessel  above  the  bath  may  be  half  filled  with  the 
liquid  when  expanded  by  the  heat.  The  mixture  may  be  heated  to  60^  or  even  to 
100^  without  danger  of  explosion,  provided  that  the  gas  evolved  from  two  Bepamte 
flasks  is  not  directed  into  the  same  absorption-vessel. 

Brandau  {Ann,  Ch.  Pharm.  di.  340)  prepares  chloroas  oxide  by  reduction  of 
chloric  acid  with  sulphobenxolic  acid,  a  method  first  practised  by  Garius  {Zeitmhr. 
J".  Chem,  [2]  iv.  17).  10  pts.  of  pure  benaene  are  dissolved  in  100  pts.  of  hydrogen 
sulphate  diluted  with  100  pts.  water,  and  when  the  mixture  has  cooled  12  pts.  of 
pulverised  potassium  chlorate  are  added.  The  mixture  is  heated  to  50^  in  a  fiask 
having  a  delivery  tube  fitted  to  its  neck  by  grinding,  and  blown  out  here  and  there 
into  small  bulbs ;  and  the  gas,  after  passing  through  water  contained  in  these  bulbs,  is 
conducted  into  a  glass  tube  standing  in  a  mixture  of  ice  and  salt.  The  condensed 
liquid  deposits  crystals  of  a  hydrate  of  chlorous  acid,  and  the  supernatant  liquid 
decanted  immediately  into  a  small  cooled  glass  cylinder,  forms  nearly  anhydmns 
chlorous  oxide.  The  gaseous  chlorous  oxide  prepfuwd  by  the  older  methods  is  too 
much  contaminated  with  fs%b  chlorine  to  admit  of  condensation  by  a  mixture  of  ice 
and  salt  (i.  009). 

Liquid  chlorous  oxide  thus  obtained  is  very  mobile,  has  a  deep  red-brown  colour, 
and  when  recently  condensed,  a  sp.  gr.  of  1*330  to  1*387  at  0^,  referred  to  water  at  4°. 
A  drop  of  the  recently  condensed  liquid  evaporates  on  a  watchglass  without  residue 
even  at  temperatures  below  0°.  It  boils  a  little  above  0°,  but  the  boiling  point  of 
the  last  portions  rises  to  8°  ;  the  liquid  also  acquires  a  higher  boiling  point  by  keeping. 
A  drop  of  this  less  volatile  liquid  leaves  on  evaporation  a  residue  of  chloric  acid. 
Hence  it  appears  probable  tliat  the  condensed  chlorous  oxide  contains  a  certain  quantity 

of  the  compound  Cl*0^  or  chloroso-chloric  anhydride  qiq,  [  0.    Liquid  chlorous   oxide 

explodes  somewhat  readily  at  a  few  degrees  above  0®.  The  sp.  gr.  of  gaseous  chlorous 
oxide  prepared  from  the  recently  condensed  liquid  was  found  to  be  4*022  at  13^,  and 
4070  at  9°,  the  formula  C1«0*  requiring  41 23  (Brandau). 

When  the  gas  is  passed  into  water  at  0°,  the  chlorous  oxide  separates  in  resinous 
drops  or  granules,  which  if  agitated  with  the  water  after  the  passage  of  the  gas  has 
ceased,  are  converted  into  a  yellow  lamino-crystalline  hydrate  of  somewhat  variable 


CHLORINE,   OXYGEN-ACroS  OF.  441 

eonstttntion  :  it  may  be  heated  to  10^  without  fusion,  but  rol&tilisee  slowly  without 
ntidne  even  oonsiderably  below  that  temperature  (Brandau). 

AooordiDg  to  Schiel,  water  disaolTea  about  10  times  its  weight  of  chlorons  oxide, 
forming  a  deep  golden*yellow  liquid,  which  may  be  kept  for  some  time  without 
alteration,  and  possesses  fourteen  times  the  bleaching  power  of  chlorine-water. 
AfiOQording  to  Brandau,  100  grms.  of  water  dissolve : 

At  8'5°  and  752*9  mm.  pressure,  4*7655  grm.  chlorous  oxide. 
„  U«     „    756-3  „  50117    „ 

n  21<>     „    754  „  5-4447     „ 

„  23**     „   760  „  5-6508     „ 

"When  the  aqueous  solution  is  heated  to  50^,  chloric  and  hydrochloric  acids  are 
abundantly  formed,  the  latter  acting  further  on  the  chlorous  acid,  with  eTolution  of 
chlorine :  hence  it  is  not  possible  to  obtain  pure  chloric  oxide  gas  by  heating  the 
aqneoos  solution  or  by  decomposing  the  solution  of  a  chlorite.  On  mixing  aqueous 
chlorous  add  with  potassium  iodide  and  hydrochloric  acid,  iodine  is  separated 
aoooiding  to  the  equation  : 

aK)»  +  SHI  «  2KCi  +  8H*0  +  4P. 

Host  metals  are  without  action  on  gaseous  chlorous  oxide ;  but  mercufy  absorbs  it 
at  ordinaiy  temperatures.  Host  of  the  non-metallic  elements  decompose  it  with 
detonation.  It  is  decomposed  Tdry  quickly  by  direct  sunshine,  more  slowly  by  diffused 
daylight ;  the  presence  of  a  trace  of  moisture  facilitates  the  decomposition  (Schiel). 

Gaseous  chlorous  oxide  is  absorbed  by  dry  glycfrin.  After  a  certain  time  an 
explosion  takes  place,  which,  howeTer,  is  not  strong  enough  to  break  the  Tessel ; 
afterwards  the  absorption  becomes  rapid,  but  not  tumuHuous.  With  etkylie  and 
an^flie  aleokoiSj  dilocous  oxides  produces  ethylic  acetate  and  amylic  valerate ;  thus : 

4(?H«0  +   C1«0»  -  2((?H«0».C«H*)  +  3H«0  +   2HC1. 

Urea  dissolres  in  aqueous  chlorons  add,  eyolying  carbon  dioxide,  and  probably 
nitroKen  monoxide.  If  the  proportion  of  chlorous  acid  present  is  such  that  the 
liquid  remains  sensibly  greenish  after  wanning,  the  solution  eraporated  at  100^ 
leaves  a  cxystalUne  compound  containing  CH*N'C10.  The  reaction  is  probably  as 
follows: 

4CH*N«0  +  C1«0«  -  2CH"N»aO  +  2C0«  +  N«0. 

With  mie  acid,  chlorous  add  forms  chloraluric  acid  (i.  885),  together  with  other 
products  (Schiel,  Ann.  Ch,  Pharm.  cxii.  73). 

Ctalomtaa.  For  the  quantitative  estimation  of  chloric  and  of  chlorous  acid, 
Toossaint  recommends  a  method  founded  on  the  reaction  of  these  acids  with  nitrous 
acid  already  described  (p.  438).  The  aqneous  solution  of  the  salt  to  be  examined  is 
mixedwith  a  sli^t  excess  of  IcmmI  nitrite  acidulated  with  nitric  acid,  and  the  chlorine  is 
then  predpitated  as  silver  chloride.  Or  it  may  be  mixed  with  a  titrated  solution  of 
lead  nitrite,  and  the  completion  of  the  reaction  indicated  by  addition  of  a  quantity 
of  silvBr  nitrate  more  than  sufiBeient  for  the  complete  precipitation  of  the  chlorine. 
The  solution  of  lead  nitrite  is  prepared  by  treating  the  basic  nitrite 
Pb(NO^ .  3PbO .  H'O  suspended  in  water  with  carbonic  add,  till  it  disappears 
completely  and  a  yellow  solution  of  the  nitrite  is  formed  which  is  no  longer 
rendered  turbid  by  carbonic  acid.  For  the  volumetric  estimation,  this  solution  is 
titrated  with  a  normal  solution  of  potassium  chlorate,  and  diluted  so  that  1,000  c.c 
of  it  shall  correspond  to  6*14  grms.  potassium  chlorate  {Ann.  Ch.  Pharm.  cxxxvii. 
114  ;  JaJkresb.  1866,  p.  787). 

SteUin^  (Zeitsckr.  anal.  Chem.  vi.  32)  estimates  the  chlorine  in  chlorates  by  heating 
the  eolation  to  boiling  with  ferrous  sulphate  and  potash,  and  precipitating  the 
chlorine  from  the  filtered  solution  (after  oxidation  with  nitric  add)  with  silver 
nitrate : 

KCIO*  +   6FeO  -  KQ  +   3Fe«0». 

The  aame  method  serves  for  estimating  the  total  amount  of  chlorine  in  hypo- 
chlorites. 

Barium  (7Jk/ora^tf,(C10*)'Ba,  is  easily  prepared  as  follows :  Potassium  chlorate  is 
heated  on  the  water-bath  with  commercial  aluminium  sulphate  and  sulphuric  acid  in 
rather  more  than  equivalent  quantities,  whereby  crystallised  alum  and  chlorous  acid 
are  produced,  the  former  separating  on  cooling : 

(S0«)«A1«  +  SO*H«  +  2C10»K  «  (SO*)^Al»K»  +   2aO>H. 

The  perfectly  cooled  mass  is  mixed  with  several  times  its  volume  of  alcohol,  filtered 
mmI  waehed  with  alcohol  of  50  p.  c  ;  the  alcoholic  liquid  is  neutralised  with  barium 
hydrate ;    the  greater  part  of  the  alcohol  removed  by  evaporation ;  and  the  liquid 
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filtered.    The  residue  contaioB  barium  sulphate  and  almnininiii  liydnte ;  the  solalioii, 
pive  barium  chlorate  (Brandau,  Ann.  Ch.  Fkarm,  di.  861). 

Basic  Cuprio  Chlorate  is  thrown  down  on  adding  cupric  acid  to  a  boiling 
solution  of  potassium  chlorate,  as  a  green  precipitate  which  decomposes  quickly  in 
washing. 

Potassium  Chlorate,  C10*K. — The  solubility  of  this  salt  in  alcohol  of 
various  strengths  has  been  determined  by  Gerardin  {Ann.  Ch.  Phys.  [4]  y.  129). 
The  following  table  gires  the  weights  w  of  the  salt,  dissolved  at  the  temperatures  t 
in  100  pts.  by  weight  of  spirit  of  the  specific  gravities  on  the  first  line : 


Aloobol  of  fp.  gr. 

0-9904          0-9793          0*9573 

1                   1 

0-9390 

0-89C7 

0-8429 

t 

13«» 

w 
4-9 

t 
140 

w 
3-2 

t 
13® 

1-9 

t 

w 

t 
12° 

w 
0-46 

t        w 
25*0-09 

. 

14-5° 

11 

25 

7-5 

26 

5-4 

20 

2-7  28 

2-2 

31 

1-28 

34  012 

Potassium  Chloiate  • 

35 

10-2 

38 

7-9 

36 

4-3  40 

3-4 

43 

1-95 

56  0-24 

44 

13-6 

51 

12-2 

55 

7-9  50 

4-3 

58 

310 

64  0-32 

1 

50 

16-2 

63 

17-6 

63 

10;/5  67 

7-6 

Potassium  chlorate  affords  a  very  delicate  test  for  the  presence  of  manganese  in  organic 
bodies.  When  any  substance  containing  manganese  is  thrown  into  melting  potassium 
chlorate,  the  saline  mass  on  cooling  exhibits  a  xose-red  or  peach-blossom  oolgiar. 
The  commercial  salt  itself,  however,  is  seldom  quite  free  from  traces  of  manganese. 
To  test  it,  a  small  quantity  is  to  be  fused,  and  a  piece  of  charcoal  pepared  from 
pure  sugar  thrown  into  it ;  if  manganese  is  present,  a  reddish  colour  will  be  apparait 
on  cooling  (Bottger,  J.  pr.  Chem.  Ixx.  483).  On  the  catalytic  decomposition  of 
potassium  chlorate  by  manganese  dioxide,  cupric  oxide,  &c.,  see  Wiederhold  (JPogg, 
Ann.  cxvi.  171 ;  Jahresb.  1862,  p.  76) ;  also  Erebs  {Zeitsckr.f.  Chem.  [2]  vi.  243). 

Bubidium  Chlorate  (v.  131). 

Silver  Chlorate.  ClO'Ag. — To  obtain  this  salt  perfectly  pm,  Stas  {JakreA.  1867, 
p.  312^  passes  a  slow  stream  of  chlorine  into  water  contaimng  oxide  or  carbonata  of 
silver  m  suspension ;  decants  the  liquid  (in  which  the  alkali  always  present  in 
precipitated  silver  oxide  has  been  converted  into  hypochlorite)  after  awhile,  repeating 
this  operation  till  the  evaporated  residue  no  longer  contains  any  perceptible  quantity 
of  alkali ;  washes  the  silver  precipitate  carefully ;  suspends  it  in  water ;  again  treats 
it  during  agitation  with  chlorine  gas,  till  the  greater  part  of  the  silver  oxide  has 
taken  part  in  the  reaction  ;  then  agitates  the  mixture  till  its  odour  is  quite  destroyed. 
The  clear  liquid  is  decanted,  left  at  rest  (best  at  60®)  till  the  hypochlorite  of  silver  is 
converted  into  chlorate,  and  the  solution  of  silver  chlorate  is  evaporated  over  the 
water-bath.  The  salt  then  remains  as  a  white  powder,  which  does  not  alter  either  in 
dry  or  in  moist  air.    Any  hygroscopic  tendency  indicates  the  presence  of  perchlorate. 

Strontium  Chlorate. — The  solution  evaporated  over  sulphuric  acid  leaves  the 
salt  in  small  granular  crystals  containing  (C10*)*Sr.5H'0  (Soucnay,  Ann,  Ch,  Pharm^ 
di.  881). 

Thallium  Chlorate  (v.  754). 

Yttrium  Chlorate^  (CIO')'Y,  is  obtained  in  crystalline  laminas  by  decomposing 
barium  chlorate  with  yttrium  sulphate,  separating  the  excess  of  barium  with  dilute 
sulphuric  acid,  and  evaporating  (Popp,  Jahresb.  1864,  p.  204). 


CHCl*.  THchloromethans.  JHchforinated  Methyl  eldoride.^ 
This  compound  boils  at  60*16®  (Eegnault,  Jahresb.  1863,  p.  70).  It  is  formed  by  the 
action  of  zinc  and  sulphuric  or  hydrochloric  acid  on  carbon  tetrachloride  in  a  fiask 
provided  with  an  upright  condensing  tube,  and  is  converted  by  the  prolonged  action 
of  the  same  reducing  agent  into  methylene  chloride,  CH'Cl'  (Geuther,  Ann,  Ck. 
Pharm.  cvii.  212).  It  is  also  converted  into  methylene  chloride  and  marsh  gas  bj 
treating  it  in  like  manner  with  zinc  and  a  little  aqueous  ammonia  (Perkin,  Cftem. 
News,  xviii.  106).  Heated  to  125°  in  sealed  tubes  for  7  hours  with  11  pts.  of  strong 
hydriodic  acid  (sp.  gr.  1*9),  it  yields  methylene  iodide,  CH^P,  together  with  hydrodiloric 
acid  and  free  iodine :  probably  iodoform  is  produced  in  the  first  instance,  and  then 
converted  into  methylene  iodide ;  thts : 

cHa«  +  SHI  =  3HC1  +  cm* 

and 

CHI«     +     HI  -     P       +  CH«I« 
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(Ueben,  ZtUscJb:  f.  Ckem,  [2]  ir.  71 S).  Chloroform-Tapour  passed  over  red-hot 
capper  is  partially  converted  into  acetylene  (Berthelot,  Compt,  rend.  1.  805).  The 
same  oompoond  is  formed  by  the  action  of  potaesium  amalgam  on  liquid  chloroform 
(Kletansl^,  ZeUschr.  /.  Ckem.  [2]  ii.  127).  Heated  with  alcokol  and  potash  in 
sealed  tabea  to  100^  for  a  week,  it  yields  a  certain  quantity  of  ethylene  gas  (Berthelot, 
Conmt,  rend,  zlyii.  850).  Heated  with  an  alcoholic  solution  cf  eodium  etkjfiaie,  it 
jieida  an  ether,  CH(OCH*)*,  which  may  be  regarded  as  chloroform  having  its 
chlorine  replaced  by  an  equi'nilent  quantity  of  oxethyl,  or  as  the  triethylic  ether  of  a 

tiiatoaiie  alcohol,  ^     Qi  [  ^*  homologous  with  glycerin : 

CHa«  +  8NaOC«H»  «  SNaQ  +  CH(OC»H»)» 
(WilliainBon  a.  Kay,  Chem,  8oe,  Qu.  J,  yii.  224).  According  to  Savitsch  (BuU.  8oe,  CMm, 
avril  I860),  this  ether  is  more  easily  produced  by  the  action  of  sodium  on  a  cooled 
mixtore  of  chloroform  with  excess  of  alcohol.  According  to  Geuther  (Jahreeb.  1862, 
p.  888),  chloroform  heated  with  alcoholic  potash  gives  off  carbon  monoxide.  According 
to  C.  Sdiacht  (Jakresb.  1867i  p.  589),  pure  chloroform  is  decomposed  by  expofsure  to 
light  and  air ;  but  in  the  dark  it  remains  unaltered  in  a  vessel  only  half  filled  with  it. 
Chloroform  is  slowly  attacked  by  alkaline  sulphitet  at  160^-180^.  On  opening  the 
■«ded  tube,  carbon  dioxide  escapes,  together  with  a  gas  which  burns  with  a  green- 
edged  flame  (methyl  chloride  ?)  The  solution  contains  methyl-sulphuric  acid  and  its 
ehlorinated  derivatives,  together  with  methvlene-disulphuric  and  methenyl-trisulphuric 
aetda.  Thb  simplest  reaction  is  that  which  gives  rise  to  dichloromethylsulphuric 
aod: 

CHC1«  +  K*80«  -  CHa»SO«K  +  KCL 

In  the  formation  of  the  other  products,  either  an  inverse  substitution  takes  place,  or 
the  higher  snlpho-acids  at  fint  produced  are  farther  decomposed,  with  separation  of 
S0«  (Strecker,  ZeUechr,  /  Ckem,  [2]  iv.  214).  Chloroform  heated  with  an  alkaline 
ctyrie  mtUttion  throws  down  cuprous  oxide : 

CHa»'  +  6KH0  +  2CuO  -i  Cu'-O  +  SKQ  +  CO»K«  +  3H*0. 

The  reaction  is  very  delicate,  one  or  two  drops  of  chloroform  shaken  up  with 
100  ex.  of  water  immediately  producing  the  red  copper  precipitate  when  warmed 
with  the  eupric  solution.  The  same  reaction  is  produced  'by  aJl  compounds  which 
yield  chloroform  when  treated  with  alkalis,  such  as  chloral,  trichloracetic  acid,  the 
perchloric  ethers,  &c.  (Baudrimont,  J,  Pkarm,  [4]  ix.  410). 

nmiumiOammiMm,  C"H>*0*.— A  base  obtained  by  O.  Hesse  (Ann.  Ch» 
Pkarm.  Suppl.  iv.  40 ;  Jakretb.  1865,  p.  458)  from  the  bark  of  an  Australian  tree 
not  named.  The  concentrated  very  bitter  aqueous  extract  of  the  bark,  acidulated 
with  solpfaarie  add  and  mixed  with  mercuric  chloride,  yields  a  precipitate  consisting 
of  the  merenroehloride  of  chlorogenine,  while  another  base  called  porphyrine  remains 
in  sohitioii.  Chlorogenine  separated  from  the  mercury-compound,  ana  precipitated  by 
mmiwrfM*;^  from  the  solution  of  its  sulphate,  is  a  coffee-coloured  amorphous  powder, 
easily  sofaibla  in  adds  when  recentlv  precipitated,  soluble  also  in  ammonia,  fdsel-oil, 
and  eapedaUy  in  chloroform,  with  which  it  yields  a  solution  red-brown  by  transmitted, 
greea  by  reflected  lig^t  It  is  very  bitter,  and  when  swallowed  produces  uneasiness 
and  tendency  to  vomit  It  is  the  active  and  colouring  prindple  of  the  bark,  which 
eoDlaiiia  2^  p.  c  of  iU    Its  salts  are  amorphous. 

OHX4MBOXXraxVBa  An  altered  felspar  occurring  in  the  old  green  porphyry 
of  the  Val  Camonica.  It  is  yellowish-green,  of  sp.  gr.  2'92,  and  contains  47*3  p.  c. 
SO*,  22-«  A1H)«,  9-8  Fe*0»,  86  CaO,  0*7  MgO,  3  3  K«0,  4*6  Na»0,  and  2  7  H'O 
(Tehennak,  Jakretb.  1864,  p.  860). 

cnKbOXOVanx&  or  Lee^-men.  The  nature  of  the  green  colouring  matter 
of  leaves  ia  still  but  imperfectly  known.  According  to  Fr&my  {Compl.  rend.  1.  405 ; 
Jakreah.  1860,  p.  533),  it  is  composed  of  a  blue  substance,  phyllocyanin,  and  a 
yellow  aubetance,  phylloxanthin,  which  may  be  separated  by  agitation  with  a 
Btxtiiiv  of  ether  and  hydrochloric  acid,  the  yellow  substance  dissolving  in  the  ether, 
and  the  bine  in  the  hydrochloric  acid.  Phyllocyanin  is  decolorised  by  alkalis,  but 
rvgaina  ita  blue  colour  when  treated  with  acids :  hence  also  chlorophyll  itself  is  turned 
yeUov  by  alkalis  and  green  again  by  adds.  The  blue  and  yellow  constituents  of 
chlorophyll  may  also  be  separated  by  boiling  with  baryta-water.  On  boiling  the 
resnltiiig  precipitate  with  alcohol,  uncombined  phylloxanthin  is  dissolved,  and  there 
rumuiui  a  baryta-lake  from  which  the  phyllocyanin  may  be  separated  by  sulphuric 
acid  and  dissolvod  out  by  alcohol  or  ether.  Phylloxanthin  is  a  neutral  substance 
in  water,  soluble  in  alcohol  and  ether,  and  crystallising  therefrom  in  yellow 
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laminae  or  red  prisms  reeembiin;^  those  of  potassiom  dichiomate.  It  possesses  rezy 
great  oolonring  power,  and  dissolves  with  blae  coioor  in  strong  sulphuric  acid,  whereas 
the  yellow  colour  of  flowers  is  coloured  red  by  that  acid.  PhfUoeyamn  is  insoluble  in 
water,  dissolree  with  olive-green  or  bronze-red  colour  in  alcohol  and  ether ;  its  salts 
are  brown  and  green  ;  those  of  the  alkali-metals  are  soluble  in  water.  The  solutions 
of  phyllocvanin  in  sulphuric  or  hydrochloric  acid  are  green,  reddish-violet,  or  blue, 
according  to  the  degree  of  concentration :  the  phyllocvanin  is  precipitated  from  them 
by  water  (Fremy,  An:  Ck,  Pkt/t.  [4]  vii.  78 ;  Jakre^b.  1865,  p.  586).  H.  Lodwig  also 
finds  that  chlorophyll  may  l>e  separated  into  a  blue  and  a  yellow  oolooring  matter  (iv. 
634).  Stokee,  on  the  other  hand  [^Pirfc.  Roy.  Soe.  xiii.  144),  concludes,  from  the  optical 
properties  of  the  chlorophyll  of  land-plants,  that  it  is  a  mixture  of  four  different 
colouring  matters,  two  green  and  two  yellow.  The  solutioDs  of  the  green  (but  not  of 
the  yellow)  colouring  matters  exhibit  strong  red  fluorescence ;  three  of  these  substances 
»re  very  easily  decompoised  by  acids  or  salts,  add  potassium  oxalate  for  example. 
Fremy's  phyllocyanin  is,  according  to  Stokes,  merely  a  product  of  decomposition 
of  the  green  bodies  by  acids  ;  it  dissolves  in  many  acids  with  green  or  blue  colour,  and 
in  neutral  solutir)n8  exhibits  very  sharp  absorption-bands.  Phylloxanthin  varies  in  its 
properties  according  to  the  manner  of  its  preparation.  When  prepared  by  removing 
the  green  substances  by  means  of  aluminium  hydrate  and  a  little  water  (ir.  634),  it  is 
a  yellow  substance ;  but  when  obtained  with  hydrochloric  acid  and  ether,  it  is  a  mixture 
of  the  same  yellow  body  with  the  products  of  decomposition  of  one  of  the  green 
substances  by  acids.  Green  marine  plants  {ChlorospermttB)  differ  from  land-plants 
only  in  the  relative  proportions  of  the  colouring  matters  above  mentioned ;  olive- 
coloured  sea-plants  (Meianospemua)^  on  the  other  hand,  contain  (instead  of  one  of 
the  green  ana  one  of  the  yellow  bodies  above-mentioned)  another  green  and  another 
yellow  body.  Red  sea-plants  (RkodoapermetB)  contain  a  red  colouring  matter  in  addi- 
tion to  the  chlorophylL  Stokes  further  states  that  chlorophyll  is  easily  distinguished 
from  the  green  colouring  matter  of  bile  (biliverdin)  by  the  fact  that  it  exhibits  very 
strong  red  fluorescence  and  very  characteristic  absorption-bands  which  are  not  exhibited 
by  biliverdin. 

According  to  Filhol  (Compt.  rend.  Ixi.  371 ;  JahreA.  1865,  p.  586),  chlorophyll  dis- 
solved in  alcohol  and  cautiously  treated  is  resolved  into  four  substances :  a  brown 
asotised  body  insoluble  in  alcohol ;  a  yellow  non-azotised  body  soluble  in  alcohol ;  a 
blue  substance  formed  only  under  the  influence  of  an  excess  of  hydrochloric  acid  ;  and 
a  yellow  body  sepsrated  from  the  blue  substance  by  ether.  In  a  later  investigation 
(Compt.  rend.  Ivi.  1218 ;  ZeUtckr.  f.  Ckem.  [2]  iv.  569)  Filhol  arrives  at  the  following 
conclusions :  1.  All  methods  of  preparing  chlorophyll  by  means  of  acids  yield  nothins 
but  products  of  decomposition. — 2.  Organic  acids,  which  act  less  strongly  than  minenu 
acids,  destroy  the  green  colour  of  chlorophyll  solutions,  and  split  up  the  chlorophyll 
into  two  substances,  one  of  which  separates  in  black  flocks,  while  the  other  remains 
dissolved  with  fine  yellow  colour. — 3.  This  yellow  substance  is  further  resolved  bj 
strong  hydrochloric  acid  into  a  solid  yellow  body  which  separates,  and  a  blue  substance 
which  remains  dissolved.  The  latter  turns  yellow  wheu  the  hydrochloric  acid  is 
neutralised. — 4.  The  yellow  body  separated  by  hydrochloric  acid,  if  boiled  for  a  few 
minutes  in  an  open  vessel  with  a  small  quantity  of  potash,  soda,  or  baiyta,  acquires 
the  property  of  turning  blue  in  contact  witli  acids. — 5.  The  green  pans  of  plants  always 
contain  these  two  yellow  substances  in  addition  to  chlorophyll ;  and  the  young  shoots 
of  various  species  of  spindle-tree  (Ehtonymus)  contain  only  these  two  yellow  bodies, 
without  the  smallest  trace  of  chlorophyll. — 6.  The  brown  substance  separated  from  an 
alcoholic  solution  of  chlorophyll  on  additir  n  of  oxalic  acid,  is  rich  in  nitrogen,  and  is 
identical  with  the  substance  described  and  analysed  by  Morot  (i.  922). — 7.  The  solu 
tions  of  this  brown  substance  have  a  high  degree  of  dichroism,  which  is  not  exhibited 
by  those  of  the  yellow  substance. — 8.  The  solutions  of  the  brown  substance  treated 
with  caustic  alkalis  in  contact  with  the  air,' assume  an  orange-red  colour,  which  again 
disappears  in  consequence  of  absorption  of  oxygen,  and  gives  place  to  a  pure  green 
colour. — 9.  Certain  metallic  oxides,  especially  zinc-oxide  dissolved  in  potash,  accelerate 
the  oxidation  of  the  brown  substance.  The  splendid  green  colour  thus  produced  may 
be  precipitated  on  textile  fabrics,  but  it  is  of  no  use  as  a  dye,  being  quickly  destroyed 
by  light  and  air. — 10.  Leaves  of  plants  which  are  coloured  red,  brown,  or  violet  over 
their  whole  surface,  are  green  in  spring  and  yellow  in  autumn  in  the  parts  below  the 
surface.  This  is  easily  shown  by  means  of  a  mixture  of  sulphurous  acid  and  etlier, 
which  dissolve  the  colouring  matter  of  the  superficial  cells,  and  bring  to  light  the 
green  or  yellow  colour  of  those  in  the  interior  of  the  tissue. 

Ffaundler  {Ann.  Ch.  Pkarm.  cxv.  37 ;  Jahresb.  1860,  p.  631)  adopts  the  opnion 
formerly  expressed  by  Hlasiwetz  {Jahretb.  1859,  p.  527)  that  the  coldtirs  of  plants 
depend  on  the  presence  of  quercitrin,  seeculin,  and  ether  analogous  principles,  which 


CHLOROPICRIN.  445 

produce  yariouB  shades  of  colour  under  the  influence  of  alkalis,  air,  and  salts  of  iion. 
In  sapport  of  the  assertion  of  Verdeil  (ibid.  1851,  p.  57-0  that  the  formation  of  leaf- 
green  is  essentially  connected  with  the  presence  of  iron,  rfaundler  adduces  a  series  of 
experiments  bj  Sahn-Horstmar  ( Ueber  die  Nahrung  der  Pfiamen,  Braunschweig,  1856) 
showing  that  in  plants  grown  in  artificial  soils  not  containing  iron,  the  colour  of  tho 
green  parts  was  reiy  pale,  or  even  quite  destroyed,  whereas  when  iron  was  present  tho 
Donnal  gpreen  colour  was  dcyeloped.  Chlorophyll  prepared  by  heating  the  juice  of 
glasses  to  the  boiling  point,  exhausting  the  coa^um  with  alcohol,  distilling  off  tho 
alcohol,  dissolving  the  residual  dark  green  jelly  m  hydrochloric  acid,  precipitating  tho 
filtered  solution  with  hot  water,  and  washing  the  green  flocks  thereby  separated,  forms 
when  dry  a  dark  blue  powder,  producing  with  alcohol  and  ether  dark-coloured  solu- 
tions, nearly  blood-red  by  reflected  light,  yellow-green  by  transmitted  light ;  with 
carbon  biemlphide  a  brown-yellow,  with  hydrochloric  acid  a  grass-groen  solution ; 
soluble  also  in  dilute  potash,  but  separated  by  strong  potash-ley  in  resinous  lumps ; 
not  resolTable  like  quercetin,  or  reducible  like  indigo.  It  was  fi«e  from  nitrogen,  gave 
0'9  p.  c.  ash,  in  which  iron  could  be  distinctly  detected,  and  gave  by  analysis  60  p.  e. 
carbon  and  6*4  hydrogen,  calculated  for  the  substance  free  from  ash.  Pfaundler 
further  remarks  that  there  may  be  several  kinds  of  chlorophyll,  and  that  the  assump- 
tion of  a  siogle  chlorophyll  does  not  rest  on  very  good  grounds. 

According^  to  Phipson  {Om^i,  rend,  xlvii.  912),  green  leaves  immersed  in  strong 
Bolphoric  acid  assume  a  yellow  autumnal  colour ;  after  prolonged  contact,  the  yellow 
changes  to  emeiald-green,  and  afterwards  ulmic  substances  afe  formed.  Yellow 
autumnal  leaves  immersed  for  a  few  seconds  in  sulphuric  acid  become  emerald-green 
and  afterwards  brown. 

According  to  Sachs  {Jakretib.  1859,  p.  561),  vcigetable  plasma  contains  a  colourless 
substance,  Uucapkyli^  possessing  the  constitution  of  leaf-green,  and  awaiting  only  a  final 
chemical  impulse  to  convert  it  into  green  chlorophyll.  This  impulse  is  given,  not  so 
much  by  Ugnt  as  by  o:Qrgen,  in  the  active  state,  or  rendered  active  by  the  influence  of 
light.  The  still  colourless  cells  of  plants,  in  iJie  state  in  which  they  would. rapidly 
torn  green  on  exposure  to  light,  are  instantly  coloured  green  if  immersed  in  sulphuric 
add,  wherens  cells  not  in  a  state  to  be  turned  green  by  light  are  not  thus  altered  by 
sulphuric  acid. 

According  to  Jodin  {Comj^.  rend.  lix.  857)f  solutions  of  chlorophyll,  even  in  presence 
of  alkali,  retain  their  colour  in  the  dark,  whereas  in  sunlight  they  are  decolorised  in  a 
few  days,  absorbing  at  the  same  time  a  quantity  of  oxygen  equal  to  072  of  the  weight 
of  the  colouring  matter,  and  giving  off  carbonic  acid.  According  to  H.  Vohl  {J.  pr» 
Chem.  xcv.  219),  the  chloroform  of  horse-chestnut  leaves  is  not  decomposed  by  putre- 
faction ot  \he  leaves  going  on  for  several  years. 

CSB&OROFZCaLZar.  C(N0*)C1*.  Tnchloromtromethane,  IfUrockioro/arm.--Form6d 
hj  distilling^  chloral  or  metacliloral  with  strong  nitric  add,  or  with  a  mixture  of  nitrio 
and  sulphuric  acids ;  also  by  distilling  a  mixture  of  methyl  alcohol  and  sulphuric  acid 
over  a  mixture  of  potassium  nitrate  and  sodium  chloride.  These  two  modes  of  forma- 
tion show  that  chloropicrin  belongs  to  the  methyl  group  (Kekal^,  Ann.  Ch.  Pkarm. 
cvi.  144).  According  to  S.  Priestley  {Chem,  News,  ix.  3), chloropicrin  may  be  prepared 
by  adding  nitric  acid  by  small  portions  to  a  cooled  pasty  mixture  of  methyl  alcohol 
and  chloride  of  lime,  and  subjecting  the  whole  to  distillation.  The  mixture  of  chloro- 
picrin, chloroform,  and  methyl  alcohol  which  condenses  in  the  receiver  may  be  separated 
by  teetional  distillation,  the  chloropicrin,  which  is  the  least  volatile,  remaining 

behind. 

For  preparing  chloropicrin  in  lai^e  quantity,  Hofmann  (Ann.  Ch.  Pharm.  cxxxix. 
107)  mixes  46  kilo,  of  recently  prepared  chloride  of  lime,  stirred  up  to  a  thick  paste 
with  cold  water,  in  a  capadous  earthenware  still  surrounded  by  cold  water,  with  a 
saturated  solution  of  45  kilo,  of  picric  acid  heated  to  80°.  A  violent  reaction  ttikcs 
place  after  a  few  minutes,  and  the  greater  part  of  the  chloropicrin  produced  is  driven 
over  into  the  receiver,  which  sho^d  be  connected  by  a  conducting  tube  witli  the 
chimney  to  prevent  the  escape  of  the  pungent  vapours  of  chloropicrin.  As  soon  as  the 
firvt  action  ie  over,  the  water-bath  is  heated  to  boiling,  to  distil  over  the  remainder  of 
the  chloropicrin.  The  chloropicrin  thus  obtained  amounts  to  1 14  p.  c.  of  the  picric  add 


Chloropicrin  boils  at  112^  (Hofmann). 

BeaetUma. — 1.  Chloropicrin  treated  with  tran-filinat  and  acetic  acid,  or  with  ferrous 
sulphate  and  excess  of  potash,  is  converted  into  metnylamine : 

CN0*C1»  +  12H  «  CH*N  +  3HCI  +  2H*0 
(Oetflse.  Ann.  Ch.  Pharm.  cix.  282 ;  Jahretb.  1859,  p.  437).    See  also  the  same  paper 
for  the  action  of  alkaline  sulphites  on  chloropicrin. 
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2.  Heated  to  100^  for  24  hours  with  faming  hydriodio  acidf  chloropicrin  is  decom- 
posed in  the  manner  represented  by  the  equation : 

C(N0»)C1«  +  6HI  =  NH«  +  C0«  +  3HCI  +  3I« 

(E.  J.  Mills,  Chem.  8oo.  J.  [2]  ii.  153). 

3.  By  heating  with  9odium  ethylate  (sodium  and  abflolute  alcohol),  it  is  eonyertod 
into  ethyUc  orthocarbonate  (Bassott,  Chem.  Soe.  J.  [2]  ir.  238) : 

C(NO«)a«  +  4C«H»0Na  -  3Naa  +  NO«Na  +  C(C«H»)*0*. 

4.  Chloropicrin  heated  with  9  mol.  of  fused  potassium  acetate  and  alcohol  to  100°, 
is  easily  decomposed,  yielding  ethyl  acetate,  together  with  chloride,  nitrita,  carbonate, 
and  acid  acetate  of  potassium  (Bassett,  Chem,  Soo.  J,  [2]  ii.  31): 

C(N0«)C1«  +  »C«H"0«K  +  3C»H»0  -  3(C»H«0'.C*H»)  +  SKCl  +  NO«K 

+  CO»K«  +  8(C«H«0«K.C«H*0«). 

6.  Chloropicrin  heated  with  potassium  cyanide,  alcohol,  and  water,  is  oonTerted 
into  dicyano-nitro-chloromethane,  C(NO')CT(CN)'.  This  compound  is  soluble  in 
water,  alcohol,  ether,  and  chloroform,  very  easily  deoomposible,  and  has  not  been 
obtained  in  the  separate  state,  but  only  in  combination  with  water,  and  with  metallic 
oxides  and  salts.  Lead  acetate  added  to  its  aqueous  solution  forms  a  precipitate 
containing  C(NO')Cl(CN)' .  3PbO ;  with  silrer  nitrate  a  precipitate  is  formed  consisting 
of  3C(NO«)Cl(CN)«.4NO«Ag.8H«0  (Bassett,  CA«».  Soe.  J.  [2]  ir.  362).  For  the 
details  of  the  prepafation,  which  requires  particular  precautdons,  we  must  refer  to  the 
original  paper. 

6.  Chloropicrin  heated  with  ammonia  in  alcoholic  solution  is  converted  into 
ffuanidine-hydrochloride  (Hofmann,  Chem.  Soc.  J.  [2]  ir.  249 ;  Zeitschr.  /.  Chem.  [2] 
iv.  721): 

C(NO«)a«  +  3NH»  -  CH»N».Ha  +  2HC1  +  NO«H. 


e.  C*a«S".— W.  N.  Hartley  (Chem.  Soc.  J.  [2]  t.  23) 
obtained  this  compound  by  treating  a  mixture  of  monocnloride,  dichloride,  and 
trichloride  of  carbon  with  an  alcoholic  solution  of  potassium  sulphydrate.  On 
precipitating  the  product  with  water,  and  distilling  the  washed  product,  the  chloro- 
sulphoform  remained  in  the  residue,  tojg;ether  with  sulphur,  and  was  purified  by  repeated 
eiystallisation  from  alcohol.  It  crystallises  in  needles,  has  an  unpleasant  odour, 
nelts  at  about  250^,  but  begins  to  sublime  at  a  lower  temperature.  It  is  insoluble  in 
water,  slightly  soluble  in  alcohol  and  ether,  more  freely  in  carbon  bisulphide, 
chloroform,  the  liquid  chlorides  of  carbon,  and  oil  of  turpentine.  When  heated  for 
several  hours  in  sealed  tubes  with  nitric  acid,  it  yields  sulphuric  acid  and  a 
sulphuretted  compound  crystallising  in  white  scales.  It  is  produced  in  the  above 
reaction  entirely  from  the  carbon  monochloride,  by  direct  addition  of  sulphur  at  the 
moment  that  the  latter  is  set  free  (Hartley).  As  the  so-called  carbon  monochloride, 
CCl',  has  been  shown  to  be  identical  with  hexchlorobensene,  CCl*  (p.  267),  the 
formation  of  chlorosulphoform  probably  takes  place  in  the  manner  shown  by  the 
equation  C«Cl«  +  98  -  3C«Cl«S«. 


C*MQ«iO. — ^This  substance  occurs,  together  with  protagon 
(iv.  737),  as  an  essential  constituent  of  the  nervous  tissue,  of  the  yolk  of  ^gg,  of  the 
seminal  fluid,  and  of  the  red  and  colourless  corpuscles  of  the  blood  (Hoppe-Seyler, 
JIfed.-chem.  Unters.  i.  140 ;  Jahresb.  1866,  p.  744^    It  has  been  found  by  Tolmatscheff 

iMed.-chem.  Unters.  i.  272)  in  human  milk,  to  tne  amount  of  0*0318  p.  c ;  by  Marc«t 
Ann.  Ch.  Phys.  [3]  lix.  91)  in  the  spleen,  and  abundantly  in  the  excrements  of  the 
crocodile ;  by  Hoppe-Seyler  (Jahresb.  1863,  p.  654)  in  guano ;  and  bv  Picoolo  a. 
Lieben  {Zeitschr.  /.  Chem.  iv.  646)  in  the  corpus  luteum  of  the  cow.  It  is  also  found 
in  vegetable  substances,  vis.  in  peas,  and  in  certain  fixed  oils  (Benneke,  Ann.  Ck, 
Pharm.  cxxxii.  249  ;  Lindenmeyer,  J.  pr.  Chem.  xc  321) ;  in  the  fat  of  wheat-gluten 
and  of  rye  (Ritthausen,  Jahresb.  1863,  p.  644;  Zeitschr./,  Chem.  [2]  iv.  314);  in 
that  of  barley  (Lentner,  ibid.  664) ;  in  maise-seeds ;  in  the  young  shoots  (eyes)  of 
roses,  and  in  wine-yeast  (Hoppe-Seyler,  Jahresb.  1866,  pp.  698,  744). 

To  prepare  cholesterin  from  peas,  the  bruised  seeds  (6  lb.)  are  digested  with  an  equal 
weight  of  alcohol  of  94  p.  c  at  36''-40^,  and  the  extract,  aiter  standing  for  24  hours, 
is  filtered  and  evaporated.  The  brown-yellow  glutinous  residue  (which  exhibits 
with  sugar-water  the  forms  of  myelin  (iii.  1068)  is  dissolved  in  about  400  cc  of 
water,  and  the  solution  is  boiled  with  lithaij^o  (1  lb.)  till  the  supernatant  liquid 
becomes  clear.  The  separated  lead  precipitate  is  then  exhausted,  first  with  cold  and 
then  with  boiling  alcohol,  and  the  alcoholic  solution  is  freed  from  lead  by  hydrogen 
sulphide.    The  flltrato  left  to  cool  yields  crystals  of  cholesterin,  a  further  quantity  of 
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vhieh  is  deposited  as  the  alcohol  eTapomtes.  The  portion  still  remaining  in  solution 
may  be  obtained  by  evapozating  off  tLe  whole  of  tbie  alcohol  and  boiling  the  aqueous 
Kktion  of  the  residue  with  baiyta-water ;  boiling  the  flooculent  barium>oompound 
wkieh  separates,  with  alcohol ;  and  learing  the  filtrate,  freed  from  barium  by  sulphuric 
add,  to  oystallise :  6  lb.  of  peas  thus  treated  yield  1*5  grm.  of  cholesterin,  identical 
in  erezy  respect  with  that  obtained  from  animal  substances  (Benneke).  Lindenmeyer 
(/.  jr.  Cieii.  xc  321)  exhausts  the  bruised  peas  repeatedly  with  alcohol  containing 
ether;  agitates  the  aqueous  solution  of  the  extract  several  times  with  ether ;  boila 
the  residue  left  on  eraporating  the  ether  with  alcoholic  potash  for  an  hour,  ultimately 
erapoAting  to  dryness ;  and  repeatedly  agitates  the  aqueous  solution  of  the  residue 
▼ith  ether.  On  evaporating  the  ether,  Uie  chloresterin  remains,  and  may  be  freed 
from  a  yellow  colouring  matter  by  washing  with  cold  alcohol.  Lindenmeyer  found 
that  the  dry  substance  of  unripe  peas,  amounting  to  86*6  to  38  p.  c,  contains  from 
0*024  to  0*026  p.  c  cholesterin,  whereas  the  dry  substance  of  ripe  peas,  amounting  to 
84  to  89  p.  c.,  contains  from  0*051  to  0*059  p.  c  cholesterin — consequently  that  the 
amooot  of  cholesterin  in  peas  increases  considerably  as  they  ripen. 

The  following  ptroeess  is  given  by  Hoppe-Seyler  for  the  simultaneous  detection  and 

estimation  of  uiolesterin,  protagon,  and  saponifiable  fats  in  animal  and  vegetable 

robstanees :  The  substance  is  repeatedly  exhausted  with  its  own  volume  or  with 

Beretal  volumes  of  ether ;  the  dear  decanted  or  filtered  extracts,  quite  separated  from 

the  aqueous  solution,  are  distilled  over  the  water-bath ;  and  the  dried  residue  is 

weighed.    I^rt  or  the  whole  of  this  residue  is  then  boiled  for  several  hours  with  an 

eioess  of  clear  concentrated  alcoholic  potash,  the  alcohol  finally  evaporated,  the 

rwidue  dissolved  in  water,  and  the  solution  repeatedly  agitated  with  ether.    This 

ethereal  extract  nsually  contains  the  cholesterin  almost  pure.  In  the  contrary  case,  the 

residue,  while  still  warm,  must  be  shaken  up  with  dilute  potash,  and  after  cooling 

again  treated  with  ether,  which  then  does  not  take  up  any  of  the  soaps  produced  by 

the  action  of  the  alkali,  unless  the  quantity  of  water  or  alkali  present  is  deficient. 

The  soap-solution  freed  from  the  cholesterin  is  strongly  supersaturated  with  hydro- 

diloric  acid  and  repeatedly  agitated  with  ether;  the  united  ethereal  extracts  are 

distilled  off;  and  the  dried  residue  is  weighed.    The  acid  aqueous  solution  (freed  from 

tile  &tty  adds  bj  e&er)  is  evaporated  to  dryness  in  a  platinum  dish ;  the  residue  is 

faaai  with  8oda«iid  nitre ;  and  the  aqueous  solution  of  the  fused  mass,  aiier  acidulation 

with  nitrie  add,  is  precipitated  by  a  solution  of  ammonium  molybdate  in  nitric  acid. 

In  this  precipitate,  collected  after  standing  for  24  hours,  the  phosphorus  is  estimated 

byaoIutiOT  m  ammonia  and  precipitation  with  ammoniacal  magnesia-solution,  and 

from  this  the  amount  of  protagon,  C"*H"*N*PO",  is  calculated.    The  quantity  of 

the  saponiflable   fate  is  found    by  deducting   the  weights    of   the  protagon  and 

cholesterin  from   the  total  weight  of  the  original  ethereal  extract.    Kespecting  the 

quantities   of  cholesterin  thus  found  in  the  serum  and  corpuscles  of  blood,  see 

p.  351. 

Cholesterin  rotates  a  ray  of  polarised  light  to  the  left,  its  specific  rotatoir  power 
being  ~27'5^  for  red,  and  —  34*5°  for  yellow  light  (Hoppe-Seyler,  Jakresb.  1862, 
p.  567).  lindemneyer  (iind,  1863,  p.  542)  has  m»le  the  following  determinationa  of 
the  laerqgyrate  power  of  cholesterin  for  the  different  fibced  lines  in  the  spectrum : 

B  O  D  B  b  F  O 

a0-63«         25-540        31-69<>        89*91®        41-92®        48-66®        62*37®. 

Ihe  rotatory  power  of  cholesterin  affords  the  means  of  quickly  estimating  its 
proportion  in  oil  of  almonds  and  cod-liver  oil,  and  of  distinguishing  these  oils  from 
ethers  which  do  not  possess  the  hevorotatory  power  (e.ff,  poppy,  sesame,  olive,*  rape, 
&C.).  For  the  estimation  of  cholesterin  in  peas,  however,  the  diemical  method  above 
pven  must  he  resorted  to,  inasmuch  as  me  peas  likewise  contain  a  dextrogyrate 
subetance  not  yet  isolated ;  1  pt  of  cholesterin  dissolves  in  6*65  pts.  of  chlaroform 
at  20®  (Lindenmeyer). 

When  a  small  quantity  of  cholesterin  is  evaporated  at  a  gentle  heat  with  a  drop  of 
wtrie  aeidf  a  yellow  spot  is  leftj  which  turns  red  when  touched  with  a  drop  of 
ammonia ;  and  the  red  colour  thus  produced  is  not  essentially  altered  by  subsequent 
addition  of  a  fixed  alkali — a  character  which  distinguishes  this  reaction  from  the 
Rfflilar  one  produced  with  uric  acid.  When  cholesterin  is  treated  with  a  mixture  of 
2  or  3  vol.  strong  hydrochiario  or  wlphurie  acid  and  1  vol.  of  moderately  dilute 
soluticm  of  ferric  ckioride,  and  the  whole  is  evaporated  to  dryness,  a  reddish-violet 
residua  is  obtained,  changing  to  blue-violet  at  a  somewhat  higher,  and  to  dull  grey  at 
a  sttU  higher  temperature.    This  reaction,  which  is  likewise  produced  with  auric  or 

•  Aooordiug  to  Btnneke,  olive  oil  oontaine  choleMterlii. 
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^<7  •go,  diehxomtLte  and  hydrocfaloric  acid,  is  not  exhibited 

.,,^/A  or^'*/*^-.  other  constituent  of  the  bile  (H.  Schiff,  Ann.  CJL 

r*.-*"^   .  :.7;ur  msttet  or  bbj 

^J  .^,  cxr.  J'^  '•    ^^  c^H**OBt',  is  formed  by  the  action  of  bromine  on  cholesterin, 

/'i.//?f//'*'* '^'"t'^^'ljj.lJon  bisulphide,  and    separates  on   leaving    the  solntion   to 

j,^h  Ji*a*^^»'*^J  '"jiecrj-stallisation  from  hot  ether-alcohol,  it  forms  vhite   needlo- 

^,-,ji,irat«.    ^1   ij^golnble  in  water,  slightly  soluble  in  alcohol,  easily  in  ether.     It 

uh  I/*''  S^l^^rtVhen  heated,  and  is  reconverted  into  cholesterin  by  sodium-amalganu 

„i,v't5  «nd  *^"!J    ygj  appears  to  be  formed  by  the  action  of  bromine  on  cholesterin  in 

^he  **^'^^^in  (Wislicenus  a.  Moldenhauer.  Ann,  Ck.  Pharm,  cxlri.  175). 

''^C*l8stkhic  Ethkbs. — Sodium  choUsteraU,  (?*H**NaO,  is  formed,  with  evolution 

\^?AjQorfin,  when  sodium  is  added  to  a  saturated  solution  of  cholesterin  in  petroleum 

/    ^-jju^ purified  with  sodium).   The  solid  compound  which  separates  melts  at  160**, 

f  "'niposea  at  180®,  and  crystallises  from  petroleum,  or  from  a  strongly  cooled 

lution  in  anhydrous  chloiuform,  in  silky  needles  which  are  slowly  deoompoaed  by 

v^ter,  more  quickly  by  alcohol.     When  heated  for  some  days  with  1  mol.  ethyl  iodide 

to  lob^i  it  yields,  together  with  sodium  iodide,  a  body  crystallising  from  ether  in 

tables  melting  at   141°,  and  apparently  consisting,   not  of  ethyl  cholesterate  or 

cholestery  I  ethylate,  but  ofcholesteryloxide.  By  treating  sodium  cholesterate  with 

cholestetyl  chloride  (infra)  at  100°,  another  body  is  produced,  insoluble  in  alcohol, 

Aod  crystallising  from    ether  like  cholesterin,   but    melting   at  71^.      ChoUsUric 

acetate,   C'*H*"(C'H'0)0,  produced   by  the  action   of   acetyl  chloride    on   sodium 

cholesterate,  crystallises  from  ether  (after  the  excess  of  cholesterin  has  been  removed 

by  boiling  alcohol)  in  moss-like  crystals,  which  are  decomposed  by  boiling  alcoholic 

potash,  yielding  potassium  acetate. 

Ckoiesteryl  Chloride^  C^^H^'CI,  is  produced  hj  the  action  of  phosphorus  pentachloride 
on  cholesterin,  and  purified  by  pressure,  boiling  with  water,  and  crystallisation  from 
ether  and  alcohol.  It  dissolves  readily  in  ether,  sparingly  in  alcohol,  melts  at  100^, 
and  exhibits  just  before  solidification  a  bright  violet  colour  by  reflected,  yellowish- 
green  by  transmitted  lighL  It  is  not  decomposed  by  aqueous  potash,  but  with 
boiling  alcoholic  potash  it  yields  potassium  chloride  and  cholesterin  (Planer,  Ann» 
Ch,  Pharm.  cxviii.  25  ;  Lindenmeyer,  loc,  cit.), 

OMOUmi  or  wmumXMM.    G*H>*N0*  ^i*   ^^H'?*!^*^^  (Strecker,  Con^i. 

rend.  lii.  270;  Ann.  Ch.  Pharm.  cxxxiii.  353;  Zeitschr.  f.  Chem.  [2]  iv.  218,  438. 
Liobreich,  Ann.  Ch.  Pharm,  cxxxiv.  29.  Baeyer,  ibid.  cxl.  806.  Dybkowsky,  J.  pr, 
Chem.c.  163  ;  Jahrtsb.  1867,  p.  493.  Wurtz,  Ann.  Ch.  Pharm.  Suppl.xi.  116  ;  C<nnpt, 
rend.  Ixv.  1015;  Ixviii.  1434;  Zeitechr.  f.  Chem.[2]  iv.  169;  v.  481).— Stzeckcr  in 
1861  obtained  from  pigs*  bile,  and  afterwards  from  ox-bile,  a  base  which  he  called 
choline.  Liebreich  in  1865,  by  decomposing  protagon,  the  chief  constituent  of  nervous 
tissue  (iv.  737),  with  alkalis,  obtained  a  similar  base,  which  he  termed  neurine ;  and 
these  two  products  were  afterwards  shown  by  Baeyer,  Dybkowsky,  and  Strecker 
to  be  identical.  The  rational  formula  of  this  base  was  discovered  by  Baeyer,  and 
confirmed  by  Wurtz,  who  has  produced  it  synthetically. 

Prrparation '.  1.  From  Bile. — The  alcoholic  solution  of  inspissated  bile  is  precipitated 
by  ether ;  the  portion  remaining  dissolved  is  boiled  (after  the  ether  and  alcohol 
have  been  driven  off)  for  twelve  to  twenty-four  hours  with  baryta-water ;  the  excess 
of  baryta  is  removed  by  carbonic  acid ;  the  strongly  concentrated  filtrate  is  mixed 
with  absolute  alcohol ;  and  the  alcoholic  solution  separated  from  the  resulting  pre- 
cipitate is  neutralised  with  hydrochloric  acid.  Taurine  then  separates  out,  and  the 
liquid  filtered  therefrom  gives  with  platinic  chloride  a  yellow  amorphous  precipitate 
of  choline  platinochloride,  which  crystallises  from  water  (together  with  more 
sparingly  soluble  octohedral  crystab)  in  orange-red  six-sided  tables  containing 
(C*H'*NOCl)«.PtCl*  (Dybkowsky). 

2.  From  Brain. — Fresh  ox-brain  is  rubbed  through  a  fine  sieve;  the  pulp  is 
exhausted  with  ether ;  the  residue  of  the  ethereal  solution  is  boiled  with  baryta-water ; 
and  the  preparation  is  completed  as  above.  The  crystals  of  the  neurine  platino- 
chloride thus  obtained  have  the  same  form  and  composition  as  those  of  the  choline 
salt  (Dybkowsky).  According  to  Clans  a.  Kees^  {Zeitschr.f,  Chem.  [21  iv.  46),  choline 
appears  to  be  likewise  identical  [or  isomeric?]  with  sincaline  (v.  311). 

3.  By  Synthetie. — By  heating  trimethylamine  (5  gnus.)  with  glyoolic  chlorhydrin, 
(10  grms.)  for  24  hours  to  100®  in  a  sealed  tube,  which  then  becomes  filled  with 
aeliquescent  prismatic  crystals  of  trimethyl-oxethylammonium  chloride,  identical  in 
composition  with  neurine  chloride : 

(CH«)'N  +  C»H*(OH)a  -  ^^/^SIJN.CL 
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This  salt  disBolres  abnndantly  in  boiling  alcohol,  iind  separates  partially  on  cooling 
ftrtoL  a  Tory  concentrated  solution.  The  solution  gires  with  aunc  chloride  a  yellow 
eryst^line  precipitate  of  the  auroeklaride  (CH")^C«HK)H)Na.  AuGl',  which  exhibits 
under  the  micro0oope  the  same  form  (rhombic  laminae)  as  the  gold  salt  prepared  with 
neurine  from  brain.  The  hydrate  (CH')*(C*H'OH)NOH,  obtained  by  treating  the 
chloride  with  moist  silver  oxide,  is  a  syrupy  liquid  which  deoomposes  when  heated, 
giving  off  an  ammoniaeal -odour  (Wurtc). 

Frcxn  these  results  it  appears  that  choline  or  neurine  has  the  constitution  of 
tnmethyl-oxethyl-ammonium  hydrate.  The  same  conclusion  had  previously  been 
arrived  at  by  Baeyer,  who  found  that  a  concentrated  solution  of  neurine  hydrochloride, 
heated  with  strong  hydriodic  acid  and  a  little  amorphous  phosphorus,  yields  an 
iodide,  C*H"NI'  or  OH"IN.HI,  perfectly  analogous  in  its  reactions  to  the  bromide 
OH"NBr',  which  Hofinann  obtained  by  tieating  trimethylamine  with  ethylene 
bromide,  and  producible  from  the  same  bromide  by  treatment  with  silver  oxide  and 
then  with  hydriodic  acid.  A  solution  of  the  bromide  in  hot  hydriodic  acid  yields 
on  cooling,  crystals  of  the  bromiodide  G*H"NBrI;  the  latter  treated  with  silver 
chloride  yields  the  ooxreeponding  bromochloride ;  and  this  compound  treated  wiUi 
platinie  chloride  yields  the  double  salt  (C*H"NBrCl)'PtClS  identical  with  that  obtained 
byHolmann  (iii.  1001). 

Amyl-glyooiie  chlorhydrin  heated  with  excess  of  ammonia  yields  the  ehioride  of 

isomeric  with  choline  chloride: 


C»H»*(OH)a  +  NH«  -  ^^**^|n.C1; 


and  ethyl-glyoolie  chlorhydrin  heated  with  triethylamine  yields  the  chloride  of 
Igdnte&f^rktki^'mmonium,  homologous  with  choliq^  chloride : 

C«H*(OH)a  +  (C»H»)-N  -  ^S?i^-^^ 
Wuits  (Compt.  rmid.  Ixviii.  1434  ;  ZeUaehr,f,  Chem,  [2]  v.  481). 


CBOXiOZDZC  A,CXDm  According  to  Hoppe-Seyler  (J.  f»r.  Chem.  Ixxxix.  83),  the 
substance  thus  designated,  which  is  produced  by  boiling  bile  with  acids,  is  nothing 
but  a  mixture  of  cholie  acid,  dyslysin,  and  cholonie  add,  perhaps  also  containing 
nndeoomposed  glycocholic  and  taurocholic  acids. 

CS<nnMUV«  Optical  rotatory  power,  in  weak  alkaline  solution  »  —213*5°; 
after  addition  of  an  equal  oolume  of  soda-ley  »  —552° ;  and  after  addition  of  an 
equal  volume  of  water  »  —281°  (J,  de  Bary,  Med.-chem,  Uniera,  i.  71 ;  Muresb, 
1866, 'p.  715).  Fischer  a.  Bodeker  {Ann.  Ch.  Pharm.  cxvii.  1)  found  that  pure  rib* 
eartila^  boiled  with  strong  hydrochloric  acid,  yields  a  sugar,  which  reduces  cuprio 
oxide  in  alkaline  solution,  and  is  capable  of  fermenting  with  yeast :  hence  tney 
iofened  that  chondrin  contains  a  glucoside.  De  Baiy,  who  designates  the  sugar  thus 
obtained  as  chondroglucose,  finds  that  it  difi^  from  grape-sugar  in  possessing 
Iftvogyrate  power  (not  varying  with  the  temperature,  and,  according  to  one  experiment, 
B  —  45*5°  for  yeUow  light) ;  further,  in  being  uncrystallisable  or  very  difficult  to 
oystalliae ;  also  in  being  difficultly  fermentable,  and  splitting  up  thereby,  like  meli- 
toee,  into  a  fermentable  and  a  nonfermentable  (Isevogynte)  sugar. 

Otto  {ZaUmikr.f.  Chem,  [2]  iv.  628)  has  confirmed  the  observation  formerly  made 
by  Hoppe-Sejier  {J.pr,  Chem.  Ivi.  129)  that  chondrin  yields  considerable  quantities 
of  leucine  when  boiled  ^ith  sulphuric  acid,  but  does  not  yield  glycociue  by  boiling 
either  with  sulphuric  add  or  with  baryta-water. 

€lW»OMAIIM»  Beville  obtains  this  metal  in  the  f^sed  state  by  igniting  a 
mixture  of  chromic  oxide  and  sugar  charcoal  in  a  lime  crucible  intensely  heated  m  a 
portable  blastrfumace.  The  metal  thus  prepared  is  shining,  has  a  steel-grey  colour, 
a  specific  gravity  of  6«  and  is  hard  enough  to  scratch  glass.  J.  Loughlin  (Zeitschr.f. 
Chem.  [2]  v.  118)  prepares  metallic  chromium  by  exposing  a  mixture  of  chromic  oxide 
and  potassium  cyanide  to  a  white  heat  in  a  covered  porcelain  crucible.  A  solution  of 
chromic  <:hloride  or  other  chromic  salt  treated  with  sodium-amalgam,  yields  an  amalgam 
of  chrominin,  which  when  heated  in  as  tream  of  hydrogen,  leaves  metallic  chromium 
in  the  form  of  a  pulverulent  sponge  (Vincent,  Phil.  Mag.  [4]  xxiv.  328 ;  Roussin, 
BmU.  8oe.  Ckim.  [2]  vi.  23). 

Detection  and  Eatimation.  —  Chromic  salts  when  very  much  diluted  are 
somewhat  difficult  to  distinguish  from  salts  of  nickel.  In  either  case  ammonium 
tnlpliydrate  produces  no  piedpitate,  but  merelv  colours  the  liquid  more  or  less  dark 
brcrwn.  But  on  adding  a  few  drops  of  hydrochloric  acid  to  a  small  quantity  of  the 
ac^otioD  in  a  porcelain  capsule,  and  leaving  the  liquid  to  evaporate,  the  residue,  if  nickel 

8t^,  OO 
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IB  present,  turns  first  blue,  then  green,  and  finally  yellow ;  but  in  the  case  of  dnonunm, 
the  sides  of  the  capsule  exhibit  successiyely  a  blue,  a  Tiolet,  and  a  green  colour,  and 
finally  a  residue  is  left  of  a  fine  carmine-red  colour,  which  is  quickly  decomposed 
by  water,  but  is  insoluble  in  cold  alcohol  and  ether,  and  permanent ;  when  strongly 
heated,  it  gives  off  white  vapours  and  leaves  a  green  residue ;  with  lime  it  gives  off 
ammonia.  This  reaction  probably  depends  on  the  formation  of  a  roeeo-chromie  salt 
analogous  to  the  roseo-cobaltic  salts  (C.  Husson,  Zeitsckr.  /.  Ckmn.  [2]  iv.  569). 

Tincture  of  gitaiacum  is  an  extremely  delicate  test  for  chromic  acid.  Of  a  solution 
containing  only  0*00004  grm.  of  chromic  anhydride  in  a  cubic  centimetre,  ^  c.c  added 
to  a  few  drops  of  guaiacum  tincture  (1  pt.  of  the  resin  to  about  100  pts.  of  60  p.  c 
alcohol)  in  a  porcelain  capsule,  immediately  produces  a  deep  blue  colour.  This  reaction 
serves  to  demonstrate  the  solubility  of  lead  chromate  and  barium  chromate  in 
distilled  water  (Schiff,  Ann,  Ch,  Pharm.  cxx.  208  ;  Jahreab,  1861,  p.  268). 

Chromic  oxide  is  easily  and  quickly  oxidised  to  chromic  acid  by  a  mixture  of  nitric 
acid  and  potassium  chlorate.  Even  chrome  iron  ore  and  strongly  ignited  chromic 
oxide  are  oxidised  in  this  manner  more  quickly  than  by  the  ordinary  fusion  process. 
The  chromium  is  then  easily  estimated  in  the  form  of  barium  chzomate  (A.  H.  ^earflon« 
Zcit9chr,f.  Chem.  [2]  v.  661). 

For  other  methoiis  of  analysing  chrome-ores  see  Gknth,  Ckem,  JHewa^  yi.  80;  0*Neill, 
ibid.  V.  199. 

W.  Gibbs  (Sill.  Am,  J.  [2]  xttit.  68)  describes  a  method  of  separating  chromie 
oxide  from  the  oxides  of  iron,  manganese,  cobalt,  nidiel,  and  sine,  iJso  from  alumina 
and  magnesia,  founded  on  the  conversion  of  chromic  oxide  into  chromic  add  by  the 
action  of  chlorine,  bromine,  or  dioxide  of  lead  in  alkaline  solution.  When  chlorine  or 
bromine  is  used,  the  solution  is  ultimately  neutralised  with  acetic  acid ;  and  when 
sulphuric  acid  is  absent,  the  ihromic  add  is  precipitated  by  barium  acetate.  It  is 
better  however  to  pass  chlorine  into  the  hot  neutral  cnromic  solution  mixed  with  sodium 
acetate,  and  neutralise  the  liberated  add  from  time  to  time  with  sodium  carbonate. 
Alumina  and  ferric  oxide  are  then  separated  at  the  boiling  heat,  while  the  ochfir 
oxides  remain  dissolved,  together  with  the  chromic  add,  which  may  be  sepadnated  as 
lead  or  barium  salt. 

For  the  volumetric  estimation  of  chromium  in  chromates,  0.  Bube  {J,  pr.  Chem, 
xcv.  53)  makes  use  of  the  conversion  of  potassium  feno^anide  into  ferricyanide  bj 
the  action  of  chromic  add : 

6I^eK*Cy«  +  2CrO»  -  CrK)«  +  3K«0  +  8ft«K«Cy» 

The  aqueous  solution  of  the  chromate  (0*8  to  0*7  gnn.),  addulated  with  hydrochlorie 
acid  and  diluted  to  150  cc,  is  mixed  with  a  solution  of  the  fenocyanide  containing 
40  grms.  in  a  litre,  till  the  whole  of  the  chromic  acid  is  reduced  and  a  slight  excess  of 
ferrocyanide  is  present,  which  may  be  known  by  the  production  of  a  greenish  instead 
of  a  brown  colour  on  treating  a  drop  of  the  liquid  on  a  porcelain  plate  with  stiongly 
acid  ferric  chloride.  From  the  number  of  burette- divisions  of  the  solution  used,  so 
many  are  to  be  deducted  as  are  required  to  produce  the  reaction  on  ferric  chloride  in 
an  equal  quantity  of  liquid. 

In  estimating  chromic  acid  by  the  iodometric  method,  Zulkowsky  {Z^iiaehr.  f.  Chem, 
[2]  iv.  661),  instead  of  distilling  the  chromate  with  hydrochloric  add,  and  determining 
the  quantity  of  chlorine  evolved  by  means  of  iodine,  makes  use  of  the  reduction  of 
chromic  add  by  hydriodic  add  in  aqueous  solution,  according  to  the  equation : 

2CrO«  +  6HI  -  Cr»0«  +  8BP0  +  I< 

The  chromato  to  be  analysed  is  dissolved  in  water,  mixed  with  potassium  iodide, 
hydrochloric  acid,  and  starch-paste,  and  the  iodine  separated  by  the  reaction  is  titrated 
with  a  ^  normal  solution  of  sodium  hyposulphite. 

.  Atomic  or  Equivalent  Value. — Clm>mium  is  a  hexad  element,  being  sexvalent 
in  the  fluoride,  CrF"*  (formerlpr  regarded,  according  to  the  small  atomic  weight 
of  chromium,  26,  as  a  trifiuonde);  in  the  trioxide,  CrO*;  in  the  chromates,  e.ff* 

^^|o«,  S!^'(0';  inchromyl  dichloride,  CrO«a«,  &c    In  the  chromic  saHa  it  is 

quadrivalent,  Uiese  compounds,  however,  always  oontainiog  two  atoms  of  chromium, 
linked  together  so  as  to  form  a  sexvalent  group,  like  the  two  atoms  of  carbon  in 
ethane,  C*H* :  thus  chromic  chloride  s  Cr'Cl* ;  chromic  oxide,  CHO* ;  chromic  sulphate, 
Cr'(SO*)',  &C.    In  the  chromous  compounds  it  is  bivalent,  e^.  CrCl',  CiO,  &c. 

Wanklyn  {PhU.  Mag.  [4]  xxix.  318)  regards  chromium  as  quadrivalent  in  all  its 
eonipounds,  and  represents  these  compounds  by  formulae  of  wluch  the  following  may 
^  taken  as  examples : 
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dUoride.  chloriW.  add.  ohromiite. 

These  fominin  are  baaed  on  the  analogy  of  chromic  chloride  to  ferric  chloride,  on  its 
boiling  point,  and  on  the  boiling  point  and  vapour-density  of  chlorochromic  acid. 


Siewert  (Ann.  Ck.  Pkarm,  cxxri.  M;  Jakretb,  1863, 
p.  223)  has  made  observations  on  the  variations  of  onlonr  in  chromic  salts,  tending 
to  confirm  the  views  of  Kriiger  and  lowel  (i.  950),  that  these  changes  of  oolonr  are 
dne  to  the  formation  of  compounds  containing  different  proportions  of  base  and  acid. 
EL  Schiff  (^n.  Ch.  Pharm.  cxxiv.  165;  Jahresb,  1862,  p.  151)  has  made  the 
following  observations  on  basic  and  poly  acid  salts  of  chromium.  The  dark 
green  saturated  solution  of  chromic  hydrate  in  dilute  sulphuric  acid,  evaporated  at 

rCr»)^) 
60^-60^,  leaves  a  similarly  coloured  soluble  basic  salt  consisting  of  (SO*)*   O* .  2H*0 

or  (Gr>)**  j^^^.2HH).    The  solution  of  this  salt  in  a  small  quantity  of  water  is 

neutral,  and  may  be  boiled  without  decomposition  ;  but  on  adding  more  water,  a  still 
more  basic  salt  is  precipitated ;  and  if  this  precipitate  be  dissolved  in  a  very  small 
quantity  of  hydrochloric  add,  the  solution  much  diluted,  and  boiled  for  a  few  hours, 
decanted  after  cooling  from  a  few  flocks  which  may  have  separated,  and  incompletely 
precipitated  by  ammonia,  light  blue  flocks  are  obtained,  consisting  of  the  salt 

A  ckromie  kjfdroxyeUonde,  (Or*)**)^!  ^ '  i<  obtained  by  digesting  the  solution 

of  chromic  chloride  for  several  days  with  excess  of  chromic  hydrate,  evaporating  the 
resulting  solution,  and  drying  at  100^  (Schiff,^fi».  Ch.  Pharm.  cxxiv.  171).  This  com- 
pound was  also  obtained  in  the  hydrated  state,  Cr*(HO VCIV H*0  Tor  CrH)'Cl*.3H*0], 
by  Peligot  (i.  964).  With  a  smaller  quantity  of  cnromic  hydrate  the  compound 
Gt>(HO)>a«  is  produced. 

(QQ4 

PofyaeidSalU. — The  sulphate  ^J/hoV  ^^i^^^^^^  ^°  nitric  acid,  forming  a  dariE 
green  liquid,  which  when  evaporated  at  80^-90^  and  dried  at  100^,  consists  of  chromic 

anipkaioteiranUrate,    (C»*)'*|[^X  or   (SO*)'lo«.      It    dissolves    completely    in 

water,  the  solution  being  yellow-green  in  the  cold,  green  at  the  boiling  heat,  and 
having  an  acid  reaction.  With  barium  chloride  it  forms  only  a  slight  cloud  at 
ordinary  temperatures,  but  a  more  copious  precipitate  at  the  boiling  heat.     Chramie 

dinUphaionUraie,    ^^j/KoA'*  ^*  obtained  by  saturating  the  diacid  sulphate  with 

nitric  acid.  It  is  a  green,  tumefied,  hygxT>scopic,  saline  mass,  the  solution  of  which  has 
an  acid  reaction  and  astringent  taste,  and  in  other  respects  resembles  that  of  the 
preceding  salts. 

Chromic  diaeetotHraehioHde,  Cr«|^^^'^^'  .^HH),  is  obtoined  by  dissolving  the 

basic  chloride  Gr>(HO)'Cl«  in  strong  acetic  add ;  tha  diao§todtmtlphaie,  Cr>  j  [go?^<^'^^ 

by  dissolving  the  corresponding  basic  sulphate  in  acetic  acid. 

By  dissolving  the  disulphate  in  cold  hydrochloric  acid,  and  evaporating  at  about 
50°,  a  green  amorphous  mass  is  obtained,  consisting  of  ehromie  di!uIphat»dichlorid€, 

Cr»|^^^.2H*0.      By  dissolving  the  dihydroxytetrachloride,  Cr«(HO)*a«,  in  nitric 

add,  the  dmUratoMraehloridet  Chr*|L«  >  10  obtained,  as  a  hygroscopic  mass 
consisting  o    shining  lamina.    The  tetrahydroxydichloride,  Cr'(HO)Kn*   dissolved 


f(NO«)« 
ide,  Cr»J  rHO)»,  as 


in  a  small  quantity  of  nitric  acid,  yields  the  dtnUratodicMoride^ 

light  green,  poxoos,  hygroscopic  mass,  which  crumbles  to  powder  when  stirred  (Schiil). 
The  duomic  acetates  obtained  by  Schiflf  are  described  under  Acktatm  (p.  9). 

OQ  2 


0«.6HK>,  bymiziiig 


0'.H*0.    It  diflsolyes  easily  in  hot  glnciiil  acetic  add,  and  the  solution 
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(Cr*)'* 
Sehntcenbeiser  baa  obtained  a  chromic  acetonitrate,  (CHH))* 

(NO'W 

chromic  nitrate  and  acetate  in  the  required  proportsona  and  eraponting  under  the 
air-pump.  A  similar  salt,  crystallising  in  green  lamins  or  granules,  is  obtained  on 
mixing  4  to  6  mol.  of  normal  chromic  acetate  with  1  mol.  of  normal  chromic  nitrate, 
and  evaporating  at  the  boiling  heat.    When  dried  at  110^  it  has  the  composition 

(Cr»)'«\ 
(C«H«0)* 

H 

on  cooling  yields  beautiful  green  lamin»,  which  after  drying  in  a  Tacuum  or  at  100^ 

have  the  composition  (C*JB[>0)*lo*.4H*0.    Heated  to  200^  these  crystals  gire  off 

N0«) 
water  and  acetic  acid ;  at  a  higher  temperature  nitroos  vapours  are  evolred,  and 
the  pulverulent  mass  assumes  a  yeUow-brown  colour.  In  this  state  it  forms  with 
water  a  dirty-brown  solution,  in  which  chromic  acid  may  be  detected.  But  at  about 
350°  a  somewhat  violent  reaction  takes  place,  attended  with  evolution  of  gas,  and 
there  remains  a  light  green,  very  finely  divided,  light  powder,  pyrophoric  when 
heated.    When  veiy  carefully  prepared  by  heating  the  above-mentioned  acetonitrata 

(Ci*)'* ) 
with  the  vapour  of  boiling  mercury,  it  has  the  composition  (CHH))*  -O*.    Tlya 

NOM 
powder  immediately  takes  up  water,  with  rise  of  temperature,  and  is  converted  into  a 
homogeneous  deep  green  paste,  which  might  perhaps  be  used  as  a  pigment.  The 
greater  the  quantity  of  water  added,  the  more  does  this  paste  swell  up,  and  finally  it 
is  converted  into  a  green  colloidal  solution,  which  when  mixed  with  an  alkali  deposits 
the  whole  of  the  salt.  At  about  400°  the  anhydrous  powder  gives  off  more  acetic  acid, 
without  losing  the  power  of  uniting  with  water.  At  the  temperature  of  boiling 
sulphur,  complete  decomposition  takes  place,  anhydrous  chromic  oxide  being  left, 
mixed  with  charcoal. 

dmrnoniaeal  Chromic  Salts, — Fr&mv,  by  the  action  of  ammonia  and 
ammoniacal  salts  on  metachromic  hydrate,  obtained  salts  of  a  base  Ci*0*.8NH', 
which  he  called  roseochromammonia  (i«  961).  Ammonio-chromic  compounds  of 
different  composition  have  been  obtained  by  Gleve  (J.  pr.  Chem,  Ixxxri.  47 ;  Jakreab. 
1862,  p.  149).  When  the  grey-green  hydrate,  precipitated  by  a  slight  excess  of 
ammoaia  from  a  cold  saturated  solution  of  chrome-alum,  is  digested  in  a  closed 
vessel  with  a  saturated  solution  of  ammonium  chloride  in  ammonia,  till  it  dissolves 
with  deep  rose-red  colour,  and  the  resulting  solution  is  exposed  to  the  air,  a  reddish- 
violet  amorphous  powder  is  precipitated,  which  dissolves  with  dark  red  colour  in 
dilute  hydrochloric  acid.  This  solution  graduallv  deposits  a  bright  red  crystalline 
powder,  which  dissolves  in  hydrochloric  acid,  and  separates  by  slow  evaporation  in 
well-defined  rhombic  prisms,  consisting  of  the  salt  GrKlSl* .  8NH' .  2H'0,  designated 
by  Cleve  as  tetrtsmine-chrwnic  chhride.  The  ciystab  have  a  deep  rod  colour  and 
vitreous  lustre,  give  off  only  hygroscopic  water  at  100°,  but  decompose  at  200°  with 
evolution  of  anmionia.  They  dissolve  in  water,  forming  a  neutral  solution  which 
gives  off  ammonia  when  boiled,  and  is  easily  decompraed  by  alkalis.  This  salt 
forms  double  salts  with  platinic  chloride  and  mercuric  cyanide.  The  pfaimum  Bait 
Cr'Cl*.8NH".2H>O.Pta*  is  a  brown-red  crystaUine  powder  soluble  in  hot  water. 
The  chloride  treated  with  sulphuric  acid  yields  a  ndphaUhckloride  of  complex 
constitution.  A  nitrate  is  obtained  by  decomposing  the  chloride  with  an  equivalent 
quantity  of  silver  nitrate,  in  large,  apparently  hexagonal  tables,  which  dissolve 
readily  in  water,  are  reconverted  into  the  original  chloride  by  hydrochloric  acid,  and 
are  decomposed  by  heat  into  ammonia,  ammonium  nitrate,  and  chromic  oxide. 

Cbromiiiiii  Trlozlde  or  Cbromlo  Aaliytfilde*  CrO',  may  be  prepared  by 
heating  barium  chromate  with  a  large  excess  of  nitric  acid  slightly  diluted  with 
water ;  decanting  the  boiling  solution  from  the  barium  nitrate  which  separates,  and 
fmm  the  further  quantity  which  is  deposited  on  cooling ;  distilling  off  the  nitric  acid 
till  crystals  of  chromic  anliydride  separate  out  on  the  sides  of  the  retort;  then 
decanting  the  non-crvstallised  liquid,  and  evaporating  it  to  dryness  over  the  water- 
bath.  By  finally  dr3ring  it  over  the  open  fire,  with  constant  stirring,  the  anhydride  is 
obtained  in  the  form  of  a  powder  resembling  ignited  ferric  oxide,  almost  black  while 
hot,  but  becoming  red  again  on  cooling  (Siewert,  Jahresb.  1862,  p.  146). 

According  to  Schafank  {Wien.  Akad,  Ber,  xlrii.  [2]  266),  chromic  anhydride  melts 
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st  a  temperatiixe  a  little  below  the  boiling  point  of  stioog  Bolphniie  acid,  a  small 
qo&ntity  subliming  at  the  same  time.  It  deliquesces  slowly  on  exposure  to  the  air; 
diiiflolTes  without  alteration  in  ether,  and  separates  from  the  reddisn-yellow  solution 
in  microacopic  crystals.  Phosphorus  reduces  it  to  chromic  chromate  (Oppenheim, 
JakrtA.  1864,  p.  140). 


Aooordinff  to  H.  Schwarts  {IHngl,f6t,  J,  cbcsxri.  31),  chromates  are 

bot  imperfsctly  decomposed  by  sulphuric  acid,  adaed  in  the  proportion  to  form  a 
neotnl  or  acid  sulphate.  When  2  mol.  sulphuric  acid  are  added  to  a  hot  solution  of 
1  mol  potassium  dichromate,  the  liquid  on  cooUng  deposits  crystals  of  unaltered 
dichramate,  and  afterwards  of  a  mijcture  of  that  salt  witn  the  tetrachiomate  (comp. 
Boiler,  Amn^  Ch.  Pharm.  lyi.  113).  The  chromates  of  lead  and  barium  are  only  one- 
foaith  decomposed  by  equiyalent  quantities  of  sulphuric  acid ;  the  lead-salt  requires 
for  decomposition  6  mol.  sulphuric  acid. 

Ammonium  j9a/<s.— -Siewert  (Jah^rtth.  1862,  p.  148)  confirms  the  formula  of  the 
diduomate*  (NH«)H).2CrO*  or  (NH«)*CrO« . CrO*,  giren  ^y  Richmond  a.  Abel  (i.  932). 
Bespecting  the  crystalline  form  of  this  salt,  see  Hammelsberg  (Pogff.  Ann.  czriii.  158 ; 
Jakrttb.  1863,  p.  226).  The  trieknmaU,  (NH«)*0 .  3CrO*,  obtained  by  the  action  of 
fitroqg  nitric  acid  on  the  dichromate,  forms  shining  deliquescent  crystals  of  deep 
garnet-red  colour,  and  generally  isomorphous  with  potassium  trichromats.  It  is 
Teeolred  by  water  into  chromic  acid  and  the  dichromate ;  becomes  black-red  at  100^- 
120®,  and  detonates  sharply  at  a  stronger  heat,  leaying  a  greyish-bladL  reflidne  baring 
the  foim  of  toa-leaTes  (Siewert). 

?ota99ium  8alts,—Th.B  solubility  of  the  dieknmate,  KH>.2CrO*,  in  water  at 
Tsrioos  tempexatnrea,  has  been  detemined  by  AUnaid  {Ann,  Ck.  Phitrm,  cxxxiii. 
292): 
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A  satuated  aofaition  boils  at  103*4^.    Bespecting  the  action  of  ammonium  sulpho- 
cyanate  on  potassium  dichromate,  see  t.  607. 

The  triekromai€,  E«0.3CrO*  or  K*CrO«.2CrO*,  is  obtained  pore  and  finely  crjrstal- 
lised  by  learing  a  solution  of  the  dichromate  in  excess  of  aqueous  diromie  add  to 
eraporate  orer  oil  of  yitriol  (▼.  Hauer,  Jakresb.  1860,  p.  161).  The  tetraekromaie^ 
KH).4CrO*  €»  KHM)*.3CrO",  is  obtained  in  shining  red,  thin  prismatic  laminse,  by 
leering  a  solution  of  the  trichromate  in  excess  of  nitric  acid  oTer  a  heated  sand-bath, 
and  reoystallising  the  crusts  which  separate  on  cooling,  from  strong  nitric  acid 
(^wert,  Md.  1862,  p.  147). 

PoUuintm  CkromaUhfiuonde^  KF.CrO*  or  '^^^|p  analogous  in  composition  to 

pitassium  eliromato-chlorida  (i.  938)  and  chromium  diromato-chloride  (p.  456), 
IS  obtained  lofj  heating  ]^yerised  potassium  dichromate  with  excess  of  concen- 
trated hydrofluorie  acid  in  a  platinum  dish.  It  crystallises  on  cooling  in  ruby- 
ooionred  tzasaluoeat  quadratic  octohedions,  with  terminal  edges  of  106^  and  lateral 
edges  of  115^  ;  becomes  dull  and  reddish-Tellow  on  exposure  to  the  air;  cannot  be 
kept  in  glasa  Tessels ;  melts  easily,  when  heated,  to  a  dark  brown  li<^uid;  and  decom- 
pueee  at  a  red  heat  in  glass  Tessels,  girin^  off  oxygen  and  silicium  fluoride.  It 
dissnlTes  easily  in  water,  especially  at  the  boiling  heat,  and  the  solution  yields  crystals 
of  potassium,  dichromate,  nydrofluorie  add  remaining  dissolved  (Streng,  Ann,  Ch, 
Piarm.  exziz.  226) : 

(CrOV) 
PbUunmm  StOpkaUhchnmate,  K^SO^.CrO'  or   (SO'^fO*,  analogous  to  Bolley's 

diroBiD-aiilpburic  add  (i.  963),  is  obtained  by  Aising  potassium  chromato-chloride, 
KCl.CrC,  ftt  as  low  a  temperature  as  possible,  with  neutral  or  acid  potassium 

solvate: 

K*SO«    +  Ka.CrO*  -  KCl  +  K«SO*.CrO« 


and 


KESO*  +  Ka.CrO*  -  HQ  +  K«SO*.CrO«. 
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It  10  Also  found  in  the  mAM  obtained  by  heating  equiTaleat  qnaotities  of  aidd  Mlphate 
and  dichromate  of  potaseium,  and  is  prodnced  in  the  action  of  strong  nlphmic  acid 
on  a  concentrated  solution  of  potassium  dichromate  in  excess.  It  has  the  same  colour 
as  the  dichromate,  and  is  decomposed  bj  water  into  free  snlphiiric  add,  neutaral 
sulphate,  and  dichromate  of  potassium,  so  that  it  cannot  be  ponned  bj  iTrt'ijntBllisa- 
tion  (SchifT,  Jahresb.  1863,  p.  226). 

Sodium  Dichromate^  Na'0.2CiO'.2aq.,  crystallises  in  raby-nd  or  hjadnth-nd 
prisms  of  aQ^*  42'  and  SO^'  18'  (Siewert,  Jahresb,  1862,  p.  147). 

Lithium  CAromaif,Li*CrO*.2HH>,forms  red-brown  rhombic  crystals,  exhibiting 
the  combination  ooP.  odI^.  od^S.J^oo.Pqo.  ooPoo.  odPoo,  the  last  three  &ces  and 
oDpa  being  veiy  subordinate.  Axes  a-,  hie  —  0*6619  :  1  :  0*4663.  Essily  soluble 
in  water.  The  dichromate^  LiKhrO* .  CrC.  2HH),  obtained  by  adding  chromic  or  nitric 
acid  to  the  solution  of  the  neutral  salt,  and  evaporating  to  a  symp,  seporates  in  deli- 
quescent brown -black  crystals,  having  some  of  their  faces  carved.  Idtkithomtmemie 
ehromaUf  LifNH*)CrO*.2H^,  crystallises  from  a  solution  of  lithium  dichromata 
saturated  witii  ammonia,  in  slender  red-brown  deliquescent  needles  (Bammelsboigy 
Pogg,  Ann.  cxxviii.  311 ;  Jakretb.  1666,  p.  160). 

Thallium  Chromate§  (v.  764). 

Cadmium  CAroma/^  (basic),  precipitated  on  mixing  the  boiling  solutions  of 
cadmium  sulphate  and  neutral  potassium  chromate  (which,  according  to  Halagnti  a. 
Sarzeau  [i.  933],  has  the  composition  Cd*CrK)"  +  8HK)),  is,  according  to  Fre«« 
(ZeUtchr,  f.  Chem.  [2]  vi.  81),  a  dicadmic  salt,  Cd«CrO»  +  H«0  or  2CdO.CrO"  +  H«0, 
part  of  the  chromium  being,  however,  replaced  by  sulphur,  onlcas  the  potassium 
chromate  is  added  in  great  excess.  The  same  is  the  case  with  the  basie  chmmates  of 
copper  and  zinc 

Oaleium  Chromate^  CaCrO^ .  2HH),  prepared  by  digesting  aqueous  chromic  acid 
with  excess  of  marble,  crystallises  by  evaporation  over  sulphuric  add  in  yellow, 
apparently  quadratic  prisms;  with  quadratoctohedral  summits.  'They  assume  a 
cinnabar-red  colour  when  heated,  but  become  yellow  again  on  cooling ;  give  off  their 
water  of  crystallisation  when  Mrongly  ignited;  require  for'solu6on  241 '8  pts.  water  at 
14°  ;  but  dissolve  easily  in  aqueous  chromic  acid. 

«  <  •  ■ 

Cobalt  Chromate^  obtained  by  precipitating  a  boiling  solution,  of  the  sulphate 
with  neutral  potassium  chromate — to  which  Malaguti  a.  Sarzeau  assigned  the  formula 
Co"CrO*  +  4H>0  or  3CoO.CrO'  +  4H'0— is,  aoooxding  to  Frees  (Zeittehr,  /.  CAsn. 
[2]  vi.  81),  a  dicobaltous  salt,  C6*CrO»  +  2HK)  or  2Ck)0. CrO»  +  2HH). 

Copper  Chromatee.^A  triouprie  salt,  8CuO . CrO'  or  2CuO. CnCrO\  is  obtained 
(mixed  with  biuium  sulphate)  by  prolonged  digestion  of  barium  chromate  with  cupric 
sulphate  at  80^'85^ ;  fbom  its  solution  in  ammonia  it  is  thrown  down  by  nitric  acid 
as  a  brown  predpitate  (Viefhaus,  J,  pr,  Chem.  Ixxviii.  481).  The  same  salt  is  obtained 
bv  precipitation  of  boiling  cupric  sulphate  with  neutral  potassium  chromiito ;  also  by 
digesting  cupric  carbonate  with  aqueous  chromic  add,  or  cupric  hydrate  with  potassium 
dichromate,  and  subsequent  boiling  with  water :  it  contains  2  mol.  water,  which  it 
gives  up  at  about  260^,  and  recovers  on  exposure  to  moist  air.  This  is  the  only 
definite  basic  chromate  of  copper ;  the  green  CMisic  salts  described  by  some  authors  are 
merely  mixtures  containing  cupric  hydrate  or  basic  sulphate.  BotaeeiO'euprie  ehromate 
is  formed,  not  only  by  digesting  cupric  hydrate  with  potassium  dichromate  (i.  983), 
but  also  by  the  mutual  action  of  cold  solutions  of  cupric  sulphate  and  potassium 
dichromate.  It  is  decomposed  by  boiling  water,  yielding  potassium  dichrcnnate  and 
tricupric  chromate  (Frees,  loo,  eit,). 

Mercury  Chromatee, — The  only  baeie  mercuric  chromate  which  appears  to  exist 
ii  the  trimereuHo  ealt  (Frees). 

Mercuric  Chromatoeulphide,  HgS.2HgCrO*,  is  obtained  by  digesting  precipitated 
mercuric  sulphide  for  three  or  four  hours  with  excess  of  a  solution  of  recently  predpi- 
tated  mercuric  chromate  in  chromic  acid.  It  must  be  washed  for  a  short  time  only, 
and  dried  at  a  temperature  not  above  30^.  It  is  not  attacked  by  the  weaker  acids, 
but  sulphuric,  nitnc,  and  hydrochloric  acid  separate  the  chromic  acid  and  form  white 
compounds.  Alkaline  solutions  change  the  ochre-coloured  salt  to  orange,  and  ulti- 
mately  to  black ;  ammonia  quickly  converts  it  into  a  black  powder.  The  compound 
detonates  with  great  violence  when  rubbed,  struck,  or  heated  (Palm,  Jahretb.  1862, 
p.  222). 

Magneeium  Salte.'^A  solution  containing  equivalent  quantities  of  magnesium 
sulphate  and  potassiu|a  chromate  deposits  yellow  crystals,  having  the  form  of  the 
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drable  mlphateB  of  tb«  mugnesiiiiii  group  with  6H*0,  and  oontaimng  Tariahle  quanti- 
ties of  chromic  and  sulphuric  acida,  always  however  rather  less  than  1  mol.  chromic 
and  rather  more  than  1  moL  sulphuric  add.  A  solution  containing  more  than  1  mol. 
chromic  acid  and  a  proportionally  smaller  quantity  of  sulphuric  acid  yields,  by 
ciyBtalhsatiQn,  the  double  salt  MgK<(CrO«)*.2H*0  (v.  Hauer,  Jahresb.  1860,  p.  161). 

ManganouB  Ckr ornate  (banc),  MnHM)*  -h  2HH),  gires  off  half  its  water  at 
sboat  180O.  the  rest  abore  300^  (Frees). 

Kieiel  Ckromatejh^ac)^  obtained  like  the  cobalt  salt,  consists,  according  to 
Frees,  of  Ni'CiO*  +  8H*0  or  3NiO.CrO»  +  8HK). 

Zinc  Chromates,  AHbasiomc  chromate,  2ZnO.CrO'  +  23^0,  is  formed  by 
adding  2  moL  neutral  potassium  chromate  to  8  mol.  zinc  sulphate,  as  a  Tery  light 
polTenilent  orange-colouied  precipitate,  slightly*  soluble  in  water.  The  same  mlt 
with  1^  mol.  water  is  obtained  by  adding  chromic  acid  to  water  in  which  basic  sine 
carbonate  is  suspended.  A  quadribawt  »aU,  4ZnO.GrO*  +  8HH)  or  ZnCrO^  + 
SZoHK)*,  is  obtained  as  a  fine  light-yellow  powder,  by  adding  sine  sulphate  to  an 
•xeeas  of  neutral  potassium  chromate,  and  freeing  the  precipitate  from  potash  by 
washing  and  repeated  boiling  with  a  large  quantity  of  water.  A  basic  sinoo'potasng 
ekromaU^  fiZnO.K'O.CrC  -i-  6H'0,  is  formed  as  an  orange-yellow  pnlTemlent  pre- 
eipitata  on  gradually  pouring  a  solution  of  zinc  sulphate  into  a  large  excess  of  neutral 
potassium  chromate  (Philippona  a.  Prnssen,  Jnn,  Ch,  Fharm,  cxliz.  92).  According 
to  Frees,  the  precipitate  formed  on  mixing  cold  solutions  of  sine  sulphate  and  neutral 
potassium  chromate  consists  of  Zn«£<GrH)i«  ^  2iS?0  or  4ZnO.£>0.3CrO'  +  3HK), 
and  is  rcsolyed  by  prolonged  action  of  boiling  water  into  potassium  dichromate  and 
the  qnadribasie  salt  4ZnO.  CrO*  +  8HK). 

An  ammanio-zine  ehronuUe,  ZnCrH)*.4NH'  +  3H'0,  crystallising  in  square  tables 
with  octohedral  summits,  is  formed  by  dissolying  the  bibasic  zinc  salt  above  men- 
tioned in  warm  aqueous  ammonia,  precipitating  with  absolute  alcohol,  redissolving  in 
anmionia,  adding  sal-ammoniac  ana  alcohol,  again  dissolving  the  precipitate  in  warm 
aqueous  ammonia,  and  leaving  the  solution  to  cool  (Bieler,  Amn,  Ch,  Pharm.  di.  223). 

Chromic  Chromate  <a  Chromium  Dioxide,  CrO««Cr«0".(M)««  /cSlIfo*. 

This  eompoand  separates,  according  to  A.  Vogel  (J,  pr,  Chem.  Izxvii.  482 ;  Jakredt, 
1869,  p.  171),  from  a  solution  of  potassium  dichromate,  mixed  with  ammonia,  or  with 
alcohol,  and  exposed  to  sunshine.    According  to  H.  Schiff  {Ann.  Ch.  Pharm.  czx.  207 ; 
Jakrtth.  1861,  p.  260^,  it  is  formed  by  the  action  of  a  solution  of  chloride  of  lime  on 
chromic  hydrate  or  violet  chromic  chloride.    It  may  be  quickly  and  easily  prepared 
by  stirring  up  an  intimate  mixture  of  equal  parts  of  potassium  dichromate  and  crystal- 
lised oxalic  add  with .  strong  nitric  acid  to  a  thick  paste,  heating  this  paste  in  a 
porcelain  crucible  to  a  temperature  below  the  melting  point  of  the  resulting  potassium 
nitrate  as  long  as  red  vapours  are  given  off,  then  pulverising  the  porous  easily 
separating  mass,  and  digesting  it  with  cold  water.    The  aqueous  solution  thereby 
obtained  yields,  on  addition  of  ammonia,  a  further  quantity  of  the  brown  oxide.    This 
oxide  is  resolved  by  prolonged  washing  with  water,  into  chromic  add  and  chromic 
oxide,  whence  it  appears  to  consist  of  chromic  chromate  rather  than  of  the  dioxide. 
The  same  view  is  supported  by  the  fact  that  it  does  not  turn  g^iacum  tincture  blue, 
a  property  exhibitea  by  all  true  peroxides.    The  same  view  of  its  composition  is  taken 
by  Elliot  a.  Stortir  (Bkp.  Ckim,  aipp.  iii.  890 ;  Jahre^.  1861,  p.  251),  who  also  find 
that  it  gives  up  cfannnic  add  to  water  and  to  solution  of  sal-ammoniac.   They  obtained 
a  brown  oxide  having  the  constant  composition  CrH)'.CrO'  by  VogeFs  method  above 
deseribed,  and  by  t£it  of  Kruger  {€hndin*e  Handbook,  iv.  114),  which  consists  in 
Qzidjsing  chromic  oxide  at  200^-210^  in  contact  with  the  air.    On  the  other  hand, 
the  brown  oxides  obtained  by  predpitating  chrome-alum  with  neutral  potassium- 
chromate  (6  eq.  of  the  latter  are  required  to  produce  a  permanent  predpitate),  by 
treating  chromic  oxide  with  chlorine-water,  and  by  heating  chromium  trioxide  to. 200^,. 
as  recommended  byTraube  (Jahretb.  1847-48,  p.  415),  proved  to  be  mixtures  of 
▼ariable  composition.    Elliot  a.  Storer  have  endeavoured  to  replace  the  base  in  the 
compound   Cr'O'.CrO'  by  an  analogous   sesquioxide.     By  adding  5  mol.  neutral 
potassium  chromate  to  a  solution  of  1  mol.  common  alum,  a  precipitate  is  formed 
consisting  of  alvminium  chromate,  Al'O'.CrO';  the  ferric  compound  formed  in  like 
manner  contains  FeH)*.CrO',  and  an  analogous  compound  containing  both  manganic 
and  chitmiie  oxides  has  been  pbtained  by  Fairrie  (i.  936).     Chromic  chromate  is  also 
formed  by  passing  the  vapour  of  chromyl  dichloride,  mixed  with  hydrogen  gas,  through 
a  red-hot  glass  tube  (Scbafarik,  Jahretb,  1863,  p.  225) ;  and  finally  by  boiling  the 
solution  of   an  add  chromate  or  of  potasdo-ammonium  chromate  with  sodium 
hyposulphite  (E.  Kopp,  ibid.  1864,  p.  233). 
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diromiimi  Qaiyelileridea.  1.  Chromyl  diehloridef{CiO*yCl*  or 

0 

commonly  called  Chhrochromie  acid. — ^According  to  Thorpe  (Ckmn,  8oe.  J.  [2]  tL  514), 
this  compound  boils  at  116*8^  under  a  pressure  of  783  mm.,  a  determination  which 
agrees  with  that  of  Walter  (i.  954),  viz.  118°  under  a  pressure  of  760  mm.  Its  sp.  gr. 
at  25°  is  1*920  (Walter  found  1*71  at  21°).  Its  specific  Tolume  calculated  therefrom 
agrees  with  that  of  the  analogously  constituted  sulphuryl  chloride : 


Hoi.  weigbt 

Bp.gr. 

Bp^rolxum 

8o«a«  . 

135-0 

1-66 

81-8 

CrO«a«  . 

155-5 

1*92 

81-2 

The  vapour  of  chromyl  dichloride  imparts  to  the  non-luminoos  flame  of  a  Bunsea't 
burner  a  peculiar  pale  yiolet  colour,  and  the  spectrum  exhibits  three  violet,  eight  green, 
one  yellow,  three  orange,  and  two  z«d  lines,  the  brightest  of  which  are  the  violet,  and 
one  of  those  situated  in  the  green.  When  the  fiame  is  fed  with  a  mixture  of  the  vapour 
and  oxygen  gas,  a  spectrum  of  almost  insupportable  brightness  is  produced,  the  violet 
lines  appearing  peculiarly  distinct.  Neither  chlorine  gas  nor  chromic  chloride  nor 
chromous  chloride  introduced  into  the  flame  produces  any  similar  spectrum.  The  deep 
red  vapours  of  chromyl  dichloride  interposed  before  the  slit  of  the  spectral  apparatus 
absorb  all  the  light,  excepting  a  narrow  band  of  the  red  (Gottschalk  a.  Drechsel,  Bull, 
Soc.  Ckim,  [2]  vi.  20). 

2.  Chromium  Ckromato-ehloride.  Cr»ClK)«  (Thorpe,  Chem.  Soc.  J.  [21  viii. 
81). — Chromyl  dichloride  heated  to  180^-190°  in  a  sealed  tube  for  three  or  four  hours 
is  almost  wholly  resolved  into  this  compound  and  free  chlorine : 

8CrO*Cl«  »  Cr»Cl»0«  +  2Ci\ 

On  opening  the  tube,  the  free  chlorine  escapes,  and  chromium  chromato-chlorida 
remains,  mixed  with  unaltered  chromyl  dichlonde,  the  greater  part  of  which  may  be 
expelled  by  a  ^ntle  heat,  and  the  rest  by  heating  the  substance  to  120°  in  a  currant 
of  carbon  oioxide. 

CSuomium  chromato-chloride  is  a  black  uncrystalline  powder,  which  deliquesces 
rapidly  in  the  air  to  a  dark  reddish-brown  syrupy  liquid  smelling  of  free  chlorine.  It 
dissolves  quicUy  in  water,  forming  a  dark  brown  solution  which  likewise  evolves 
chlorine  on  standing.  In  strong  hydrochloric  acid  it  also  dissolves  with  dark  brown 
colour,  and  the  solution  when  boiled  gives  off  chlorine,  becomes  greenish-yellow,  and 
ultimately  exhibits  the  dark  green  colour  peculiar  to  a  solution  of  chromic  oxide  in 
hydrochloric  acid.  When  the  black  compound  is  thrown  into  dilate  ammonia,  chitnnie 
acid  is  dissolved,  together  with  all  the  dUorine,  and  a  precipitate  is  formed  consisting 
of  chromium  dioxide  or  chromic  chromate,  Cr'O^.C^O*.  When  gently  heated  in 
hydrogen,  it  takes  fire,  the  combustion  proceeding  rapidlv  through  the  mass,  and 
is  ultimately  converted  into  chromic  oxide,  hydrochloric  add,  and  water ; 

2Cr»a«0«  +  lOH  «  SCrK)*  +  4Ha  +  8HK). 

Chromium  chromato-chloride  is  analogous  in  composition  to  the  compounds 
Xa.CrO'  and  MgCl*.2CrO*,  obtained  bv  Peligot  {Atm.  Ch.  Phw.  [21  lii.  267),  and 
might  be  represented  in  like  manner  by  the  formula  Cr''Cl'.2CrO'.  But  its  reaction 
with  hydrogen  shows  that  the  chlorine  is  not  present  in  the  form  of  chromous  chloride, 
for  that  compound  may  be  heated  to  fusion  in  hydrogen  without  forming  hydrochlorie 
acid. 

The  black  chromium-compound  and  the  corresponding  magnesium-compound  may 
perhaps  be  better  represented  by  the  following  fozmulsB: 

CTOr\o  (CrO«)-j^ 

Mg  CtT 

(CrOT|gi  (CrOTji 

The  kydroxj^hloridn  Cr(HO)*a«  and  Cr(HO)«Cl*  obtained  by  Schiff  have  been 
Already  mentioned  (p.  451). 
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The  aulpliide  obtained  by  fosing  potassiiim  chromate  with 
Utbf  of  sulphur  forms  greenish-black  friable  crystals,  of  sp.  gr.  2*79,  is  easily  oxidised 
by  nitric  acid,  and  when  ignited  in  the  air  boms  with  a  glimmering  light  to  chromic 
oxide  baring  an  alkaline  reaction ;  but  the  sulphide  produced  by  igniting  chromic 
chloride  in  hydrogen  sulphide  forms  grey-black,  metallic,  shining,  flexible  lajninn,  of 
sp.  gr.  3*77 ;  is  not  attacked  by  filming  nitric  acid ;  and  when  ignited  is  conyerted, 
withoat  alteraUon  of  form,  into  the  green  sesquioxide.  The  first-mentioned  product  is 
probably  an  alkaline  double  sulphide  (Schafarik,  Jahresb.  1868,  p.  226). 

cmTflJLBOno  ACnS.  CH*K'0* .*— The  following  method  of  preparing  this 
acid  is  giren  by  Stenhouse  a.  Muller  (Chan.  8oc.  J.  [2]  iv.  319):  2  pts.  of  Socotrine 
aloes  are  added  to  6  pts.  of  nitric  acid  of  sp.  gr.  1*36,  heated  nearly  to  boiling  in  a 
retort  provided  with  a  oondenidng  arrangement,  and  the  mixture  is  heated  for  about 
ten  hoars — the  first  portions  of  acid  which  pass  oyer  being  poured  back — till  it  is  re- 
dnced  to  about  half  its  original  yolnme ;  8  pts.  more  of  nitric  acid  are  then  added ;  the 
digestion  is  continued  for  6  or  7  hours  longer ;  the  greater  portion  of  the  nitric  acid 
then  distilled  off;  the  residue  mixed  with  4  pts.  water ;  and  the  mixture  of  picric  and 
aloetie  acids  which  remains  undissolred  is  digested  for  six  or  eight  hours  with  an  equal 
vei^t  of  pitric  acid  of  sp.  gr.  1*46,  and  then  washed  by  decantation  with  boiling 
vatcr,  till  the  wash-water,  which  is  at  first  orange-yellow,  exhibits  a  purple-red  colour. 
The  mixture  of  chrysammic  and  aloetie  add  thus  fr«ed  from  picric  acid  is  dried,  again 
digested  for  about  ten  hours,  with  an  equal  weight  of  strong  nitric  acid ;  and  the  pro- 
duct, after  washing  with  hot  water,  is  repeatedly  boiled  with  four  times  its  weight  of 
water  till  the  filtrate  is  no  longer  purple-red,  but  light-red.  After  renewed  boiling 
with  water  and  a  slight  excess  of  chalk,  the  liquid  becomes  dark  red  or  purple-red, 
and  on  cooling  deposits  calcium  chrysammate,  partly  in  needles,  partly  as  a  flocculent 
mass,  which  must  be  recrystallised  from  weak  spirit.  If  much  aloetie  acid  is  still 
present,  in  consequence  of  imperfect  transformation  of  the  aloes,  the  calcium 
chiysammate  crystallises  only  after  repeated  boiling  with  water,  and  cooling,  whereby 
the  more  soluble  aloetate  is  remored.  The  red  wash-waters  obtained  in  this  process 
irield,  when  acidulated  with  nitric  acid,  a  large  quantity  of  impure  aloetie  acid,  which 
by  fiother  teaatment  with  strong  nitric  acid  may  be  couTerted  into  chrysammic  add. 
Aloes  thus  treated  yields  from  8  to  4  p.  c.  calcium  chrysammate :  it  is  more  economical 
howervr  to  make  use  of  the  otherwise  worthless  resinous  portion  of  the  aloes,  which  is 
insoluble  in  cold  water,  though  the  quantity  of  chrysammic  acid  obtained  therefrom 
is  not  more  than  half  of  that  yielded  by  the  aloes  itself.  Chrysammic  acid  is  also 
prodoeed,  as  shown  by  Be  la  Kne  a.  Miiller  (Jakntb,  1862,  p.  824),  by  the  action  of 
nitric  acid  on  chrysophane  and  other  constituents  of  rhubarb. 

Chrysammie  add  separated  by  nitric  add  from  the  hot  solution  of  the  calcium  salt 
forms  large  scales  l&e  lead  iodide,  quite  insoluble  in  cold  water.  The  acid  suspended 
in  water  deeomposes  the  neutral  solutions  of  eupric  acetate  and  nitrate,'  nickel  sulphate, 
waaganoBS  chloride,  and  other  ssdts.  Treated  with  potauium  ehloraU  and  kjfdro- 
cklorie  aeid,  it  is  slowly  oonyerted  into  chloropierin,  without  formation  of  chloranil. 
Heated  with  benzoyl  chloride^  it  jridds  neany  insoluble  bensoyl-chrysammic  add, 
C'fl(C^«0)KK)',  which  crystallises  in  prisms  and  is  decoinpoeed  only  by  alcoholic 
potash  into  benzoic  and  chrysammic  acids  (Stenhouse  a.  Miiller^.  Ik  potassium 
eifomdein  aqueous  solution  it  is  oonyerted  into  chrysocyamic  acid  (^nekh,  Ann, 
Ck  Pktarm,  exxxir.  229) : 

CH«NK)«  +  3CNH  -I-  2H«0  -  C»H"N»0«  +  2NH>  +  CO*. 
ChryMiniuio  OtarysocnraiKilo 

add.  add. 


Chtyst^nmaU,  (C'HNK)*)*Ca  (at  146^).  is  easily  soluble  in  boiling  alcohol, 
less  soluble  in  water,  and  crystallises  from  the  latter  in  light  red  needles,  which  when 
dried  in  a  yacuum  giye  off  water  and  turn  brown.  The  magnesium  salt  (C'HN^O*)'Mg 
(at  160^)  crystallises  in  broad  red  tables.  The  eupric  salt  is  jirismatic  and  more 
soluble  than  the  caldum  salt.  The  manganous  salt  crystallises  in  scales  hayin(|^  a 
bbod-red  colour  by  transmitted  light,  ana  a  golden  lustre ;  like  most  chrysammates',  it 
is  moderately  soluble  in  weak  spirit  (Stenhouse  a.  Miiller). 

^I^  a^sanmaU,  C^N*0* .  C^*,  is  obtained  by  heating  Arj  silyer  chrysammate 
to  100^  with  6  pts.  ethyl  iodide.  When  purified  by  repeated  crystallisation  fh>m 
benaol,  and  finally  from  ether,  it  forms  pale  red  needles  or  yellow  prisms  nearly 
inatJuble  in  carbon  bisulphide,  and  only  slightly  soluble  in  ether  (Stenhouse,  Ckem,  Boo, 
J,  [2]  IT.  S24). 

•  Oiaebe  a.  liebennium  iZeiUAr,/,  Chtm.  [3]  It.  608)  regard  dhiyiammlc  addasMnMl^fV^Uotfir- 
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Hydrochrysammide^  C'H'N'O*  (iii.  191),  is  easily  fonned  bytrrating  cbryBammic 
acid  with  zinc  and  dilute  acid,  or  with  hjdriodic  acid  (with  addition  of  a  little 
phosphorus) ,  or  with  sodium-amalgam.  The  purple-red  solution  produced  in  the  latter 
case  becomes  orange-coloured  when  shaken  up  with  the  amalgam  in  dosed  Tessela,  but 
recovers  its  original  colour  on  exposure  to  the  air  (StenhouBe  a.  Hiiller,  loe,  eU.), 


CWKTBAJmaWB,  C»H"N*  (iy.  473).— This  base  toxam  two  picrates,  of 
which  the  dipicraU  C^H"N«[C«H«(NO')K)]«  is  the  less  soluble.  It  is  obtained  by 
precipitating  a  chrysaniline  salt  with  an  aqueous  solution  of  picric  acid,  washing  the 
precipitate,  and  dissolving  it  in  alcohol.  On  mixing  a  cold-saturated  solution  of  a 
chrysaniline  salt  with  a  cold-saturated  solution  of  picric  add  in  alcohol,  the  dipicnte 
gradually  separates  in  splendid  ruby-coloured  needles  which  retain  1  mol.  water  at 
100°,  but  become  anhydrous  at  110®  (Hofmann,  DeuUck,  ohem.  GueUs,  Berlin,  1869, 
p.  379). 

Trimethvl-ehrysaniline.  C»H>«(CH")'N>.— The  di-hydriodide  of  this  base  is 
obtained  by  heating  1  mol.  chrysaniline  with  4  mol.  methyl-iodide  to  100®  for  five  or 
six  hours,  in  shining  needles  which  may  be  purified  by  washing  with  boilinff  alcohol, 
and  recrystallisation  from  boiling  water.  It  then  separates  in  splendid  needles 
having  a  colour  intermediate  between  orange-yellow  and  carmine-rea,  anSL  consisting 
when  dried  at  100^'  of  C»>H>*(CH*)"N*.2HI.  The  solution  of  this  salt  dyes  silk 
and  wool  deep  orange-yellow,  with  a  tinge  of  scarlet.  The  hot-saturated  aqueous 
solution  of  this  salt  mixed  with  excess  of  ammonia  becomes  light  yellow,  and  deposits 
on  cooling  interlaced  yellow  needles  of  the  ffumohudriodtae  G**H*XCH*)'N'.HI. 
The  mother-liquors  obtained  in  determining  the  iodine  in  these  two  salts,  freed 
from  silver  by  hydrochloric  acid  and  mixed  with  platinic  chloride,  yielded  the 
plaHnum  salt  C*•H><(CH*)«N^2HCl.PtCl«  in  beautiful  interlaced  needles.  The 
solution  of  either  of  the  hydriodides  warmed  with  silver-oxide  yields  the  ba$e,  as 
a  brown -yellow  uncrystallisable  powder,  insoluble  in  water,  soluble  in  aloohoL  With 
acids  it  forms  well-crystallised  salts,  most  of  which  are  very  soluble ;  the  nitrate  and 
picrate  however  are  sparingly  soluble. 

Triethyl'Chry8anilin0.^The  dihydriodide  C>«H*«(C*H>)^*.2HI  is  prepared 
like  the  corresponding  methyl-compound,  which  it  resembles  in  every  respect  When 
dried  under  the  air-pump,  it  retains  1^  mol.  water,  which  it  gives  off  at  100®.  The 
^atinocklaride  C>*H'«(C*H*)>N*.2HCl.Pt01«  crystaUises  in  needles  slightiy  soluble 
in  water. 

The  hydriodide  of  trianiyl<kiysanilim6  has  also  been  obtained  in  the  cxystallins 
form. 

When  chrysaniline  is  heated  to  the  boiling  point  with  excess  of  aniline  and  aeetie 
acid,  ammonia  is  given  off  and  a  dark  brown  solution  is  formed  from  whidi,  ailttr 
addition  of  alkali,  the  free  aniline  may  be  removed  by  a  current  of  steam,  f^om  the 
brown  residue,  a  dark  brown  hydrochloride  of  a  phenylated  chrysaniline  may 
be  prepared,  which  crystallises  in  four-sided  tables  (Hofiouinn,  Dmtteh,  ekem,  GeadU, 
Berlin,  1869,  p.  377 ;  ZeUsckr,/,  Chem,  [2]  v.  634). 


Kellner  a.  Beilstein  {Ann.  Ch,  Pkarm,  cxxviii.  179) 
represent  this  add  by  the  formula  C*H*(NO*)',  according  to  which  it  is  isomeric  with 
trinitrotoluene.  Cahoun,  by  whom  it  was  discovered,  assigned  to  it  the  formula 
C^HVNO'^H),  making  it  isomeric  with  trinitrocresol.  The  ammonium  salt 
C'H*(NO')'.NH*  is  easily  soluble  in  water,  and  crystallises  in  light  brown  needles  ; 
the  sUver  salt  C'H«(NO')*Ag  is  a  bull^  yellow  precipitate.  The  etkylie  ether 
C'H*(NO')'.  CH*,  produced  by  treating  the  alcoholic  solution  of  the  add  with  hydro- 
chloric acid  gas,  crystallises  from  alcohol  in  large  lamine  having  a  golden  lustre,  and 
remaining  suspended  in  the  liquid,  with  a  sky-blue  iridescence. 

Amidochrytanisic  acid,  C'H^"0«  -  C'H»(NH»)(NO^«,  produced  by  the 
action  of  hydrogen  stdphide  on  an  alcoholic  solution  of  chrysanisio  acid  supersaturated 
with  ammonia,  crystallises  in  red  microscopic  crystals,  easily  soluble  in  alcohol, 
sparingly  soluble  in  hot  water,  insoluble  in  ether.  Its  ammonium  salt,  C^H*NK>*.NH*, 
forms  garnet-red  monoclinic  prisms  with  dihedral  summits,  having  the  axes 
aih'.c^  10730  :  1  :  1*809,  and  the  angle  6  :  o  «  77®  32'.  The  potassium  salt  and 
the  barium  salt  crystallise  in  red  needles ;  the  salts  of  the  heavy  metals  produee  in 
the  solution  of  ammonium  amidochrysanisate,  orange-coloured  or  yellow  precipitates, 

Azo-amidoohrysaniaie  aeid^  C'H*N(NH*)(NO*)*,  separates  on  passing  nitious 
acid  into  the  alcoholic  solution  of  amidochxysanisic  add,  as  a  brass-yeuow  ciystalline 
body,  easily  soluble  in  absolute  alcohol  and  not  decomposed  by  boiling  with  adds.  It 
dissolves  in  ammonia,  with  evolution  of  nitrogen,  forming  a  red  liquid,  from  #hich 
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aads  tbmw  dawn  a  bodj  which  ciystalliaes  from  hot  water  in  yellow  laminae  and  has 
thB  oompontioii  C>«H»N<(NO*)«0  (Kellner  a.  BeiUtein). 

CBKTnwa.  C"H>*.— This  hydrocarbon,  discoyered  b7Lanrent(i.  958),  occurSt 
together  with  benxerjthrene  (p.  804),  in  the  least  yolatile  portion  of  erode  anthracene 
(the  miztore  of  solid  hydrocarbons  which  remains  in  the  distillation  of  coal-tar  after 
the  naphthalene  has  passed  oyer).  It  is  contained  also  in  laiger  quantity  in  the  reddidi- 
yeliow  prodnct  which  passes  oyer  last  in  the  destametiye  distillation  of  diy  ilr-wood 
tar  (bnri  tee^  (Berthelot,  Jaknth.  1867i  p.  605).  It  is  formed,  together  with  diphenyl 
and  many  ouier  hydrocarbons,  when  the  yapour  of  benzene  is  passed  through  a  porce- 
lain tabe  heated  to  bright  redness  (p.  261).  The  formation  of  diphenyl  and  chzysene 
nay  be  represented  by  the  equations, 

20H*  =  C«H»«  +  H« ;        20«Hw  -  C"H»»  +  H« ; 

Bcnime.    Dlpbesjl.  XBtennfldiate 

prodnctn 

OhiywDe.    Bflnaene. 

Chrpene  is  also  formed,  together  with  benzene  (probably  from  phenylene  aa  inter- 
mediate prodnct),  when  diphenyl  is  heated  for  an  hour  with  hydrogen  in  a  sealed 
tube  (Berthelot,  tM.  pp.  542,  544) : 

8C>«H»«  -  80H«  +  C"H«. 

A  mixture  of  cfarysene  yarour  and  hydrogen  gas  passed  through  a  red*hot  tnbe  is 
eo&yerted  into  benxene  and  oiphenyl : 

C»«H"  +  2H«  -  C«H«  +  C"H>» ; 

and  a  miztore  of  chzysene  and  ethylene  similarly  treated  yields  benzene  and 
anthracene^  with  a  small  quantity  of  naphthalene  (Berthelot)  iM,  p.  546) : 

C«H«  +  CH*  -  OH*  +  C"H" 
and 

C»«H»«  +  2(?H«  «  2(>H«  +  C»«H». 

Chrysene  added  to  a  hot  alooholic  solution  of  picric  acid  (saturated  at  20^*80^) 
fonns  a  yellow  granular  predpitate  of  ehrytens  jricraUt  consisting  of  scaly  groups  of 
microsoopie  needles.  If  benseiythrene  is  also  present,  the  scales  are  changed  into 
brown  sphencal  aggregates  of  needles  (Berthelot,  ibid.  1867,  p.  604).  Aocomling  to 
Oellatly  (dem,  New9,  x.  243),  chzysene  picrate,  C'*H>*.G*H'(NO<)*0,  crystallises 
from  a  hot  solution  of  its  components  in  Boghead  naphtha,  in  reddish-brown  needles 
often  half  an  inch  Imig. 

CSHnBimo  AOIl>«  A  yellow  colouring  matter  contained  in  the  buds  of 
PopmUit  nigra  and  P.  pjframidaUs,    (See  Foplab-bvds,  y.  688.) 

OBKTBOGTAKZO  ACSXB.  C*H"N*0*  (C.  Finck,  Ann.  Ch.  Pharm,  czzziy. 
229). — An  add  allied  to  isopurpuric  acid,  produced  by  heating  chrysammic  acid  with 
aqneoos  potaasium  cyanide : 

CrH«N»0«  +  3CNH  +  2H»0  =  C»H»N»0«  +  2NH«  +  C0«. 

The  poiasBtum  vdt  resulting  from  the  reaction,  after  being  purified  by  repeated  pre- 
cipitation with  potassium  carbonate,  and  finally  by  recrystaUisation  from  hot  water, 
separates  on eooling  as  a  dark-coloured  salt  containing  20'H'N'O'K.  8H*0,  and  giying 
up  its  water  at  120''.  The  <mmmwm  salt  2OH*N*0« .  NH« .  8H*0  forms  dark  green 
needlee  lau  soluble  in  water  than  the  potassium  salt.  The  barium  mU  (C*H'N*0*)'Ba, 
the  adeium  mli  (G«H>K«0«)«Ga,  the  had  salt  (G*H«NH)')*Pb,  and  the  nlver  salt 
CH'K'O'Ag,  are  nd-brown  precipitates  which  acquire  metallic  lustre  by  trituration, 
and  detonate  when  heated.  The  aeid  2CH'N'0' .  3H'0  separated  from  the  potassium 
adt  by  nitric  acid,  is  insoluble  in  water,  soluble  in  alcohol,  and  exhibits  metallic 
lostre  when  dry. 

CaMTBOUmm  (Fritzsche,  Compt.  rend.  liy.  910 ;  further,  SuU.  8oo,  Chim.  [2] 
vi.  474). — An  orange-coloured  hyorocarbon  contained  in  small  quantity  in  crude 
anthzaoene,  separable  theTefk>m  by  repeated  crystallisation  from  light  coal-tar 
naphtha,  and  finally  purified  by  treatment  with  alcohol  and  ether.  It  dissolyes  in 
2,500  pts.  of  cold  benzol,  and  in  500  pts.  at  the  boiling  heat ;  yery  sparingly  also  in 
aieohof  and  ether ;  and  separates  from  the  hot-saturated  solutions  in  groups  of  orange- 
eoloDzed  taUes  or  laminae,  which  appear  gold-green  in  the  liquid  by  reflected  light, 
and  are  oonxerted  by  ether  into  an  orange-coloured  powder.  It  contains  94*3  to  95*0 
p.  c  carbon  and  5*7  to  4*7  p.  c  hydrogen ;  melts  at  280°  to  290° ;  sublimes  with 
partial  decomposition;  dissolyes  without  alteration  in  strong  sulphuric  add;  and 
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yields  a  crystalline  product  with  strong  nitric  acid.  When  mixed,  even  in  tmces,  with 
colourless  hydrocarbons,  it  imparts  to  them  a  fine  yellow  colour.  Its  solution  when 
exposed  to  sunshine  quickly  becomes  colourless,  and  then  yields  a  erystallisable 
colourless  body,  which  becomes  orange-yellow  when  fused. 


CBSTSOPBAVB.  C**H"0'. — ^An  orange-red  bitter  substance  contained, 
according  to  Eubly  (Bull.  8oc.  Ckim.  [2]  x.  293),  in  the  alcoholic  extract  of  rhubarb, 
and  resolvable  by  acids  into  chiysophanic  acid  and  sugar. 

CBmTSOVBAflrZC  ACXB.  H.  Grothe  (i%^^.  Ann,  cxiii.  190)  has  obtained 
this  acid  from  the  root  of  Bheum  pyramidale,  also  of  Rumex  PaHentia,  S.  paUutris, 
B.  acutuSf  R.  aquaticus,  and  R,  Uydrolapathum^  and  regards  it  as  nearly  allied  to  the 
yellow  colouring  matter  of  buckwheat  J.  B.  Batka  (Chem.  Centr.  1864,  p.  622) 
prepares  it  by  treating  rhubarb  or  the  leaves  or  petals  of  senna  with  caustic  potash, 
precipitating  the  filtrate,  and  dissolving  the  washed  and  dried  precipitate  in  chloro- 
form, which  on  evaporation  leaves  the  acid  in  granular  crystals  of  a  pure  yellow 
colour.  The  substances  obtained  from  rhubarb-root,  and  known  in  commerce  as 
phsoretin  and  erythroretin,  are,  according  to  Batka,  nothing  but  impure  chrysophanie 
acid,  the  former  in  a  half-charred  condition,  the  latter  contaminated  with  rheitannio 
acid. 

The  composition  of  chrysophanie  acid  has  been  represented  by  the  formuls 
C"H«0"  and  C"H"0«*  (i.  969).  According  to  Bochleder  (ZeiUchr.  /.  Chem.  [2]  ▼.  676), 
chrysophanie  acid  prepared  from  rhubarb  usually  contains  emodin.  On  boiling  it 
with  soda-ley  and  filtering  at  the  boiling  heat,  the  emodin  dissolves,  with  blood-red 
colour,  whilst  nearly  all  the  chiysophanic  acid  remains  undissolved,  and  when 
further  purified  by  crystallisation  from  alcohol  of  90  p.  c.  gives  b^  analysis  numbers 
agreeing  with  the  formula  G'^H'*0*.  According  to  GraelM  a.  Liebermann  {ibid,  ir. 
503),  chrysophanie  acid  is  isomeric  with  alizarin,  CHK)\  and  when  treated  with 
ziucHdust  is  converted  into  anthracene  (p.  177). 

A  solution  of  chrysophanie  acid  in  bentoyl  chloride  heated  nearly  to  the  boiling 
point  of  the  latter,  gives  off  hydrochloric  acid  and  yields  dibensoyl-chrysophanie 
acid.  C"H«(C'H»0)«0«or  C"H«(C'H»0)»0\  [C'«H^C'H»0)H)«  aocozding  to  anabe 
a.  Liebermann],  as  a  flbro-crystalline  mass,  which  dissolves  sparingly  in  alcohol,  and 
crystallises  from  benzol,  or,  better,  from  a  mixture  of  benzol  and  absolute  alcohol  or 
amylic  alcohol,  in  long  irregularly  hexagonal  prisms.  It  melts  at  200^,  g^Tes  off  at 
higher  temperatures,  yellow  vapours  smelling  hke  bitter  almond  oil,  and  is  not  decom- 
posed by  ammonia;  with  potash-ley  of  sp.  gr.  1'5  it  gives  the  characteristic  red 
colour  only  after  long  boiling ;  by  alcoholic  potash  or  strong  sulphuric  acid  it  is 
immediately  resolved  into  benzoic  and  chrysophanie  acids.  With  aeei^  ekloHd§ 
chrysophanie  acid  yields  acetyl-chr^sophanic  acid,  which  iq  ciystallisable,  but 
difficult  to  purify.  Gently  heated  with  pkotphorus  fentaekloride  it  yields*  a  body 
which  reacts  like  chrysophanyl  chloride,  being  converted  into  chrysophanie  add  by 
boiling  with  water.  A  solution  of  chrysophanie  acid  in  fuming  niirie  add  depomts 
after  a  few  days  large  laminar  crystals  of  chrysammic  acid  (p.  457)  identical 
in  every  respect  with  that  obtained  from  aloes  (Be  la  Rue  a.  Huller,  Jakreab,  1862, 
p.  328). 


Syn,  with  Vulpic  Acid  (t.  1007). 

oaOfcTSOTOaPlBIM  a,  C»H«N>.— A  yellow  base  related  to  toluidine  in  the 
same  manner  as  rosaniline  to  a  mixture  of  2  mol.  toluidine  and  1  mol.  aniline.  It 
is  found,  together  with  other  bases,  among  the  secondary  products  formed  in  the 
industrial  preparation  of  rosaniline  (p.  165),  being  produced  by  the  action  of  dehy- 
drogenising agents  on  toluidine,  8  mol.  of  that  base  giving  up  3  mol.  hydrogen : 

8(C»H'.H».N)  «  C«»H"N«  +  8H«. 
Toluidine.        Ghxyiotolnidine. 

By  the  exchange  of  8  at  hydrogen  for  8  at.  tolyl,  phenyl,  or  ethyl,  it  is  capable  of 
yielding  new  colouring  matters  :  e^., 

C«»H"N»  +  8(C'H».H*.N)  -  C«'H"(C'HO»N»  +  8NH». 
Ohiysotoluidine.  New  colooring 

matter. 

(Be  Laire,  Girard  a.  Chapoteaut,  Compt.  rend.  Ixiii.  964.) 

OBVBOSITfl.  A  hydrated  calcio-cerous  phosphate  fh)m  Cornwall,  occurring 
on  a  quartz-rock  as  an  incrustation  resembling  warellite,  consisting  of  fan-shaped 

*  In  the  flnt  edition  the  fonnnia  is  erroneoudy  printed  0**fl*'O*. 
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iponps  of  Binall  prisniB,  Apparently  monodinie.  Colour,  pale  emoke-grey,  with  a 
tinge  of  flesh-red ;  hardness,  rather  more  than  8 ;  sp.  gr.  (approximate)  »  8*14. 
Analyns  gare  51*87  p.  c  CeO,  6*42  CaO,  28*48  P*0*,  and  14*93  water  containing  a 
little  hjdiofluorie  acid,  whence  the  formula : 

6CeO .  CaO .  2P«0» .  8H«0  or  (iCeiCa)»P«0' .  8HK) 

(Choith,  CSbiii.  8oe,  J.  [2]  iii.  269).  C.  Grerille  Williams  (fihem.  News,  ziL  188)  has 
found  by  optical  examination  that  the  mineral  also  contains  didyminm. 


When  a  bark  containing  qninine  or  cinchonine  is  heated 
in  a  t«et-tabe,  a  characteristic  red  vapour  is  gfiven  off,  which  condenses  to  an  oily 
liquid  baring  a  splendid  carmine-red  colour.  This  reaction  is  not  exhibited  by  false 
dnchona-barks,  or  by  the  true  barks  after  the  alkaloids  haye  been  removed  from  them 
hj  adds  (Orahe,  Chem.  Centr.  1858,  p.  97 ;  see  also  Batka,  ibid,  1859,  p.  865). 

Quantitative  Eetimatim  of  the  AlkaUnds.^l.  Claus  (Buss.  Zeitsekr.  Pharm,  i.  585 ; 
Jairesb,  1863,  p.  707)  exhausts  the  bark,  dried  at  100^,  with  cold  dilute  sulphuric 
add ;  evaporates  the  extract  with  excess  of  magnesia ;  dissolves  out  the  quinine  from 
the  residue  with  ether,  and  the  other  bases  with  alcohol. — 2.  De  Vry  (Pkarm.  J.  TVans. 
[2]  vi.  50)  mixes  the  pulverised  bark,  dried  at  100^,  with  one-fourth  of  its  weight  of 
aUud  lime ;  boils  the  mixture  for  about  five  minutes  with  10  pts.  alcohol  of  sp.  gr. 
0*85 ;  and  then  exhausts  it  on  a  filter  with  a  lAif;e  quantity  of  coiling  alcohol.  The 
aleohohc  solution  addulated  with  acetic  acid  is  next  evaporated,  and  the  residue 
rroei^edly  treated  with  water,  as  long  as  the  filtrate  becomes  turbid  on  addition  of 
alkali.  The  bases  are  thereby  dissolved,  whilst  quinonic  acid,  fats,  and  resinous 
sobetances  remain  on  the  filter.  The  bases  are  then  predpitated  from  the  concentrated 
aqaecnis  solution  by  milk  of  lime ;  and  the  precipitate  is  washed  with  a  little  water, 
and  then  exhausted  at  the  boiling  heat  with  alcohol  of  sp.  gr.  1*82.  The  alcoholic 
solution,  when  evaporated,  yields  the  whole  of  the  bases,  sometimes  contaminated 
with  a  small  quantity  of  resinous  matter  insoluble  in  acetic  add.  The  bases  are 
redissolved  in  acetic  acid,  and  the  solution  is  agitated  in  a  dosed  ta]>-funnel  with  a 
alight  excess  of  caustic  soda  and  with  ether  (at  least  15  pts.),  and  the  ethereal  solution 
is  aeparated  after  standing  for  six  hours.  This  solution  when  evaporated  leaves  the 
whole  of  the  quinine,  tbgether  with  traces  of  dnchonidine,  quinidine,  and  cinchonine, 
and  frequently  of  a  fusible  base.  The  bases  insoluble  in  ether  are  redissolved  in 
dilute  acetic  add.  If  quinidine  is  present,  the  resulting  solution,  mixed  with  a  few 
drops  of  concentrated  aqueous  potawium  iodide,  yields  a  sandy  predpitate  of  quinidine 
hydriodide,  C»H**N*0«.HI,  which  must  be  weighed  after  drying  at  100®.  The 
filtrate  yields  with  caustic  soda  a  predpitate  consisting  of  cinchonine,  or  of  a  mixture 
of  cinchonine  and  dnchonidine.  The  presence  of  the  latter  can  be  determined  with 
certainty  only  by  its  behaviour  to  polarised  light  (i.  971). 

3.  According  to  Van  der  Burg  (Zeitsekr.  anal.  Chem.  iv.  273  ;  Jahresb.  1865,  p.  736), 
the  extraction  of  the  bases  of  dnchona-bark  by  lime  and  alcohol  is  not  complete  unless 
the  treatment  be  repeated  several  times  at  the  boiling  heat ;  moreover,  a  certain 
quantity  of  the  lime  is  always  dissolved,  increasing  the  total  weight  of  the  alkaloids 
obtained,  and  being  ultimately  reckoned  as  dnchonine.  For  the  estimation  of  the 
total  quantity  of  the  bases.  Van  der  Btire  recommends  the  following  method :  The 
bark  is  exhausted  by  repeated 'boiling  witn  aleohol,'with  addition  oif  calcium  hydrate ; 
the  sohidon  is  mixed  with  acetic  add  and  evaj^orated;  and  the  filtered  aqueous 
solution  of  the  residue  is  predpitated  with  caustic  soda.  The  predpitate  is  freed 
from  colouring  matter,  in  the  manner  recommended  by  Kabourdin  (Jahresb.  1861, 
p.  533),  viz.  by  solution  in  hydrochloric  add  and  fractional  precipitation  with  ammonia ; 
the  pure  precipitate  is  finally  dissolved  in  alcohol,  the  solution  evaporated  in  a 
platinnm  capsule,  and  the  residue  weighed.  This  gives  the  total  amount  of  organic 
bases  in  the  bark.  As  quinine  and  quinidine  are  perceptibly  soluble  in  pure  water,  it 
is  advisable,  after  precipitating  with  soda-ley  and  washing  the  precipitate,  to  collect 
the  wash-water  separately  as  soon  as  it  ceases  to  exhibit  alkaline  reaction,  agitate  it 
with  ether,  and  add  the  residue  obtained  by  evaporating  the  ethereal  solution  to  the 
qoantily  of  the  bases  obtained  by  precipitation. 

4.  For  the  estimation  of  quinine  in  dnchona^barks,  the  following  volumetric 
method  is  given  by  Glenard  a.  Guillermond  (Compt.  rend,  xlvii.  831 ;  J.  Pharm.  [3] 
zzxrii.  6) :  The  finely  pulverised  bark  (10  grms.),  intimately  mixed  with  an  equal 
weight  of  slaked  lime,  is  exhausted  in  a  well-closed  vessel  with  a  determinate  quantity 
(100  e.e.)  of  ether  free  from  water  and  alcohol,  and  a  portion  (10  c.c.)  of  the  ethereal 
solution  is  agitated  with  a  known  and  excessive  volume  of  titrated  sulphuric  acid  [10 
e^  of  which  contain  0*0302  grms.  H*SOS  equivalent  to  0*2  grms.  quinine,  on  the  suppo- 
sitioQ  that  the  salt  produced  by  saturation  has  the  composition  (C*H*«JKH)*)*.  H'SO'] ; 
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and  the  ansatnrated  acid  is  determined  by  titration  with  unmonia ;  the  quantity  of 
quinine  which  satorates  'the  re«t  of  the  acid  may  then  be  calculated.  To  determine  the 
point  of  saturation,  GUnard  a.  Quillermond  use,  instead  of  litmns,  an  ethereal 
solution  of  the  colouring  matter  of  Campeachy  wood.  In  a  subsequent  memoir 
{J.  Pharm.  [3]  xli.  40^,  the  same  authors  recommend,  instead  of  normal  sulphuric 
acid,  an  aqueous  solution  of  oxalic  acid  (4'0806  grm.  of  the  air-dried  crystallised  acid 
in  a  litre),  and  replace  the  aqueous  ammonia  by  an  aqueous  (not  alcoholic)  solution  of 
pure  potassium  or  sodium  hydrate ;  for  determining  the  point  of  saturation  they  use 
an  alcoholic  extretct  of  St.  Martha  wood,  which,  in  contact  with  free  alkali,  immediately 
assumes  a  bright  red  colour. 

From  the  investigations  of  De  Vry  (Pharm.  J.  TVans.  [2]  t.  698;  vi.  16),  it 
appears  that  the  root-bark  of  various  species  of  cinchona  cultirated  on  the  Neilgheny 
mountains  in  British  India  is  richer  in  ozganic  bases  than  the  stem-bark,  and  that 
tho  amount  of  these  bases  in  the  bark  may  be  increased  by  careful  management, 
inasmuch  as  the  bark  of  a  young  stem  of  C.  auoeirubra  scarcely  two  years  old,  which 
had  been  corered  with  moss  to  accelerate  the  thickening  of  the  bark,  was  found  to 
contain  8*409  p.  c.  of  cinchona»bases.  In  the  leaves  of  C.  auecirubra  growing  at  a 
height  of  1,600  feet  above  the  sea-level,  De  Yrvj  found  2*06  p.  c.  quinovic  acid;  the 
same  species  at  the  height  of  6,200  feet  was  found  to  contain  onlv  1*3  p.  e.  quinovie 
acid.  Kespecting  the  proportions  of  quinovin  or  qninovin-bitter  in  vanons  ports  of 
cinchona-trees,  see  Quinovin  (v.  S2). 

The  bark  of  Cinchona  maerocalyx,  Pav.,  known,  in  commerce  as  '  China  de  Cuen^a,' 
contains,  according  to  J.  K.  Fischer  (Zeitschr.  /.  Chem.  [2]  ii.  266),  2*38  p.  e.  organic 
bases,  of  which  0*69  p.  c.  consists  of  quinine  and  1*79  p.  c.  of  cinchonine. 

De  Vrij  regards  it  as  probable  that  cinchona-barks  originally  contain  an  amorphous 
base  which  yields  amorphous  salts,  inasmuch  as  he  obtained  such  a  base  from  barks 
grown  in  Java,  which  had  been  dbried  and  exhausted  with  acetic  acid  in  the  dark 
{Jahretb.  1866,  p.  471). 

Howard  (Pharm,  J,  TVans.  [2]  vi.  684)  has  described  and  delineated  the  crystallised 
constituents  of  cinchona-bark  (C.  suoekiibra). 

Respecting  a  brown  humus-like  substance  obtained  ftom  certain  dnchona-barkB, 
see  LiONoiN  (iii.  696). 

Cinchona  Cultivation  in  India. — The  cultivation  of  cinchona-trees  has  within  tiie 
last  ten  years  been  carried  on  with  great  snccess  in  British  India.  The  chief  seat  of 
the  cultivation  is  Ootacamund,  in  the  Neilghernes,  from  which  it  extends  nearly  to 
the  southern  point  of  Hindostan,  in  some  places  at  heights  of  7,000  to  8,000  feet 
above  the  sea-level.  The  cinchonas  were  first  intxoduced  at  Ootacamund  in  1860 ;  in 
1862  there  were  upwards  of  72,000  plants  under  cultivation,  more  than  half  of 
which  consisted  of  V.  nuxirubra,  and  1,000  of  C  Caiitm/a,  both  valuable  species.  In 
Hay  1866  the  numbers  of  difierent  species  growing  at  Ootacamund  were  as  followi: 

Cinchona  succirubra        .        .        .        «        .  297,000 

„        Calisaya 87,000 

„        officinalis 768,000 

Species  yielding  grey  barks      .        •        •        .  29,000 

0.  lancifolia  and  C.  pitayensis         •        •        .  198 

C.  Pahudiana 426 

Altogether,  including  a  few  other  species  occorring  in  small  numben,  1,123,000 
plants. 

The  cultivation  was  also  introduced  at  Hakgalla  in  the  central  mountain-land  of 
Ceylon  in  1861,  and  at  Darjeeling  in  the  south-eastern  Himalaya  in  1862.  TT^Vgi^ii^ 
in  1868  possessed  22,000  cinchona-trees,  and  in  November  1866  more  than  600,000, 
principally  C.  tuccimhra  and  C,  officinalis,  Daxjeeling  and  Rungbee  in  Sikkim 
possessed  in  May  1866  more  than  800,000  plants,  chiefly  of  the  same  two  species. 
From  these  plantations  young  cinchona-trees  have  been  transplanted  to  other  parts 
of  India,  as  the  INu^aub,  Assam,  Rangoon,  and  Bengal,  also  to  the  island  of 
Mauritius  and  Reunion,  and  to  Australia,  New  Zealand,  Jamaica,  and  other  localities 
whei«  the  climate  and  soil  appear  to  be  adapted  to  their  cultivation  (Fluckigei^a 
PharmakognosiB  des  PflanzonreioMy  Berlin,  1867,  p.  422). 


OZVOBOVJUSaB  (i.  969)  is  formed,  together  with  sugar,  by  boiling  quino- 
tannic  acid  with  dilute  sulphuric  acid.  When  dissolved  in  ammonia,  precipitated  by 
hydrochloric  acid,  and  dried  at  180°,  it  has  the  composition  C^'H'^O^*.  Its  barium- 
compound  precipitated  from  the  ammoniacal  solution  contains  C**H**0>^Ba;  tha 
calcium-oompound  C'*H'*0*^Ca.  Fused  with  potash,  it  yields  a  brown  humoua 
product,  chiefly  protocatechuic  acid,  together  with  a  little  acetic  acid.    The  liquid 
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S0ptu&ted  from  the  cinchona-red  oontainB  glnooee  (Bembold,  Ann.  C%.  PAarm.  czliii. 
270). 

OtM€fM€fWTMUMMB  G**H'^NK). — ^This  base  and  ite  salts  hare  been  examined  by 
Hesse  {Aim.  Ch,  Fharm,  825),  with  results  diifering  in  many  respects  irbm  those  given 
in  Tol.  i.  p.  971.  The  pure  base  is  obtained  by  mixing  the  preparation  containing 
qninine-salt  with  sodio-potaasic  tartrate,  dissolying  the  resulting  precipitate  in  hydro^ 
diloric  add,  and  preeipitattng  with  ammonia.  On  treating  the  bases  thereby 
separated  with  ether,  tne  cinchonidine  chiefly  remains  nndi6iM>lYed,  and  may  be 
porifled  by  lecrystallisalaon  of  its  nentml  hydrochloride. 

Cinchonidine  crystallises  in  laige  anhydrous  prisms  soluble  at  10°  in  76*4  pts. 
ether,  in  19*7  pto.  of  80  p.  c  alcohol  (in  16*3  pts.  at  20°),  in  1680  pts.  of  cold  and  a 
somewhat  smaller  quantity  of  hot  water.  It  melts  at  200*6°,  and  resolidifies  in  the 
oyilaUine  form  at  190°  (oomp.  i.  971). 

S^TS  OF  CnfCHOKiDiifi. — ^Thc  hfdrochUtridet  CH'^N*0 .  HCl  +  aq.,  cxystallises 
in  large  mibnoclinic  double  pyramids,  dissolying  at  10°  in  326  pts.  ether  and  30'5  pts. 
water  (at  20°  in  20*1  pts.^.  On  boiling  down  the  solution,  the  salt  separates  in 
yellowish  drops,  which  solidify  in  the  cold  to  a  radio-ciystalline  mass.  The  auro^ 
dUcride,  C'*H'*K*0 .  HCl .  AuCl',  is  a  pulrerulent  mass  of  a  fine  yellow  colour,  melting 
at  about  100°.  The  platinccldaride,  C»I["N«0 .  2HC1 .  PtClS  is  a  pale  orange-yellow 
oyitalline  powder  nearly  insoluble  in  cold  water.  The  dtkydriodiM,  C"H**N*0 .  2HI 
-I-  aq.,  forma  lemon-yellow  prisms.  The  nitrate^  C'*H'*N*0 .  NHO"  -t-  aq.,  crystallises 
in  luge  prisms,  melting  and  giving  oif  water  at  about  100°,  and  dissolving  in  70*6 
pts.  w&ter  at  10°.  The  kypojmoM&te  is  more  soluble  than  the  corresponding  quinine 
salt  The  acetate^  C"H**>i*0 .  C*H*0*  +  aq.,  is  easily  soluble  in  water,  and  crystallises 
in  nodular  groups  of  needles.  The  henzoate^  C**H**N*O.C'H*0*,  forms  short  white 
prisms  soluble  in  340  pts.  water  at  10°. 

SuljthaU8.—ThB  neutral  sulphate,  2C"H**K*0.8H'0*  +  6aq.,  forms  white  prisms, 

becoming  anhydrous  at  100°,  insoluble  in  ether,  but  dissolving  in  07*6  pts.  water  at 

12°.    The  anhydrooa  salt  is  alao  oystallisable  under  certain  circumstances,  and 

exhibits  the  peculiarity  of  producing  other  anhydrous  salts  by  double  decomposition. 

The  add' tote,   C*«H'«N*0. SH*0«  +  daq.,  crystallises  in  long  striated  efflorescent 

prisms  easily  soluble  in  water  and  in  alcohol.   The  hyperacid  smt,  G*>H*^N'0. 2SH^O* 

+  2aq.,  separates  from  the  solution  of  the  preceding  salt  in  dilute  sulphuric  acid, 

by  evaporation  over  sulphuric  acid,  in  short  prisms  insoluble  in  ether  and  dissolving 

but  slowly  in  cold  water.    The  hyp<mdphite,  C«»H'*N'0 .  S«H»0"  +  2ttq.,  forms  thin 

prisms  which  dissolve  at  10°  in  221  pts.  water,  become  anhydrous  at  110°,  but 

r»bsQrb  their  entire  amount  of  water  on  exposure  to  the  air.    The  neutral  oxalate, 

2C"H'^0.CH*0*  +  6aq.,  crystallises  in  long  asbestoe-like  prisms,  soluble  in  262 

pts.  of  water  at  10° ;  the  anhydrous  salt  in  white  nodules.    The  mtccinate  forma 

prisms  soluble  in  682*6  pts.  water  at  10°.    The  neutral  tartrate,  2C*H"N«0 . 0«H»0« 

+  2aq.,  ia  a  white  ciystalline  precipitate  perfectly  insoluble  in  potassio-aodie  tartrate, 

aeparating  from  hot  water  in  prisms,  requiring  for  solution  1266  pts.  water  at  10°. 

Aa  neatr^  tartrate  of  cinchonine  is  soluble  in  36*6  pts.  water  at  16°,  cinchonine  and 

dncfaonidine  may  be  easily  separated  from  one  another  in  the  form  of  tartrates. 

Cbieicmidine'-antimonious  tartrate  is  easily  soluble  in  hot  water  and  in  alcohol,  and 

erystalliaes  in  prisms.    The  citrate  forms  prisms  which  are  oonverted  by  water  into  a 

hssie  salt.    The  hiydroferrieyanide  is  an  egg-yellow  precipitate  composed  of  spherical 

crystalline  aggregates,  or  of  laminas. 


rOMOWnra.  C^H^N'O.—Hesse  (Ann,  Ch.  Pkarm.  exxii.  226)  has  shown 
that  the  base  called  /9-cinchonine,  obtained  bv  Schwabe  from  commercial  quino'idine 
(i.  974),  does  not  difiTer  in  any  respect  from  ordinary  cinchonine. 

Cinchonine  sublimes  partially  at  220°  and  melts  at  240°>260°  (Hesse) ;  I  pt.  of  it 
(dried^at  100°)  dissolves  in  21 18  pts.  ether  at  170°  (Van  der  Buig,  Zeitechr.  anal.  Chem. 
iv.  273).  From  a  solution  containing  tartaric  add  it  is  not  precipitated  by  acid 
sodium  caribonate  at  ordinary  temperatures  ;  but  on  heating  the  liquid,  carbon  dioxide 
caeapes  and  cinchonine  ia  precipitated.  Some  of  the  neutral  salts,  as  the  acetate  and 
dtiate,  are  decomposed,  and  yield  a  precipitate  of  the  base,  even  when  heated  with 
water  (Heese).  According  to  Schiitxenberger  (Comp^  rend.  xlvi.  1066),  cinchonine 
treated  with  sine  and  snlj^urie  add  takes  up  H'O  and  is  converted'into  a  new  base, 
C»H*N«0». 

Sai.T9  OP  CnfCHONimB  (Hesse,  Ann.  Ch.  Pharm.  exxii.  226;  cxx3nr.  826). — The 
kgdriodide,  0*»H**N*O.HI  +  aq.,  separatee  on  adding  potassium  iodide  to  a  solution 
of  the  hydrochloride,  partly  as  a  pale  yellow  oil  which  solidifies  to  a  crystalline 
mass,  partly  in  aleader  white  crystals.     The  hjfdrochloride,  (;*"H'«NK).HC1  +  2aq., 
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crystallises  in  the  form  described  by  Schwabe  (for  the  so-called  /S-aalt,  i.  975).  The 
crystals  are  permanent  in  the  air,  effloresce  over  sulphuric  acid,  give  off  their  water  at 
1 00^,  and  melt  at  1 30^.  Sp.  gr.  of  the  powder  —  1  *234.  One  part  of  the  salt  diasolres  at 
10°  in  24  pta.  water ;  at  1 6°  in  1  '3  pts.  alcohol  and  273  pU.  ether.  The  stannasoekUn-ide, 
C^H'^N'0 .  2HC1 .  SnCl',  separates  in  heayy  yellow  prisms  from  a  mixture  of  the  hydro- 
chloride with  acidulated  stannous  chloride.  The  eineochhride,  C"H*«NK) .  2HC1 .  ZnCl* 
-f  aq.f  separates  in  flattened  prisms  from  an  alcoholic  solution  of  cinchonine  mixed  with 
cine  chloride,  and  then  with  sufficient  hydrochloric  acid  to  redissolye  the  precipitate. 
A  solution  of  this  salt  in  excess  of  hydrochloric  acid  deposits  the  easily  soluble  salt 
2(C»H»*NK).3Ha)ZnCl«  +  3aq.  The aurochlonde,  C"H"N«0.2HCl.Aua*,  is  a 
heavy  light-yellow  powder,  melting  at  a  little  abore  100°  to  a  dark  yellow  mass. 
The  nitrale,  C^H**N*0 .  NHO*  +  ^aq.,  forms  monoclinic  twin-eiystals  soluble  in  26*4 
pts.  water.  The  benzoaie,  (y*B.**lfiO .  C^H*0',  ciystallises  in  stellate  groups  of  anhy- 
drous prisms  soluble  in  163  pts.  water  at  15^^.  The  sulphate,  2C*"H'<N>0 .  SH*0^  +  2aq., 
dissolves  in  65*5  pts.  water  at  13°  and  in  5*8  pts.  alcohol  (of  80  p.  c)  at  11®.  The 
hflposulphiU,  2C»H"N*0.S«H*0»  +  2aQ., forms  rhombic  prisms  mpoo  .mI>oo  .oP(?), 
soluble  in  167  pta.  water  at  16°.  The  ckromate,  2C"H"NH) .  CrH*0*,  is  deposited  on 
mixing  the  hydrochloride  with  a  gently  warmed  solution  of  potassium  dichromate,  in 
small  ochre-yellow  prisms,  which  decompose  in  the  moist  state  on  exposure  to  light. 
The  phogphaUj  2C**H"*N*0 .  PH*0*  •<-  12aq.,  forms  concentrically  grouped  prisms 
easily  soluble  in  water.  The  arsenate,  2C*"H»*N*0 .  AsH'O*  +  12a<^.,  forma  long 
prisms,  easily  soluble  in  water  (Hesse).  An  aqueous  solution  of  a  cinchonine  salt 
gives  with  sodium  siUpharsenate  a  bulky  precipitate  soluble  in  excess  of  the  reagent 
(Mosing.  Zeitschr.f.  Chem,  [2]  v.  363).  The  oxalate,  2C»H*<N«0 .  C»H«0*  +  2aq., 
crystallises  in  large  prisms  soluble  in  104  pts.  water  at  10^.  The  acid  succinate, 
C»*H**N*0 .  C*H*0*,  crystallises  in  long  oblique-angled  needles  containing  |HK),  or  in 
large  thick  crystals  with  IH'O,  both  forms  melting  at  110°,  and  dissolving  easily  in 
water.  The  acid  tartrate,  C"H«*N*0 .  OH«0«  +  4aq.,  forms  small  prisms  dissolving 
in  101  pts.  water  at  16°  with  acid  reaction.  The  neutral  tartrate,  2C»H«NK) .  OH«0« 
+  2aq.,  is  less  fusible  than  the  acid  salt,  has  a  slight  alkaline  reaction,  and  when 
dehydrated,  quickly  reabsorbs  its  full  amount  of  water  on  exposure  to  the  air. 
Ctnchotiine-antimonious  tartrate,  obtained  by  decomposing  the  sulphate  with  bario- 
antimonious  tartrate,  crystallises  from  water,  partly  in  white,  easily  efflore«icing  nodules 
containing  24'7  p.  c.  water,  partly  in  laige  crystals  resembling  saltpetre  and  containing 
frr>m  9*8  to  10  p.  c.  water.  The  compound  dried  at  100°  contains  26*2  to  26*5  p.  c 
antimony  and  47*48  p.  c  cinchonine.  The  acid  citrate,  2C*H**N*0 .  C*H*0*  -i-  4aq., 
forms  small  prisms  soluble  in  65*8  pts.  water  at  15®.  The  neutral  citrate, 
3C^H'*N^0 .  C*H*0'  +  4aq.,  separates  on  evaporating  its  alcoholic  solution,  as  a 
colourless  oil  which  solidifies  in  long  concentrically  grouped  prisms.  The  pierate, 
2C»H"N«0 .  3C«H«(N0»W).  is  obtained  as  a  yellow  precipitate  resembling  lead  iodide, 
on  mixing  conchonine  nydrochloride  with  a  gently  warmed  solution  of  picric  acid 
(Hesse). 

Action  of  Potassium  Permanganate  on  Cinchonine  (Caventou  a.  Willm,  Zeiischr.  f. 
Chem.  [2]  V.  547). — When  a  cold-saturated  solution  of  potassium  permanganate  is 
added  by  drops  to  a  solution  of  about  an  equal  quantity  ox  cinchonine  sulphate,  like- 
wise kept  cool  and  acidulated  with  sulphunc  add,  carbon  dioxide  is  evolved,  and  the 
following  products  are  formed : 

1.  Hydrocinchonine,0*«H«^«O.— 2.  Cinchotenine,  an  indifferent  body  which 
unites  both  with  acids  and  with  bases,  but  without  forming  well-deflned  compounds. 
— 3.  Carboxycinchonic  acid. — 4.  A  substance  which  reduces  cuprie  oxide. in 
alkaline  solution.    The  last  three  are  products  of  oxidation. 

Hydrocinchonine,  C'^H*^*©,  melts  at  268°,  deflects  the  plane  of  polarisation 
to  the  left,  but  less  strongly  than  cinchonine ;  it  is  insoluble  in  water ;  a  litre  of  90  p.  c. 
alcohol  dissolves  7*26  grm.  of  it  at  16° ;  at  higher  temperatures  it  is  more  soluble  and 
separates  on  cooling  in  small  silky  needles.  It  forms  well-dystallised  salts,  soluble  in 
water  and  having  a  bitter  taste.  The  platinochloride,  C»H»N«0 .  2Ha  .Pta*,  forms 
rather  large  shining  crystals.    It  is  but  slowly  attacked  by  potassium  permanganate. 

1.  Cinchotenine,  C^^H'^N'O',  the  most  abundant  of  the  oxidation  products, 
separates  from  a-boiling  aqueous  solution  in  silver-white  silky  crystals,  but  slightly 
soluble  in  cold  water  and  in  alcohol,  even  at  the  boiling  heat.  It  turns  the  plane  of 
polarisation  to  the  left,  but  less  strongly  than  cinchonine.  It  has  a  neutral  reaction, 
and  dissolves  both  in  acids  and  in  alkalis,  but  is  insoluble  in  strong  potaah-ley. 
From  its  solution  in  baryta-water  it  is  precipitated  by  carbonic  acid.  It  forms  a 
crystallisable  platinochloride.  With  silver  nitrate  it  forms  a  white  precipitate  and 
reduces  the  silver  when  heated.  It  is  but  slowly  attacked  by  potassium  permanganate 
even  with  aid  of  heat. 
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Carhoxfeinehonie  aeid,  C'H*^NK)^  is  formed  from  cinehonine  b^  addition  of 
mter,  as  well  as  by  oxidation.  Its  formation  appears  to  take  place  only  when  the 
erolution  of  carbon  dioxide  becomes  energetic,  and  is  perhaps  analogous  to  that  of 
benzoic  acid  by  oxidation  of  benzene.  It  is  moderately  soluble  in  water,  especially- 
▼hsn  hot,  and  crrstallises  in  hard  shin  j^  anhydrous  prisms.  100  pts.  alcohol  dissolve 
1*8  pts.  of  it  in  the  cold,  somewhat  more  than  8  pts.  at  the  boiling  heat.  It  is  bibasic, 
and  forms  with  the  alkalis  and  with  baryta,  easily  soluble  salts,  difficult  to  crystallise. 
The  atpric  salt  G"H**N^O*Cu  is  formed  as  an  amorphous  blue-green  precipitate,  which 
quickly  becomes  ciystaUine  and  deep  blue.  The  sUtfer  $alt  C^'H^N'O^Ag*  is  a  very 
jgennaodnt  crystaUine  precipitate.  The  acid  likewise  dissolves  in  hydrochloric, 
ralphnric  acid,  &c,  and  forms  a  plaiinoeMande  crystallising  in  orange-yeUow  lamina 
spuingly  soluble  in  water. 

See  the  last  article. 


Benzyl  Cinnamate.    (See  CiXNAiac  Ethxbs,  p.  470.) 

or  OZnjaiBO&.  G*H*.~Acoording  to  Berthelot  {Oompt. 
rend,  bdii.  518),  cinnamene  produced  by  the  dry  distillation  of  cinnamates  is  not 
identical  in  its  physical  properties  with  styrol  from  storax.  Styrol  is  optically  acdve, 
tuning  the  plan^  of  polarisation  3°  to  the  left  in  a  layer  100  mm.  thick,  whereas 
dnnamene  is  optically  inactive.  Moreover,  styrol  is  more  easily  converted  than 
cinnamene  into  polymeiides  under  the  influence  of  heat  and  of  chemical  reagents ; 
and  when  mixed  with  1^  time  its  weight  of  strong  sulphuric  acid  it  gives  off  a  lai^r 
quantity  of  heat,  viz.  30,000  heat-units  for  the  molecule  C*H',  whiK«as  dnnamene  gives 
only  three-fourths  of  that  quantity.  But  the  difference  between  the  two  is  purely 
physical ;  in  chemical  properties  and  reactions,  and  therefore  doubtless  in  the  arrange- 
ment of  the  atoms  in  tneir  molecules,  they  are  absolutely  identical. 

Ginnamene  (or  styrol)  is  produced:  1.  By  polymerisation  of  acetylene.  It  has  in 
&et  the  composition  of  tetracetylene,  (CH^)*,  and  is  formed,  together  with  other 
polymerides,  when  acetylene  is  heated  in  a  sealed  glass  tube  over  mercury  to  the 
soflening  point  of  the  glass.  It  constitutes  about  i  of  the  liquid  product  thus  obtained, 
passes  over  on  fraclionally  distilling  that  liquid  between  L3«')°  and  160^,  and  is 
identical  in  every  respect  with  the  einnamene  obtained  from  oinciamates  (Berthelot^ 
Compt.  rmid,  Ixii.  906,  947  ;  see  also  Ackftlkkb,  p.  32). 

2.  ¥nicn  a  mixture  of  ethylene  and  benzene  or  diphenyl  is  passed  through  a  red- 
)»t  tube  (Bothelot,  Jmhrtsb.  1866,  pp.  645,  546) : 

C*H*    +  C«H*  -  C«H»  -h  H* 
and 

CWH"  +  C*R*  -  C«H»  +  C«H«. 

8.  Together  with  benzene  and  sevezal  other  hydrocarbons,  when  ethylene  alona 
is  pasnd  through  a  red-hot  porcelain  tube  (Berthelot,  Ziitaehr,  f.  Ckem,  [2]  iv. 
S84). 

4.  Together  with  other  hydrocarbons,  by  passing  the  vapoui)t>f  ethyl-benzene  (p.  292) 
throng  a  i«d-liot  tube  (Berthelot,  Zeitsckr.  /.  Chem.  [2]  iy.  586) : 

Cm»(C*H»)  -  CBP  +  H». 

6.  By  abstiaetion  of  HBr  from  styryl  bromide;  (C"H^Br)  (produced  by  the  action  of 
branioe-vapour  on  eihyl-benzene  at  the  boiling  heat),  which  may  be  effected  by 
heating  the  bromide  with  alcoholic  potash  to  180^.  Under  these  circumstances,  the 
einnamene  is  at  first  converted  into  metacinnamene,  and  the  product  when  distilled 
yields,  above  300^,  a  mixture  of  cinnamene  with  an  oxidised  body  (probably  styrylic 
ether,  C''H'H>) ;  by  a  seeond  distillation  the  einnamene  is  obtained  pure.  Cinnamene 
is  also  obtained,  in  small  quantity  and  as  a  secondary  product,  when  styiyl  bromide 
is  heated  with  sodium,  or  when  it  is-  made  to  act  on  certain  salts-  (alkaline  acetates  and 
bensoates)  at  180°  (Berthelot,  loc.  cit.). 

Bemeiwnt. — 1.  Cinnamene-vapour  passed  through  a  red-hot  tube  is  partly  resolved 
into  benzene  and  acetylene  (or  its  products  of  condensation),  according  to  the 
equation  G*H"  »  C*H*  +  C*H*.— 2.  When  heated  in  a  sealed  tube  filled  with 
^tffo^eit,  it  is  resolved  into  benzene  and  ethylene ;  thus : 

C"H»  +  H»  »  OH*  +  (?H< ;  and  3C»H«  =  4C«H« 

(Berthelot,  JakrtMf.  1866,  p.  544). — 3.  A  mixture  of  cinnamene  and  etht/lene  passed 
through  a  red-hot  tube  yields  large  quantities  of  benzene  and  naphthalene,  the  first 
prodsoed  by  breaking  up  of  the  cinnamene  molecule,  as  above  ;  the  second  according  to 
the  equation : 

C«H»  +  C«H*  -  C^»H»  +  2H«. 
£«p.  H  H 
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4.  A  mixture  of  cinnainene  and  benzene  Tapoun  Bimilarljr  treated  yields  anthneeoe 
as  principal  product,  together  with  smaller  quantities  of  naphthalene  luid  a  hTdiocarbon 
resembling  diphenyl  (Berthelot,  ibid.  p.  546) : 

C»H»  +  C«H«  -  C"H"  +  2H». 

Clxuuunene.  Beniene.    Antkraoene. 

6.  Cinnamene  shaken  up  with  an  alkaline  solution  of  potassium  ferfMngoMoU  is 
converted  into  benzoic  and  carbonic  acids  (Berthelot,  Und.  1867}  p.  337) : 

C«H«  +  0»  =  C'H«0«  +  C0«  +  H«0. 

6.  Cinnamene  treated  with  80  pts.  of  saturated  aqueous  kydrtodic  acid  yields  as 
principal  product  octane,  C*H",  boiling  at  11 5^-120^,  together  with  small  quantities 
of  ethane  and  septane : 

C«H»  +   lOHI  =  C»H»«  +  61*. 
Cinnamene.  Octane. 

C»H«  +  12HI  -  C«H»  +  C«H»«  +  6P. 
CiimenwDe.  Bthone.    Septane. 

With  20  pts.  of  the  acid,  it  is  converted  for  the  most  part  into  fltyrjl  hydride,  (7H'* 
(ethyl-phenyl  ?),  while  benzene,  ethane,  and  a  resinous  hydrocarbon  of  high  boiliog 
point  occur  as  secondary  products  : 

C»H»  +  4HI  =.  C^«  +  C*H«  +  2I« 

(Berthelot,  Jahresb,  1867,  p.  449). 

7.  When  cinnamene  is  agitated  with  a  concentrated  solution  of  iodine  in  potassituB 
iodide,  and  the  liquid  is  then  diluted  with  water,  a  beautifully  crystallised  iodide  of 
cinnamene  separates,  which  dissolves  easily  in  ether  and  in  hydrocarbons,  is  ooi 
decomposed  by  sulphurous  acid  and  sodium  carbonate,  but  splits  up  spontaneously 
after  some  time  into  iodine  and  a  resinoos  substance  (Berthelot). 

8.  With  bromine,  cinnamene  forms  the  crystaUised  bromide  C*H"Br'  (i.  982). 

9.  With  chlorine,  cinnamene  yields  a  liquid  product,  which  is  quickly  converted  by 
strong  sulphuric  acid  into  polymerides,  partly  volatilising  without  decomposition  when 
heated  above  300^,  and  therefore  not  identical  with  metacinnamene  (Berthelot). 

10.  Fuming  nUric  acid  acts  strongly  on  cinnamene,  separating  a  resinous  body, 
and  forming  a  solution  which  on  evaporation  deposits  a  similar  iwinous  subetaDce, 
insoluble  in  ether,  remaining  behind  for  the  most  part  when  distilled  with  water,  and 
not  yielding  any  volatile  basic  product  by  distillation  with  iron-illings  and  ncetie 
acid.  Other  polymerides  of  acetylene  exhibit  a  similar  reaction  witJ^  nitric  acid 
(Berthelot). 

The  last  four  reactions,  together  with  the  conversion  into  metacinnamene  by  heating 
in  closed  vessels,  are  recommended  by  Berthelot  (Bull.  8oe.  Chim,  [2]  vi.  295)  for 
the  detection  and  isolation  of  cinnamene. 

For  the  detection  of  cinnamene  in  coal-tar — in  which  it  is  likely  to  occur  in  conse- 
quence of  its  formation,  as  above  described,  from  benzene  and  other  hydrocarbons  at 
high  temperatures — the  crude  light  coal-naphtha,  not  yet  treated  with  strong  sulphuric 
acid,  is  agitated  with  soda-ley  and  with  dilute  sulphuric  acid ;  then  washed  and  £rac- 
tionally  distilled ;  and  the  portion  collected  after  frequent  rectifications  between  144° 
and  160°  is  heated  to  200®  for  several  hours  in  a  sealed  tube.  The  contents  of  Che 
tube  are  then  distilled  at  about  300°,  and  the  residue  is  more  strongly  heated,  whereby 
a  mixture  of  regenerated  cinnamene  and  difficultly  volatile  hvdrocarbons  is  obtained, 
from  which  the  cinnamene  may  be  separated  by  renewed  distillation  and  tested  as 
above.  The  liquid  passing  over  between  144°  and  160°  was  found  to  contain  2  p.  c. 
cinnamene.  Coal-tar  naphtha  purified  in  the  ordinary  way  with  strong  sulphuric 
acid  cannot  contain  cinnamene,  since  this  hydrocarbon  is  thereby  converted  into 
polymeric  modifications,  which  remain  in  the  less  volatile  residue  (Berthelot,  loe.  eUX 

Dicinnamene  or  2>t«^yro/,  C"H*V  is  produced,  together  with  carbon  dioxide, 
by  heating  cinnamic  acid  to  160°-240®  with  aqueous  hydrobromic  acid  (sp.  gr.  l'8o), 
with  hydrochloric  acid  (sp.  gr.  1-12),  or  with  sulphuric  acid  diluted  with  2  pts.  wator. 
It  unites  with  bromine,  forming  the  ciystalline  compound  C'*H"Br*.  It  is  not 
converted  into  metacinnamene  by  prolonged  heating  to  200°  (Erlenmeyer,  Ann.  Ch. 
Pharm.  cxxxv.  122). 


cmAMZO  AC».  C»H»0«.— Produced:  1.  According  to  Harnitz-Harnitaky 
{Ann.  Ch.  PJuxrm.  cxi.  192),  by  the  action  of  chlorethylidene  ((Stained  by  the  action  of 
carbonyl  chloride  on  aldehyde)  on  barium  benzoate  : 

CH'Cl  +  C'H»0«Ba'  -  Ba'Cl  +  C»H«0«. 
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Kraut  (ZeiUckr.  /.  Chem,  [2]  t.  147)  did  not  obtain  cinnamie  acid  by  ibis  leaction. 
-^2.  By  th«  action  of  carbon  dioxide  and  Bodium  on  bromocinnamene  diBSolyed  in  etber 
(jaat  as  beuaoic  acid  ia  formed  from  bromobenaene) : 

C"HrBr  +  C0«  +  Na«  -  NaBr  +  C«H»0«Na 

(Th.  Swarta,  Jmt.  Ch,  Pkarm,  czxzrii.  229 ;  BvU.  8oe,  Ckim.  [2]  ri.  61). 
3.  By  the  action  of  bromine  on  hydrocinnamic  add  (Glaaer,  Jakretb,  1866,  p.  867) : 

C^«»0«  +  Br«  =  2HBr  +  C»HK)«. 

The  deoomposition  of  cinnamie  acid  by  fbaion  with  potash  into  benaoic  and  aoetie 
icid«,  with  elation  of  hydrogen  (i.  984),  according  to  tbe  equation 

C"HW«  +  2K0H  =.  CrH*KO«  +  C»H»KO«  +  H«. 

»  aoalogona  to  that  of  the  acrylic  acida  (p.  41),  and  ahoiws  that  oinnamic  acid  may 
be  ngurded  aa  phenyl-aerylie  acid : 


(CHy  ^  1  [CH(CH')] 


or 


/H 
(C^H»)^ 

O 
OH 


OH  "'VOH 

Acxyllo.  Flienyl-aciyUo  or        .  CinnamtR. 

TbisTJeirof  its  eonatitntion  ia  alao  in  accordance  with  ita  formation  irom  acetyl 
<:hk]ride  and  benaoic  aldehyde  (i.  983),  and  from  chlorethylidene  and  barium  benaoate. 

Beaetion$. — 1 .  (Snnamic  acid  ahaken  up  with  water  and  *odium-amalffam,  in  the 
prapoition  of  1  at.  aodium  to  1  mol.  dnnamic  add,  ia  converted  into  hydro- 
cinnamic acid,  C*H**0>  (Erlenmeyer,  Jnn.  Ch.  Pkarm,  czzxyii.  227).— 2.  It  ia 
alflo  eooTerted  into  hydrodnnamic  add  by  heating  it  to  100^  with  yexy  atrong  aqueoua 
Vnotfte add  (Popoff,  ZmUekrJ.  Chem.  [2]  i.  Ill) : 

C»H»0«  +  2HI  -  C"H'»0«  +  P. 

S.  When  gradually  heated  to  190^-200®  with  kydroehhrio  acid,  it  yielda  an  indif- 
ferent chlorinated  oil,  probably  CH*G1,  together  with  carbon  dioxide ;  and  reacta  in 
like  manner  with  kydrobrotMe  acid  (Schwarta,  loc.  cit.).  According  to  Erlenmeyer, 
hydrochlorie  add  of  ap.  gr.  ri2  and  hydrobromic  acid  of  ap.  gr.  1*86  convert  it  at 
160°-24a°  into  dicinnamene,  C"H'«. 

4.  Heated  with  water  to  180^-200°  for  about  a  week,  it  ia  decompoeed,  with 
forraation  of  dnnamene  (Schwarta).  According  to  Erlenmeyer,  it  ia  not  decompoaed 
b^  heating  with  water  to  230^  but  when  heat^  in  the  dry  atate  to  240°,  it  alowly 
giree  off  carbon  dioxide.  , 

5.  Bromine-fjopmir  ia  abaorbed  by  dnnamic  add  at  ordinary  temperaturea  or  at 
100°,  with  formation  of  dibromo-hydrocinnamic  acid,  CH'Br'O'  (A.  Schmitti 
Jnn,  Ck.  Pkarm.  cxxrii.  319). 

6.  Cinnamie  acid  unitea  directly  with  kypoeklorous  acid,  forming  phenyl- chloro* 
lactic  acid,  C*H»aO»: 

C»H»((?H»)0«  +  HaO  -  C"H*(C«H»)aO« 
Fbmyl-aeiyUe.  Fhenyl-ohloxolactlo. 

With  free  dnnamic  acid  thia  reaction  doea  not  take  place  very  readily ;  but  when 
chlorine  Ia  paaaed  in  a  alow  atream  into  a  dilute  aolution  of  cinnamie  acid  in  aodiuln 
carbonate  till  the  liquid  losea  ita  alkaline  reaction  and  acquires  bleaching  propertiea, 
phenyl -chlorolactic  acid  ia  eaaily  formed.  The  aolution  freed  from  excesa  of  cnlorine 
and  hypochloroua  add  b^  aulphuroua  acid,  and  then  treated  with  hydrochloric  acid, 
yielda  phenyl-chlorolactic  acid  in  priamatic  crystals.  Thia  add  treated  with  eodium- 
amalgam  \B  conreti^  into  phenyl-lactic  acid,  C*H'*0*,  or  phenyl-oxypro- 
pionic  acid,  C*H*(H0)O*,  which,  when  treated  with  hf/droehloriCt  kydrobromic,  or 
^firiodic  aeid,  takes  up  CI,  Br,  or  I  in  place  of  HO,  forming  phenyl-chloropro- 
p ionic  acid,  C*H*C10*,  &c.  In  like  manner,  phenyl-chlorolactic  acid,  0*H*C10' 
or  CH"(HO)C10',  treated  with  hydrochloric  acid,  takea  up  CI  in  pbice  of  HO, 
forming  pbenyl-dichloropropionic  acid,  C*H"CI*0»;  and  similarly  with  Ayrfw- 
hromie  acid  it  forma  phenyl-chlorobromopropionic  acid,  C*H'ClBrO'.  Lastly, 
phenyl-chlorolactic  add,  treated  with  alkalis,  yielda  a  chloride  of  alkali-metal,  together 
with  phenyl-oxyacrylic  or  oxycinnamic  acid: 

C»H»C10»  +  KOH  -  C«H»0«  +  KCl  +  H«0. 

The  relation  of  theae  aereral  deriyatiTee  to  cinnamie  add  ia  exhibited  by  the  following 
fommlae: 

"*  XH2 
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Phenyl-ftciylic  (cmnamic)  acid C^».C«HK)« 

Phenyl-chlorolactic  acid C*K*.CE\CmO'jO* 

Phenyl-diohloropropionic  acid C«H».C»H«(a*)0« 

Phenyl-bromochlopopropionicacid    ....  C*H».C^"(BrCl)0* 

Phenyl-lactic  acid OH».C»H"(H0H)0« 

Phenyl-chloropropionic  acid OH».CH»(HC1)0« 

PheDyl-oxyacrylic  (oxycinnamic)  acid       .        .        .  C"H*.C*fl*(0)0* 

Brominated  and  iodated  oompotinds  analogous  to  the  chlorinated  bodies  in  the  abore 
table  are  formed  by  precisely  similar  reactions,  and  the  monobrominated  and  mono- 
iodated  propionic  acids  are  also  conTerted  by  alkalis  into  oxycinnamic  acid  (Glaser, 
Ann.  Ch.  Pharm.  cxlvii.  78 ;  ZeUxhr.  f.  Chem.  [2]  iii.  65 ;  iv.  131  ;  JahreA.  1867, 
p.  418).    For  details  respecting  these  acids,  see  Laotic  Acid  and  Pbopiomic  Acm. 

SromoolBBamie  Aotd.  C^rBrO'  (Glaser,  Ann.  Ch.  Pharm.  cxliii.  325; 
Jahreab.  1866,  p.  367). — ^When  bromine  acts  at  ordinary  temperatures  on  hydrocinnamie 
acid,  two  brominated  acids  are  formed  by  successive  substitution,  viz.  C*H*BrO'  and 
CH'Br'O',  the  latter  of  which  is  isomeric  with  the  dibromide  of  cinnamic  acid  (or 
dibromo-hydrocinnamic  acid),  which  Schmitt  obtained  by  direct  addition  of  bromine 
to  cinnamic  acid  (pu  467).  This  dibrominated  acid  treated  with  alcoholic  potash 
Rolution  gives  up  HBr  and  yields  two  isomeric  monobromocinnamie  acids,  CH'BrO'. 
To  prepare  these  acids,  the  crude  product  of  the  action  of  bromine- vapour  on  cinnamic 
acid  is  dissolved  in  a  small  quantity  of  boiling  alcohol,  and  an  alcoholic  solution  of 
potash  is  added  to  it  by  portions  in  slight  excess.  It  then  deposits,  firsts  white  ciystal- 
line  flocks  of  a-bromocinnamic  acid,  then  an  oily  mixture,  and  ultimately  nearly  poro 
/3-bromocinnamic  acid ;  the  complete  separation  of  tha  two  isomeric  acids  must  be 
effected  by  fractional  precipitation. 

a-Bromocinnamie  acid,  CH^rO',  separated  from  its  ammonium  salt,  erystid- 
lises  from  boiling  water  in  long  shining  four-sided  needles,  soluble  in  all  proportions 
of  alcohol,  easily  soluble  also  in  alcoholic  ether,  less  soluble  in  pure  ether.  It  melts 
at  130-^-131^,  crystallises  in  needles  on  cooling,  and  distils  for  tne  most  part  without 
decomposition.  The  ammonium  salt  C*H*BrO'.NH*  forms  flat  needles  generally 
united  in  arborescent  groups,  moderately  soluble  in  water  and  in  alcohoL  The 
potassium  salt  crystallises  in  needles  easily  soluble  in  water  and  in  alcohoL  The 
silver  salt  C'H'BrO'Ag  is  sparingly  soluble  in  water,  and  is  resolved  by  heating  with 
water  to  150°  into  the  free  acid  and  a  basic  salt,  without  formation  of  silver  bromide. 
The  harium  salt  (C'H*BrO')'Ba  crystallise*  in  thin  rhombic  laminae,  slightly  soluble 
in  cold  water,  insoluble  in  alcohol.  The  eine  salt  forms  laminn  easily  soluble  in  hot 
water ;  the  cadmium  salt  large  flat  shining  prisms ;  the  lead  salt  crystallises  from 
hot  water  in  thin  rhombic  laminae. 

a-Bromocinnamic  acid  is  converted  by  contact  with  bromine  into  an  acid  richer 
in  bromine,  melting  at  132°,  and  ciystallising  in  needles.  By  sodium-amalgam  it  is 
converted  into  hydrocinnamie  acid : 

C»H'BrO»  ■*.  2H«  =  HBr  +  C»H«*0«. 

fi'Br^moeinnamie  acid,  CH*BrO',  purified  by  fractional  predpttation  as 
above  mentioned,  is  a  light  snow-white  powder  composed  of  six-sidea  laminae.  It  is 
easily  soluble  in  boiling  water,  and  separates  therefrom  in  large  flat  six-sided  crystals^ 
from  ether  in  well -defined  thick  prisms.  It  melts  at  120°,  and  is  converted  by 
distillation  or  by  boiling  with  fuming  hydriodic  acid  into  a-bromocinnamic  acid. 
Heated  to  180°  with  weak  soda-ley,  it  is  resolved  into  carbon  dioxide  and  a  non- 
brominated  oil  boiling  at  about  160°.  It  is  also  converted  by  sodium-amalgam  into 
hydrocinnamie  acid.  Its  salts  are  totally  different  from  those  of  the  a-acid.  The 
potassium  salt  CH'BrO^K  forms  slender  very  deliquescent  needles  easily  soluble  in 
alcohol.  The  silver  salt  C*H*BrO*Ag  is  a  white  curdy  precipitate,  which  becomes 
crystalline  on  standing  and  is  decomposed  by  boiling ;  at  120°  it  is  resolved  into  the 
free  ^-acid  and  a  basic  salt ;  at  170°  into  a-bromocinnamic  acid,  carbon  dioxide,  silver 
bromide,  and  an  aromatic  oil. 

/B-Bromocinnamic  acid  exposed  to  the  action  of  bromine-vapour  is  converted  into  a 
crystalline  acid  richer  in  bromine,  which  melts  at  45°  and  48°,  and  is  decomposed  by 
boiling  water,  with  formation  of  a  volatile  oil  having  an  odour  different  from  that  of 
the  acid  itself. 

Bjrdrooinnainio  Aold.  C*H'*0'.  ffomotoluie  oM^  Cumoylic  acid,  Pkem^- 
propionic  acid  (Erlenmeyer,  Zeitsckr.  Ch.  Pharm.  1862,  p.  170;  1863.  p.  307; 
Zeitschr.  f.  Chem.  1866,  p.  206;  Ann.  Ch.  Pharm.  cxxxvii.  327.  A.  Schmitt,  iWdL 
cxxrii.  319.     Popoff,  Bull.  Soc.  Chim.  [2]  iv.  375.    Fittig,  Zsitschr.  f.  ChHn.  1869, 
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p.  166). — ^Thia  acid,  isonierie  with  zylic,  and  homologous  (in  oompontion  at  least) 
with  toliiic  acid,  is  prodiiced :  1.  By  Uie  action  of  sodium-amalgam  on  cinnamic  acid. 
INilrsrised  cinnamic  acid  is  agitated  in  a  stoppered  vessel  with  20  to  24  times  its 
weight  of  water  and  a  quanti^  of  sodium>amaIgam  containing  1  at.  sodium  to  1  mol. 
dDnamic  add,  till  the  liquid  becomes  neutral  ot  nearly  so ;  a  second  and  somewhat 
laiger  quantity  of  sodium-amalgam  is  then  added ;  and  the  reaction  is  continued, 
wiOi  frequent  agitation,  till  hydrogen  gas  is  giyen  off  in  regular  bubbles.  The 
ranilting  sodium  salt  is  then  neutralised  with  sulphuric  acid;  the  solution  is 
eTaporated;  the  mother-liquor  decanted  from  the  crystallised  sodium  eulphate  is 
aupeisatoiated  with  sulphuric  acid ;  and  the  hydrodnnamic  acid  which  separates  as 
an  oil,  but  soon  solidifies,  is  pulverised,  washed  with  watMr,  then  distiUed,  and 
disaolTed  in  boiling  water,  from  which  it  separates  at  low  temperatures  in  needles,  or 
from  a  solution  saturated  at  the  boiling  heat»  as  an  oil  which  afterwards  solidifies 
(Erienmeyer). 

2.  By  the  adion  of  sodium-amalgam  on  dibromohydroeinnttmic  add,  OH^BrK)*, 
which  is  produced  by  direct  addition  of  bronune^  to  cinnamic  add  (Schmitt). 

3.  By  heatings  dnnanBic  add  with  concentrated  hgrdriodic  add :  C^*0'  +  2HI  « 
C»H»K)»  +  P  (Popoff). 

4.  From  ethyl-bensene,  C*H*.CH'CH',  by  pasdng  chlorine  into  that  compound  at 
the  bdliog  hes^  whereby  it  is  converted  into  phenyl-ethyl  chloride,  C*H* .  CH'GH'Cl ; 
eonrerting  this  ehloride  into  the  corresponding  cyanide  by  beating-  it  with  potassium 
cyanide  and  alcohol  in  a  flask  provided  with  an  upright  condensing  tube ;  and  heating 
the  decanted  alcoholic  solution  of  phsnvl-ethyl  cyanide  with  solid  caustic  potash  in  a 
Bimilar  apparatus  as  long  as  ammonia  is  given  off.  On  subsequently  aistilliQg  off 
the  alcohol,  acidulating  the  remaining  liquid  with  sulphuric  acid,,  repeatedly  agitating 
with  ether,  and  distilling  off  the  ether  from  the  resulting  solution,  a  yellow  liquid 
acid  is  left,  which  solidifies  after  standing  and  repeated  agitation  with  cold  water. 
By  converting  this  add  into  a  calcium  salt^  and  decompodng  the  latter  with  hydro- 
chloric add,  an  add  is  obtained  identical  in  every  respect  with  the  hydrocinnamio 
acid  obtained  by  the  preceding  methods^  Its  formation  from  phenyl-ethyl  cyanida 
ii  lepresented  by  the  equation  : 


C'H*' 

C*H» 

CH« 

CH« 

1          +     2H«0    - 

L 

COOH 

Fbenyl-ethyt 

Hydrocinnamio 

cyBnide. 

add. 

This  roaction  is  exactly  nmilar  to  that  by  which  ethyl  cyanide  is  converted  into 
propionic  add,  and  shows  that  hydrodnnamic  add  has  the  constitution  of  phenyl- 
prraionic  add  (Fitlig). 

Hydrodnnamic  acid  melts  at  47^  (Erienmeyer),  at  46*5^  (Fittig),  and  boils  at  280'' 
under  a  preasore  of  764  mm.  (Erienmeyer).  Its  vapours  condense  to  a  liquid,  which 
when  at  perfect  rest  may  be  cooled  to  25°  without  solidifying ;  but  when  touched 
with  a  solid  body  immediately  solidifies  to  a  radiate  mass  of  long  needles,  the 
lemperature  at  the  same  time  ridng  to  42°.  It  dissolves  in  168  pts.  water  at  20°, 
modi  more  easily  in  boiling  water,  and  volatilises  with  vapour  of  water ;  it  dissolves 
in  alcohol,  and  separates  therefrom  in  prisms  apparently  belonging  to  the  monodinie 
system ;  also  in  ether,  chloroform,  benzol,  carbon  bisulphide,  and  glacial  acetic  acid. 
Its  salts  are  mostly  crystallisable,  and  the  solution  of  the  potassium  salt  is  not 
predpitated  by  salts  of  calcium,  barium,  magnedum,  nickel,  cobalt,  or  manganese ; 
with  nlver  nitrate,  zinc  sulphate,  cupric  nitrate,  mercuric  chloride,  ferric  chloride, 
and  chromic  chloride  it  gives  fiocculent  predpitates ;  with  lead  acetate  a  glutinous 
predpitate.  The  tilver  salt  C?B,*0*Ag  crystallises  from  water  in  nacreous  lamin»; 
the  potoBtiuim,  barium,  calcium,  and  lead  salts  in  needles ;  the  copper  salt  is  a  pale 
green  powder  (Erienmeyer).  The  calcium  salt  dried  over  sulphuric  acid  contains, 
according  to  Fittig.  2(0»H»0»>«Ca.3H«0. 

Metkyl  Kifdrocinnamate,  CH*0'.  CH*,  is  a  liquid  having  a  peculiar  odour,  a  sp.  gr. 
of  10466  at  0°,  and  10180  at  49^,  and  boiling  at  2d8°-239^.  The  ethylie  ether 
CH*0*.G^*  smells  like  pineapples,  has  a  sp.  gr.  of  10343  at  0^,  0-9925  at  49°, 
and  boils  at  247°-249°.  The  amylie  ethsr  C*H»0«.OH*>  has  a  faint  and  stupefying 
odour,  a  sp.  g7.  of  09807  at  0°,  6'9520  at  49°,  and  boils  at  291°~298°. 

Hydrocinnamic  add  is  oxidised  by  chromic  acid  mixture,  giving  off  carbon  dioxide 
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even  at  ordinary  temperatures,  and  on  dif  tilling  the  liquid  benaoie  acid  is  givui  ofl^ 
together  with  an  oily  oody.  Heated  with  soda-lime  or  potaasium  hydrate,  it  gives  oS 
first  benzoic  acid,  and  afterwards  a  yellow  liquid  containing  hydrocarbons  (toluene), 
and  perhaps  also  ketones  (Erlenmeyer). 

Dibromohjifdrocinnamic  or  JDibromO'phentflpropionie  acid,  CH*Bi:K>*, 
is  formed  by  direct  combination  when  bromine- vapour  is  passed  over  dnnamio  add 
at  100°  ;  liquid  bromine  is  less  readily  absorbed.  The  brominated  acid  is  insolable 
in  cold  water,  eitsily  soluble  in  ether  and  in  alcohol,  crystallises  from  the  Utter  is 
colourless  rhombic  laminae,  has  a  bitter  taste,  and  is  not  volatile  without  deoom- 

Sosition.  Its  barium  salt  (C*H'Br'0')*Ba,  obtained  by  saturation,  is  easily 
ecompoeible,  dissolves  readily  in  water,  aclohol,  and  ether,  and  crystallises  is 
microscopic  four-sided  plates.  The  todium  salt  OH'Bi'O'Na  is  somewhat  more 
stable ;  its  solution  gives  precipitates  with  lead  acetate,  stannic  chloride,  and  merciuoiu 
nitrate.  The  acid,  OH'fir'O',  boiled  with  water,  gives  off  a  neutral  brominated  oil 
having  an  odour  of  hyacinths,  and  the  residual  liquid  deposits  a  crystalline  body, 
difficidt  to  purifv,  but  probably  consisting  of  C*H*BrO*.  The  dibrominated  acid  is 
converted  by  sodium-amalgam  into  hydrocinnamic  acid,  together  with  a  small  quantity 
of  another  acid  (not  yet  analysed),  which  is  soluble  in  water  and  crystallises  in 
large  prisms  (A.  Schmitt,  loe,  cit.), 

Osrelaaamlc  or  Pbeiiyl-ozyaoryUe  aold,  C*HH)*  «  C«H*.C^*(0)0' or 
C*H».C*H*(HO)0',  is  produced  by  the  action  of  alkalis  on  phenyl-chlorolactic  or 
phen^l-bromolactic  acia  (p.  467).  To  prepare  it,  the  alcoholic  solution  of  the 
chlorinated  or  brominated  acid  is  stirred  up  with  an  alcoholic  solution  of  potash, 
soda,  or  ammonia,  in  sufficient  quantity  to  render  the  liquid  alkaline;  the  precipitate, 
consisting  of  metallic  chloride  or  bromide,  together  with  a  salt  of  oxycinnamic  acid, 
is  collected  on  a  filter  after  a  few  hours,  washed  with  cold  alcohol,  and  then  digested 
with  boiling  alcohol,  which  dissolves  out  the  oxycinnamate,  and  deposits  it  in  the 
crystalline  form  on  cooling.  From  the  moderately  dilute  solution  of  this  salt,  the 
acid  CH*0'  is  precipitated  by  a  stronger  acid,  as  an  oil  which  when  cooled  neariy  to 
0^  solidifies  in  shining  ciystalline  spangles.  It  is  very  unstable,  changing  soon  after 
preparation  into  a  resinous  substance,  with  evolution  of  carbon  dioxide,  and  being 
resolved  by  boiling  inth  water  into  carbon  dioxide  and  a  volatile  oil,  probably  017- 
cinnamene,  C*H*0.    It  is  resinised  by  heating  with  hydrochloric  or  hydrobromic  add. 

B>tosst«m  oxyomnamatSt  C*H'0'K,  forms  nacreous  lamine  easily  soluble  in  hot 
water,  but  grsdually  decomposing  in  the  aqueous  solution  into  carbon  dioxide  and  a 
colourless  resin.  The  sodium  salt  C*H'0*Ka  crystallises  in  tufts  of  flat  needles; 
the  ammonium  salt  in  small  prisms.  The  stiver  salt  C*H*0'Ag  is  sparingly 
soluble,  and  may  be  obtained  by  precipitation,  or  directly  from  phenyl-chlorolactie 
acid  by  slightly  supersaturating  witn  ammonia,  and  cautiously  ad(ung  silver  nitrate, 
80  as  first  to  decompose  the  ammonium  chloride  in  the  solution,  and  then  predpitate 
tlie  silver  oxycinnamate  fh)m  the  filtrate.  From  a  solution  in  boiling  water,  prepared 
in  the  dark  and  rapidly  cooled,  it  is  deposited  as  a  crystalline  powder  consisting  of 
six-sided  laminae,  easily  altered  by  heat  and  light.  The  barium  salt  is  obtained  by 
double  decomposition  as  a  white  precipitate  which  crystallises  fVom  boiling  dilute 
alcohol  in  small  needles.  The  etkylic  ether  C*H^O*.C*H*,  formed  by  the  action  of 
ethyl-iodide  on  the  silver  salt,  is  a  liquid  of  agreeable  fruity  odour,  and  boiling  at 
279-5°  (oorr.),  with  partial  decomposition.  When  boiled  with  faaiTta-water  it  is 
decompoised,  with  separation  of  barium  carbonate. 

ThloelBBMiiio  Aotd.  0»H«OS.— Cinnamyl  chloride,  C^H'OCl,  acts  strongly  on 
lead  sulphethylate  (mercaptide),  forming  lead-chloride,  and  an  oil  soluble  in  ether  but 
insoluble  in  water,  which  boils  with  partial  decomposition  at  260°,  and  when  boile^l 
with  alcoholic  potassium  sulphydrate,  gives  off  mercaptan,  and  yields  crystalline 
nodules  of  potassium  thiocinnamate,  C'H^OSK  (Engelhardt,  Latschinoff  a.  Kalyscheff, 
Zeiisehr.  /.  Chem.  [2]  iv.  369). 


OmAMXO  STHSM.  Etkt/l  mtroemnamate,  G*H<(NO*)0>.C*H>,  is  easily 
produced  by  dissolving  ethyl  cinnamate  in  very  concentrated  nitric  acidl  Treated 
with  tin  and  hydrodiloric  acid,  it  yields  colourless  crystals  consisting  of  a 
compound  of  stannous  chloride  with  the  hydrochloride  of  ethyl  amido-cinnamate, 
2[C»H«(NH«)0«.C«H».Ha].SnCl«  +  8aq.,  which,  when  freed  from  tin  by  hydrogen 
sulphide,  yields  colourless  crystals  of  the  hydrochloride  of  ethyl  amiaoeinnamate 
(J.  V.  Bossrum,  Jahresb,  1866,  p.  366). 

Benzyl  Cinnamate.  C"H'«0«  -  OH^0«.C'H».  annamem  (i.  980).— This 
ether  is  obtained  in  the  pure  state  by  boiling  a  mixture  of  benzyl  chloride,  alcohol,  and 
weU-dried  sodium  cinnanjate  in  a  fiask  with  upright  condenser  for  several  hours*  till 
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so  man  sodium  cinnamate  sepaxates  out  on  cooling.  On  distilling  off  the  alcohol, 
adding  water,  washing  the  pasty  precipitate  with  an  alkaline  solution  to  remore 
free  dnnamic  add,  then  agitating  with  ether,  and  eraporating  the  ethereal 
solution  over  the  water-bath,  an  oily  liqnid  remains,  which  when  distilled  in  a  vacuum 
yields  at  lOO''  a  thin  mobile  liquid  (benzyl  alcohol  and  hensyl  chloride),  and  between 
235^  and  23/»®  bensyl  cinnamate  in  the  form  of  a  thick  oil,  which  gradually  solidifies 
at  0^  and  may  be  completely  purified  by  dissolTing  it  in  alcohol  at  a  temperature 
below  40^  and  cooling  the  solution  to  a  low  temperature.  It  is  always  partially 
decomposed  during  preparation  into  cinnamic  acid  and  bem^l  alcohol,  the  quantity 
thus  deoompoeed  being  greater  the  longer  the  heating  is  continued. 

Pure  benzyl  cinnamate  forms  short,  shining  white  prisms  haying  a  pleasant 
aromatic  odoor ;  it  melts  at  39^,  and  may  then  remain  liqnid  for  several  hours  even  at 
O*'.  At  abokit  360^  it  decomposes,  witn  formation  of  cinnamic  acid  and  oily  sub- 
itances.  It  dissolves  easily  in  alcohol  and  ether,  and  is  quickly  decomposed  by 
alcoholic  potash,  even  in  the  cold.  FrSmy's  metacinnamei'n  (i.  980)  is  probably  pure 
bsoayl  cinnamate  (Orimanx,  Zeiischr.f.  Ckem.  [2]  v.  157). 

According  to  Belafontaine  {ibid,  p.  166),  the  cinname'in  obtained  from  Peru  balsam 
ia  a  miztore  of  benzyl  cinnamate  and  dnnyl  cinnamate  or  styracin.  When  heated 
with  aloc^lic  potash  it  yields  potassium  cinnamate,  and  an  oil,  which  is  resolved  for 
the  mopt  part  by  fractional  distillation  into  benzylic  and  cinnylie  alcohols. 


I,  C^H'NO-  C«H»0.im«,  is  most  conveniently  prepared  by 
tnating  dnnamyl  chloride  with  concentrated  aqueous  ammonia,  washing  the  resulting 
OTitalline  pulp  with  cold  water,  and  recr3r8talli8ing  it  from  boiling  water,  from  which 
it  eepaiates  by  slow  cooling  in  dazzling  white  oystals ;  from  alcohol  it  crystallises  in 
seedlM;  in  ether  it  is  but  sparingly  soluble.  It  is  inodorous,  has  a  faintly  bitter 
taste,  melts  at  141*5^,  and  when  boiled  with  hydrochloric  acid  appears  to  form  an 
uostable  hydrochloride.  Boiled  with  mercuric  oxide,  it  yields  white  pulverulent 
mercuric  cinnamide,  (C*H»NO)*Hg  (J.  v.  Rossum,  Zeitschr.f.  Chem.  [2]  ii.  362). 

TkweinnmmULe,  G*H*KS  »  C*H'S.NH*,  separates  on  treating  an  ammoniacal 
iolotion  of  dnnamonitrile  with  hydrogen  sulphide  and  evaporating,  and  crystallises 
from  water  in  yellow  laminar  crystals  (v.  Bossum). 


C*H'N,  is  produced  by  heating  dnnamide  with  an 
equivalent  quantity  of  phosphoms  pentachloride,  distilling  off  the  resulting  phos- 
phorus Qzydiloride,  and  heating  the  residue  with  potash.  It  crystallises  at  low 
temparstores,  melts  at  1 1°,  boi&  at  264°>256^,  dissolves  easily  in  idoohol,  but  is 
insoluble  in  water  (v.  Bossum). 


A  tribasic  acid  formed,  together  with  aceconitic  acid 
(p.  2),  by  the  action  of  sodium  on  heated  ethyl  bromacetate.  Its  composition  has 
not  been  determined,  but  appears  not  to  differ  much  from  that  of  aceconitic  acid.  Its 
tribarie  aaU  has  a  strong  alkaline  reaction  ;  the  siiver  and  lead  salts  are  amorphous 
preeipitatefl  soluble  in  water  (Baeyer,  ZeiUekr.  Ch.  Pharm.  1864,  p.  712). 


CO  ACZB.  C^H*0*  =  (C«H*)»'(CO«H)«.— This,  like  the  isomeric 
compounds  itaoonic  and  mraaoonic  acids,  is  a  bibasic  acid,  having  two  unsaturated 
units  of  affinity,  and  therefore  capable  of  uniting  directly  with  2  at.  hydrogen,  chlorine, 
bromine,  iodine,  &c.,  or  with  1  mol.  HCl,  HBr,  HCIO,  &c.,  thereby  producing  saturated 
compounds.  Treated  with  waUr  and  scidium-amalgamy  it  takes  up  2  at.  hydrogen  and 
is  eonvarted  into  pyrotaitaricadd,  C^H*0\  It  unites  at  ordinary  temperatures  with 
2  at.  bromine,  forming  eitradibromopyrotartaric  acid,  C^H'Bi^^,  isomeric  with 
itadibromopyrotartarie  acid  {Kekulb,  JcAresb.  1862,  p.  813).  See  Ptbotabtaric  Acid, 
iv.  774;  also  in  this  volume.  With  hydroeMorie  acid  it  forms  dtramonochloro- 
pjprotartarie  acid,  OH'CIO^,  which  however  is  most  readily  formed  by  heating  citraconie 
anhydride,  C^H'O*,  with  concentrated  hydrochloric  acid  to  120°.  The  anhydride 
heated  with  fuming  hydriodie  acid  is  converted  into  pyrotartaric  acid,  but  it  is  probable 
that  a  mono-iodopyrotartaric  acid,  C*H'IO^,iB  formed  as  an  intermediate  product,  though 
it  has  not  been  isolated  (Swarts,  Jahreth.  1866.  p.  406).  A  dilute  solution  of  citraconie 
add  neutralised  with  baryta  and  agitated  with  hypoekloroua  add,  is  converted  into  the 
barium  salt  of  chlorocitramalic  add,  G*H'aO*  »  C*H'0'  +  tHClO  (Carius,  Jnn.  Ch. 
Pkarui.  cxxvi.  196). 

The  difference  of  structure  between  the  three  isomeric  acids,  citraconie,  itaconic,  and 
mesaoDnie,  has  been  explained  in  the  article  Acids,  Oboanic,  pp.  48,  49. 

Citraeonates. — The  acid  barium  salt  (C*H*0*)'Ba  crystallises  in  fine  silky  needles. 
The  neutral  barium  salt  OH^O^Ba  (at  100®)  is  deposited  as  a  crystalline  powder  on 
eooling  a  solution  of  barium  carbonate  in  citraconie  acid.    This  acid  calcium  salt 
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(OHK)*)'Ca  +  3aq.  fonns  laminse  permanent  in  the  air,  blackening  and  daoomporing 
at  140°,  The  neutral  salt  is  obtained  as  an  amorphous  po^er  on  eTapcrating  the 
acid  saturated  with  lime-water ;  and  on  dissolring  this  powder  in  the  exact  quantity 
of  water  required,  at  ordinfury  temperatures,  and  leavii^  the  solution  to  eyaporate,  the 
salt  separates  in  step-sliaped  or  radially  grouped  needle-shaped  crystals  haTinga 
nacreous  lustre  and  consisting  of  C^H'O^Ca  4-  daq.  (Kammerer,  ZeUsekr.  f.  Chem. 
[2]  y.  252).  The  acid  lead  salt  (C»H»0«)<Pb  (at  140°)  sepamtes  in  smaU  yeUowish 
crystals  from  a  solution  of  the  neutral  salt  in  a  large  excess  of  citraoonic  acid.  The 
neutral  lead  salt  OH^O^Fb  is  obtained  on  adding  lead  acetate  to  citraoonic  acid  con- 
taining a  little  ammonia,  as  a  white  precipitate  becoming  crystalline  on  boiling.  The 
crystals  are  anhydsous.  The  mother-liquor  on  cooling  deposits  a  brown  powder 
containing  1  mol.  H^O.  The  precipitate  formed  by  neutral  ]i»d-acetate  in  a  neutral 
solution  of  ammonium  citraconate  appears  gummy  when  dried,  and  contains  2H*<) ; 
when  boiled  in  the  liquid  it  is  converted  into  the  anhydrous  ciystalline  salt.  On 
dropping  a  solution  of  an  alkaline  citraconate  into  a  boiling  solution  of  basic  lead 
acetate,  a  crystalline  pulverulent  basic  lead  salt  is  precipitated,  which  is  nearly 
insoluble  in  water,  and  contains  C*H^O^Pb.FbO  (Otto,  Jakresb,  1863,  p.  384).  Acid 
strontium  citraconate^  (OH*0^)%  +  8aq.,  forms  large  colourless  prisms,  oflen  tnmcated 
on  the  longitudinal  edges.  The  neutral  salt  crystailisei  in  aconfiiaed  mass,  and 
effloresces  dUiring  the  evaporation  of  its  solution. 

cmuo  ACIZ9.  G«H"0'  »  (0^7*  j^Qjg^v,.— To  obtain  an  exportable  Hiaterial 

for  the  manufacture  of  citric  acid,  Peiret  (BuU,  8oe,  Chim.  [2]  y.  42)  treats  clarified 
lemon-juice  with  excess  of  magnesi<i ;  washes  the  resulting  insoluble  gianulo-crystalline 
magnesium  salt  with  cold  water ;  redissolves  it  in  hot  lemon-juice ;  and  evaporates  the 
solution  rapidly,  whereby  a  bibasic  magnesium  citrate,  C*H*0'llIg'',  is  obtained  in  a 
form  convenient  for  exportation  to  the  manufactories.  G.  Schniiser  (CAem.  Centr,  1868, 
p.  272)  recommends  toat  the  wanned  fresh  lemon-juioe  be  mixed  with  a  quantity  of 
lime  or  chidk  not  quite  sufficient  to  neutralise  the  acid  seaction,  because  an  excess  of 
lime  likewise  precipitates  those  constituents  of  the  juice  which  excite  fermentation  and 
occasion  lose  of  citric  acid.  The  calcium  citrate  precipitated  as  above  may,  after  onoe 
washing  and  rapid  drying,  be  kept  for  a  long  time  without  decomposition.  F.  Bowe 
(Chem,  NewSj  xiii.  40)  dilutes  the  concentrated  lemon-juioe  imported  from  Qieilj  with 
water,  to  facilitate  the  clarification.  He  also  removes  the  ii^jurioos  excess  of  sulphurie 
acid  which  accumulates  in  the  concentrated  solutions  of  citric  acid  obtained  by  deoom- 
position  of  the  calcium  salt,  by  renewed  treatment  with  lime,  whereby  flooculent 
matters  consisting  of  gypsun  «nd  phosphates,  which  interfere  with  the  crystallisation, 
are  likewise  removed.  A  great  improvement  introduced  by  E.  A.  Pontifex  in  the 
manufacture  of  citrie  acid  (also  in  that  of  tartaric  acid)  is  the  use  of  a  vacuum-pan  for 
t^e  final  evaporation  of  the  solutions  (see  Richardson  and  Watts^s  Chemical  Thcitoloffy, 
pt  v.  p.  142). 

Decom^siticms. — Citric  acid  heated  to  160®  in  a  sealed  tube  for  several  days  wiih 
8  to  10  times  its  weight  of  water  is  slowly  resolved  into  itaconio  acid  (perhaps  with 
small  quantities  of  mesaoonic  acid),  carbon  dioxide,  and  water;  the  decomposition  is 
accelerated  by  the  presence  of  sulphuric  acid : 

CR*0'  -  C»H«0*  +  C0«  +  H«0 

(Horkownikoff  a.  Purgold,  ZeUsckr.f.  Chem.  \2]  iii.  264). 

Kobiquet  showed  that  when  strong  sulphuric  acid  is  poured  upon  dried  citric  add, 
carbon  monoxide  is  evolved,  but  that  if  the  temperature  be  raised  above  40°,  acetone  and 
carbon  dioxide  are  given  off  (i.  996).  If  the  liquid  be  freed  from  sulphuric  acid  by 
lead  carbonate,  and  the  filtrate  partially  saturated  with  barium  carbonate,  the  resulting 
solution,  evaporated  below  40®,  yields  yellow  crystals  of  a  barium  salt  containing 
(G*H'SO*)'Ba.  If  the  acetone  be  left  out  of  consideration,  the  decomposition  of  citiie 
acid  by  sulphuric  add  may  be  represented  by  the  equation : 

3(3«H"0'  +  2H«S0«  =-  2C»H»S0»  +  6C0«  +  SCO  +  6H«0. 

The  solution  of  the  acid  barium  salt  heated  with  baryta-water  becomes  turbid, 
from  separation  of  barium  carbonate,  and  the  filtrate,  freed  from  excess  of  baryta  by 
4»irbonic  acid  and  a  second  filtration,  yields  by  evaporation  white  needles  of  another 
barium  salt,  (C*H»S0«)<Ba  (C.  Wilde,  Ann.  Ch.  Pharm.  cxxvii.  170).  A  solution  of 
citric  acid  in  absolute  alcohol  treated  with  sodium  is  converted  into  Uie  sodium  salt  of 
hydrocitric  acid,  C«H"0'  (Kiimmerer,  ZeUsckr.f.  Chem.  [2]  ii.  709). 

According  to  Chapman  a.  Smith  (Laboratory^  i.  39),  a  solution  of  a  citrate  boiled 
with  strongly  alkaline  potassium  permanganate  reduces  the  latter  only  to  manganate. 
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tho  liquid  gradually  aoquiring  a  permanent  green  oolonr,  wher«as  tartrates  nnder  Bimilar 
dicoma^noee  reduce  the  permanganic  acid  to  manganese  dioxide,  which  is  precipitated. 
According  to  Wimmel,  on  the  other  hand  {ZeiUekr,  f,  Chem.  [2]  r.  286),  citrates  effect 
the  reduction  to  manganese  dioxide  as  well  as  tartrates,  only  more  slowly. 

ConstUuHtm  and  BaticUy. — Citric  acid  contains  4  atoms  of  replaceable  hydrogen, 
of  which  three  are  easily  replaced  by  metals,  the  fourth  only  by  acid  radicles,  such  as 
acetyl  (p.  88):  hence  it  is  regarded  as  tetratomic  and  tribasic,  and  represented  by  the 
formula 

H 

H— C— CO— OH 

(C^TJjcOOH)-  "^  HO-LcO-OH 

H— C— CO— OH 


A 


A  few  quadrimetallie  eitfatss  are  howerer  known,  and  accordingly  citric  acid  is  by 
some  chemists  regazded  as  quadribasic    According  to  Schiff  {JcJireBb.  1862,  p.  812), 

a  quadribasic  cupric  salt  CH^O'Cu'  [Cu*  »  H*]  is  produced  by  drying  the  ordinary 
basic  salt  (C*HK)')H)u>.  CuH*0>  +  2aq.  (i.  998).  The  same  chemist  describes  a  ferric 
citrate,  C"H<FeO',  or  perha^  C•H^Fe0)■*0^  obtained  by  desiccation  of  the  pharma- 
ceutical anunonio-dtrate  of  iron.  By  dissolving  ferric  hydrate  at  60°  in  citric  acid,  a 
brown  liquid  is  obtained  which  dries  up  to  the  normal  ferric  salt  (C*H*0')'(Fe')^  +  6iiq. 
An  amorphous  bifltmibic  9ait  C*H*0'Fb'  +  aq.  is  obtained  by  dropping  a 
neutralised  or  nearly  neutralised  solution  of  citric  acid  into  excess  of  a  boiling  solution 
of  basic  lead  acetate,  boiling  the  solution  for  sereral  hours,  with  addition  of  de-aerated 
water,  and  washing  the  precipitate  by  decantation :  it  gives  off  its  water  at  200°.  A 
hasie  salt  (C*HH)')'Pb* .  2FbO  -»-  3aq.  (at  100°)  is  obtained  by  boiling  ammonium 
citrate  with  basic  lead  acetate  for  several  hours;  it  gives  off  its  water  at  160° 
(B.  Otto,  Ann,  Ch.  Fharm,  czxvii.  175). 

YUrwm  Oieni^.— The  tn-yttrie  taU  (C'H^OO'Y*  ^  I4aq.  is  obtained  on  mixing 
sodium  dtiate  with  yttrium  acetate,  as  a  bulky  crystalline  precipitate,  soluble  in  excess 
of  the  sodium  salt,  more  soluble  in  cold  than  in  hot  water,  easily  soluble  in  dilute 
acetic  acid,  mineral  acids,  ammonia,  sal-ammoniac,  cold  potash-ley,  and,  when  recently 
precipitated,  also  in  warm  aqueous  citric  acid.  On  heating  the  citric  acid  solution  to 
boiling,  a  tri-yttric  citrate  separates  out  with  7  mol.  water ;  and  on  evaporating  the 
same  solution  at  a  temperature  not  above  30°,  the  di-yttrie  salt  C*H*0^*  •!>  4aq. 
crystallises  out  in  small  laminss. 

An  ammanio-binmUh  citrate,  used  in  medicine,  is  obtained  by  dissolving  preci- 
pitated bismuth  citrate  in  aqueous  ammonia  (not  in  excess)  and  leaving  the  solution 
to  dry  upon  glass  plates.  It  then  forms  translucent  crusts,  said  to  contain 
C»H»H)".Bi«0»(NHOH)  +  6aq.,  or  perhaps  (C^*0')*(Bi«0)«'(Nfl*)«  +  6aq.  (N.  O. 
Bartlett,  Ckem.  New,  xi.  28). 

Observations  on  the  composition  and  crystalline  forms  of  several  citrates  have  lately 
been  published  by  H.  Kammerer  (ZeUeehr.  /.  Chem,  [2]  v.  234). 

Ethylie  Aeeiyl^itrate,  C"H«K)« « (C«H7' | ^^^^jj»)t»  "  ^^^'^^  by  heating 

(OH 
1  moi.  ethyl  citrate,  CH*^yQQ,QtH•^<*  ^^  ^  ™^^*  acetyl    chloride,  CH"OCl,  and 

remains,  after  driving  off  the  volatile  products,  as  a  vellowish  oil,  not  miscible 
with  water,  but  easily  soluble  in  alcohol  and  ether.  It  does  not  solidify  at  —  20°  ; 
distils,  for  the  most  part  unaltered,  at  288°  fcorr.).  By  boiling  with  potash  it  is 
resolved  into  alcohol,  acetic  acid,  and  citric  acia  (Wislicenus,  Ann,  Ch.  Pharm,  cxxix. 
176). 

■srdrooHHo  Jkeld.  CH>*0'  ^Kammerer,  ZeUsehr.  f.  Chem.  [2}  ii.  709).--The 
sodium  salt  of  this  acid  is  producea  by  leaving  a  saturated  solution  of  citric  acid  in 
absolute  alcohol  in  contact  with  small  pieces  of  sodium  (3  mol.  sodium  to  1  mol.  of 
the  acid)  for  several  days,  or  by  the  action  of  sodium  on  citric  acid  suspended  in  ether 

Sirfectly  free  from  water  and  alcohol.  On  evaporating  off  the  alcohol  or  ether, 
ssolving  the  sodium  salt  in  water,  precipitating  with  le^-acetate,  decomposing  the 
lead-salt  with  hydrogen  sulphide,  and  evaporating  the  filtrate  over  sulphuric  acid, 
bydrocitric  add  gradually  separates  in  a  mass  of  small  prisms  gradually  becoming 
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opaque  and  assuming  the  aspect  of  porcelain.  It  is  insoluble  in  alcohol  and  ether, 
melts  at  100°,  crystallises  again  on  exposure  to  the  air,  and  then  deliquesces.  The 
solution  gives  with  lead  acetate  a  white  amorphous  precipitate,  becoming  crystalline 
when  warmed,  insoluble  in  water  and  in  acetic  acid.  The  neutralised  acid  giTes  white 
precipitates  with  the  chlorides  of  calcium,  barium,  and  zinc,  pale  green  with  cuprie 
sulphate,  light  yellow  with  ferric  chloride. 

Hydrocitric  acid  is  tribasic.  Its  sodium  salt  2CK^0'Na'  +  5aq.  crystallises  in 
rhombic  prisms;  the.^rtum  salt  contains  (C*H'0')'Ba'  +  5aq.,  the  calcium  salt 
(C«H'0')'Ca> .  6aq.,  the  Uad  salt  (C*H*0')«Pb>  (at  100°).  The  sUver  salt  OH'OT^a*  +  aq. 
(at  60°)  is  amorphous,  easily  reducible,  and  melts  to  a  viscid  mass  when  heated  with 
water. 

Hydrocitric  acid  yields  by  dry  distillation  a  pyro-acid,  forming  a  deliquescent 
potassium  salt,  which  is  precipitated  by  barium  chloride,  but  not  by  calcium  chloride ; 
its  lead-salt  melts  under  boiling  water  to  a  viscid  liquid. 

COBA&T.  Atomic  Weight. — Kussell  (Chem.  8oc.  J.  [2]  i.  51)  has  determined  the 
atomic  weight  of  this  metal  bv  reducing  the  monoxide  CoO  (prepared  by  strongly 
igniting  cobaltoso-cobaltic  oxiae  in  a  stream  of  carbon  dioxide)  to  tne  metallic  state  in 
an  atmosphere  of  hydrogen.  The  mean  of  a  considerable  number  of  experiments  gave 
for  the  proportion  of  metal  in  the  monoxide,  78*6926  p.  c. ;  whence  Co  =  68*74.  More 
recently  {ibid,  vii.  294),  by  dissolving  metallic  cobalt  freed  from  oxide  by  strong 
ignition  in  a  stream  of  hydrogen,  in  hydrochloric  acid,  measuring  the  quantitv  of 
hydrogen  evolved,  and  reducing  it  to  weight,  Bussell  has  found  for  the  atomic  weight 
of  cobalt,  Co  a  5876,  a  result  which  may  be  regarded  as  identical  with  the  former. 
Sommaruga  (Pogg,  Ann,  cxxx.  303 ;  Janrefh.  1866,  p.  244),  by  igniting  cobaltoos 
chloride  in  hydrogen,  obtained  the  number  69*93,  a  result  agreeing  nearlv  with  that 
which  Schneider  obtained  {Poag.  Ann,  ci.  387  ;  Jahresh.  1867*  P.  225)  by  determining 
the  proportion  of  cobalt  and  carbon  in  pure  cobaltous  oxalate,  vis.  Co  >■  60*01. 
C.  Winkler  (Zeitschr.  anal.  Chem.  vi.  18';  Jahresb.  1867,  p.  289)  determines  the  atomic 
weight  of  cobalt  by  dissolving  a  known  weight  of  the  pure  metal  in  excess  of  a  neutral 
solution  of  auric  chloride,  and  weighing  the  gold  thereby  separated ;  the  reaction  is 
expressed  by  the  equation, 

8Co  +  2AuCl»  «  3CoCl«  +  2Au. 

The  mean  of  five  experiments  gave  Co  «  68*992.  Hence  Winkler  concludes  that  the 
whole  number  69  may  be  retained  as  the  correct  expression  of  the  atomic  weight  of 
cobalt 

The  following  table  exhibits  all  the  values  which  have  been  given  for  the  atomic 
weight  of  cobalt : 

(1826)Bothoff      6902  (1863)  Russell        68*74 

(1866)  Marignac  j  ^l',^^  (1867)  Winkler      68*922 
(1859)  Dumas       6908  (1869)  Kussell        68*78 

(1867)  Schneider  60*01  (1866)  Sommaruga  59*93 

Beactions  of  Cobalt  Salts, — According  to  J.  Bersch  (Zeitschr./.  Chem,  [2]  it.  308), 
the  change  of  colour  from  red  to  blue  which  cobalt  salts  exhibit  when  heated,  depends, 
not  on  difference  of  hydration,  but  on  the  formation  of  isomeric  modifications.  (See 
Cobalt  Celobidbs,  p.  476.) 

1.  A  solution  of  a  cobaltous  salt  mixed  with  2  or  3  vol.  strong  hudrochl&rie  aeii 
acquires  a  blue  colour  of  sufficient  intensity  to  indicate  the  presence  of  ^  milligrm.  of 
cobalt  in  1  c.c.  of  solution.  Nickel  and  especially  iron  (but  not  manganese)  interfere 
with  the  reaction,  a  small  quantity  of  iron  present  in  the  cobalt  solution  changing  the 
blue  colour  to  emerald-green,  while  nickel  changes  the  blue  to  green  only  when  present 
in  considerable  quantity. 

2.  Cobalt  nitrate  mixed  with  a  solution  of  acid  sodium  carbonate  containing  a 
small  quantity  of  hypochlorite^  forms  a  light  green  liquid  of  great  colouring  power, 
which,  if  not  too  concentrated,  may  be  boiled  for  some  hours  without  decomposition 
(Field,  Chem.  8oc.  Qu.  J.  xiv.  78).  A  solution  of  a  cobaltous  salt  mixed  with  acetate 
and  hypochlorite  of  sodium,  acquires  a  deep  red  colour,  which  on  further  addition  of 
the  hypochlorite,  changes  to  a  light  yellow-brown.  This  mixture,  even  at  ordinaiy 
temperatures,  quickly  becomes  dark  and  almost  black,  but  does  not  yield  any  precipi- 
tate, even  when  heated.  On  adding  sodium  carbonate  and  boiling,  the  whole  of  the 
cobalt  is  precipitated  as  peroxide,  with  deep  brown  colour.  Any  nickel  that  may  be 
present  also  remains  in  solution  until  sodium  carbonate  is  added  (Fopp,  Ann.  Ck 
Pharm,  cxxxi.  363). 
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3.  If  a  oobaltouB  solution  dil^tfed  till  it  no  longer  appears  red  be  shaken  up  with 
a  few  crystals  of  sodium  pyrophosphate  till  the  latter  are  dissolred,  and  sodium 
hypochlorite  be  then  added,  a  deep  brown  solution  of  cobaltic  phosphate  is  produced, 
almost  black  if  the  solution  is  moderately  concentrated.  Nickel  under  the  same 
circumstances  forms  a  colourless  liquid.  This  reaction  may  therefore  serre  to  detect 
cobalt  in  presence  of  nickel ;  but  care  must  be  taken  not  to  warm  the  solution,  as  in 
that  case  both  metals  would  be  precipitated  as  black  hydrated  peroxides  (C.  D.  Braun, 
Zeiisekr.  /.  anal,  Chem,  1868,  p.  348).  According  to  Liebig,  the  nickel  may  be 
immediately  recognised  in  another  portion  of  tbe  solution  by  adding  potassium  cyanide 
and  excess  of  alkali,  which  produces  a  black  colour  due  to  nickel  alone  (Zeitschr./, 
Chem.  [2]  t.  309). 

4.  when  a  oobaltous  solution  is  mixed,  first  with  a  strong  solution  of  potassium 
cyamde  till  the  resulting  precipitate  is  redissolyed,  then  with  a  ooncentrated  neutral 
solution  of  potassium  nitrite  and  a  few  drops  of  acetic  acid,  the  liquid  immediately 
assumes  a  deep  orange-red  to  blood-red  colour,  or,  if  somewhat  dilute,  an  orange-rose 
colour  (peach-blossom-red  in  thin  layers),  apparently  due  to  the  formation  of  potassio- 
cobaltous  nitroeyanide,  and  disappearing  on  adding  ammonia  or  excess  of  acid.  This 
reaction  is  not  exhibited  by  potassium-nickel  cyanide,  and  may  therefore  serve  as  an 
additional  test  between  cobalt  and  nickel ;  but  Xhe  presence  of  nickel  in  the  cobalt 
solution  renders  it  less  certain ;  moreover  it  is  not  so  delicate  as  the  well-known 
blowpipe  reaction  (G.  D.  Braun,  J.^.  Chem.  xd.  107). 

6.  A  solution  of  eobaltous  chlonde  acidulated  with  acetic  acid  gives  with  excess  of 
ammonium  nitrite,  a  yellow  precipitate  consisting  of  microscopic  cubes,  similar  in 
appearance  and  analogous  in  composition  to  potassio-cobaltous  nitrite  (i.  1058) 
(H^mann,  Jahresb.  1866,  p.  247).     See  NiTmTBS. 

6.  A  solution  of  a  eobaltous  salt  in  tartaric  or  citric  acid  mixed  with  excess  of 
ammonia  and  then  with  potassium  ferrimanide^  assumes  a  red  colour,  perceptible  even 
in  very  dilute  liquids  (W.  Skey,  Chem.  News,  xv.  HI). 

7.  An  alkaline  solution  of  potassio-cobaltous  eyaniae  shaken  up  with  air,  assumes  a 
deep  brown-red  colour  (probably  forming  cobaltic  cyanide),  and  after  standing  for 
some  time,  deposits  part  of  the  cobalt  as  cobaltic  hydrate  (not,  however,  in  very 
dilute  solutions^,  while  potassium  cobalticyanide  remains  dissolved.  A  nickel  solution, 
under  similar  circnmstances,  neither  forms  a  precipitate  nor  undergoes  any  change  of 
colour  (C.  D.  Braun,  Zeitschr,  anal.  Chem.  iii.  466). 

8.  Cobalt  sulphide  precipitated  from  an  ammoniacal  solution  by  yellow  ammonium 
sulphide,  and  freed  from  excess  of  ammonia  by  heat,  is*  less  soluble  in  potassium 
cyanide,  in  proportion  as  the  ammoniacal  solution,  before  the  addition  of  ammonium 
sulphide,  hu  been  longer  exposed  to  the  air,  and  therefore  more  completely  converted 
into  rose(xobaltic  or  purpureo-cobaltic  salt.  The  reaction  affords  the  means  of  detect- 
ing cobalt  in  presence  of  nickel.  If  the  precipitate  formed  by  adding  ammonium 
sulphide  to  the  ammoniacal  solution  after  exposure  to  the  air,  till  it  no  longer  changes 
colour,  consists  wholly  of  nickel  sulphide,  it  will  dissolve  completely  in  potassium 
cyanide;  but  cobalt  will  remain  undissolved  as  sesquisulphide,  Co'S*;  any  small 
quantity  of  oobaltous  sulphide,  CoS,  that  may  be  present  will  impart  to  the  solution 
in  potassium  cyanide  a  deep  brown-red  colour  (H.  Fleck,  ibid.  v.  399). 

Quantitative  EsiimaHon. — ^Winkler  {Zeitschr.  anal,  Chem,  iii.  26o,  420 ;  Jahresb, 
1864,  p.  716;  1865,  p.  723)  has  given  a  volumetric  method  of  estimating  cobalt  in 
presence  of  nickel,  based  on  the  fact  that  on  adding  potassium  permanganate  to  a 
solution  of  eobaltous  chloride  mixed  with  mercuric  oxide,  the  whole  of  the  cobalt  is 
precipitated  as  cobaltic  hydrate  : 

6CoCl«  +  6HgO  +  MnK)«K«  +  5H»0  -  3(Co«0».H*0)  +  2(M:nO».H»0) 

+  6HgCl»  +  2KCL 

The  solution  containing  the  cobalt  and  nickel  (previously  treated  with  barium  chloride 
if  it  contains  sulphuric  acid)  is  mixed  in  the  cold  with  precipitated  and  levigated 
mercuric  oxide,  and  a  normal  solution  of  permanganate  (titrated  with  pure  cobalt 
solution)  is  gndually  added,  till  the  last  drops  give  to  the  liquid  a  permanent 
amethyst  colour.  If  the  solution  contains  arsenic  or  phosphoric  acid,  these  acids 
must  be  precipitated  in  the  first  instance  by  addition  of  ferric  chloride.  The  excess 
of  iron  in  the  filtrate  is  then  immediately  precipitated  as  ferric  oxide  on  adding  the 
mercuric  oxide,  so  that  it  does  not  interfere  with  the  subsequent  titration  by  the 
permanganate.  The  process  gives  exact  results,  porovided  the  quantity  of  nickel 
present  is  not  greater  than  twice  that  of  the  cobalt ;  in  the  contrary  case  it  is  best  to 
precipitate  the  cobalt  with  potassium  nitrite,  mix  the  yellow  precipitate  with  hydro- 
chloric acid,  evaporate  to  diyness,  redissolve  in  ^iKater,  and  titrate  the  cobalt  as  above 
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(Zritgchr.  f.  Chem,  [21  ir.  629).  Terreil  {BuU.  8oc.  Chim.  [2]  r.  88  ;  JahreA.  1866, 
p.  806)  separates  nickel  and  cobalt  by  moiins  of  anunonia  and  potassium  perman' 
ganate,  with  subsequent  addition  of  hydrochloric  acid  to  the  boiling  solution,  wherebj 
the  cobalt  is  precipitated  as  roBoo-cobaltic  chloride.  According  to  Fresenius  (Zet^arAr. 
anal.  Chem.  v.  114),  this  method  is  not  exact,  because  a  small  portion  of  the  cobalt 
always  escapes  the  oxidising  action  of  the  permanganate,  and  moreover  the  xoeeo- 
cob'^ltic  chloride  is  not  quite  insoluble  in  water  containing  hydrochloric  acid. 

Cobalt  and  nickel  may  be  separated  from  iron  by  boiling  the  solution  of  the 
nitrates  for  four  hours  with  litharge,  whereby  the  iron  is  precipitated  as  ferric  oxide. 
The  filtrate  is  freed  from  laid  by  liydrogen  sulphide,  and  the  cobalt  and  nickel  deter* 
mined  by  the  usual  methods  (Field,  Cheiti.  Centr.  1860,  p.  383). 

From  manganese  the  same  metals  may  be  separated  by  mixing  the  solution  with 
ammonia  and  sal-ammoniac,  and  adding  phosphoric  acid,  which  throws  down  the 
manganese  as  ammonio-manganous  phosphate,  while  the  cobalt  and  nickel  remain  in 
solution*  (S.  H.  Hcniy,  PhU,  Mag.  [4]  xvi.  197). 

Cobalt  Oblorlde.  CoCl'. — ^When  a  solution  of  this  salt  is  concentrated  till  the 
boiling  point  rises  to  111^,  the  remaining  liquid,  which  solidifies  on  cooling  to  a  red 
crystalhne  mass,  has  the  composition  CoCl'.6HH);  when  further  heated  to  116^  it 
is  converted  into  CoCl' .  4H*0.  From  this  latter  in  the  fused  state  blue  crystals  of  the 
dihydrate  Ck)Cl*.2H'0  separate  as  the  temperature  rises,  and  at  121°  the  entire  mass 
is  converted  into  this  hydrate,  which  does  not  give  up  the  whole  of  its  water  till  heated 
above  140°.  The  anhydrous  chloride  has  a  pale  blue  colour  like  that  of  recently 
precipitiited  cupric  hydrate.  When  exposed  to  the  air,  it  turns  red  in  a  few  minutes, 
from  absorption  of  water,  and  is  converted,  after  some  time,  into  the  hydrate 
CoCl*.6H'0,  without  formation  of  the  intermediate  compounds;  in  contact  witii 
water,  the  same  hydrate  is  quickly  formed,  and  with  considerable  evolution  of  heat. 

The  dihydrate  CoCl^ .  2H*0,  prepared  by  heating  either  of  the  higher  hydrates, 
forms  a  fused,  deep  violet-coloured,  crystalline  mass ;  when  prepared  by  dehydrating 
the  compound  CoCl'.  6H^0  over  sulphuric  acid,  it  forms  a  dark  peach-blossom-colouzea 
powder,  which  between  125°  and  140°  assumes  tlie  colour  of  sublimed  chzomie 
chloride.  The  dihydrate  is  extremely  hygroscopic,  and  in  contact  with,  water  i« 
immediately  converted  into  the  hexhydrate. 

The  crystals  of  the  totrahydraU  €!oCl'.4H*0  have  a  peach-blossom-red  colour;  do 
not  give  off  any  water  over  sulphuric  acid  (unlike  the  hexhydrate),  and  when  heated 
above  116°  decrepitate  'without  fusion,  leaving  the  hydrate  GoCl'.2H^O.  When 
exposed  to  the  air,  they  deliquesce  to  a  solution  from  whi(ji  the  hexhydrate  ctystalliseB ; 
in  contact  with  water  also  they  are  converted  into  the  same  hydrate,  with  considerable 
increase  of  volume.  It  appears  therefore  that  the  dihydrate  and  tetrahydrate  cannot 
exist  in  solution. 

The  currant-red  crystals  of  the  hexhydrate^  CoCl* .  6HK),  are  permanent  only  in 
moist  air ;  over  sidphuric  acid  they  quicxly  turn  violet,  and  are  ultimately  converted 
into  the  dihydrate.  On  gently  heating  them,  blue  spots  make  their  appearance  at 
about  80°  in  the  red  crystalline  mass,  and  continue  to  increase,  till  at  35°  the  entire 
mass  has  become  blue  without  the  slightest  loss  of  weight ;  between  35°  and  39°  it 
swells  up  and  splits  into  small  spicular  crystals  which  appear  pale  blue  by  reflected 
light,  but  are  reconverted  on  cooling  into  the  original  red  ciystals.  At  86°-87^  tiiey 
melt  to  an  indigo-blue  liquid,  from  which  the  red  crystals  do  not  separate  till  it  is 
cooled  to  60°.  In  water  the  hexhydrate  dissolves  yery  easily  and  with  considerable 
lowering  of  temperature. 

The  changes  of  colour  in  the  several  h3rdrates  take  place  without  any  diminution  of 
weight,  and  appear  to  be  due  merely  to  molecular  action.  It  appeara  probable,  therefore, 
that  the  chloride  and  other  analogous  compounds  of  cobalt  (which  exhibit  similar 
changes  of  colour)  are  susceptible  of  two  modifications,  a  red  and  a  blue,  and  that  the 
latter  can  exist  in  the  tetra-  and  hex-hydrated  chlorides  only  at  comparatively  high 
temperatures,  but  that  in  the  dihydrate  it  can  exist  also  at  ordinary  temperatures ; 
moreover,  all  cobaltous  compounds  turn  blue  when  heated,  quite  independently  of  anr 
change  in  their  amount  of  water  (J.  Bersch,  Witn.  Akad.  her.  Ivi.  [2]  724 ;  Jakrt»m 
1867,  p.  291). 

Ozidas.  Hydrated  eobaltaao-eobaltic  oxide^  2Ck>H)^.HK),  is  obtained  by  heating 
the  commercial  basic  carbonate,  2CoCO' .  GoH*0*  -¥  3aq.,  to  200°  for  twelve  honn. 
[H.  Rose  (Pogg.  Ann.  Ixxxiv.  663)  regarded  the  product  thus  obtained  as  hydrated 
oobaltic  oxide,  4Co'0* .  H'O.]  This  hydrate  exposed  to  the  air  gradually  takes  up 
water  and  is  converted  into  the  dihydraU  Go*0«.2HH>.    The  hitter  dried  at  100^ 

*  Aooozdinff  to  Chancel,  on  tbe  other  hand,  cobalt  and  nickd  are  completdy  predpitated  bj* 
phMphorio  add  from  cold  ammonlacal  solutiouB  {JaAretb,  1866,  p.  806). 
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IflATCB  the  hjdiate  4Co>0* .  SB*0,  and  at  1 10^  the  hydzate  4Co*0* .  8HK).  Anj  oxide 
of  cobalt  ignited  for  about  a  quarter  of  an  hour  in  a  half-oorered  crucible  over  an 
ordinary  gee-flame,  and  then  quickly  cooled,  is  conrerted  into  cobaltoeo-oobaltic  oxide, 
CoH)* ;  but  if  the  ignition  be  performed  over  a  gaa-flame  urged  by  a  blast,  the  residue 
coDsists  chiefly  of  oobaltous  oxide,  CoO  (C.  D.  Braun,  Zeitsekr.  anal.  Chem,  yi.  76). 
According  to  Russell  {Chem,  Soe.  J,  [2]  i.  61),  eobaltoso-cobaltic  oxide  ignited  over  the 
gas  blovpipe  flame  in  an  atmosphere  of  carbon  dioxide,  leares  pure  oobaltous  oxide. 

Co6attic  JeMi  (?).—Aocoiding  to  Winkler  (J.pr,  Chem.  xci.  213;  Jahreab.  1864,  p. 
267),  finely  diyided'  (reduced)  cobalt  dissolyes  when  boiled  for  a  long  time  with  its 
own  weight  of  potassium  hydrate  and  8  pto.  water,  forming  a  deep  blue  liquid  in 
which  the  cobalt  exists  as  CoO*.  The  potassium-cobaltate  has  not  been  isolated  in  the 
solid  state,  and  the  solution  itself  decomposes  spontaneously,  losing  its  blue  colour ; 
chlorine  passed  into  it  gives  rise  to  a  rapid  emission  of  oxygon.  Winkler  analysed  it 
by  determining  the  quantity  of  sulphuric  acid  formed  by  treating  a  known  quantity 
with  sulphurous  add.  According  to  Schultse,  howerer,  Winkler's  cobaltate  is  nothing 
but  an  alkaline  solution  of  oobalUe  hydrate  {Jahrtsb.  1864,  p.  269). 

OOBA&T  mAMMMf  JUKBKOWXAOA&  (i.  1051).  The  general  formulae  of  the 
fereral  ammonio-cobaltic  compounds,  according  to  the  atomic  weight  of  cobalt  now 
admitted  FCo  »  59],  are  represented  in  the  following  table,  in  which  X  denotes  an 
atom  of  chlorine  or  of  an  equivalent  acid  radicle  such  as  NO',  CH'O',  i(SO^),  &c  : 

Tetrammonio-eobaltic  salts         .....  Co*X'.4NH' 

Hexammonio-oobaltic  salts  .....  Co'X*.6NH' 

Ozy-octammonio-cobaltic  (fusoo-cobaltic)  salts    •        .  Co'OX* .  8NH' 

Becammonio-cobaltic  (roseo-  and  (  p  y».,  .  Avm 

puipureo-cobaltic)  salts         {      •        •        .        •  ix)A.iOiN±i 

IKnitro-decammonio-cobaltic  (xantho-cobaltic)  salts    .    €o*(NO*)'X^ .  lONH* 
Dodecammonio-cobaltic  (luteo-cobalUc)  salts       «        .     Go'A*.12NH* 
Oxy-cobaltic  salts CoOX».5NH" 

Many  of  these  salts  have  been  further  examined  by  Braun  {Ann.  Ch.  Phttrm.  cxxxii. 
33 ;  cxlii.  50  ;  Jakresh.  1864,  p.  270 ;  1867,  p.  294). 

FtuetxobaUie  aaltg  are  easily  resolved  under  the  influence  of  ammonia  and  of  acids 
into  roseo-  and  luteo-cobaltic  salts ;  thus  when  fusco-cobaltic  chloride  is  heated  with 
concentrated  hydrochloric  acid,  roseo-cobaltic  chloride,  which  is  the  prindpcd  product^ 
is  always  mixed  with  a  certain  quantity  of  luteo-cobaltic  salt : 

4(Co«qa*.8NH«)  +  2HC1  -  2(CoK:J1M0NH»)  +  CoK;1M2NH»  +  Co«0*  +  H«0. 

Boaeo.  Lateo. 


With  dilute  hydrochloric  acid,  on  the  other  hand,  the  luteo-cobaltic  chloride  pre- 
dominates; thus: 

10(Co^a*.8NH>)+2HCl  -2(Co«ClM0NH»)  +6(Co«ClM2NH»)  +  3CoK)«  +  HH). 

Boaeo.  Xiiteo. 


Boeeo-eobaiHc  Moride  may  be  prepared  synthetically  from  Aisco-  and  luteo-cobaltie 
chlorides.  When  these  two  chlorides  are  heated  together  with  ammonia  for  several 
days  in  a  sealed  tube,  placed  in  a  sand-bath,  uiere  is  obtained,  together  with 
undeoofflposed  fusco-cobaltic  salt  and  cobaltic  hydrate,  a  red  liquid  from  which 
roseo-oobaltie  chloride  gradually  crystallises : 

3(CoH)C1*.8NH«)  +  2(Co»C1M2NH>)  +  2NH«  -  4(Co«aM0NH»)  +  Co'OMONH" 
Foaco-cobaltio  Luteo-oobaltio  BoBeo^»l»ltio  Boaeo-ooboltio 

ebioride.  chloride.  chloride.  oxide. 

The  separated  cobaltic  oxide  arises  from  the  decomposition  of  the  free  zoseo-cobaltie 
oxide. 

Roseo-cobaltic  chloride  is  also  produced  by  agitating  a  moderately  concentrated 
solution  of  cobaltous  nitrate  with  strong  aqueous  ammonia  till  it  appears  clear  and 
of  a  dark  brown  colour,  and  then  heating  it  for  half  an  hour  to  an  hour  with  pure 
indigo-blue ;  the  liquid  then  assumes  a  deep  violet-red  colour,  gradually  changing  to 
vine-red  on  exposure  to  the  air,  and  on  addition  of  strong  hydrochloric  acid  deposits 
after  a  while,  microscopic  tetragonal  crystals  of  roseo-cobaltic  chloride.  The  reaction 
may  be  represented  by  the  equation : 

2C^»N0  +  HK)  +  2CoO  +  10NH»  -  Co*OM0NH»  +  C^ff^N'O* 
liMlfg»-bliM.  BoMo-coboltlo        Indlgo-wfafte. 

oxide. 
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Boaeo-cohaltic  Sulphate.  Co'(SO*)M0XH*  +  6aq.  (i.  1053).— Aoeording  to  Bnxni 
(Ann.  Ch.  Pharm,  czzxriii.  109),  the  oxidised  ammoniacal  solution  of  anunonio- 
cobaltoofl  sulphate  is  not  precipitated  by  sulphuric  acid  till  after  the  addition  of 
water  or  alcohol.  The  precipitated  pulremlent  salt  gires  off  6  mol.  water  at 
100°,  without  losing  its  solubility,  which  is  moderately  great  even  in  cold  wat«r. 
The  salt  decomposed  with  baryta-water  yields  roeeo-oobaltic  oxide,  the  ationgly 
alkaline  solution  of  which  absorbs  carbonic  acid  ftom  the  air. 

Xantho-cobaliic  Salts,  Co6XM0NH«.2NO.HK)  according  to  Gibba  a.  Geuth 
(i.  1054),  Co(NO')'XM0NH*  according  to  Braun.— These  formuln  differ  from  one 
another  only  by  H',  a  difference  not  recognisable  by  analysis.  Bnun's  formula  is 
rerified  by  the  decomposition  of  the  chloride  with  ferrous  salts,  the  oxygen  which  it 
gires  up  to  a  titrated  ferrous  solution  being  estimated  volumetrically.  These  salts 
digested  in  dilute  solution  for  seTeral  days  at  a  gentle  heat  with  0tiT>ng  aqueoos 
ammonia,  are  converted  into  roseo-  and  luteo-cobaltic  salts,  with  separation  of  nitrons 
acid.  When  a  small  quantity  of  zantho-cobalUc  nitrate  is  warmed  with  aqueous 
ammonia,  a  strong  solution  of  sodium-pyiophosphate  added,  and  the  liquid  again 
warmed,  crystalline  laminn  of  luteo-cobaltic  pyrophosphate  are  (quickly  produced.  A 
strong  solution  of  xantho-cobaltic  nitrate  and  an  equal  quantity  of  Bal-ammoniae 
heated  with  strong  hydrochloric  acid,  yield  the  chlorides  of  roseo-  and  luteo-cobaltic 
chlorides,  according  to  the  equation : 

2[Co«(NO«)«(NO»)M0NH«]  +  lOHCl  +  2NH*a  =  Co«aM0NH«  + 
ZaatluH»b«]tio  nitrate..  Boseo-ootaltio 


rhkiride, 


Co«aM2NH»  +  4N0«H  +   8N0«H 

Lntoo-oobattic  Kitroos  Nitrio 

chloride.     ■  •   acid.  oxide. 


If  dilute  hydrochloric  acid  (sp.  gr.  1*12)  be  used,  and  the  temperatars  kept  at  abont 
00°,  the  chief  product  is  luteo-cobaltic  chloride.  A  mixture  of  the  oonoentiated 
solutions  of  xantho-oobaltic  nitrate  and  ammonium  sulphate  heated  with  hjdrochlorie 
acid,  or  of  xantho-oobaltic  nitrate  and^^mmonium  chloride  heated  with  sulphuric  acid, 
yields  luteo-cobaltic  sulphate  and  chloride,  generally  with  a  small  quanti^  of  roeeo- 
cobaltic  salt. 

Luteo-cohalUe  chloride  may  also  be  jvepared  by  agitating  a  solution  of  cobaltoos 
chloride  or  nitrate  with  strong  aqueous  ammonia  and  lumps  of  sal-ammoniac, 
adding  lead  dioxide  to  the  dark  brown  liquid,  and  keeping  the  mixture  in  gentle 
ebullition  for  about  half  an  hour.  With  sufficient  oxidation  and  abundant  addition  of 
sal-ammoniac,  the  dark  reddish-yellow  liquid  contains  chiefly  luteo-oobaltic  chloride, 
together  with  a  very  small  quantity  of  roseo-oobaltic  chloride ;  with  a  smaller  <|uantitT 
of  sal-ammoniac,  the  latter  is  more  abundantly  produced.  Hydrochloric  add 
separates  the  luteo-oobaltic  chloride  from  the  concentrated  liquid,  as  a  yellow  cxrstalline 
powder ;  from  a  dilute  solution  after  a  day  or  two,  in  needle-shaped  crjrstals  (Braun). 

Mills  (PhU.  Mag.  [4]  xxxt.  245)  prepares  luteo-oobaltio  ehloride  by  heating  cobaltoos 
chloride  with  sal-ammoniac,  aqueous  ammonia,  and  a  powerful  oxidising  agent  under 
pressure  (in  a  soda-water  bottle  closed  with  a  caoutchouc  stopper)  to  70°  for  about 
twenty  hours.  Equal  weights  (15  grms.)  of  cobalt  chloride,  sal-ammoniac,  and 
potassium  permanganate  heated  m  this  manner  with  six  times  the  weight  of  strong 
aqueous  ammonia,  form  an  orange-yellow  liquid,  together  with  nodular  aggregations 
of  luteo-cobaltic  chloride  and  a  copious  predpitate  of  the  higher  oxides  of  manganese 
and  cobalt.  The  liquid  is  poured  into  excess  of  hydrochloric  acid  ;  the  ciystals  are 
dissolved  in  water  acidulated  with  hydrochloric  acid ;  these  solutions  are  mixed ;  the 
resulting  liquid,  together  with  twice  its  volume  of  strong  aqueous  hydrochloric  acid, 
is  left  to  itself  for  24  hours ;  and  tile  yellow  precipitate  of  luteo-cobaltic  chloride 
thereby  separated  is  washed  on  a  filter  with  hydrt^loric  acid,  and  finally  with  alcohol : 
it  amounts  to  71  p.  c  of  the  theoretical  quantity.  If  the  permanganate  is  repUeed 
in  the  preparation  by  an  equal  weight  of  dichromate,  the  product  amounts  to  nearly 
80  p.  c.  Manganese  dioxide,  cobaltic  oxide,  iodine,  or  bromine  may  also  be  used  as 
the  oxidising  agent.  Cobaltic  oxide  treated  as  above  with  a  large  quantity  of 
sal-ammoniac  and  strong  ammonia  is  almost  wholly  converted  into  luteo-coboltie 
chloride.  Mixtures  of  cobaltous  chloride  and  sal-ammoniac  with  ammonia  and  solid 
chloride  of  lime  also  yield  a  yellow  precipitate  after  long  standing  in  contact  with 
hydrochloric  acid.  On  the  other  hand,  purpureo-cobaltic  chloride  boiled  with  aqueoos 
ammonia  yields  but  a  very  small  quantity  of  luteo-cobaltic  chloride.  Pnrpureo-oobaltie 
chloride  is  not  altered  in  weight  when  heated  to  87°  with  ammonia ;  henee,  and  from 
certain  weight-determinations,  Mills  concludes  that  the  formation  of  luteo-cobaltic 
chloride  ttom  purpureo-cobaltie  chloride  does  not  depend  upon  a  simple  addition  of 
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unmonia.  Mozeorer,  when  pnrpiireo-oobaltic  chloride  »  heated  with  water  and 
flthjplunipe,  aoiline,  or  pyridine  (inetead  of  ammonia),  only  ordioary  Inteo-oobaltio 
chloride  ia  formed  (besides  the  other  prodncta  of  decomposition) :  whence  it  ai^)ear8 
that  the  Inteo-eohaltic  chloride  is  formed  at  the  expense,  not  c^  the  free  ammonia, 
bat  of  ammonia  eliminated  from  the  porporeo-cobaltic  chloride. 

To  prepare  purpurm-cobaltie  ekiaride,  5  pts.  of  cxyst^lised  cobaltons  chloride  and 
6  pts.  nl-ammoniac  are  dissolTed  in  100  pts.  of  water ;  the  cooled  solution  is  mixed 
with  22  pts.  strong  aqueous  ammonia  and  2  pts.  chloride  of  lime ;  and  the  mixture, 
after  eznosnre  to  the  air  for  24  hours,  is  boiled  with  a  huge  excess  of  hydrochloric 
•cid,  and  left  to  ciystallise. 

Soaeo-eo6altie  chloride  may  be  obtained  quite  pure  by  mixing  an  aqueous  solution  of 
5  grms.  oystallised  oobaltous  chloride  diluted  to  90  cc  with  27*5  ccT  strong  ammonia 
aod  2*5  grms.  potassium  permanganate  dissolred  in  100  cc.  water,  the  temperature  of 
the  liquids  before  mixing  not  being  allowed  to  rise  above  18°.  The  solution  after 
24  hooTB'  exposure  to  the  air  is  filtered  from  the  manganese  precipitate ;  neutralised 
▼ith  dilate  hydrochloric  acid  ;  precipitated  with  a  cold  mixture  of  3  vol.  hydrochloric 
acid  and  |  toL  alcohol ;  and  the  salt  is  washed  first  with  the  same  mixture,  then  with 
alcohol  alone.  The  product  thus  obtained  has  the  composition  lONH'.CoKn*  +  R*0 ; 
it  is  quite  free  from  purpureo-cobaltie  chloride,  but  is  immediately  converted  into  that 
nJt  OS  heating  its  solution  with  a  trace  of  hydrochloric  acid.  The  solution  of  pure 
roeeo-eobaltic  chloride  is  not  precipitated  by  potassium  iodide  or  neutral  potassium 
chromate ;  with  the  dichromate  it  forms  a  brick-red  precipitate^ 

Lateo-cobaltic  chloride  heated  with  water  to  70^-80°  in  sealed  tubes  is  easily  decom- 
poeed,  formiDg  a  colourless  solution  of  cobaltons  chloride,  ammonia,  and  sal-ammoniac, 
vith  a  trace  of  nitric  add,  and  a  black  precipitate  having  nearly  the  composition 
of  the  oxide  GoH>*,  mixed  with  silica  arising  from  deoompoeition  of  the  glass. 
I^irporeo-oobaltie  chloride  is  decomposed  by  water  in  a  similar  manner,  but  less 
qniddy  and  completely, '  on  account  of  its  smaller  solubility  in  ammoniacal  sal- 
ammoniac.  These  decompositions  appear  to  take  place  by  two  stages,  part  of  the 
eompoond  being  first  resolved  into  cobaltons  chloride,  free  chlorine,  and  ammonia 
(vhlch  react  with  the  water  so  as  to  form  nitrqgen,  ammonium  chloride,  and  a  little 
nitric  acid),  and  the  cobaltons  chloride  exerts  a  further  deo^mposing  action  on  the 
lemainiDg  portion  of  the  original  compound  : 

For  Purpureo-cobaltie  chloride : 

I.    fl.    Co«aMONH«  =  2CoCl«  +  lONH*  +  Cl«. 
IL    «.    Q)«aMONH»  +  2CoCl»  +  (6  +  n)H«0  -  Co«O».»H«0  +  10NH*a. 

For  Luteo-cobaltie  chloride : 

I.    h,    Co»ClM2NH«  «  2CoCl«  +  12NH»  +  Cl«. 
II.   A.    Co«aM2NH»  +  2CoCl»  +  (6  +  n)H«0  -  Co*0*.fiH«0+  10NH*C1  +  2NH». 

Both  these  cobalt-ammonium  chlorides  are  in  fact  decomposed  by  heating  with 
cobaltms  chloride  and  water,  forming  precipitates  which  always  contain  less  oxygen 
than  Co^,  but  (probably  in  consequence  of  subsequent  oxidation)  more  than  Co^O*  or 
CoK)*.  The  conditions  under  which  the  liquid  remains  neutral  are  given  fur 
pnrinreo-cobaltie  chloride  by  the  equation  II.  a ;  for  luteo-cobaltic  chloride  by  the 
equation: 

Co«aM2NH«  +  3Coa«  +  (6  +  w)H«0  «  Co»0«.«H«0  +  12NH^C1. 

The  Btrong  corrosion  of  the  glass  which  takes  place  when  these  chlorides  are  heated 
viUi  ammonia  and  water  is  attributed  by  Mills  to  the  transient  formation  of  the 
hydrates  CoMn»-*(HO)«-.10NH«  and  Co«Cl«-*»(HO)»-.12NH«.  Aqueous  ammonia 
does  not  act  upon  glass  when  heated  in  it  either  alone  or  with  the  precipitates ; 
oobaltie  oxide  with  sal-ammoniac  solution  (which  produces  cobaltons  chloride)  acts 
bnt  slightly. 

For  the  further  development  of  SchifTs  views  on  the  constitution  of  the  ammoniacal 
er>balt-eompounds,  see  Ann.  Ck.  Pharm.  cxxiii.  1 ;  B^.  Chim.  pure,  iv.  380  ;  Jahresh. 
1862,  p.  198.  Bespecting  the  salts  which  Geuther  obtained  by  tne  action  of  ammonium 
sulphite  on  cobaltic  hydrate,  see  Sutphitss  (v.  644). 


COCAnra  (i.  1059).  W.  Lossen  {Ann,  Ch,  Pharm.  cxxxiii.  351)  purifies 
this  base  by  dialysing  the  solution  of  the  crude  hydrochloride,  precipitating  the 
solotioQ  thus  freed  from  colouring  matter  with  sodium  carbonate,  and  repeatedly 
oyBtallising  the  precipitated  base  from  alcohol.  Lossen  assigns  to  cocaine  the  formula 
C'^H^NO*,  which  likewise  agrees  with  Niemann's  analyses.    According  to  Tchermak 
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(Wien.  Akad.  Ber,  xlriii.  [i]  34),  the  erystals  of  cocaine  are  monoelinic,  exhibiting  the 
combination  oP.  ooPoo  .  —  P.  ^Poo  .(Poo  )|  the  inclined  axes  b,  e  forming  an  angle  of 
73°  60',  and  the  rado  of  the  axes  a:  b:c  being  eqnal  to  1*186  :  1  :  1*228.  Angle 
oP  :  -P«  »  119®  20* ;  oP  :  (Poo  )  »  186*»  16' ;  -P  :  oP  -  11*3°  14'.  The  cryBtals 
are  prismatically  elongated  in  the  direction  of  the  orthodiagonal,  moeUy  bemimorphoQslj 
developed  in  this  direction,  and  imperfectly  cleavable  parallel  to  oP. 

Cocaine  diseolyee  easily  in  dilute  acids,  forming  mostly  ciystallisable  adts  which 
are  soluble  in  alcohol,  but  not  in  ether,  have  a  bitter  taste,  and,  like  the  free 
base,  produce  a  transient  numbing  sensation  on  the  tongue.  The  kudroeUonde 
C"H"X^0^.HC1  crystallises  from  alcohol  in  shortprisms,  perpendicularly  trancated 
at  the  ends;  the  pkUinacMoride  2(C*'H>'N0«.HCl).PtGl«  and  the  amroeUcrids 
C"H"KO«.Ha.AuCl*  are  light  yellow  precipitates.  The  Bulphaie'iB  gummy,  and 
cxystallises  but  slowly ;  the  neuinU  ottidate  crystallises  quiddy ;  an  acid  oxalate^ 
C'H'^NO^.CH'O*,  is  deposited  in  feathery  crystals  on  addiqg  ether  to  an  alcoholic 
solution  of  dehydrated  oxalic  acid  and  oocame.  The  solution  <^  eocaine  in  acetic  acid 
leaves  the  pure  base  on  evaporation  (Lessen). 

Cocaine  heated  with  strong  hydrochloric  acid  is  resolved  into  eegonine  (f.v.)> 
beuBoic  acid,  and  methyl  alcohol  (Lossen) : 

C"H"NO«  +  2H«0  -  C»H»NO«  +  CH-O*  +  CH«0 
Cocaine.  Bcgoni&e.         Bensoio        Methyl 

add.  alcotaoL 


COOOnmr.    See  Cakicinic  Acid  (p.  414). 

OOOHXmiAXta   The  ash  of  silver-grey  Honduras  cochineal,  amounting  to  3*2  p.  c. 


contains  in  100  pts. :  18'63  K*0,  13*40  Na*O,0*51  NaCl,2*40  CkO,  16*44  MgO,  1*39 
A1»0«,  1*16  Fe«0«,  47-26  P«0»,  and  7*92  SiO«  (K.  Dieterich,  Ckgm.  Centr.  1867,  p.  287). 
Cochineal-wax. — A  species  of  cochineal  (Coectu  Cariea,  Pabr. ;  Columnea  iesiudi- 
formiSf  Tozzetto)  living  on  the  fig-trees  of  Italy,  contains  a  wax  differing  from  beeswax 
only  in  the  proportion  of  its  constituents.  Ether  extracts  from  the  insects  about  65  p.  c 
of  this  wax,  which  is  red-brown,  melts  at  61*^  to  62^,  dissolves  but  partially  in  alcohol, 
and  contains  51*3  p.  c  cerolein,  12*7  cerotic  acid,  and  85*2  myricin,  with  very  small 
quantities  of  butrrio  and  valeric  acids.  The  wax  (about  59  p.  c)  expressed 
from  the  cochineal  under  boiling  water  is  grey  after  remelting,  and  melts  at  57^ ; 
when  freed  from  the  greater  part  of  the  cerolein  by  alcohol  it  melts  at  62^  to  63^,  and 
when  bleached  resembles  ordinary  beeswax  (F.  Seitini,  Bull,  Soc,  Ckhn.  [2]  vii. 
482). 


COBAmnra.  C>*H*^0'.-— A  base  recently  obtained,  together  with  others,  by 
Hesse  {Ann.  Ch.  Pkarm.  cliii.  47),  from  the  aqueous  extract  of  opium.  When  re- 
crystallised  from  ether,  it  forms  large  colourless  six-sided  prisms,  mostly  terminated  by 
domes ;  soluble  in  alcohol,  ether,  and  boiling  water ;  very  soluble  in  chloroform  and 
benzol.  All  these  solutions  have  an  alkaline  reaction,  neutralise  acids,  and  form 
salts  which  have  a  bitter  taste  and  are  mostly  amorphous.  The  base  melts  at  121**, 
solidifies  to  an  amorphous  mass  on  cooling,  decomposes  at  a  higher  temperature.  It 
dissolves  in  strong  nitric  acid  with  dark  gre*en,  in  strong  sulphuric  acid  with  blue 
colour,  chanffing  to  green,  and  afterwards  to  dark  violet  on  warming  the  liquid. 
Ammonia  and  potash  produce  in  solutions  of  the  salts  a  white  floccolent  precipitate 
soluble  in  excess.  The  platinochloride  2(C"fl"N0«.Ha).Pta*  is  a  ^ow 
amorphous  precipitate  slightly  soluble  in  water  and  in  hydrochloric  acid. 


COBBZVB.  C"H«'NO».— The  action  of  hydrochloric  acid  on  this  base  has 
recently  been  studied  by  Matthiessen  a.  Wright  {Proe.  Boy.  8oe.  xvii.  460 ;  xviii.  83). 
Codeine  heated  with  excess  of  hydrochloric  acid  in  sealed  tubes  splits  up  into  methyl 
chloride,  water,  and  apomorphine  (see  Morphine)  : 

C»H"NO«  +  HCl  -  CH»C1  +  H«0  +  C"H"NO«. 

But  when  the  reaction  takes  place  under  the  ordinary  atmospheric  proMure,  and  at  tha 
temperature  of  the  water-bath,  a  chlorinated  base  called  chlorocbdide  is  produced 
derived  from  codeine  by  substitution  of  01  for  HO ;  thus : 

C"H»(HO)NO«  -h  Ha  =  H(HO)  +  C"H*C1N0« 
Codeine.  Cblorocodlde. 

To  obtain  this  base  in  the  pure  state,  codeine  is  heated  under  paraffin  on  the  waters 
bath  with  10  to  15  times  its  weight  of  strong  hydrochloric  acid  for  12  to  15  hours ; 
the  resulting  brownish  liquid  is  evaporated  to  dryness ;  and  the  residue  dissolved  in 
water  is  mixed  with  sodium  bicarbonate,  whereby  a  bulky  white  precipitate  is  formed 
oonaisting  chiefly  of  chlorooodide,  with  a  trace  of  apomorphine.    This  precipitate,  freed 


CODEINE.  481 

from  the  apomorphine  by  washing  with  dilate  ammonia,  is  dissolved  in  hydtoehlorio 
acid  and  fiactionally  precipitated  with  sodium  bicarbonate ;  and  the  second  fraction, 
which  is  pure  white  and  firee  from  codeine  and  apomorphine,  is  exhausted  with  ether, 
which  dissolves  nearly  the  whole.  The  clear  ethereal  solution  is  then  shaken  up  with 
a  few  drops  of  hydrochloric  acid,  and  the  resulting  solution  of  hydrochloride  is 
fractionally  precipitated  with  sodium  bicarbonate,  and  the  treatment  with  ether  and 
hydrochloric  acid  is  repeated.  The  product  is  a  viscid  colourless  solution  of  the  pure 
hydrochloride,  which  refuses  to  crystallise.  By  fractional  precipitation  with  sodium 
bicarbonate  it  yields  pure  chloro«)dide  as  a  snow-white  mass,  scarcely  affected  by 
exposure  to  air,  veiy  soluble  in  alcohol  and  ether,  but  not  crystallisable  therefrom, 
owing  to  decomposition.  Its  physiological  action  is  much  less  marked  than  that  of 
apomorphine,  doses  of  ^  grain  taken  internally  and  ^  ^r.  injected  subcutaneously 
producing  no  appreciable  effect.  The  kifdrocJdoride  contains  C"H**C1N0* .  HCl ;  the 
platinocMoride  2(C"H»C1N0».HC1).RC1«  is  a  yellow  precipitate  permanent  in  the 
air,  but  decomposing  in  the  moist  state  at  100^. 

A  solution  of  the  hydrochloride  of  chlorocodide  gives  a  pale  amethyst  coloration  with 
ferric  chloride ;  pale  red  with  nitric  acid  ;  evanescent  pale  red  with  sulphuric  acid  and 
potassium  dichromate;  pale  red  with  solution  of  bleaching  powder  and  a  drop  of 
hydrochloric  acid;  a  white  precipitate  with  corrosive  eublimate,  decomposing  with 
pale  red  colour  on  boiling ;  it  reduces  silver  from  the  nitrate  ;  gives  with  caustic  potash, 
ammonia,  and  sodium  carbonate,  white  precipitates  slightly  soluble  in  excess ;  white 
precipitates  ulso  with  potassium  iodide  and  sodium  phosphate.* 

When  the  hydrochloride  is  heated  to  140^-150°  for  three  hours  with  8  to  15  times 
its  weight  of  strong  hydrochloric  acid,  the  base  is  resolved  into  methyl  chloride  and 
apomorphine : 

C»H«^1N0«  «  CBPCl  +  C"H»»NO». 

The  hydrochloride  heated  in  a  similar  manner  with  10  to  15  times  its  weight  of 
100^,  splits  up  into  hydrochloric  add  and  codeine  hydrochloride  without  any  evolution 
of  gas : 

C»H»aNO«.HCl  +  H(HO)  «  HQ  +  C>«H»»(H0)N0«.HC1. 

This  reaction  is  the  inverse  of  that  which  takes  place  when  codeine  is  heated  on  the 
water-bath  with  excess  of  hydrochloric  acid. 

Codeine  heated  with  h^rohromie  acid  is  converted,  in  the  first  instance,  into 
bromocodide,  C^'H^BrNO*,  analogous  to  chlorocodide ;  and  this  by  further  heating 
with  codeine  is  converted  into  deoxycodeine  and  bromotetracodeine: 

C"H»BrNO«  +  4C"H«^N0»  -  C"H"NO«  +  C"H"BrN«0» 
Bromooodide.  Codeine.  Deoxycodeine.  Bromotetra- 

oodelne. 

(Wright,  iVoc.  Boy,  8oe.  xix.  371.) 

Codeine  heated  with  hydriodio  acid  yields  the  hydriodide  of  a  new  base  not  yet 
azamined  (Matthiessen  a.  Bumside). 

Apoood0liie  or  Apoeodei»«  C**H**NO*  (Matthiessen  a.  Bumside,  Proe»  Roy» 
8ne.  xix..  71). — This  bsse,  containing  the  elements  of  1  mol.  H'O  less  than  codeine,  is 
produced  by  heating  codeine  hydrochloride  with  a  concentrated  solution  of  zinc  chloride 
to  170^-1 80°  for  about  fifteen  minutes.  On  cooling,  a  yellowish-brown  tarry  mass 
separates  from  the  liquid,  which  on  further  cooling  may  be  drawn  out  into  threads,  and 
thus  obtained  almost  free  from  zinc  chloride.  It  consists  of  almost  pure  apooodeine 
hydrochloride,  and  may  be  further  purified  by  repeated  solution  in  hot  water  and  preci- 
pitation with  hydrochloric  acid.  By  dissolving  this  salt  in  water,  precipitating  with 
sodium  carbonate,  exhausting  with  ether,  and  evaporating,  apocodeine  is  obtained  as 
an  amorphous,  gummy,  reddish  mass,  soluble  in  alcohol,  ether,  and  chloroform,  insoluble 
in  water,  and  unciystallisable.  It  is  much  more  stable  than  apomorphine,  and  there- 
fore more  easily  prepared.  Its  reactions  are  nearly  identical  with  those  of  apomor- 
phine (see  MoRraiNa),  the  chief  difference  being  that  the  blood-red  colour  which 
apocodeine  gives  with  nitric  add  is  much  more  permanent  than  that  obtained  with 
apomorphine.  Hydrochloride  of  apocodeine  is  amorphous,  whereas  the  apomorphine 
salt  is  crystalline.  The  apocodeine  salt  is  a  mild  emetic,  whereas  apomorphine 
hydrochloride  acts  as  a  very  violent  emetic.  The  apocodeine  salt  produces  sub- 
cutaneous abscesses  at  the  point  of  injection,  which  the  apomorphine  salt  does  not. 

Codeine  heated  with  sulphuric  acid  (equal  volumes  of  hydrogen  sulphate  and 
water)  is  converted,  first  into  an  amorphous  base  having  the  same  composition ;  then, 
by  abstraction  of^  mol.  water,  into  a  base  intermediate  betweep  codeine  and  apocodeine : 
2C»»H"N0»  -  HH)  -  C^H<«NH)*;   then  into  apocoddne,  which  Isetly  undergoes 

*  The  befaavloar  of  codeine  to  the  above  roAgents  is  neturly  the  same  m  that  of  morphluo 
%».  II 
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further  change,  appArently  into  apomorphine,  by  removBl  of  CH'  (Aimsizoiig,  Ckem, 
Soe.  J.  [2]  ix.  69). 


A  blue  colouring  matter  exiFting  in  certain  Tolatile  oils  obtained 
from  plants,  chiefly  of  the  compoeite  order.    (See  Oils,  iy.  185.) 


CO&CRZCZSB  (i.  1080).  This  alkaloid  has  been  f^her  examined  by 
Hubler  {Chem.  Centr.  1865,  p.  536;  Jahresb.  1864,  p.  450),  who  assigns  to  it  the 
formula  C**H'*KO*  and  regards  it  as  isomeric  with  oolchiceine.  He  prepares  it  by 
exhausting  colchicum-seeds  with  boiling  alcohol ;  diluting  the  filtered  solution  with  at 
least  20  times  its  volume  of  water,  which  separates  a  fatty  oil ;  treating  the  decanted 
watery  liquid  with  basic  lead  acetate  to  remove  colouring  matters  ;  and  precipitating 
the  excess  of  lead  with  sodium  phosphate.  The  solution  thus  freed  ftY>m  foreign 
substances  is  fractionally  precipitated  with  a  solution  of  tannin,  which  throws  down  a 
compound  of  3  mol.  colchicine  and  1  moL  tannic  acid.  The  middle  portion  of  this 
precipitate,  which  is  the  least  coloured,  is  further  purified  by  pressure  and  washing 
with  a  small  quantity  of  water ;  then  mixed  with  excess  of  levigated  Uthaige  and 
dried ;  the  colchicine  is  extracted  from  the  residue  by  alcohol ;  and  the  evaporated 
extract  is  again  subjected  to  fractional  precipitation  with  tannin  and  treatment 
with  litharge,  till  the  product  exhibits  a  pure  sulphur-yellow  colour  and  dissolves 
completely  m  water  and  in  alcohol. 

Colchicine  thus  obtained  is  an  amorphous  substance  having  a  faint  aromatic  odour 
and  intensely  bitter  taste.  It  melts  at  140^,  is  insoluble  in  ether,  but  easily  soluble 
in  water  and  in  alcohol,  neutral  to  litmus-paper ;  forms  a  yellow  precipitate  with 
auric  chloride,  white  with  mercuric  chloride,  and  a  curdy  precipitate  with  tannic  acid. 
Alkalis  and  strong  mineral  acids  colour  its  solution  deep  yellow. 

Colchiceiney  produced  by  the  action  of  dilute  sulphuric  add,  alkalis,  or  baryta- 
water  on  colchicine,  has,  according  to  Hiibner,  the  same  composition  as  the  latter.  By 
repeated  crystallisation  from  water,  and  finally  f^om  alcohol,  it  may  be  obtained  in 
nodular  groups  of  colourless  needles  which  are  much  less  bitter  than  colchicine,  and 
are  soluble  in  chloroform,  less  soluble  in  ether.  It  is  completely  abstracted  frtnn  its 
aqueous  solution  by  animal  charcoal,  being  converted  at  the  same  time  into  a  farown 
uncrystallisable  substance,  which  is  also  easily  formed  from  oolchiceine  on  exposure  to 
the  air.  Colchioeine  has  an  acid  reaction,  dissolves  easily  in  alkalis  (in  carbonates 
with  evolution  of  carbon  dioxide),  forming  amorphous  salts  whose  solutaons  are  pre- 
cipitated by  solutions  of  the  alkaline  earths  and  hea^  metals ;  the  copper-compound 
is  crystallisable ;  the  amorphous  barium-compound  has  nearly  the  oompoeitioa 
(C"H'»NO»)«Ba. 

OOlOMtDAJm  ACIBS.    See  Afpbxdix,  v.  1088. 

OO&OVROVnr.  C>*H*^*  (0.  Tichbome,  Ckem.  News,  zx.  88).— When  old 
essence  of  resin  (obtained  by  distillation  of  colophony,  i.  1087)  is  washed  with  water 
and  thewash-water  is  evaporated,  colophon  in  hydrate,  C>*H**0'.H*0,  is  obtained 
in  large  well-defined  crystals  having  a  sweet  taste,  destitute  of  odour,  easily  soluble  in 
water,  alcohol,  ether,  chloroform,  and  carbon  bisulphide,  less  soluble  in  bensol  and  ia 
essence  of  resin  ;  from  water  it  crystallises  in  fine  colourless  prisms.  When  heated 
it  melts  and  sublimes,  with  partial  loss  of  water.  It  also  gives  off  water  and 
e£Qoresces  when  left  over  sulphuric  acid.  It  may  be  completely  dehydrated  by  prolonged 
frision  in  a  test-tube,  the  water  which  condenses  in  the  upper  part  of  the  tube  being 
continually  removed  by  bibulous  paper,  and  the  sublimed  crystals  continually  pushed 
back  into  the  fused  mass  till  no  more  water  is  ffiven  off.  The  compoond  thus 
dehydrated  gave  by  analysis  numbers  agreeing  with  the  formula  C^'H^O*.  Anhydrous 
colophonin  and  its  hydrate  differ  from  terpin  and  terpin  hydrate  respectively,  bj 
containing  the  elements  of  1  mol.  H*0  in  addition.  Bromins  acts  very  strongly  on 
colophonin  hydrate,  with  formation  of  hydrobromic  acid  and  separation  of  carbon. 
On  the  aqueous  solution  it  acts  less  violently,  forming  an  oil  which  appears  to  be  a 
tetrabrominated  substitution-product.  The  solution  of  the  hydrate  is  optically 
inactive.  When  heated  with  aru2s  (sulphuric,  phosphoric,  arsenic,  citric,  and  tartaric), 
and  then  with  alcohol,  it  exhibits  a  green  colour ;  with  most  acids  it  is  necessary  to 
apply  heat,  but  with  sulphuric  acid  the  reaction  takes  place  in  the  cold.  Under 
certain  circumstances  the  green  colour  is  also  produced  by  hydrochloric  acid ;  but 
when  the  hydrate  is  treated  with  strong  hydrochloric  acid,  and  Uie  mass  after  half  an 
hour  is  shaken  up  with  alcohol,  a  fine  rose  colour  is  developed.  If  the  hydrochloric 
acid  be  allowed  to  act  for  a  longer  time,  various  shades  of  violet  are  produced,  and  ulti- 
mately a  fine  pure  indigo-blue.   None  of  these  reactions  are  exhibited  by  terpin  hydrate. 

COliOIPROVT.    See  Stlvic  Acid. 
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1.  Temperature  of  Flame. — Experiments  on  the  tempera- 
tens  of  the  flames  of  carbon  monoxide  and  hydrogen  hare  been  made  by  Bunsen 
(Ptgg.jMn,  exzzi.  161 ;  PkU,  Mag,  [4]  xzxiv.  4S9;  Jakretb.  1867,  39).  When  a 
eombnstible  gas  mixed  with  oxygen  is  set  on  Are,  a  rise  of  temperature  takes  place, 
vbich,  sapposing  the  combustion  to  be  perfect,  may  be  calcnlated  from  the  heat  of 
oMboitioo  of  the  gases  and  the  spedflc  heat  of  the  products.  If  on  the  other  hand 
the  oombostion  is  imperfect,  the  temperature  may  still  be  calculated,  with  the  aid  of 
Mftiiotte's  and  Oay-Lnssac's  laws,  ixroyided  the  pressure  be  known  which  is  exerted 
bj  the  gaaeooB  mixtune  when  exploded  in  a  dosed  vessel.  This  pressure  has  been 
determined  by  Bunsen  in  the  case  of  mixtures  of  hydrogen  or  carbon  monoxide  with 
<><7S^Di  or  with  oxygen  and  nitrogen  together,  by  means  of  a  eudiometer  proTided  with 
\  loaded  safety  TSklTe.  From  this  and  the  obseired  temperature  of  eombustion,  the 
qoaatity  of  the  combustible  gas  (CO  or  H)  which  has  been  burnt  at  the  moment  when 
the  flame  attains  its  maximum  temperature,  and  thence  also  the  quantity  which  at 
this  temperature  has  lost  its  power  of  combining,  may  be  calculated. 

The  following  table  contains  the  results  of  the  experiments,  arranged  according  to 
the  maxima  of  temperature,  f—i^  which  the  sereral  gaseous  mixtures,  calculated  for 
T(damee  at  0^,  attain  by  combustion  in  a  closed  resseL  Column  III.  gives  the  maximum 
temperatoies  ibr  the  mixtures  in  columns  I.  and  U. ;  column  IV.  shows  the  fraction 
of  the  gu  (CO  or  H)  which  has  been  burned: 


L 

n. 

ra. 

IV. 

Vean 

Dvvitttlon  from 
the  mean 

\t°%\ 

0-0000  Tol. 

8172** 

0*361^ 

•f  00194 

%      n   C0{ 

00000    „ 

2898 

0-319 

-  0-C126 

0*0000    M 

2864 

0-838  - 

0-3816 

•f  0*0064 

l:l\ 

0*0000    „ 

2888 

0-886 

•^  0-0044 

ll:°S| 

01079    „    0 

2668 

0*814. 

-  0-0176 

%    „  00) 

• 

0-6867    „    CO 

2471 

0-460' 

-  00421 

IS:"?! 

0-8864    „    0 

2826 

0-478 

-  0-0241 

S:"Si 

1-0861    „    O 

2117 

0-490 

-  0-0121 

%  «  oo> 
%  «    of 

1-2668    „    N 

2084 

0*616 

+  00129 

%    „    H> 

1*2699    „    N 

2024 

0-647  ' 

0-6021 

+  0-0449 

%    „  CO) 
%    .,     Of 

1-2663    „    N 

1909 

0-470 

-  0-0321 

%    „  00) 

)i  »    oj 

1-7U6    „    0 

1726 

0*620 

+  00179 

%      n    00) 

%      n       Of 

2-1669    „    0 

1460 

0-612 

4-  00099 

%    ..  CO) 
%    «     Of 

31629    „    CO 

1146 

0-627. 

•h  00249 

These  numbers  show  that  in  a  mixture  of  carbon  monoxide  or  hydrogen  with  the 
exact  proportion  of  oxygen  required  for  combination,  and  unmixed  with  any  indifferent 
^{aa,  only  one-third  of  me  carbon  monoxide  or  hydrogen  is  burnt  at  the  maximum 
temperature,  whilst  the  other  two>thirds,  by  being  raised  to  the  high  temperatures  of 
2d.>8^-3033^,  hare  lost  the  power  of  combining ;  moreover,  that  when  1  vol.  of  the 
sane  mixtures  is  diluted  with  0-686  to  3163  vol.  of  any  gas  that  does  not  bum  with  it, 
and  the  temperature  of  the  flame  is  thereby  successively  reduced  from  2471^  to  1146®, 
then,  at  all  temperatures  within  this  range,  almost  exactly  half  of  the  carbon  monoxide 

ii2 
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or  hydrof^n  is  bnmt,  whilst  in  the  other  half,  the  oxygen  and  carbon  monoxide,  or  tlie 
oxyg^en  and  hydrr)gen,  have  lost  the  power  of  combining. 

The  combustion  of  gases  appears  therefore  to  take  place  in  a  manner  reiy  different 
from  that  which  has  been  hitherto  supposed.  When  a  mixture  of  2  yoL  carbon 
monoxide  and  1  vol.  oxygen  is  set  on  fire,  and  its  temperature  thereby  raised  from  0° 
to  3033^,  two-thirds  of  the  carbon  monoxide  presd^  remains  in  the  nnbomt  and 
incombustible  rtate ;  the  temperature  is  then  lowered,  by  radiation  and  conduction,  from 
3033°  to  2558°  without  any  combustion  of  this  two- thirds  of  the  carbon  monoxide; 
but  when  the  temperature  falls  somewhat  lower,  combustion  recommences,  restoring 
the  heat  lost  by  radiation  and  conduction,  and  raising  the  temperature  again  to  2558^, 
but  not  above  that  point.  The  gradual  fall  of  temperatoie  from  3033°  is  followed 
by  a  continuance  of  the  temperature  of  2558°  till  exactly  half  of  the  carbon  monoxide 
is  burnt,  whereupon  a  third  phase  sets  in,  during  which  again  no  combustion  takes 
place  till  the  inflamerl  gaseous  mixture  has  cooled  down  to  at  least  1146°.  As, 
however,  the  gaseous  mixture,  after  cooling,  consists  almost  wholly  of  carbon  dioxide, 
these  alternate  phases  of  constant  and  decreasing  temperature  must  likewise  be 
repeated  below  1146°,  till  the  last  portion  of  gas  is  burnt.  This  discontinuous 
combustion  of  a  uniform  mixture  of  a  combustible  gas  with  oxygen  is  referred  by 
Bunsen  to  a  law  of  combination  which  he  established  some  years  aga  (See  Chxmicax. 
Affikitt,  i.  860.) 

In  connection  with  this  investigation,  Bunsen  has  determined,  by  special  experi- 
ments, the  rate  of  propagation  of  the  combustion  in  a  pure  detonating  mixture  of 
hydrogen  and  oxygen,  and  likewise  of  carbon  monoxide  and  oxygen ;  in  the  former 
he  finds  the  velocity  of  propagation  to  be  34  metres  per  second;  in  the  latter  less  than 
1  metre  per  second.  When  the  explosive  gaseous  mixtures  are  gradually  more  and 
more  diluted  with  a  gas  which  does  not  take  part  in  the  combustion,  the  velocity  of 
propagation  is  continually  diminished,  till  at  length,  when  the  mixture  has  been 
brought  to  the  very  limit  of  infianimability,  the  progress  of  the  combustion  may  be 
traced  with  the  naked  eye. 

The  temperature  and  composition  of  the  flame  of  a  mixture  of  carbon  monoxide  and 
oxygen  have  also  been  investigated  by  Deville  {Bnil,  8oe,  CMm,  [2]  v.  ill).  When 
a  mixture  of  these  gases  in  the  combining  proportions  (2  vol.  CO  to  1  vol.  O)  issues 
under  slight  pressure  from  a  jet  having  an  area  of  6  square  millimetres,  a  flame  70  to 
100  mm.  high  is  formed,  consisting  of  an  inner  and  an  outer  cone.  The  outer  cone,  in 
which  the  combustion  takes  place,  is  deep  blue  at  the  base,  yellowish  or  neariy  colour- 
less towards  the  apex ;  in  the  inner  cone,  which  is  only  10  nun.  high,  no  combustion 
goes  on,  becaiifie  the  rapidity  of  displacement  of  the  molecules  is  there  superior  to 
the  very  slow  rate  of  propagation  of  heat  in  the  mixture  (yid.  Bup.).  To  collect  the 
gancs  from  the  different  parts  of  the  flame,  a  silver  tube  pierced  with  a  small 
aperture  was  placed  across  it  in  the  part  to  be  examined,  and  the  gases  were  aspirated 
by  passing  a  rapid  stream  of  water  through  the  tube.  They  are  thus  rapidly  cooled, 
pass  along  the  tube  together  with  the  water,  and  are  finally  collected  by  means  of  a 
bent  delivery-tube  in  jars  standing  over  a  water-trough. 

The  temperatures  and  composition  of  the  different  parts  of  the  flame  are  exhibited 
in  the  following  table  : 


Height  above 
the  orifloe 

CXnrmponding  Temperature 

Oompoeltion  <if  the 

KM 

00 

0 

N 

.  67  mm« 
64 
44 
36 
28 
18 
16 
12 
10» 

lot 

Melting  heat  of  silver,  and  above 
Melting  heat  of  gold 
Commencing  white  heat  of  platinum 
White  heat  of  platinum 
Strong  white  heat  of  platinum 
Intense  white  heat  of  platinum 
Incipient  fusion  of  platinum 
Melting  heat  of  platinum 
Sparkling  of  the  melted  platinum 
Still  higher  temperature 

0-2 
6-2 
100 
17*3 
19-4 
290 
400 
470 
65-3 
651 
64-4 

21-3 
28-1 
20-0 
24-8 
26-6 
25-1 
32-9 
36-0 
363 
36-5 
33-3 

78-5 

66*7 

70-0 

57-9 

54-1 

45-9 

271 

17-0 

9-4 

8-4 

2-S 

•  A  little  aboTO  the  apex  of  the  inner  cone.  f  Somewhat  below  the  apex  of  the  inner  cone. 

X  Original  mtxtore. 
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Theto  nmhberrf  show  that  the  highest  temperature  is  at  the  apex  of  the  inner  cone  or 
&  little  below  it ;  that  the  temperature  graduaUy  diminishes  towards  the  apex  of  the 
flame;  and  that  the  quantity  of  carbon  dioxide  increases  in  the  same  proportion  from. 
the  apex  of  the  inner  cone,  whereas  at  moet  two-thirds  of  the  carbon  monoxide  and 
oxygen  enter  into  combination,  to  the  vertex  of  the  flame  itself,  where  carbon 
monoxide  can  no  longer  be  detected.  At  the  apex  and  edges  of  the  inner  cone,  the 
carbon  monoxide  and  oxygen  unite  almost  instantaneously,  but  only  partially,  on 
acooont  of  the  very  high  temperature  there  existing. 

2.  Luminosity  of  Flame. — It  has  generally  been  supposed  that  the  light-giving 
power  of  a  flame  depends  essentially  on  the  presence  of  solid  incandescent  particles ; 
and  there  is  no  doubt  that  the  luminosity  of  a  gaseous  flame  is  very  greatly  increased 
by  introducing  into  it  a  solid  substance  which  can  be  raised  by  it  to  a  very  high 
temperature.  Frankland  has,  however,  shown  that  it  is  possible  to  produce  very 
bright  flames  without  the  intervention  of  solid  matter.  Metallic  arsenic  burnt  in  a 
stream  of  oxygen  produces  an  intense  white  flame,  although  both  the  metal  itself  and 
the  product  of  its  combustion  (arsenious  oxide)  ai^  gaseous  at  the  temperatiire  of  the 
flame.  The  combustion  of  a  mixture  of  nitrogen  dioxide  and  carbon  bisulphide  also 
produces  a  dazzling  white  flame,  without  any  separation  of  solid  matter. 

The  conditions  most  essential  to  luminosity  in  a  flame  are  a  high  temperature  and 
the  presence  of  gases  or  vapours  of  considerable  density.  The  effect  of  lugh  tempera- 
ture is  seen  in  die  greater  brightness  of  the  flame  of  sulphur,  phosphorus,  and  indeed 
all  substances,  when  burnt  in  pure  o^gen,  as  compared  with  that  which  results  from 
their  combustion  in  common  air.  The  relation  between  the  luminosity  of  a  flame 
and  the  vapour-densities  of  its  constituents  may  be  seen  from  the  following  table,  in 
which  the  vapour- densities  are  referred  to  that  of  hydrogen  as  unity : 


Sdative  denniies  of  gaau  end  vapours. 


Hydrogen    •        • 
Watv.        . 
Hydrodiloric  add 
Oarbon  dioodde    . 
Sulphur  dioxide  . 


1 

9 

18* 
22 
32 


Arsenious  chloride  .        .        9] 

Phosphoric  oxide  .  71 1  or  142 

Metallic  arsenic  •        .150 

Arsenious  oxide  •        .198 


A  eomnuison  of  these  numbers  shows  that  the  brightest  flames  are  those  which 

oontaia  tne  densest  vapours.    Hydrogen  burning  in  chlorine  produces  a  vapour  more 

than  twice  as  heavy  as  that  resulting  from  its  combustion  in  oxygen,  and  accordingly 

the  light  produced  in  the  former  case  is  stronger  than  in  the  latter ;  carbon  and 

sulphur  burning  in  oxygen  produce  vapours  of  still  greater  density,  namely,  carbon 

dioxide  and  suldrar  dioxide,  and  their  combustion  gives  a  still  brighter  light ;  Isstly, 

phosphorns,  whidi  has  a  very  dense  vapour,  and  likewise  yields  a  product  of  great 

vapour4ensity,  bums  in  oxygen  with  a  brilliancy  which  the  eye  can  scarcely  endure. 

Moreover,  the  Inmincsity  of  a  flame  is  increased  by  condensing  the  surrounding  gaseous 

atmoepherB,  and  diminished  by  rarefying  it.    The  flame  of  arsenic  burning  in  oxygen 

may  be  rendered  quite  feeble  by  rarefying  the  oxygen  ;  and  on  the  contrary  the  faint 

flame  of  any  ordinary  spirit  lamp  becomes  very  bright  when  placed  under  the  receiver 

of  a  condensing  pump.    Frankland  has  also  found  that  candles  give  much  less  light 

when  boming  on  the  top  of  Mont  Blanc  than  in  the  valley  below,  although  the  rate  of 

combustion  in  the  two  cases  is  nearly  the  same  (i.  11(H)).    The  efiect  of  condensation 

in  increasing  the  brightness  of  a  flame  is  also  strikingly  seen  in  the  combustion  of  a 

mixture  of  oxygen  and  hydrogen,  which  gives  but  a  feeble  light  when  burnt  under  the 

ordiaaiT  abnospheric  pressure,  as  in  the  oxy-hydrogen  blowpipe,  but  a  very  bright 

flash  when  exploded  in  the  Cavendish  eudiometer,  in  which  the  water  vapour  produced 

by  thfi  combustion  is  prevented  from  expanding. 

Under  a  pressure  of  ten  atmospheres,  the  fliune  of  hydrogen,  and  still  more  that  of 
carbon-monoxide  burning  in  oxygen,  gives  a  bright  light  and  a  continuous  spectrum. 
The  electric  spark  is  more  luminous  in  proportion  as  the  gas  or  vapour  through  which 
it  pnnsfs  has  a  greater  density.  The  feeble  light  produced  by  the  combustion  of 
phosphorus  in  chlorine,  which  yields  a  very  dense  product,  (PCI'),  appears  to  be  due 
to  the  law  temperature  of  the  flame.  Strongly  heated  phosphorus-vapour  bums  in 
hot  chlorine  with  a  dazzling  white  light 

The  brightness  of  ordinary  lamp,  candle,  and  gas  flames  is  due,  not,  as  commonly 
Buppoaed,  to  the  separation  of  solid  particles  of  carbon,  but  to  that  of  very  denser 
hydrocarbons,  which  produce  the  same  eflTect  as  the  vapours  of  arsenic  and  phosphorus 
tn  their  respective  flames.  That  such  is  the  case  is  shown,  flrst  by  the  perfect  trans- 
parency of  the  flame»  which  is  quite  inconsistent  with  the  presence  of  solid  particles ; 
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Beoondly  by  the  nature  of  the  soot  or  lampblack  deposited  from  it,  which  is  well 
known  not  to  consist  of  pure  carbon,  but  to  contain  considerable  quantities  of  hydrogen 
(Fr&nkland,  Journal  qf  Gcu4%yhting,  July  1867,  p.  291 ;  Proe.  Soy.  Sac.  zri.  419). 

3.  Oondiiioni  of  Explosion  (Abel,  Phil,  Trans.  1869;  Chem,  Soe.J.  [2]  Tiii. 
41  ;  abstr.  Proc.  Roy.  8oc,  xvi.  395). — The  degree  of  rapidity  with  which  an  explosiTe 
substance  undergoes  metamorphosis,  as  also  the  nature  and  results  of  such  chaiige, 
are  in  the  greater  number  of  instances  susceptible  of  several  modifications,  by 
variation  of  the  circumstances  under  which  the  conditions  essential  to  chemical  change 
are  fulfilled.  Excellent  illustrations  of  the  modes  b^  which  such  modifications  may 
be  brought  about  are  furnished  by  gun-cotton,  which  may  be  made  to  bum  very 
slowly  and  almost  without  flame,  to  inflame  with  great  rapidity  but  without  develop- 
ment of  great  explosive  force,  or  to  exercise  a  violent  destructive  action,  according  as 
the  mode  of  applying  heat,  the  circumstances  attending  its  application,  and  the 
mechanical  conditions  of  the  explosive  agent  are  modified.  In  general,  the  explosion 
is  more  violent  and  the  combustion  more  complete  in  proportion  to  the  amount  of 
resistance  offered  at  the  commencement  of  the  combustion  to  the  escape  of  the  gases — 
in  other  words,  in  proportion  as  the  strength  of  the  receptacle  enclosing  the  gun-cotton^ 
and  the  consequent  initial  pressure  developed  by  the  explosion,  is  increased.  (See 
Ptroxtuk,  iv.  779.) 

Other  explosive  compounds  and  mixtures  are  similarly  influenced  by  the  cii^cum- 
stances  attending  their  metamorphosis.  A  charge  of  gunpowder  in  a  cylindrical  tin 
case,  flred  by  a  fuse  inserted  near  the  bottom,  explodes  much  more  violently  than  the 
same  charge  ignited  by  a  fuse  placed  just  beneath  the  surface  ;  in  the  first  instance 
the  main  body  of  the  charge  acts  at  the  moment  of  ignition  as  tampine  does  in  a 
blast-hole,  by  presenting  a  resistance  to  the  escape  of  the  gases  generated,  and  thus 
for  a  moment  establishing  the  pressure  essential  to  the  violent  and  perfect  explosion 
of  the  powder  first  inflamed,  whereupon  the  same  character  of  explosion  extends 
throughout  the  charge.  In  like  manner  mercttrie /ulnUnats  (60  grains)  inflamed 
by  bringing  an  incandescent  platinum  wire  just  in  contact  with  the  suifaoe  or 
edge  of  the  heap,  explofles  with  a  dull  report,  and  produces  no  effect  on  a  flat 
plate  of  copper  sneet  on  which  it  rests ;  but  a  much  smaller  quantity  (16(  grains) 
of  the  same  fulminate  heaped  up  over  the  platinum  wire  produces  a  sharp  ana 
violent  explosion,  the  force  of  which  deeply  indents  and  bends  up  the  support  of  sheet 
copper. 

The  volume  of  the  explosion  of  a  small  quantity  of  silver  fiUminaie  confined  in  a 
ease  of  stout  sheet  metal  is  very  decidedly  greater  than  if  a  corresponding  quantity  be 
enclosed  in  metal  foil,  or  freely  exposed  to  air  and  inflamed  in  the  same  manner.  The 
violence  of  explosion  of  iodide  of  nitrogen  is  very  decidedly  increased  by  enclosing  it 
in  an  envelope  or  shell  of  plaster  of  raris,  or,  better  still,  in  a  case  of  sheet  m^al, 
while  the  ekuride  of  nitrogen  explodes  with  but  comparativelj  little  violence,  unless  it 
is  confined.  The  reputation  wnich  this  substance  has  exyoyed  of  being  the  most 
violent  explosive  body  known,  appears  to  be  due  to  the  fact  that  experiments  on  its 
explosion  have  always  been  conducted  with  a  covering  of  water  upon  the  materiaL 
Three  or  fours  drops  (about  0*14  grm.  -s  2  grains)  placed  in  a  watch-glass  covered 
only  with  a  thin  layer  of  water,  explode  with  a  sharp  report  when  touched  with  tor- 
pentine,  and  almost  pulverise  the  glass ;  but  similar  quantities,  of  which  the  upper 
surfaces  were  exposed  to  air,  have  been  repeatedly  exploded  in  watch-glasses  witooat 
breaking  them.  Two  grms.  of  the  chloride,  contain«i  in  a  watch-glass,  and  covered 
with  a  thin  layer  of  water,  were  placed  upon  a  small  solid  cylinder  of  hard  papier 
mAckk  which  rested  upon  paving.  A  violent  explosion  was  produced  by  touching  the 
chloride  with  turpentine,  the  watch-glass  was  pulverised  and  dispersed*  and  the 
cylinder  was  greatly  shattered,  fragments  being  projected  in  all  directions.  Four 
grms.  of  the  chloride,  with  the  upper  surface  exposed  to  air  and  placed  upon  a  similar 
cylinder  of  papier  mdchif  produced  a  comparatively  very  feeble  explosion  ;  the  watch- 
glass  was  broken,  but  the  cylinder  was  not  in  the  slightest  aegree  affected,  and 
remained  undisturbed  in  its  original  position.  A  repetition  of  the  experiment  with 
4  grms.  of  the  chloride,  enclosed  by  a  thin  layer  of  water,  produced  complete  disintegra- 
tion of  the  cylinder.  It  appears  from  these  results  that,  in  the  case  of  the  chloride  of 
nitrogen,  the  decomposition  of  which  is  of  an  instantaneous  character,  the  resistance 
offered  at  the  moment  by  the  layer  of  water  acts  as  effectually  in  intensifying  the 
force  of  explosion  as  a  thin  sheet-metal  case  does  with  the  mercuric  fulminate,  or  as 
a  strong  iron  shell  with  gun-cotton  or  gunpowder. 

Nitroglycerin  or  Glonoin^  which  bears  some  resemblance  to  chloride  of  nitro- 
gen in  the  suddenness  of  its  explosion,  requires  the  fulfilment  of  special  conditions  for 
the  fuH  development  of  its  explosive  force.    Its  explosion  by  the  simple  action  of  heat 
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can  be  aroeompluibed  only  vhen  the  soarce  of  heat  is  applied  for  a  eoneiderable  time 
in  such  a  way  that  chemical  decomposition  is  established  in  some  portion  of  the  mass, 
and  is  faTonred  by  the  continued  application  of  heat  to  that  part.  Under  these 
dicamstances  the  chemical  change  proceeds  with  Tery  rapidly  accelerating  yiolence, 
and  eTontoally  brings  about  a  sudden  transformation  of  the  heated  portion  into  gaseous 
products,  which  trMiaformation  is  instantly  communicated  throughout  the  mass  of 
nitroglyeerin,  so  that  confinement  of  the  substance  is  not  necessary  to  develop  its 
fall  ezplosire  force.  This  result  can  be  obtained  more  expeditiously,  and  with  greater 
eertatnty,  by  exposing  the  substance  to  the  ooncussive  action  of  a  detonation  produced 
by  the  ignition  of  a  small  quantity  of  fulminating  powder,  closely  confined  and  placed 
in  contact  with  or  near  to  the  nitroglycerin. 

The  development  of  the  violent  explosive  action  of  nitroglycerin  freely  exposed  to 
air  through  the  agency  of  a  detonation  was  regarded  until  recently  as  a  peculiarity  of 
that  substance;  but  Abel's  experiments  have  shown  that  gun-cotton  and  other 
explosive  oompcrunds  and  mixtures  do  not  necessarily  require  confinement  for  the  full 
development  of  their  explosive  force,  this  result  being  obtained  (and  very  readily  in 
some  instances,  especially  in  that  of  gun-ootton)  by  means  similar  to  those  applied  in 
the  case  of  nitroglycmn,  vix.  by  the  percussive  action  of  a  detonation. 

The  aeticm  of  a  detonation  in  determining  the  violent  explosion  of  gun-cotton, 
nitroglycerin,  &c.,  cannot  be  ascribed  to  the  direct  operation  of  the  heat  developed  by 
the  chemical  changes  of  the  chaige  of  detonating  compound  used  as  the  exploding 
agent.  An  experimental  comparison  of  the  mechanical  force  exerted  by  difierent 
explosive  compounds,  and  by  the  same  compound  employed  in  different  ways,  has 
shown  that  the  remarkable  power  exhibited  by  the  explosion  of  small  quantities  of 
eotain  bodies  (the  mercuric  and  argentic  fulminates)  to  accomplish  the  detonation  of 
gun-coiton,  while  comparatively  large  quantities  of  other  highly  explosive  agents  are 
incapable  of  producing  this  result,  is  genially  accounted  for  in  a  satis&ctory  manner 
by  Uie  difierenee  in  uie  amount  of  force  suddenly  brought  to  bear  in  the  different 
instances  npon  some  portion  of  the  mass  operated  upon.  Most  generally,  therefore, 
the  degree  of  &cility  with  which  the  detonation  of  a  substance  will  develop  similar 
change  in  a  neighbouring  explosive  substance  may  be  regarded  as  proportionate  to  the 
amount  of  foroe  developed  within  the  shortest  space  of  time  by  that  detonation,  the 
latter  being,  in  Cut,  analogous  in  its  operation  to  that  of  a  blow  from  a  hampier  or  of 
the  impact  of  a  projectile. 

Several  remarkable  results  of  an  exceptional  character  have,  however,  been  obtained, 
which  indicate  that  the  development  of  explosive  force  under  the  circumstances 
refemd  to  is  not  always  simplv  ascribable  to  the  sudden  operation  of  mechanical 
forces    Thus  silver  fulminate,  which  explodes  much  more  suddenly  and  with  much 
mare  powerful  local  force  than  mercuric  fulminate,  nevertheless,  when  applied  under 
the  same  conditions,  does  not  induce  the  explosion  of  gun-cotton  so  readily  as  mercuric 
fulminate.   6  grains  of  mercuric  fulminate  enclosed  in  a  case  of  stout  sheet  metal  and 
exploded  in  close  contact  with  compressed  gun-cotton,  caused  the  detonation  of  the 
latter ;  but  5  grains  of  silver  Eliminate  enclosed  in  tin-foil,  though  it  appeared  to 
prodoee  quite  as  sharp  a  detonation  as  the  same  quantity  of  tJie  mercury  salt  enclosed 
m  the  stout  case,  did  not  explode  gun-ootton  with  which  it  was  surrounded,  but  merely 
aeattered  the  mass;    when  enclosed  in  the  stout  sheet-metal  case,  however,  the 
6  grains  of  silver  fulminate  accomplished  the  detonation  of  the  gun-cotton.  Iodide  and 
chloride  of  nitrogen  are  much  more  susceptible  of  sudden  explosion  even  than  silver 
fulminate;   nevertheless  the  iodide  does  not  appear  to  be  capable  of  causing  the 
explomon  of  compressed  gun-cotton ;  and  the  uiloride  of  nitrogen  shows  but  little 
capability  of  producing  the  same  effect,  60  grains  being  the  smallest  quantity  that 
will  anifwer  the  purpose.    Lastly,  it  is  found  that  nitroglycerin  when  exploded  by  a 
charge  of  mercuric  fulminate  will  not  bring  about  the  explosion  of  compressed  gun- 
cotton  i^aeed  in  contact  with  it,  though  under  precisely  similar  circumstances  the 
explomon  of  gun-cotton  or  of  nitroglycerin  will  induce  the  explosion  of  a  larger  mass 
of  its  own  kind. 

These  results  point  to  the  conclusion  that  the  effect  of  the  detonation  of  one  sub- 
stance in  causing  the  explosion  of  another  depends  not  only  on  the  force,  but  also  on 
the  nature  of  the  vibrations  developed  in  the  former,  the  most  probable  explanation  of 
the  observed  results  being  that  the  vibrations  attendant  upon  a  particular  explosion, 
if  sjnekronous  with  those  which  would  result  ^m  the  explosion  of  a  neighbouring 
substance  in  a  state  of  high  chemical  tension,  will,  by  their  tendency  to  develop  those 
ribrations,  either  determine  the  explosion  of  that  substance,  or,  at  least,  greatly  aid 
the  disturbing  effect  of  mechanical  force  suddenly  applied,  while,  in  the  instance  of 
another  explosion,  which  develops  vibratory  impulses  of  a  different  character,  the 
'  force  applied  through  its  agency  has  to  operate  with  little  or  no  aid,  so 
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that  greater  force  or  a  more  powerfiil  detonation  is  required  in  the  latter  caso  to 
accomplish  the  same  result. 

Instances  of  the  apparently  simultaneous  explosion  of  numerouB  distinct  and  even 
somewhat  widely  separated  masses  of  explosive  substances  (such  as  simnltaneoofl  explo- 
sions in  several  distinct  buildings  at  powder-mills)  occur  not  unirequently,  in  which 
the  generation  of  a  disruptive  impulse  by  the  fimt  or  initiative  explosion,  which  is 
communicated  with  extreme  rapidity  to  contiguous  maflses  of  the  same  nature,  appears 
much  more  likely  to  be  the  operating  cause,  Uian  that  the  simultaneous  explosion 
should  be  brought  about  by  the  direct  operation  of  heat  and  mechanical  force  developed 
by  the  starting  exph>sion. 

The  explosion  of  gun-cotton  and  gunpowder  by  the  agency  of  detonation  is  much 
more  sudden  and  violent  than  when  Uie  same  substances  are  exploded,  even  in  confined 
spaces,  by  the  simple  agency  of  heat.  This  has  been  abundantly  proved,  in  the  case  of 
gun-cotton,  by  blasting  operations  in  various  descriptions  of  rock,  and  by  measurement 
of  the  comparative  destructive  effect  of  charges  exploded  under  water.  Chaiges 
of  gun-cotton  contained  in  blast-holes,  and  having  a  detonating  Aise  inserted  in  or 
placed  immediately  over  them,  have  produced  much  greater  rending  and  shattering 
effects  in  hard  rock  and  in  wood  (although  the  blast-holes  were  left  entirely  open,  or 
only  filled  with  loose  sand,  earth,  or  powdered  rock)  than  corresponding  chaiges 
applied  in  similar  positions,  but  fired  with  ordinary  fuses,  although  in  the  latter 
instances  the  gun-cotton  was  confined  by  *  tamping,*  or  firmly  closing  the  blast-hole  to 
a  considerable  depth.  A  series  of  systematic  experiments  has  been  carried  on  at 
Chatham  by  the  Government  Committee  on  Floating  Obstructions,  with  the  view  of 
comparing  the  destructive  power  of  gunpowder  and  gun-cotton,  in  which  chaises  of 
these  materials  were  exploded  in  proximity  to  submerged  taints,  with  systematic 
variations  of  the  strength  of  the  cases  containing  the  chaiges,  the  depth  of  their 
immersion  beneath  the  surface,  and  their  distances  from  the  targets.  The  results  of 
these  experiments  warranted  the  conclusion  that  gun-cotton,  when  confined  in  cases  of 
sufficient  strength  to  develop  its  full  explosive  action,  exerts  a  destructive  efSxt 
equal  to  about  five  times  that  of  gunpowder.  A  few  experiments  to  compare  with 
these  have  been  recently  instituted  with  chaiges  of  gun-cotton  enclosed  in  thin  sheet- 
metal  cases  and  exploded  by  means  of  detonating  fuses,  and  in  these  the  destructive 
action  upon  vertical  targets,  placed  at  very  considerable  distances  from  the  charges, 
was  from  ten  to  twelve  times  greater  than  that  of  gunpowder.  The  concussion 
imparted  through  the  water  to  considerable  distances,  by  the  explosion  of  small 
charges  (2  to  3  lb.)  of  gun-cotton  in  the  new  manner,  very  greatly  exceeded  in  their 
effects*  the  results  produced  by  the  explosion  of  submerged  chaiges  by  the  ordinary 
method. 

An  examination  of  the  decomposition-products  of  gun-cotton  exploded  by  detonation 
has  shown  that  they  do  not  differ  in  any  important  respect  from  those  obtained  by  the 
complete  metamorphosis  of  the  substance  when  exploded  in  strong  shells  under  ordi- 
nary conditions  (iv.  779).  The  increased  destructive  effect  developed  by  the  explosion 
through  the  agency  of  detonation  must  therefore  be  ascribed  to  the  greater  rapidity  of 
the  explosion  under  these  conditions.  The  ordinary  explosion  of  gun-cotton  is 
attended  by  a  considerable  body  of  fiame,  due  to  the  ignition  of  the  generated  carbonic 
oxide ;  but  the  detonation  of  gun-cotton  is  attended  only  by  a  sudden  flash,  which  it 
is  very  difficult  to  observe  in  daylight  if  only  small  quantities  are  exploded.  The 
transformation  of  the  solid  into  gas  appears,  in  fact,  to  be  too  sudden  for  the  generated 
combustible  gas  to  become  infiamed. 

OOXr OBUi  MM  M»    Syn.  with  QniinBiKB. 
COVBSBZmL    Syn.  with  Wbightikb  (v.  1048). 

OOVBTBBZSB.    C»H>'NO  =  (^^"^Dn  (ii.  1).— Wertheim  {Wien,  Akad. 

Bar.  xlvi.  [2]  299)  obtained  from  333  kilogrms.  of  fresh  hemlock-seeds  700  grms.  of 
pure  Conine,  and  rather  more  than  40  grms.  of  pure  conhydrine,  the  greater  part  of 
the  latter  being  obtained  by  fractional  distillation  of  the  crude  conine,  a  smaller 
portion  from  &e  residues  in  the  still.  These  residues,  after  neutralisation  with 
sulphuric  acid  and  filtration  from  the  separated  gypsum,  were  evaporated  to  dryness, 
exhausted  with  strong  alcohol,  and  the  extract  again  evaporated  was  agitated  with 
strong  potash -ley  and  ether;  the  conhydrine  which  remained  after  spontaneous 
evaporation  was  obtained  pure  by  one  recrystallisation  from  ether. 

Conhydrine  melts  at  1200^,  and  boils  at  225*46^  (bar.  at  719*8  mm.).    It  is  not 

m  by  nitrous  acid,  but  by  phosphoric  anhydride  or  by  sodium  it  is  oonvertad 

|ne.    With  mercuric  oxide  it  resinises  without  giving  off  gas.      Conhfdr'mt 

nrhich  is  easily  soluble  in  water  and  in  alcohol,  crystallises  in  flat,  rather 
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hard  prisms;  the  nitrate  is  somewhat  less  soluble,  and  gradnally  solidifies  to  a 
crTstaUine  mass.    The  hydrochloride  and  acetate  are  uncrystallisable. 

Etkyl-conhydrines. — ^When  conhydrine   is  heated  with  ethyl  iodide,  a  brisk 

reaction  takes  place,  and  ethyl-conhydrine  hydriodide,  C*H'*(CH*)NO . HI, 

is  obtained,  as  an  easily  soluble  crystalline  mass ;   and  this,  when  decomposed  by 

potash-ley,  yields  ethyl-conhydrine  as  an  oil  which  also  solidifies  in  the  crystalline 

form.    It  distils  without  decomposition,  and  is  more  soluble  in  ether  than  con- 

hjdnne.    Heated  with  ethyl  iodide,  it  solidifies  to  a  mass  consisting  of  diethyl- 

conhydrine  hydriodide,  C*H**(C'H*)'NO . HI,  which  gradually  separates  from 

its   almost  syrupy  aqueous    solution,   in   small  hard  crystals,  having  an   almost 

adamantine  lustre,  and  consisting,  according  to  measurements  by  Zepharoyich  (  Wien. 

Akad,  Ber.  xlyii.    [I]    276)f  of    rhombic    sphenouio-hemihedral   combinations  of 

p       p         _  p 

+  ._,  ~  ^,  oP,  Poo ,  the  face  -.  generally  occurring  alone.    Axes  a:  b  :  e  ^  0'8823 : 

Li  it 

1 :  106.  This  salt  decomposed  with  silver  oxide  yields  a  can^ic  bitter  syrup  which 
rapidly  absorbs  carbonic  acid.  The  hydrochloride  of  this  ammonium-base  is  very 
soluble  in  water  and  crystallises  slowly  in  thin  needles;  the  platinoehloride, 
rC"H'^C»H»)«NO.Cl]«.RCl*,  is  a  light  wine-yellow  precipitate  which  separates  from 
not  water  in  beautiful  orange-red  crystals  consisting,  according  to  Zepharovich,  of 
quadratic  combinations  P.  2P.9P.  ooP.  For  P,  the  ratio  of  the  seconda^  axes  to  the 
pnncipal  axis  is  1  :  0*8679.  Angle  P  :  P  (terminal)  «  113°  31' ;  P  :  P  (basal)  » 
78^  21';  2P  :  2P  (terminal)  «  98*»  11'  ;  2P  :  2P  (basal)  -  136*»  40';  9P  :  OP 
(terminal)  «  90*»  28  ;  9P  :  9P  (basal)  «  169°  89'. 

Aaoeoahjrdrtiie.  C'H^'N^O. — The  near  agreement  of  the  yapour-density,  6*39, 
calculated  from  this  formula  with  that  found  by  experiment  (in  three  experiments, 
6  437,  5*691,  and  5*410)  shows  that  the  formula  C»H*«N"0«  originaUy  giyen  to  this 
substance  (ii.  964)  was  too  high.  Nascent  hydrogen  (zinc  and  hydrochloric  acid) 
eoDTerts  asooonhydrine  into  oonine : 

C»H>«N«0  +  H«  -  C«H»»N  +  H«0  +  NH«. 
When  asooonhydrine  is  heated  to  160°  with  metallic  sodium  broken  into  small  pieces 
by  agitation  while  in  the  melted  state,  it  giyes  off  a  large  quantity  of  gas  (11*5  p.  c. 
hydrogen  to  88  nitrogen),  and  leaves  a  residue  containing  a  large  quantity  of  conine, 
together  with  unaltered  azoconhydrine ;  perhaps  thus : 

4C^'«N«0  +  lONa  -  4C«H»N  +  2NH»Na  +  4Na»0  +  N« 
Aaooonbydrine.  Oonine.  Sodamide.        Sodium 

oxide, 
and 

2C«H»«NK)«  +    4Na    -  2C«H»*N  +  2Na«0     +    N«      +  H«. 

Asooonhydrine  dissolves  abundantly  in  concentrated  acetic  or  formic  acid,  and  absorbs 
lai;^  quantities  of  anhydrous  hydrocyanic  acid,  but  the  resulting  compounds  are  decom- 
posed by  water  and  by  heating  to  100^  (Wertheim,  Wien.  Akad.  Ber.  xlvii.  [2]  491). 

COVnPBXXV.  C*<H«0"  (Kubel,  J,  pr.  Chem.  xcvii.  243  ;  Jakre^.  1866,  p.  676). 
—A  gloooside  occurring  in  the  cambium  of  coniferous  woods  (Abies  exoelsay  A.  pectimUa, 
PtRut  ^robuSf  P.  Cembra,  Larix  europaa).  It  forms  needle-shaped  crystals  containing 
C'<H«0'«.3H«0,  which  eflfloresce  in  dry  air  and  give  off  all  their  water  at  100°; 
inelts  at  185°,  and  carbonises  at  a  higher  temperature,  giving  off  the  odour  of  caramel ; 
dissolves  easily  in  hot  water,  sparingly  in  cold  water  and  in  alcohol,  and  is  insoluble 
in  ether.  The  aqueous  solution  tastes  faintly  bitter,  and  turns  the  plane  of  polarisa- 
tion to  the  left.  Boiled  with  dilute  acids  it  gives  off  an  odour  of  vanilla,  and  deposits 
a  resinous  body  insoluble  in  alkalis,  while  the  filtrate  contains  a  dextrr^jrate  sugar, 
^^ng  sulphuric  acid  in  contact  with  coniferin  or  the  resinous  body  just  mentioned 
^cqajm  a  characteristic  dark  violet  colour^  and  on  adding  water  a  precipitate  ia 
formed  which  gives  to  the  liquid  an  indigo-blue  colour.  By  this  reaction  coniferin 
may  be  detected  in  coniferous  woods,  namely,  by  moistening  a  fresh  section  with 
ftiong  sulphuric  acid ;  the  young  wood  and  the  bast  exhibit  a  violet  colour. 

OOVnra.  C"H>*N.--Schiff  {Ann.  Ch.  Pharm.  clvii.  352)  has  obtained  this  base 
synthetically  by  heating  normal  butyric  aldehyde,  C^H'O,  with  alcoholic  ammonia, 
whereby  a  base,  dibuiyraldine,  CH^NO  «  2C*H*0  +  NH«  -  H»0,  is  obtained,  and 
subjecting  this  base  to  dry  distillation:  C«H"NO  -  H^O  =  C»H'*N. 


C*H"  (ii.  964). — ^This  hydrocarbon,  produced  by  the  action  of 
phoephoric  anhydride  on  azoconhydrine,  is  mixed  with  a  less  volatile  body  not  yet 
examined.     It  does  not  appear  to  be  poisonous. 
•  Wben9pta.  (1  mol.)  conylcne-bromido,  C"H>  *Br*,  ar6  heated  to  120°-140^  with 


490  COOKEITE— COPPBB. 

11  pts.  (2  mol.)  silver  acetate  and  a  small  quantity  of  glacial  acetic  acid,  conylena 
di acetate,  (C'H'*)'(C*HK)')',  is  formed,  having  an  acid  reaction,  an  odour  of 
peppermint,  a  sp.  gr.  of  0988  at  1 82°,  and  boiling  at  225^.  This  acetate,  distilled 
with  pulverised  potassium  hydrate  at  a  temperature  above  230^,  ^ves  off,  first  a  pala 
vellow  oily  liquid,  and  then  a  smaller  quantity  of  a  very  viscid  distillate.  The  latter 
IB  lighter  than  water,  insoluble  therein,  but  soluble  in  ^oohol  and  ether,  and  has  the 
composition  of  conylene  alcohol,  (C*H*^)*(HO)'.  The  more  volatile  distillata 
has  the  composition  of  di  conylene  alcohol,  C**H"K)'  or  (C'H")*H*0*,  but  the 
lower  boiling  point  renders  tliis  view  of  its  constitution  somewhat  improbable 
(Wertheim,  hoc,  cU,). 


COOXSITB.  A  silicate  occurring,  togetherwith  red  tourmaline  and  lepidolite,  in  the 
grriQit«  formation  of  Hebron  and  Paris  in  the  State  of  Maine.  It  is  white,  sometimea 
yellowish -green,  with  a  nacreous  lustre ;  hardness  =s  2*5  ;  sp.  gr.  »  2*70.  Its  analysifl 
gave  34-93  p.  c  SiO«,  44*91  Al«0«,  2-67  KK),  282  liK),  0*47  SiF*,  18*41  HH),  and 
0-38  hygroscopic  water,  a  composition  nearly  the  same  as  that  of  euphyllite  and 
margarite  (G.  J.  Brush,  801,  Am,  J,  [2]  xli.  246). 

COPAIBA  BAXi8AaK«  According  to  Boussin  {J,  Tharm,  [4]  i.  221),  the 
hardening  of  this  balsam  by  lime  or  magnesia  depends  upon  the  presence  of  a 
certain  quantity  of  water  (about  -^  of  the  balsam),  the  lime  or  magnesia  being  thereby 
converted  into  a  hydrate  which  unites  with  the  balsam. 

The  variety  of  copaiba  balsam  from  Maracaibo  in  Columbia  has  been  examined  by 
Strauss  {Ann,  Ch.  Pharm.  cxlviii.  148 ;  ZeiUehr.  /.  Chem.  [2]  v.  301).  It  has  a 
wine-yellow  colour,  syrupy  consistence,  and  sp.  gr.  »  0*900  at  16^ ;  dissolves  in  all 
proportions  in  alcohol,  ether,  and  bensol.  With  ammonia  it  forms  a  dear  solution, 
which  becomes  turbid  on  addition  of  a  large  quantity  of  water,  and  with  magnesia  a 
plastic  soapy  mass ;  it  is  coloured  brown-zed  by  strong  sulphuric  add ;  does  not  smeU 
like  turpentine  when  heated. 

On  boiling  this  balsam  with  weak  soda-ley,  the  greater  part  of  the  volatile  oil 
separates  on  the  surface.  This  oil,  when  dehydrated  over  calcium  chloride  and 
rectified,  is  limpid,  has  a  pleasant  aromatic  odour  and  burning  bitter  taate.  Sp.  gr. 
0-921  at  10°.  foiling  point  250^-260^  It  dissolves  in  ether,  bensol,  and  chloroform; 
in  about  3  pts.  of  cold  absolute  alcohol,  more  readily  in  hot  alcohol,  and  sepamtee 
from  this  solution  on  cooling.  It  is  coloured  yellow  by  dilute  nitric  add,  deep  red  by 
nitric  acid  of  sp.  gr.  1*41,  the  latter  after  a  few  minutes  oxidising  it  violently,  and 
forming  a  resinous  mass  which  dissolves  at  the  heat  of  the  water-baUi  in  tlie  super- 
natant liquid,  the  solution  when  evaporated  leaving  a  resinous  residue  soluble  with 
red  colour  in  potash-ley ;  hydrochloric  acid  added  to  the  potash  solution  throws  dawn. 
an  amorphous  substance  soluble  in  alcohol.  The  vapour-density  of  the  oil,  which  is 
nearly  9*5,  shows  that  its  molecular  formula  is  C^H". 

Metacopaivie  Acid,  C^H'^O^ — ^When  the  alkaline  resin-eolution  decanted  from 
the  volatile  oil  is  mixed  with  sal-ammoniac,  the  resin-soaps  rise  to  the  sur&ce  together 
with  the  volatile  oil  still  dissolved  in  the  liquid ;  and  on  adding  hydrochloric  add  to 
the  ammoniacal  solution  filtered  through  moistened  ^per,  metacopaivie  add  rises  to  the 
surface  in  the  form  ^  a  fiocculent  substance  which  may  be  dried  in  the  air,  and 
purified  by  repeated  crystallisation  from  boiling  alcohol.  It  ciystallises  in  laminae, 
dissolves  in  alcohol  and  ether,  in  petroleum  only  when  heated ;  is  insoluble  in  water ; 
melts  at  205^-206° ;  has  an  acid  reaction ;  and  decomposes  carbonates.  Its  neutral 
solution  in  ammonia  forms  white  precipitates  with  calcium,  barium,  and  lead  salts.  The 
gUoer  salt  CH''0*Ag'  +  HK)  is  sparingly  soluble  in  water,  easily  soluble  in  ammonia, 
and  becomes  anhydrous  at  150^.  The  cuprio  salt  CH^O^Cu.HK)  is  a  bluish-green 
precipitate.    The  sodium  salt  forms  very  hygroscopic  crystals. 

The  quantity  of  metacopaivie  acid  in  the  balsam  is  very  small.  Strauss  regards 
it  as  probably  identical  with  Wemer^s  gurgunic  add  obtained  by  treating  wood-oil  or 
gurgun  balsam  (i.  495)  with  potash-ley,  although  the  melting  point  of  the  latter,  aa 
given  by  Werner  (Jahresb.  1862,  p.  462),  is  14®  or  16®  higher. 

According  to  Fluckiger  (J.  pr.  Chem,  ci.  235),  Maracaibo  balsam  is  optically  dextro- 
gyrate, Maranha  b^sam  Isvogyrate,  and  a  mixture  of  the  two  in  certain  proportions 
IS  optically  inactive. 


eo»9wau  Atomic  Weight  63*4.  Equivalent  81'7.— Field  a.  Abel  (C%em,  8oc,  X, 
[2]  i.  89)  have  examined  the  impurities  in  native  copper  from  several  localities.  In 
thick  plates  of  copper  from  Chile  (the  so-called  Charqui  copper)  covered  on  both  aides 
with  talc  and  chlorite,  they  found  only  traces  of  bismuth  and  silver.  Two  spedmens 
of  Minnesota  copper  from  Lake  Superior  contained  0*56  p.  c  silver  without  any 
other  admixture ;  a  third  consisted,  to  about  i  of  its  entire  mass,  of  native  silver. 
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oocomog  in  thick  Teins  and  containing  a  trace  of  lead.  A  specimen  of  Siberian 
copper,  cGcarriog  with  green  altered  arragonite  and  superficially  converted  into  red 
copper  ore,  was  found  to  be  very  impure,  containing  1*28  p.  c  arsenic,  together  with 
smail  quantities  of  silver,  bismuth,  and  lead.  Native  copper  from  Algadon  Bay  in 
Bolivia  was  found  by  v.  Bibra  {J,  fr,  Ckem.  zcvi.  198)  to  contain,  on  the  average, 
97*5  p.  c  copper,  20  iron,  0'3  silicon,  and  a  trace  of  antimony. 

Copper  is  contained  to  the  amount  of  5*9  p.  c.  in  turacin^  the  red  pigment  of  the 
wing-feathers  of  the  Turaco  (Church,  Ckem,  Newt,  six.  265). 

Metallurgy. — A  method  of  extracting  copper  from  poor  ores  containing  lime  or 
dolomite  is  described  by  G.  Bischof  (Land.  Journal  of  ArU^  1862,  p.  277 ;  JXngl, 
pol.  J.  cUv.  31 ;  Jahresb.  1862,  p.  649).  It  consists  essentially  in  igniting  the  ores 
(in  a  lime-kiln)  at  a  moderate  heat,  partly  removing  the  lime  and  magnesia  by 
washing,  and  fusing  the  residue  with  iron  pyrites  (5  pts.  to  1  pt.  of  copper)  to  obtain 
coarse  metal  (ii.  23).  The  Utter  is  finely  pulverised,  and  roasted  in  muffle-furnaces  for 
a  long  time  at  a  low  red  heat,  and  the  roasted  product  is  lixiviated,  whereby  it  is 
resolved  into  a  solution  of  cupric  sulphate  and  a  residue  from  which  the  cupric  oxide 
is  extracted  by  dilute  sulphuric  acid.  The  copper  is  then  precipitated  from  the 
sulphate  solution  by  metallic  iron,  washed  with  liquids  containing  copper,  freed  from 
arsenic  and  antimony  by  roasting,  and  finally  melted.  A  method  of  extracting 
eopvtr  from  poor  sulphurous  ores,  practised  at  Foldal  in  Norway,  is  described  by 
C.  Welta  {Dingl.  pol.  J.  clxiv.  289;  Jahresb.  1862,  p.  648).  See  also  H.  Wagner 
{DM.  clxxxiii.  338 ;  Jahresb.  1867,  p.  889) ;  Aubel  {Dingl.  clxxxiv.  137 ;  Jahresb, 
ibid.).  Chiado  (Dingl.  dxxx.  860)  describes  a  process  for  obtaining  refined  copper 
at  one  operation  fr>om  sulphuretted  ores.  It  consists  essentially  in  smelting  the 
roasted  ore  with  charcoal  in  a  furnace  so  constructed  that  the  coarse  copper,  as  it  is 
fbnned,  may  run  off  into  a  reverberatory  furnace,  where  it  is  converted  into  refined 
copper  by  the  united  action  of  air  and  over-heated  steam. 

An  examination  of  the  products  of  the  Mannsfeld  process  (i.  31)  in  its  several 
staf^  has  been  made  by  0.  Steinbeck  {biaugural  Dissertation,  Malle,  1862  ;  Jahresb, 
1862,  p.  643). 

Many  kinds  of  pyrites  which  are  burnt  for  the  preparation  of  sulphuric  acid 
contain  sufficient  copper  to  render  its  extraction  from  the  residues  remunerative. 
Haeffiaiy  {Limd.  Journal  of  ArU^Uhj  1862,  p.  278 ;  Rip.  Chim.  app.  iv.  384)  roasU 
these  residues  a  second  time,  lixiviates  the  product  with  an  acid  solution  of  manganoua 
chloride  (residues  of  chlorine  manufacture),  and  precipitates  the  copper  from  the 
resulting  solution  (which  must  contain  fr^  acids)  by  means  of  the  basic  calcium 
sulphide  of  the  soda  manufacture.  The  precipitated  sulphide  is  then  treated  by  the 
ordinary  methods.  For  other  methods  of  treating  these  cupriferous  pyrites  residues. 
Bee  Richardson  and  Watts's  Chemical  Technology,  pt.  iii.  p.  73,  and  pt.  v.  p.  206. 

For  the  electrolytic  precipitation  of  copper  from  poor  cementation-waters  (ii.  36), 
Patera  (Dingl.  clxxxiv.  134)  passes  the  solutions  slowly  through  an  apparatus  in 
which  the  positive  pole  is  formed  of  iron  plates  immersed  in  a  porous  cell  containing 
hydrochloric  acid  or  solution  of  common  salt,  and  the  negative  pole  of  granulated 
copper  or  coke  connected  with  the  iron  by  a  copper  wire. 

Impurities  iu  Commercial  Copper.  —  The  quantities  of  different  non- 
metallic  impurities,  especially  oi^gen,  in  several  kinds  of  refined  copper  have  been 
determined  by  Abel  {Chem.  8oe.  J.  [2]  ii.  164).  Ingots  of  Kapunda  copper  (which  is 
remarkably  free  from  metallic  impurities)  having  depressions  on  their  upper  surface 
were  fonnd  to  contain  a  larger  proportion  of  cuprous  oxide  (1*704  to  2*631  p.  c.)  than 
those  with  even  surface  (0'8d6  to  1*409  p.  c) ;  the  latter  also  exhibited  a  regular 
decrease  in  the  proportion  of  cuprous  oxide  from  the  surface  to  the  middle  of  the 
bar.  Copper  fused  in  a  crucible  lined  with  charcoal  and  left  to  solidify  without 
access  of  air,  did  not  contain  a  trace  of  cuprous  oxide  if  the  fusion  had  been  long 
continued ;  in  the  contrary  case  it  was  found  to  contain  a  small  quantity  (0*13  to 
0*19  p.  c).  When  the  copper  fused  in  the  charcoaled  crucible  was  cooled  in 
contact  with  the  air,  spitting  took  place  shortly  before  complete  solidification,  and  the 
metal  then  contained  oxygen.  Several  varieties  of  copper  from  the  Haford  worka 
gave  the  following  percentages  of  cuprous  oxide : 

Cnprooa  oxide  In 
100  parts 

Overpoled  copper 0*228  to  0*367 

Tough-pitch  copper          ....  0*223  „  0*321 

Half-poled  copper 1*616  „  1*873 

Dry  copper,  inner  portion        .        .        .  3*750  „  3*782 

„        M      outer  portion        .        .        .  4*631  ,,4*608 
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Carbon  was  not  detected  with  certainty  in  Alten  and  Eaponda  copper  remelted 
with  charcoal ;  but  Alten  copper  and  a  specimen  from  North  America  were  found  to 
contain  a  trace  (at  most  0*003  p.  c.)  of  seienium ;  copper  from  Copiapo,  Manilla,  and 
Hungary  was  found  to  be  free  from  that  element.  The  amount  of  wlpkur  found  in 
various  kinds  of  copper,  by  four  hours*  ignition  in  a  stream  of  hydrogen,  was  about 
0*005  p.  c. ;  phosphorus  and  nitrogen  could  not  be  detected. 

Detection  and  Estimation. — A  borax  bead  containing  only  a  small  quantity 
of  copper  remains  transparent  and  colourless  when  heated  in  the  reducing  flune,  and. 
then  left  to  cool,  especially  if  the  bead. itself  is  not  very  large  and  the  heating  has 
been  long  continued.  If  gently  heated  again  it  becomes  ruby-coloured  and  trans- 
parent,  but  Uie  colour  disappears  if  the  hmt  is  too  strong  (Qerland,  Bull.  See.  Ckim, 

[2]  i.  271). 

For  quantitative  estimation  copper  may  be  precipitated : 

a.  In  the  metallic  state,  by  electrolysis.  The  solution  of  the  sulphate  ia 
poured  into  a  small  platinum  dish  serving  as  the  negative  pole  of  a  battery  of  one  or 
two  elements,  the  positive  pole  being  formed  bv  a  thick  platinum  wire  dipping  into  the 
solution.  The  copper,  which  is  deposited  in  the  dish  in  a  few  hours  in  the  form  of  a 
shining  film,  is  washed  with  distilled  water,  dried  over  sulphuric  acid  in  a  vacuum, 
and  weighed  in  the  dish  (W.  Gibbs,  8Ul.  Am.  J.  [2]  tttit  68).  See  also  Luckow 
{Jahreab.  1865,  p.  685).  Ullgren  (Zeitschr.  f.  Chem.  [2]  v.  807)  uses  for  this  purpoaa 
a  glass  tube  half  an  inch  wide,  closed  at  the  bottom  with  a  piece  of  bladder,  and 
loosely  at  the  top  with  a  cork,  through  which  a  strip  of  sine  may  be  moved  up  and 
down.  The  tube  filled  to  S  with  solution  of  common  salt  is  immersed  to  a  small 
depth  into  the  copper  solution  acidulated  with  sulphuric  acid ;  and  the  strip  of  sine 
dipping  into  the  salt-solution  is  connected  with  a  piece  of  platinum  foil,  on  which  is 
placed  the  platinum  dish  containing  the  copper  solution.  The  rate  of  deposition  of 
the  copper  may  be  regulated  by  immersing  the  cine  more  or  less  deeply  in  the  salt- 
solution  ;  the  more  slowly  it  takes  place  the  more  compact  is  the  deposit. 

^.  Copper  ma^  be  estimated  as  cuprous  sulphide,  Cu*S  (containing  79*85  p.  c 
copper),  by  precipitating  it  as  cupric  sulphide  from  the  solution  of  the  snlphate  or 
chlorioe  with  hydrogen  sulphide,  and  strongly  igniting  the  washed  and  dried 
precipitate  in  a  porcelain  crucible  through  which  a  stream  of  hydrogen  is  directed  by  a 
tube  passing  through  the  perforated  platinum  lid  (H.  Bose,  Poffg.  Ann.  ex.  120).  In 
precipitating  copper  with  hydrogen  sulphide,  it  is  best  to  keep  the  solution  at  tha 
boiling  heat ;  the  precipitate  is  then  compact  and  does  not  oxidise  in  washing.  The 
copper  may  also  be  at  once  precipitaterl  as  cuprous  sulphide  by  addition  of  sodium 
hyposulphite  to  the  solution  of  the  sulphate,  previously  freed  from  hydrochloric  and 
nitric  acids  by  evaporation  to  dipmess  with  sulphuric  acid  (FUyolot,  ^im.  Ck.  Pi^s. 
[3]  xxxix.  460).  The  precipitate  is  ignited,  as  above,  in  an  atmosphere  of  hydrogen, 
to  expel  any  excess  of  sulphur  that  it  may  contain. 

y.  Gibbs  (Zeitschr.  anal.  Chem.  vii.  255,  422)  precipitates  the  copperas  cuprous 
hydride,  Cu*H*,  by  adding  magnesium  hypophosphite  in  excess  to  a  moderately 
dilute  solution  of  cupric  sulphate  containing  a  slight  excess  of  sidphuric  acid,  but 
free  from  nitric  or  hydrochloric  acid  (in  presence  of  nitric  acid  the  precipitation  is 
incomplete ;  hydrochloric  acid  interferes  with  it  by  forming  cuprous  chloride).  The 
solution  is  gradually  heated  to  80^  or  90^  to  ensure  the  complete  precipitation  of  the 
cuprous  hydride ;  and  the  latter,  after  washing  and  drying,  is  ignited  in  a  stream  of 
hydrogen,  whereby  it  is  resolved  into  hydrogen  gas  and  metaUic  copper,  which  is 
weighed.  The  pnicess  may  be  applied  to  the  valuation  of  copper  ores,  the  ore  beings 
first  roasted  in  the  finely  divided  state,  then  heated  to  low  reaness  with  a  mixture  of 
equivalent  quantities  of  nitrate  and  acid  sulphate  of  potassium,  and  the  fused  msss 
heated  with  a  quantity  of  strong  sulphuric  acid,  sufficient  to  convert  the  whole  of  the 
potassium  into  acid  sulphate.  The  filtered  aqueous  solution  is  then  to  be  treated  as 
above. 

8.  As  Cuprous  Iodide,  CuU*.  The  copper  solution,  not  containing  excess  of 
nitric  acid,  is  mixed  with  excess  of  sulphurous  acid,  and  then  gradually  with  a  solution 
of  iodine  in  sulphurous  acid.  The  precipitate,  after  standing  for  twelve  hours,  and 
washing,  is  converted  into  cupric  oxide  by  suspending  it  in  water,  treating  it  with 
chlorine,  and  precipitating  with  potash  (Flajolot,  loc.  cit.).  Pisani  {Compi.  rend. 
xlvii.  294)  collects  the  precipitated  cuprous  iodide  on  a  weighed  filter,  dries  it  at 
100°- 120^,  and  weighs  it;  but  this. method  appean  to  be  troublesome.  Pisani  also 
recommends  potassium  iodide  as  a  precipitant ;.  but,  according  to  Fli^olot,  the  cuprous 
iodide  is  slightly  soluble  in  excess  of  this  jeagent. 

c.  As  Cuprous  Sulphocyanate.  Cu'(CNS)*.  The  cupric  solution  trte  from. 
nitric  acid  is  reduced  by  sulphurous  acid,  and  precipitated  by  potassium  sulphocyanate^ 
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Knd  the  precipitated  cnprona  salphocjanate  is  dried  and  weighed :  it  oontaiDfl  52*6  p.  c. 
copper.  Or  the  precipitate  may  be  converted  into  cuprous  sulphide  by  fusion  with 
sulphur  in  a  ooTered  crucible  (Riyot,  Compt.  rend,  zxxviii.  868).  This  method  is 
recommended  by  Wolfskron  {Chem,  Centr.  1866,  p.  265)  for  separating  copper  from 
palladium. 

The  precipitation  of  copper  as  cuprous  iodide  or  sulphocyanate  is  better  adapted 
than  the  oidinary  mode  of  precipitation  with  hydrogen  sulphide  for  effecting  the 
complete  separation  of  copper  from  sine,  nickel,  cobalt,  and  manganese. 

For  estimatinff  the  quantity  of  cuprous  oxide  (or  oxygen)  present  in  refined 
copper,  Abel  {Chem,  8oe.  J.  [2]  ii.  164)  recommends  the  following  process,  based  upon 
the  fact  that  neutral  silver  nitrate  is  decompoeed  by  cuprous  oxide,  with  separation  of 
metallic  silver,  and  formation  of  a  basic  cupric  salt,  which  requires  for  conversion  into 
neutral  salt  a  quantity  of  acid  equivalent  to  the  cuprous  oxide  (or  oxygen)  present  in 
the  copper: 

Cu»0  +  2N0«Ag  «  Ag«  +  (NO«)»Cu.CuO. 

A  known  weight  of  the  copper  under  examination  is  digested  for  about  three  hours 
with  a  oold  neutral  solution  of  silver  nitrate ;  and  the  portion  unacted  upon  is  picked 
out,  thoroughly  washed,  and  weighed,  the  difference  between  its  weight  and  the  original 
weight  representing  the  quantity  of  copper  acted  upon  by  the  silver  nitrate.  The 
mixture  of  precipitated  silver  and  basic  cupric  nitrate  is  then  collected,  washed,  and 
digested  for  half  an  hour  with  a  known  quantity  of  normal  sulphuric  acid  (containing 

1  pt  SO*H*  to  100  pts.  water),  after  which  the  solution  is  filtered  from  the  metallic 
silver,  and  the  free  acid  in  the  filtrate  is  determined  by  alkalimetry.  The  quantity  of 
acid  neutralised  by  the  cupric  oxide  is  equivalent  to  the  oxygen  or  the  cuprous  oxide 
in  the  metallic  copper.* 

The  proportion  of  cuprous  oxide  in  red  copper  ore  may  be  estimated  by  digesting 
the  finely  pulverised  mineral  with  dilute  sulpnuric  acid  and  silver  sulphate.  Metallic 
silver  is  then  separated  in  the  proportion  of  2  at.  silver  to  1  mol.  cuprous  oxide  s 
CuK)  +  80*H»  -  Cu  +  80*Cu  +  H«0,  and  CJu  +  SO*Ag»  =  SO^Cu  +  Ag« 
(Aubel,  Ztitmkr,  anal,  Chem.  vt.  459).  There  must  of  course  ^  no  metallic  copper 
present. 

On  the  volumetric  estimation  of  copper,  see  Galette  {ZeUschr.  anal,  Chem,  1869, 135 ; 
ZeUeckr.f,  Chem,  [2]  ri.  91). 

Compounds  of  Copper  with  Non-metallic  Eletnenie, 

Copper  is  a  diatomic  or  bivalent  metal,  forming  two  series  of  compounds  designated  - 
as  euprie  and  cuprous.    The  compounds  of  both  these  series  contain  in  their  molecule 

2  at.  of  a  univalent,  or  1  at.  of  a  bivalent  radicle,  associated  in  the  cupric  compounds 
with  1  at.  of  copper,  in  the  cuprous  compounds  with  2  at  of  copper  linked  together  by 
one  of  their  units  of  affinity ;  in  fact,  the  group  — Cu— ^Cu — ,  composed  of  two  diatomic 
atoms,  is  itself  diatomic ;  s.  ff,, 

Cupric  compounds       •        .        Cu^Q*;      Cu^O ;       Cu"(NO«)«;      Cu''(SO«)''. 
Cuprous  compounds    •        .        (Cu7'Cl* ;  (Cu«)"0 ;  (Cu«)r'(NO*)* ;  (Cu«)''(SO*)'*. 

Cuprous  Chloride,  Cu'Cl*,  may  be  obtained  in  the  crystalline  state  by  passing 
sulphurous  acid  gas  into  a  solution  of  cupric  sulphate  mixed  with  an  equivalent 
quantity  of  sodium  chloride.  The  precipitated  crystalline  powder,  consisting  of  small 
tetrahedrons,  must  be  washed  by  decnntation  with  aqueous  sulphurous  acid ;  if  washed 
with  pure  water,  it  turns  yellow,  light  brown,  and  violet,  and  in  boiling  water  assumes 
a  bright  brick-red  colour.  It  is  so  sensitive  to  light  that  the  crystals,  immersed  in 
aqueous  sulphurous  acid  and  exposed  to  direct  sunshine  for  only  five  minutes,  acquire 
a  complete  copper  colour  and  metallic  lustre.  This  copper-coloured  body  is  probably 
a  cuprous  oxyciiloride  formed  together  with  hydrochloric  acid  ;  when  exposed  to  the 
air  it  oxidises,  as  quickly  as  the  colourless  crystals,  to  green  cupric  oxyehloride 
(Wohler,  Ann.  Ch.  Pharm.  cxxx.  373).  Metallic  copper  dipped  into  solution  of  cupric 
chloride,  ferric  chloride,  dilute  nitromuriatic  acid,  or  a  solution  of  potassium  chromate 
or  chlorate  mixed  with  hydrochloric  acid,  becomes  covered  with  a  whitish-grey  film  of 
cuprous  chloride,  which  when  exposed  to  light  gradually  becomes  black,  with  copper 
refiex ;  this  property  may  be  made  available  for  photography.  In  its  original,  as  well 
as  in  its  altered  state,  it  is  not  perceptibly  soluble  in  dilute  nitric  or  sulphuric  acid, 
but  dissolves  in  sodium  hyposulphite,  potassium  cyanide,  iodine,  potassium  iodide, 
hydrochloric  add,  and  ammonium  sulphate  (Renault,  Compt.  rend.  fix.  319 ;  Jahresb, 
1864,  p.  278). 

•  Abd  has  ibown  that  the  estimation  of  the  oxygen  by  tgnitinf?  the  copper  in  hydrogen  gas,  as 
pnetlaed  by  Dick  {Phil,  Mag.  [4]  zi.  109;,  does  not  glre  exact  rosnlta. 
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Cuprous  Bromide^  Cu'Br',  is  formed  in  like  muDner  by  dipping  a  plate  of 
copper  into  aqueous  solution  of  cupric  or  ferric  bromide,  or  into  a  solution  of  bromine 
in  potassium  bromide.  It  becomes  distinctly  bine  in  sunshine,  mnch  more  slowly  in 
difiused  daylight,  and  then  dissolves,  though  much  less  easily  than  the  unaltered 
bromide,  in  hyposulphite  or  chloride  of  sodium  (Renault). 

Cuprous  Iodide,  Cu*P. — A  plate  of  copper  exposed  to  the  action  of  %odine-wip<mr 
or  solution  of  iodine  becomes  covered  with  white  ciystalline  cuprous  iodide,  which  is 
much  less  sensitive  to  light  than  the  chloride  or  the  bromide.  Both  in  its  original  and 
in  its  altered  state  this  iodide  is  insoluble  in  sodium  chloride  and  sulphite,  potassium 
bromide  and  nitrate,  and  sal-ammoniac,  but  soluble  in  ammonia,  sodium  hyposulphite, 
and  potassium  cyanide,  and  in  dilute  hydrochloric,  sulphuric,  or  nitric  acid.  An  iodised 
copper  plate  exposed  for  a  long  time  to  light,  and  then  immersed  in  a  very  weak  solution 
of  mercuric  nitrate,  becomes  brick-red  on  the  insulated  parts,  greenish  on  the  unaltered 
parts  (Renault). 

A  copper  plate  dipped  into  euprie  fluoride  and  then  exposed  to  light,  becomes  black 
and  afterwards  violet  like  the  chlorinated  plate  (p.  493),  though  much  more  slowly ; 
and  the  film  is  then  much  less  soluble  in  hyposulphite  or  chloride  of  sodium  than  the 
original  whitish-grey  film  (Renault). 

Oxides, — Cuprous  oxide  of  a  fine  red  colour  is  easily  obtained  by  heating  1  pL 
euprie  sulphate  with  4  pt.  sodio-potassic  tartrate,  2  pts.  cane-sugar,  and  12  pta.  water, 
then  adding  1^  pt.  sMium  hydrate,  and  boiling  for  an  hour  (Bottger,  J,  pr,  Chem,  xc. 
163). 

Palpitated  cuprous  oxide  dissolves  in  a  concentrated  aqueous  solution  of  nmgnesium 
chloride,  slowly  at  ordinary  tempexatnres,  more  quickly  at  100®,  forming  magneaium 
hydrate  and  cuprous  chloride : 

Cu«0  +  MgCl*  +  HK)  -  Cu«a«  +  MgH«0*. 

When  cuprous  oxide  is  dissolved  to  saturation  in  a  warm  solution  of  magnesiuin 
chloride,  and  the  solution  is  left  to  cool  without  separating  the  magnesium  hydrate,  an 
orange-red  precipitate  of  cuprous  hydrate,  or  perhaps  of  cuprous  o^grehloride,  is 
deposited,  which  dissolves  when  heated  and  reappears  on  cooling.  When  solid  eupitms 
chloride  is  digested  with  magnesia  and  water,  cuprous  hydrate  and  magnesium 
chloride  are  produced.  Nevertheless  the  double  chloride  of  copper  and  magnesium  is 
permanent  in  presence  of  magnesium  hydrate,  provided  a  considerable  excess  of 
magnesium  chloride  is  also  present.  A  filtered  solution  of  cuprous  oxide  in  magnesium 
chloride  yields  on  dilution  a  precipitate  of  cuprous  chloride  coloured  oran^yellow  by 
adhering  cuprous  oxide.  A  mixed  solution  of  magnesium  sulphate  and  sodium  chloride 
may  also  be  used  as  a  solvent  of  cuprous  oxide  (T.  S.  Hunt,  Compt,  rend,  bdz.  1856  ; 
ZeUschr.f,  Cksm.  [2]  vi.  162). 

Cuprous  oxide  and  ferrous  chloride  yield  ferric  oxide,  with  partial  reduction  of  the 
cuprous  oxide  to  metal.  This  reduction  may  be  effected  by  addinff  recently  precipi- 
tated and  still  suspended  ferrous  hvdiate  to  a  solution  of  cuprous  chloride  in  common 
salt,  and  gently  warming  the  liquid..  A  similar  result  is  obtained  on  adding  a  soluble 
ferrous  salt  to  a  non-filtered  solution  of  cuprous  oxide  in  magnesium  chloride.  Fenooa 
oxide  also  reduces  cupric  to  cuprous  chloriue,  and  if  present  in  su£Bcient  quantity  pre- 
cipitates all  the  copper  as  metal.  Cupric  oxide,  even  after  ignition,  acts  on  a  solution 
of  ferrous  chloride  m  the  cold  according  to  the  equation :  3CuO  +  2FeCl'  »  Cu'Cl* 
+  CuCl'  +  Fe'O'.  The  reaction  is  greatly  retarded  by  the  insolubility  of  the 
cuprous  chloride,  but  in  presence  of  common  salt,  or  when  aided  by  heat,  it  goes  on 

3uickly  and  completely.     When  a  solution  of  ferrous  chloride  and  sodium  chloride  is 
igested  with  a  large  excess  of  cupric  oxide,  the  latter  unites  with  the  cupric  chloride 
produced,  forming  an  insoluble  o^chloride  (Hunt,  loe.  eit.). 

The  mutual  action  of  cupric  and  ferrous  salts,  resulting  in  the  formation  of  coproos 
oxide  and  a  basic  ferric  salt,  first  studied  by  Levol  (ii.  68),  has  also  been  investigated 
by  Braun  and  Weith  {Zntsekr,/,  Chem.  [2]  iii.  668,  623 ;  Bull.  8oc.  Ckim.  [2]  viii.  409 ; 
ix.  214  ;  Jahresb.  1867,  p.  301). 

Tetracupric  oxide^  (Cu*)''0,  Rose's  (fuadrantcxide  of  copper^  is  prepared  by  tieating 
a  cooled  solution  of  cupric  sulphate  with  an  alkaline  solution  of  stannous  chloride  not 
in  excess,  whereby  a  blue  precipitate  of  cupric  hydrate  is  first  formed,  which  after  a 
while  changes  into  yellow  cuprous  hydrate,  and  ultimately  into  olive-green  tetracnprio 
oxide :  it  must  be  washed,  first  wiUi  pure  water,  then  with  ammoniacal  water  in  an 
atmosphere  of  hydrogen.  This  oxide,  when  exposed  to  the  air,  is  quickly  resolved 
into  a  mixture  of  cupric  and  cuprous  oxide,  and  must  therefore  be  kept  under  water. 
It  has  not  yet  been  obtained  quite  free  from  stannous  oxide.  Dilute  hydrochloric  add 
quickly  converts  it  into  a  darker  coloured  substance,  probably  the  correspondiiig 
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of  the  phosphoms  is  remored,  with  formation  of  iron  phosphide,  which  separates  as  a 
distinct  layer,  while  the  copper  becomes  alloyed  with  iron. 


oovv 


(i.  79).  The  ammoniacal  copric 
compounds  consist  of  a  cupric  salt,  CuR*  or  CuR",  united  with  the  elements  of  1, 2, 3, 
4,  5,  or  6  molecules  of  ammonia,  NH'.  There  are  also  cuprous  salts  of  simiUr 
constitution  whose  formulae  may  be  derired  from  the  preceding  by  substitution  of 
(Cu*)''  for  Cu".     To  explain  the  constitution  of  these  salts,  it  must  be  obserred: 

(1)  That  NH'  being  a  bivalent  radicle,  any  number  of  such  groups  united  together  will 
also  form  biyalent  radicles ;  thus : 

— NH» 
-NH»  I 

I  NH« 

(2)  The  polyammoniacal  compounds,  when  heated,  readily  gire  off  part  of  theii 
ammonia,  leaving  a  compound  containing  2XH*  or  INH*  to  one  atom  of  copper,  the 
last  atom,  NH*,  being  moreover  retained  much  more  forcibly  than  any  of  the  rest. 
Thus  the  sulphate  6NH".S0«Cu  heated  not  quite  to  149°  gives  off  3NH»,  leaving  the 
compound  2NH*.S0*Cu ;  and  at  a  little  above  this  temperature  it  leaves  NH*.SO*Cu, 
which  again  at  a  still  higher  temperature  suffers  complete  decomposition,  giving 
off  nitrogen  and  other  volatile  products  and  leaving  metallic  copper.  The  last 
molecule  of  ammonia  may  be  supposed  to  be  united  with  the  copper  m  such  a  manner 
as  to  form  the  bivalent  radicle  cuprammonium : 

— N— Cu— 

(NH»CuX 


% 


or 


which  again  may  unite  with  other  molecules  of  ammonia,  forming  other  bivalent 
radicles,  (NH»— NH«Cu);,  (NH»— NH»— NH'Cu)"  or  (2NH».Cu)-,  (3NH».Cu)-,&c 
Thus  we  have  the  following  ammonio-eupric  chlorides : 

(NH'Cura* ;  (2NH» .  Cu)''Cl« ;  (8NH» .  Cu)''Cl« ;  (4NH» .  Ctt)'Cl« ; 

also  the  ammonio-cuprous  chlorides : 

(NH'Cu'ra* ;  (2NH» .  Cu'ra*  ;  (4NH» .  Cu«)''a«. 

All  these  ammoniacal  copper  salts  are  capable  of  taking  up  a  quantity  of  oxacid  or 
hydracid  sufficient  to  saturate  the  ammonia  contained  in  them :  thus  NH*.  CuG'  can 
take  up  HCl ;  4NH' .  CuCl'  can  take  up  4HCI,  &c. ;  but  the  compounds  thus  formed 
are  not  ammonio-compounds  like  those  above  formulated,  but  true  double  salts, 
identical  in  properties  with  those  formed  by  the  direct  union  of  an  ordinary  ammonium 
■alt  with  a  cupric  salt;  thus 

NH».Cua«  +  HCl  =  NH«Cl.Cua». 
2NH«.Cua«  +  2HCI  =  2NH*Cl.Cua». 
4NH«.Cua«  +  4HCI  -  4NH*a.CuCl«. 

Under  certain  circumstances  the  ammonio-copper  compounds  can  dissolve  in  vater 
without  decomposition,  especially  at  low  temperatures  or  in  presence  of  free  ammonia : 
thus  the  compound  6NH* .  CuBr*  dissolves  completely  in  a  small  quantity  of  vat«r 
and  may  be  crystallised  therefrom ;  but  on  adding  more  water,  the  liquid  beeomes 
turbid  and  deposits  cupric  hydrate  (ii.  62). 

OOBXAMIATAM.  C**H'«0>*.— The  acUve principle  of  Coriaria  myrHfoHiL  (See 
Additions,  vol.  v.  p.  1090.) 


OOUL.  This  substance  has  been  examined  by  Siewert  {ZeiUchr,  /.  Chmn.  [8]  i^- 
883)  with  the  following  results :  12  pounds  of  rasped  cork  were  twice  boiled  in  poitioDS 
of  100  grams  each  with  4  litres  of  alcohol  of  95°  Tr.,  whereby  10  p.  e.  of  the  cork  vas 
dissolved.  The  residue  yielded  scarcely  perceptible  traces  of  substance  to  aleobol, 
ether,  chloroform,  or  benzol. 

The  alcoholic  extract  first  deposited  from  1*62  to  1*75  p.c.  of  Cherrsul's  eerin 
(i.  830),  as  a  white,  crystalline,  neutral  substance,  together  with  white  masses  of  an 
acid  compound. — 1.  Cerin,  C"H**0,  is  regarded  by  Siewert  as  a  homologue  of  pbeool, 
and  designated  as  pbellyl  alcohol.  It  melts  at  100^,  dissolves  in  600  pts.of 
boiling  and  6,000  pts.  of  cold  absolute  alcohol. — 2.  The  amorphous  add,  ealled 
deciicrylic  acid,  has  the  composition  C>*H*0*.  It  has  an  acid  reaction ;  dissolves 
in  1,200  pts.  of  cold  and  62  pU.  of  boiling  alcohol;  melU  at  86^;  diseolres 
slowly  in  aqueous  or  alcoholic  potash  at  the  boiling  heat ;  and  separates  therefrom  a« 
a  yellow  precipitate  on  cooling. — 3.  After  the  separation  of  those  two  fufastaoces,  the 
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alcoholic  extract  yielded,  on  further  eraporation,  2'5  p.  c  of  a  fatty  substance,  eu  ly  s  i  n, 
C^H*H)*,  soluble  in  10  pts.  of  cold  alcohol,  and  melting  without  deoomposition  at  160°. 
— 4.  The  remainder  of  the  alcoholic  solution  evaporated  to  dryness  left  a  mass  which 
when  repeatedly  boiled  with  water,  yielded  to  that  liquid  a  tannic  acid,  sepa- 
rating from  the  aqueous  solution  in  dark  red  flocks  (0*6  p.  c).  Its  solution  forms 
with  gelatin  a  yellow,  with  tartar-emetic  a  brown  precipitate,  and  reduces  an 
ammoniacal  silver  solution  in  the  cold.  Potash  and  ammonia  colour  its  solution 
red ;  baryta-water  forms  a  dark-coloured  precipitate.  The  calcium  salt  of  this  acid 
contains  (C*'H"0")*Ca  +  8H*0. — 6.  The  aqueous  extract  when  further  evaporated 
deposited  a  brown-red  precipitate,  C'*H'*0*,  called  by  Siewert  corticic  acid. 
—6.  The  portion  insoluble  in  water  of  the  residue  obtained  by  evaporating  the 
original  alcoholic  extract,  had  nearly  the  appearance  of  the  original  cork-substance, 
diaaolved  easily  and  almost  completely  in  boiling  alcohol,  and  partly  separated  on 
cooling  as  a  jelly  (2'6  p.  c).  Its  alcoholic  solution  evaporated  on  paper  penetrates  the 
paper  like  fat 


The  yellow  particles  occurring  in  the  ovary  of  the  cow 
at  a  certain  stage  of  development  have  been  examined  by  Holm  {J.  pr,  Ckem,  c. 
142;  Jahretb,  1867,  p.  779)  and  by  Piccolo  a.  Lieben  (ZeiUekr,  f.  Ckem,  [2]  iv.  646). 
The  latter  evaporated  the  yellow  ethereal  extract  of  these  bodies  and  boiled  the 
residue  with  potash  to  saponify  the  fats.  On  adding  an  excess  of  water,  a  turbid 
liquid  was  obtained,  holding  in  suspension  small  shining  dichroic  crystals.  The 
liquid  filtered  from  these  crystals  was  found  to  contain  cholesterin,  together  with 
smaller  quantities  of  one  or  more  amorphous  bodies,  insoluble  in  water,  but  soluble  in 
alcohol,  ^er,  and  carbon  bisulphide. 

The  dichroic  crystals  are  insoluble  in  water  and  in  alcohol,  not  attacked  by  strong 
potash-ley  even  at  the  boiling  heat,  soluble  with  yellow  colour  in  ether  and  in 
benaol,  dissolving  very  easily  in  carbon  bisulphide  with  deep  red  colour,  and  in 
chloroform  with  deep  yellow  colour.  From  all  these  solutions  they  may  be  repeatedly 
recrystallised.  Treated  with  strong  sulphuric  acid  under  the  microscope,  they  are 
seen  to  torn  blue  and  dissolve.  With  nitric  or  hydrochloric  acid,  they  acquire  a  dark 
colour  soon  changing  to  light  yellow.  Hydriodic  acid  turns  them  brown.  They  are 
not  altered  by  sulphurous  acid,  solution  of  stannous  chloride,  or  tincture  of  iodine, 
(^laeial  acetic  acid  does  not  act  on  them  at  ordinary  temperatures,  but  decomposes 
them  when  heated.  When  exposed  to  the  air  they  gradually  lose  their  deep  red 
colour,  Bare  qtiickly  in  the  light  than  in  the  dark.  When  protected  from  the  air, 
tbey  remained  unaltered  for  more  than  a  year. 

Holm  regards  these  dichroic  crystals  as  identical  with  hseroatoTdin  ;  but  according 
to  Piccolo  a.  Lieben,  they  constitute  a  distinct  substance,  which  these  chemists 
designate  as  leuco-haematoidin  or  haemolutein. 


_    This  mineral,  occurring  at  Chester,  Massachusetts,  has 

been  shown  to  be  identical  with  cUnochlore  {Jahre^,  1866,  p.  893;  1866,  p.  936; 
\m,  p.  993). 


GOBTllA&ISa.  C"H**NO«.— This  base,  occurring  in  the  rooto  of  Corydalis 
Imfbota,  C.  fabaeea,  and  Bulbocapnus  cavus  (rad.  ArUtoiockuB  cavm),  has  been  further 
examined  by  H.  Wicke  {Ann.  Cn,  Pkarm.  cxxxvii.  274).  To  prepare  it,  the  chopped 
roots  of  the  last-mentioned  plant  were  repeatedly  exhausted  at  60^  with  6  pts.  of 
water  containing  sulphuric  acid ;  the  expressed  liquids  were  precipitated  with  basic 
lead  acetate ;  and  the  filtrate,  freed  from  lead  by  sulphuric  acid,  was  mixed  with 
metatungstate  or  phosphotungstate  of  sodium,  in  such  proportion  as  to  leave  the 
liquid  acid.  The  resulting  yellowish- white  precipitate  was  pressed,  mixed  with 
levigated  chalk,  and  dried,  and  the  dry  mass  was  exhausted  with  hot  alcohol.  On 
distilling  off  the  alcohol,  the  corydaline  crystallised  from  the  viscid  residue  in 
•telUte  groups  of  prisms,  which  were  freed  from  adhering  resin  by  washing  with 
alcohol  containing  ether,  pressing,  and  recrystallisation  from  ether-alcohol. 

Corydaline  crystallises  from  strong  solutions  in  short  prisms,  from  dilute  solutions 
in  slender  needles ;  it  is  soluble  in  alcohol,  ether,  chloroform,  amylic  alcohol,  carbon 
bisulphide,  benzol,  and  oil  of  turpentine,  but  not  in  water.  The  alcoholic  solution,  if 
free  from  resin,  remains  colourless  when  heated  ;  it  has  a  bitter  taste  and  strong 
alkaline  reaction,  and  on  addition  of  water  deposits  the  base  in  microscopic  needles. 
Corydaline  melts  at  130^,  without  loss  of  weight,  to  a  brown-red  amorphous  mass 
which  solidifies  again  in  the  crystalline  form  alter  long  standing.  The  alcoholic 
solution  yields  a  flocculent  precipitate  with  tannic  acid  ;  the  solution  in  acids  forma 
precipitates  with  caustic  ana  carbonated  alkalis  (soluble  in  excess  of  caustic  alkali), 
also  with  potassium  sulphocyanate,  mercuric  chloride,  potassio-mercuric  iodide,  iodine, 
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Bodinra  picrate,  potAssinm  chromate,  sodimn  mctatnngstate,  anrie  chlorida,  and  platinie 
chloride. 

Corydaline  dissolves  in  nitric  acid,  learinc:  a  biown-red  resin.  The  hydrocldoride 
C"H"N0*.HC1  +  6H*0,  formed  by  agitating  a  nolutioo  of  oorydaline  in  carbon 
bisulphide  with  weak  hydrochloric  acid,  ci^'sCalliaes  in  tufts  of  needles  which  giye  off 
all  their  water  orer  sulphuric  acid ;  from  wann  dilute  bydiochloric  acid,  the  salt 
separat<«  in  the  crj'stalline  state.  The  plaiinochloride  (C"H>*N0*)«.2Ha.PtCl*  is 
a  yellow  crystalline  precipitate.  TY^e  acid  ttdpkate  C^H^'NO^.H'SO*  forms  needle- 
shaped  dystals  which  dissolve  but  slowly  in  water. 

Ethyl-corydaline  hydriodide,  C>«H»«(0»H»)NO* . HI,  is  formed  by  heating 
corydaline  to  100°  with  ethyl  iodide,  and  separates  from  the  yellow  solution  in 
reddish-yellow  crystals  sparingly  soluble  in  water.  With  moist  silver  oxide  it  yields 
an  alkaline  solution  frr>m  which  the  base  cannot  be  obtained  pnre.  The  pU^mo- 
chloride  2C'»H»»(C«H»)N0*a.PtCl*  is  a  dingy  yellow  amorphous  precipitate. 

COUMABZIilC  AOZB.  C*H«0'  (Perkin,  Chem,  Soc.  J,  [2)  ix.  45).— The 
potassium  salt  of  this  acid  is  produced  by  boiling  o-bromocomnHnn  (p.  499)  with 
potash  ;  and  this  salt  decomposed  by  hydrochloric  acid,  yields  the  acid  as  a  snow- 
white  crystalline  precipitate,  melting  at  192^-193^,  subliming  when  gently  heated, 
and  decomposing  partially  when  distilled.  The  acid  is  extremely  soluble  in  alcohol, 
sparingly  in  chloroform  and  carbon  bisulphide,  moderately  soluble  in  boiling  water, 
from  which  it  crA'stnUises  in  long  needles.  Not  decomposed  by  heating  with  potassium 
hy<lrato  to  180°.  It  is  monobasic,  forming  easily  soluble  crystalline  salts  with 
ammonia  and  the  alkali  metals.  The  barium,  calcium,  silrer,  lead,  mercnrons,  and  ferric 
salts  are  obtained  by  pr«?cipitation. 

Bromocoumari/ic  acid,  C'*H*BrO",  is  formed  by  decomposing  »-dibromoconmarin 
with  potash,  and  crystallises  from  weak  spirit  in  needles  melting  at  250^,  having  a 
bitter  taste,  very  soluble  in  alcohol,  spsiringly  in  water.  Heated  to  180^  with 
potassium  hydrate  it  decomposes  and  turns  brown,  with  formation  of  potassium 
bromide.  It  is  monobasic ;  the  ammonium,  potassium,  and  sodium  salts  are  soluble 
and  crystalline  ;  the  barium,  silver,  and  lead  salts  are  white  precipitates. 

COmCAXOr,  C*n*0',  and  COITMAaUO  AOZ»«  C*H«0*  (Perkin,  Chem^ 
Soc.  J.  [2]  vi.  53). — The  intimate  relation  of  these  bodies  to  the  salicylic  series, 
shown  by  the  conversion  of  coumaric  acid  into  salicylic  and  acetic  acids  by  fusion 
with  potash  (ii.  93),  is  further  demonstrated  by  the  following  mode  of  formation  of 
coumarin  from  salicylol.  Sodium-salicylol,  C'H^NaO^  (salicylite  of  sodium,  t.  169), 
dissolves  in  acetic  anhydride  with  considerable  evolution  of  heat ;  and  on  boiling  the 
solution  for  a  few  minutes,  and  then  pouring  it  into  water,  an  oily  body  separates^ 
while  sodium  acetate  pnsses  into  solution.  On  distilling  this  oil,  acetic  anhydride 
Hret  passes  over,  then  salicylol,  and  finally  at  290^,  a  body  which  cr}'stallises  in  the 
receiver,  and  after  repeated  cr}-6tallisation  from  alcohol,  exhibits  the  composition  and 
all  the  properties  of  coumarin  from  Tonka  beans,  melting  at  67^  to  67*5^,  and  boiling 
at  290*5"'  to  291°.*    Its  formation  may  be  represented  by  the  following  equations : 


^^icOH    +   (C"H>0)K)  =  C»H«O.ONa  +  C«H«|^^*^> 

B 

and 


Bodiam-aalicylol.  Acetio  Bodinm  Aisetyl- 

anhydride.  aoetate.  saUcjloL 


Acetyl-salicyloL  Coumarin. 

According  to  this  view,  coumarin  is  a  mixed  acid  radicle  composed  of  acetyl  and 
diptyl,  C'H'O,  a  radicle  belonging  to  the  cinnamyl  series;  and  in  its  formation 
from  ttcetosalicylol,  an  atom  of  hydrogen  is  taken  ftom  the  benzene  residue,  C*H*, 
and  an  atom  of  oxygen  from  the  group  OC^HH). 

But  the  formation  of  coumarin  in  this  reaction  cannot  be  attributed  to  the 
dehydration  of  acetyl-salicylol  by  acetic  anhydride ;  for  these  two  bodies  when  heated 
together  to  150^  unite  and  form  a  definite  compound,  CH"0'.C^H*0*,  which  ia 
resolved  by  distillation  into  its  original  components.  Moreover,  acetic  anhydride  and 
acetosalicylol  may  be  distilled  together  at  higher  temperatures  without  yielding  a 
trace  of  coumarin.  The  formation  of  coumarin  in  the  action  of  acetic  anhydride 
on  sodium-salicylol,  as  above  described,  depends  indeed  on  the  simultaneons  formation 
of  sodium  acetate ;  for  when  a  mixtnre   of  acetyl-salicylol,  acetic  anhydride,  and 

*  I^orkln  finds  that  the  melting  and  boiling  pointi  of  natoial  comnaria  are  abont  W*  higher  then 
those  Iiitherto  aodgnod  to  it.  * 
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sodium  acetate  is  heated  to  the  boiling  point,  a  eonsiderable  qnantity  of  ooumarin  is 
produced.  Perkin  attribntee  the  influence  of  the  sodium  acetate  in  this  reaction  to 
the  formation  of  a  compound  of  that  salt  with  acetic  anhjdride,  like  the  anhydro- 
diacetftte  of  potassium  (i.  18);  but  it  is  bj  no  means  obvious  why  such  a  compound 
Bhould  exert  a  stronger  dehydrating  action  than  acetic  anhydride  itself  (Perkin, 
Chm.  Soe.  J.  [21  ri.  181). 


According  to  Fittig,  on  the  other  hand  (Zeittekr.  f.  Cham.  [2']  ir,  &95),  the  pgroduct 
of  the  reaction  of  acetic  anhydride  on  sodium-salicylol  at  high  temperatures  is  not 
acetyl-salicylol,  but  its  isomeride,  coumarie  acid,  the  reaction  being  analogous  to  that 
bv  vhich  dnnamic  acid  is  formed  from  acetyl  chloride  and  benzoic  aldehyde  (i.  988) ; 
in  fact,  coumarie  acid  bears  to  einnamic  acid  the  same  relation  as  salicylol  to  bensoio 
aldehjrde;  thus: 


cm*o 

Bensoio 
•Uehyde. 

+ 

c»H»oa   = 

Ace^l 
chloride. 

Ha 

+ 

C»H»0« 
add. 

aUicjIol. 

+ 

c»H»oa   - 

Acetyl 
chloride. 

HCl 

+ 

C»H«0» 

OoamMio 

add. 

(rH»0«Na 
Bodiom- 
lalicyloL 

+ 

(C»HH))«0  » 

Acetic 
anhydride. 

C«H«0«Na 

Sodium 

+ 

Ooumaric 
add. 

The  eoomarie  add,  at  the  high  temperature  at  which  it  is  formed,  is  then  resolved 
into  coumarin  and  water. 

According  to  these  views,  coumarin  is  the  anhydride  of  coumarie  acid.  But  it  does 
not  appear  to  be  producible  from  coumarie  acid  by  the  action  of  any  of  the  ordinary 
dehydnting  agents ;  moreover,  as  pointed  out  bjr  Perkin,  it  is  formed  in  plants  in 
presence  of  water,  and  may  be  repeatedly  crvstalused  from  water  without  alteration. 
When  boiled  with  strong  potash-ley  it  yields  a  saline  compound,  from  which  it  is 
separated  by  adds  still  as  coumarin,  and  to  convert  it  into  coumarie  add  it  required 
to  be  boiled  with  a  8uj>er8aturated  solution  of  caustic  alkali.  Again,  coumarin  does 
not  form  an  amide  with  ammonia  as  true  anhydrides  do  (Perkin,  Chtm,  8oc.  J,  [2] 
Tii.  192).    See  further  Biisecke  (ZeiUckr.f,  Chem.  [2]  iv.  585). 

When  sodium-amalgam  is  added  by  small  portions  to  a  solution  of  coumarin  in 
water  containing  a  little  alcohol,  at  40^-60**,  the  coumarin  is  first  converted,  by 
awomption  of  water,  into  coumarie  add,  and  this,  by  addition  of  hydrogen,  is 
transfermed  into  melilotic  or  hydrocoumaric  add,  CH**0*  (Zwenger,  Jahresb.  1865, 
p.  343;  1867.  p.  443). 

The  coumarin  of  Melilotns  officinalis  is  in  combination  with  melilotic  acid.  When 
the  evaporated  aqueous  decoction  of  the  plant  is  treated  with  ether,  as  long  as  the 
ether  acquires  an  add  reaction,  and  the  green  mass  remaining  after  evaporation  of 
the  ether  is  repeatedly  boiled  with  a  large  quantity  of  water,  a  solution  is  obtained, 
which  on  cooling  deposits  large  well-defined  crystals  of  the  compound  of  coumarin 
with  meliloiic  acid,  wliile  free  melilotic  acid  remains  in  solution.  The  crystals,  after 
repeated  crystallisation  from  alcohol,  with  addition  of  animal  charcoal,  are  colourless, 
apparently  rhomboidal  plates,  or  silky  needles.  They  have  an  aromatic  bitter  taste, 
smell  like  coumarin  when  heated,  dissolve  sparingly  in  cold,  more  easily  in  boiling 
water,  very  easily  in  alcohol  and  ether.  Ammonia  decomposes  them  in  the  cold, 
dissolving  the  melilotic  acid,  and  separating  coumarin  identical  in  every  respect  with 
that  obtained  from  Tonka  beans  (Zwenger  a.  Bodenbender,  Ann.  Ch,  Pharm.  cxxvi. 
257 ;  Jakresb.  1863,  p.  552). 

CouvARiicDiBiioiciDE,  C'H'O'Br',  isomeric  with  dibromomelilotic  anhydride, 
is  formed  by  adding  about  7  pts.  of  powdered  coumarin  to  8  pts.  of  bromine,  both 
dissolved  in  carbon  bisulphide.  On  leaving  the  solution  to  itself  for  about  twelve 
hours,  and  then  evaporating  the  solvent,  a  crystalline  mass  is  obtained,  which  may  be 
freed  from  secondary  products  by  washing  with  a  little  cold  alcohol  and  recrystallisa- 
tion  from  the  same  solvent,  with  the  aid  of  but  little  heat.  The  dibromide  crystallises 
in  transparent  oblique  prisms,  melting  at  about  100^,  with  partial  decomposition,  and 
giving  off  bromine  at  a  higher  temperature.  It  dissolves  easily  in  alcohol,  and 
decomposes  quickly  when  boiled  with  alcohol  or  when  its  alcoholic  solution  is  exposed  to 
light,  the  bromine  apparently  acting  on  the  solvent,  and  leaving  coumarin  in  solution 
(Perkin,  Ckem.  Soc.  J.  [2]  viii.  868 ;  ix.  37). 

Bromcoitmabixs. — Mono-  and  di-bromocoumarin  have  been  obtained,  each  in 
two  modifications.  a-Monobromocoumarint  CH^BrO*,  is  most  easily  prepared  by 
decomposing  the  dibromide  of  coumarin  with  alcoholic  potash.    It  crystallises  from 
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alcohol  in  traiiBparent  needles  about  half  an  inch  long,  melting  at  110^.  Heated  to 
200°  in  a  sealed  tube  for  five  or  six  hours,  it  decompoees  slightly,  with  formation  of 
hydrobromic  acid.  Cold  alcoholic  ammonia  decomposes  it,  with  formation  of  ammonium 
bromide  and  a  glutinous  substance  soluble  in  water.  Heated  with  potaasinm  hydrate,  it 
yields  bromide  and  coumarrlate  of  potassium. — fi-dionobromocoumarm  is  formed  by 
the  action  of  acetic  anhydride  on  sodium  bromosalicyloL  On  boiling  the  product  for 
ten  or  fifteen  minutes  and  pouring  it  into  water,  the  iS-bzomoooumarin  separates  as  a 
heavy  oil  which,  when  purified  by  rectification,  boils  at  160**.  When  boiled  with 
alcoholic  or  aqueous  potash,  it  does  not  decompose,  but  simply  dissolres  like  ordinary 
coumarin  (Perkin,  loc,  cit.). 

a-DibroTnocoumarin^  C*U'BrH)',  is  prepared  by  heating  a  mixtora  of  1  pl^  coumarin, 
2  pts.  bromine,  and  4  or  5  pts.  carbon  bisulphide,  with  addition  of  iodine,  in  a  bath 
of  salt  and  water  for  four  or  five  hours.  The  product  is  freed  from  carbon  bisulphide 
by  evaporation,  from  iodine  by  means  of  potassium  iodide,  and  finally  purified  by  two 
or  three  crystallisations  from  alcohol.  It  czystallises  in  small  needles  melting  at 
about  183° ;  is  easily  decompose^!  by  alcoholic  potash,  yielding  potassium  bromide 
and  the  potassium  salt  of  a  new  acid ;  and  by  alcoholic  ammonia,  with  formation  of 
ammonium  bromide  and  a  crystalline  proiduct — fi-Dibromocoumarin,  C*H*BrH>*, 
obtained  by  the  action  of  acetic  anhydride  on  sodium-dibromosalicylol,  crystallises  in 
hard  needles  melting  at  176°  and  not  decomposed  by  alcoholic  potash  (Perkin). 

CouMABiN  DicHLOBiDR,  C»H*0*.C1*,  is  produced  by  direct  combination  when 
chlorine  is  passed  into  a  solution  of  coumarin  in  chloroform,  and  remains  on  leaving 
the  solution  to  evaporate,  as  a  syrupy  product  having  the  appearance  of  new  honey. 
It  is  converted  by  distillation  into  chlorocoumarin,  and  is  deoompoaed  by  alcoholic 
potash,  like  the  dibromide  (Perkin,  Ckem.  Soe.  J,  [2]  iz.  43). 

Chlobocoumabins. — mrChiaroeoumarm,  OH'CIO*,  is  produced  by  heating  a 
mixture  of  1  pt.  coumarin  and  3  pts.  phosphorus  pentachloride  to  about  200°,  or 
more  easily  by  treating  the  dichloride  with  alcoholic  potash.  It  czystallises  in  flat 
needles,  moderately  soluble  in  alcohol,  slightly  in  hot  water,  melting  at  122^-123°, 
^mittin^  an  aromatic  odour  when  heated,  and  resolred  by  boiling  with  alcoholic 
potash  into  hydrobromic  and  coumarilic  acids  (Perkin). 

fi-Cklorocoumarint  C*H*C10*,  is  obtained  by  the  action  of  acetic  anhydride  on 
Bodiimi-chlorosalicylol.  It  crystallises  in  neeales,  melting  at  162°,  subliming  even 
below  that  temperature,  nearly  insoluble  in  cold,  perceptibly  soluble  in  boiling  water, 
slightly  soluble  in  cold  alcohol  and  ether,  very  soluble  in  benxol  and  carbon  bisul- 
phide. Potash  at  a  gentle  heat  dissolves  it  without  alteration,  but  by  prolonged 
boiling  with  strong  potash-ley  it  is  converted  into  chlorocoumaric  add,  and  by  fusion 
with  potassium  hydrate  into  chlorosalicylic  acid  (Basecke,  Anti,  Ch,  PKarm.  clir.  84 ; 
ZtUsckr.  /.  Chem,  vi.  683). 

Tetrachloroooumarin^  C*H'C1*0*,  is  formed  by  passing  chlorine  into  a  solution  of 
coumarin  and  iodine  in  carbon  tetrachloride.  It  crystallises  from  alcohol  in  small 
white  needles  melting  at  144^-145°,  and  is  decomposed  by  heating  with  alcoholic 
potash  into  hydrobromic  acid  and  a  new  acid  not  yet  examined  (Perkin). 

BomologiieB  of  Oonmarla  uid  Coumarle  Aeld  (Perkin,  Chem,  Soc.  J.  [2] 
vi.  53,  472). — Compounds  homologous  with  coumarin  are  obtained  by  the  action  of 
butyric  ana  valeric  anhydrides  on  sodium-salicylol,  the  mode  of  action  being  exactly 
similar  to  that  by  which  coumarin  itself  (acetic  coumarin)  is  formed. 

^^  CO* 

BuTYBicCouMABiK.    C"H'»0«  =  cSk»| ^mr^  or  C«H*C         I  .— Pro- 

<CHO  ^"-^C^H'O" 

duced  by  heating  sodium-salicylol  with  butyric  anhydride,  boiling  the  product  for  a 
few  minutes,  then  pouring  it  into  water,  distilling  the  oil  which  separates,  and  collecting 
the  portion  which  passes  above  290°.  It  melts  at  70°-71°,  solidifies  to  a  crystalline 
mass  on  cooling,  and  distils,  with  slight  decomposition,  at  296°-297°.  It  dissolves 
sparingly  m  boiling  water,  easily  in  alcohol  and  ether.  The  aqueous  solution  becomes 
turbid  on  cooling,  and  deposits  a  few  needle-shaped  crystals  ;  from  alcohol  the  com- 
pound czystallises  in  large  translucent  prisms.  It  smells  like  ordinary  coumarin,  and 
at  the  same  time  like  fresh  honey.  It  is  nearly  insoluble  in  strong  aqueous  potash  at 
ordinary  temperatures,  but  when  heated  with  it,  forms  a  pale  yellow  solution,  which  on 
evaporation  deposits  a  deliquescent  potassic  compound  of  butyric  coumarin  (i^fra).  By 
fusion  with  potash,  butyric  coumarin  yields  salicylic  acid,  phenol,  and  apparently  also 
butyric  acid.  With  bromine  it  reacts  like  ordinary  coumarin,  becoming  liquid,  and 
yielding  on  subsequent  distillation  a  resinous  mass,  which  when  heated  with  alcoholic 
potash,  forms  an  acid  separable  by  hydrochloric  acid. 
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ValbbicCottmabik.   C»«H"0«=C*H»3)Cw,,.   or  0H*<C        I  .—  Pro- 

pared  by  adding  sodimn-salicjlol  by  small  portions  to  boiling  raleric  anhydride, 
distilling  the  oil  separated  by  water,  collniting  the  portion  which  distils  above  290*^, 
disaolying  it  in  strong  boiling  potash-ley,  agitating  the  diluted  solution  with  ether  to 
remoye  oily  products,  and  decomposing  the  clear  aqueous  solution  with  hydrochloric 
acid.  The  compound  thereby  separated  is  dissolved  in  ether ;  the  ethereal  solution, 
after  agitation  with  sodium  carbonate,  is  evaporated ;  and  the  residual  oil,  which 
solidifies  to  a  ciystalline  mass,  is  pressed  between  bibulous  paper  and  several  times 
reciystallised  from  alcohoL  The  product  thus  obtained  is  pure  valeric  coumarin  ;  it 
melts  at  d4^,  boils  with  slight  decomposition  at  301°,  smells  like  coumarin,  but  less 
strongly  than  the  preceding  compound,  is  nearly  insoluble  in  cold  water,  and 
crystallises  from  alcohol  in  transparent  prisms  nearly  }  inch  long,  "^ith  potash-ley 
and  solid  potassium  hydrate  it  reacts  like  butyric  coumarin. 

!C*H'0 
COOH' — ■^^**  ^^^  ''*  ^*^'™®*^  ^^ 
butyric  coumarin  in  the  same  manner  as  coumaric  acid  from  coumarin.  Butyric 
ooamaiin  dissolves  in  boiling  aqueous  potash,  and  on  evaporating  the  solution,  an  oily 
layer  separates,  which  solidifies  on  cooling  to  a  hard  mass  consisting  of  a  compound  of 
1  mol.  butyric  coumarin  with  1  mol.  potassium  hydrate.  This  compound  when  heated 
melts,  boils  up,  becomes  pasty  and  frothy,  and  is  converted  into  a  soft  mass  perfectly 
soluble  in  water ;  and  on  adding  hydrochloric  acid  to  this  solution,  butyro-coumaric 
acid  separates  as  a  white  crystalline  mass,  which  may  be  purified  by  solution  in 
ammonia  and  reprecipitation  with  hydrochloric  acid,  and  finally  by  digestion  with 
chloroform,  which  removes  traces  of  unaltered  butyric  coumarin.  Butyro-coumaric 
acid  crystallises  in  flat  shining  prisms,  melting  with  slight  decomposition  at  174°.  It 
is  extremely  soluble  in  alcohol  and  ether,  sparingly  soluble  in  water  and  in  chloroform, 
and  does  not  exhibit  any  coloured  reaction  with  iron  salts.  Its  sodium  salt  is 
crystalline  and  very  soluble.  The  solution  of  the  ammonium  salt  leaves  the  acid  when 
evaporated.  The  silver  aaU  G"H"0*Ag  is  a  light  yellow  precipitate,  becoming  white 
and  crystalline  after  a  short  time;  it  is  somewhat  soluble  in  water  and  blackens  at 
100<^  (Berkin). 


C*H*N*0*. — From  the  decomposition  of  creatine  by  baryta-water 
into  urea  and  saroosine  (methyl-glycocine)  Strecker  inferred  that  it  is  a  compound 
of  cyanamide  (urea  minus  water)  with  methyl-glycocine  (ii.  98) : 


CN 


jN  .   <^^te  -  '"^ik 


OjraDamida.  ICethyl-glycoelne.  CnatiiM. 

In  corroboration  of  this  view,  Volhard  {Zeitnchr,  f.  Chem.  [2]  v.  819)  has  lately  pro- 
duced creatine  by  direct  union  of  cyanamide  and  sarcosine.  The  combination  may  be 
effected  by  heating  the  two  bodies  together  in  alcoholic  solution  to  100°  for  some 
hours,  or  by  mixing  them  in  aqueous  solution,  and  either  evaporating  or  leaving  the 
liquid  to  itself  for  some  time.  In  either  case  creatine  crystallises  out  mixed  with  more 
or  less  creatinine  formed  from  it  by  the  action  of  heat.  Strecker  some  years  ago 
obtained  glycocyamine,  C*H'N*0',  the  lower  homologue  of  creatine,  by  combining 
cyanamide  with  glyoocine  (ii.  906). 

The  following  method  of  estimating  the  amount  of  creatine  in  muscular  flesh  is 
given  bv  Neubauer  (Zeitschr.  anal,  Chem.  ii.  22).  From  200  to  250  grms.  of  finely 
choppea  meat  is  heated  to  55°- 60°  with  an  equal  weight  of  water  for  ten  or  fifteen 
minutes,  with  constant  stirring,  till  the  albumin  begins  to  coagulate.  The  liquid  is 
thoroughly  expressed,  the  residue  being  twice  stirred  up  with  60  to  80  c.c.  water; 
heated  over  the  open  firo  till  the  albumin  is  completely  coagulated ;  filtered  when 
cold ;  precipitated  with  basic  lead  acetate,  carefully  avoiding  an  excess ;  and  the  solu- 
tion, freed  from  lead  by  hydit^^en  sulphide,  is  finally  evaporated  over  the  water-bath 
to  a  thin  syrup.  The  colourless  creatine  which  is  deposited  Kttjor  a  few  days  is 
separated  from  the  mother-liquor ;  the  latter  is  mixed  with  2  to  3  vol.  strong  alcohol ; 
and  the  entire  crystalline  mass  (after  washing  with  alcohol  of  88  p.  c.  and  finally  with 
absolute  alcohol)  is  collected  on  a  small  weighed  filter,  dried  at  100°,  and  weighed. 
As  creatine  gives  ofiT  12*17  p.  c  water  at  100°,  this  water  must  be  taken  into  account 
in  estimating  the  amount  of  crystallised  creatine.    By  this  method,  Neubauer  has 
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found  the  amoant  of  creatine  in  100  pts.  of/ the  flesh  of  varioiiB  a-wiinitlff  to  be  aa 
follows : 

Ox  Pig  Calf  Sheep 

1  S  S  1  S  IS 

Creatine  dried  at  100<>  0150    0*204    0193    0117    0-184    0*160    0157    0166 
„      crystallised      0-170    0232    0*220    0138    0*209    0'162    0179    0189 

No  creatinine  was  found  either  in  the  creatine  thns  prapared,  or  in  the  mother- 
liquor  from  which  it  had  crystallised.  Hence,  and  from  the  fad  that  creatine  is  con- 
verted into  creatinine  by  prolonged  heating,  Nenbaner  concludes  that  creatinine  is 
altogether  absent  from  normal  muscular  flesh,  that  consequently  in  the  metamorphosis 
of  tissue  creatine  is  the  primary  product ;  and  that  this  substance  in  its  passage  through 
the  blood  is  oonrerted  by  the  action  of  heat  into  creatinine,  which  is  eliminated  in  the 
urine. 

Nawrocki  also  (Zeitschr,  anal.  Chem,  ir.  830)  oondndes  from  experiments  on  frogs, 
that  the  muscles  (whether  at  rest  or  tetanised)  contain  no  creatinine,  and  that  Uie 
quantity  of  creatine  in  frogs'  muscles  (0*221  to  0*388  p.  c.)  does  not  diminish  during 
muscular  activity. 

Creatine  may  be  conveniently  prepared  from  Liebig*s  extract  of  meat^  in  which  it 
occurs  crystallised,  together  with  a  small  quantity  of  creatinine.  To  obtain  it,  40  pts.  by 
weight  of  the  extract  are  dissolved  in  800  pts.  of  water  ;  the  solution  is  precipitated  with 
a  slight  excess  of  basic  lead  acetate,  filtered,  and  freed  from  lead  by  hydrogen  sslphide ; 
the  liquid  again  filtered  is  evaporated  down  to  40  pts.  (the  original  weight) ;  and  the 
creatine  deposited  from  this  concentrated  liquid  is  collected  on  a  filter  and  washed. 
The  mother»Uqttor,  after  standing  for  a  week,  deposits  an  additional  quantity  (Mulder 
a.  Mouthaan,  ZeUschr,/.  Chem.  [2]  v.  841). 

A  concentrated  aqueous  solution  of  cadmium  chloride  saturated  at  50°  with  creatine, 
deposits,  first  unaltered  creatine,  then  by  evaporation  over  sulphuric  acid,  a  compound 
of  creatine  with  cadmium  chloride,  C^H*N*0' .  CdCl' .  2HK),  in  large  colourless  crystals, 
which  give  ofi*  their  water  at  100®  and  are  resolved  by  hot  water  into  creatine  and 
cadmium  chloride.  In  the  same  manner  may  be  obtained  a  compound  of  creatine  with 
tine  chloride,  C^H*N'0'.ZnCl*,  in  small  anhydrous  crystals,  which  are  likewise 
decomposed  by  hot  water.  Creatine  forms  similar  compounds  with  cuprie  chloride  and 
mercuric  nitrate  (Neubauer,  Ann,  Ch.  Pharm,  cxxxvii.  298). 


C^HrK'O.^The  whey  of  milk  after  putreflnction  contains  creati- 
nine, evidently  produced  from  the  creatine  in  the  fresh  whey  (Commaille,  jSeitsckr.  /i 
Chem.  [2]  vi.  93). 

Creatinine  heated  with  concentrated  haryta-VHUer  is  resolved  into  ammonia 
and  methyl-hydantoi'n  (Neubauer,  Ann.  Ch,  Pharm,  cxxxvii.  288);  see 
Htdamtozn: 

C«H»N«0  +  H«0  -  NH«  +  0*H*N«0». 

Action  of  NUroue  Acid. — Dessaignes,  by  passing  nitrous  acid  vapour  into  a  solution 
of  creatinine,  obtained,  with  evolution  of  carbon  dioxide,  a  base  to  which  he  assigned 
the  formula  C*H"NW  (ii.  102).  This  reaction  has  been  further  examined  by 
Al iircker  (^nn.  Ch.  Pharm.  cxxxiii.  305;  Jahresh.  1865,  p.  406),  who  finds  that 
nitrogen  is  evolved  as  well  as  carbon  dioxide,  and  assigns  to  the  base  discovered  by 
Dessaignes  the  formula  C*H'N*0* ;  he  has  also  shown  that  a  second  base  isomeric 
with  the  first  is  produced  at  the  same  time. 

When  the  nitrous  gas  evolved  from  a  mixture  of  arsenious  oxide  and  nitric  acid  is 

Skssed  into  a  concentrated  aqueous  solution  of  creatinine,  a  brisk  evolution  of  carbon 
oxide  and  nitrogen  takes  place,  and  the  brown  liquid  deposits  well-defined  crystals 
of  the  nitrate  of  a  base  o^  which  by  repeated  precipitation  with  ammonia  is  obtained 
as  a  white  powder  formed  of  microscopic  needles,  and  having  the  composition 
C^H'N^O'.  it  is  but  slightly  soluble  in  cold  water  or  alcohol,  and  quite  insoluble  in 
ether.  Its  hydrochloride,  C^H'N^O'.HCl.H'O,  crystallises  in  lamine  or  prisms  easily 
soluble  in  hot  water,  slightlv  soluble  in  strong  alcohol,  insoluble  in  ether.  The 
platinum  and  gold  salts  of  this  base  cannot  be  prepared,  inasmuch  as  Uiey  are  very 
easily  decomposed,  with  reduction  of  the  metal.  The  nitrate  C^H'N^O'.HNO*  forms 
large  rhombic  tables  soluble  in  water,  insoluble  in  alcohol  and  ether. 

The  mother-liquor  from  which  the  preceding  base  has  been  separated  by  ammonia 
contains,  together  with  a  large  quantity  of  ammonium  nitrate,  a  second  base,  j3, 
isomeric  with  the  first,  the  nitrate  of  which  separates  out  on  evaporation.  This  base 
crystallises  from  water  in  spherical  nodules,  and  dissolves  easily  in  water  and  dilute 
alcohol,  but  is  insoluble  in  ether.    The  hydrochloride  is  likewise  easily  soluble  in  oold 
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water  and  crystalliBM  in  white  lamine.    The  platinoeklorids  2(OH*N'0< .  B.CI) ,  Pta« 
is  insoluble  in  ether-alcohol,  soluble  in  water  and  in  alcohol,  and  crystallises  in  yellow 
tables. 
The  fonnation  of  both  these  bases  is  represented  by  the  equation : 

2C*HTJ«0  +   110  «  OH«N«0«  +  3H*0  +  4C0«  +  N«. 

The  baM  a,  insoluble  in  water,  melts  at  210^,  with  evolution  of  gas,  and  leaves  a 
nbidue  which  is  resolved  by  hydrochloric  acid  into  an  insoluble  brown  substance,  and 
the  soluble  hydrochloride  of  a  base,  C'H*'N'*0'  (?),  precipitated  by  ammonia  in 
gelatinous  flo<^  The  base  fi  melts  at  195®,  and  carbonises  with  slight  evolution  of 
gas  at  220^. 

By  carefully  mixing  the  base  a  under  water  with  bromine^  a  non-basic  body, 
OH'BrN'O*,  is  formed,  easily  soluble  in  water,  and  crystallising  therefrom  in 
yellowish  needles  ;  with  excess  of  bromine  a  brominated  resin  is  produced. 

The  base  a  heated  to  160®  with  ethyl  iodide  is  converted  into  a  brown  syrup 
which  contains  a  large  quantity  of  free  iodine,  and  is  decomposed  by  boiling  with 
biker  oxide,  with  evolution  of  ethylamine,  and  fonnation  of  a  base,  C^H^NO^  (?), 
which  crystallises  in  needles  meldng  at  152^. 

Constitution  of  Creatine  and  Creatinine. — Allusion  has  already  been  made  to 
Strecker's  view  of  the  constitution  of  creatine,  according  to  which  it  is  r^arded  as  a 
hvdoramine  containing  the  elements  of  cyanamide  and  methyl-glycocine,  and  repre* 

tented  by  the  formula  ^       qU^  -  q  .    By  a  slight  alteration  the  formula  may  be 

converted  into    that  of   a    diamine  containing   hydroxyl-glycollyl,   CH^O.OH,  a 

(OH 
monatomic  radicle,  which  may  be  supposed  to  exist  in  glycollic  acid,  CHK)'  ]  q^  ; 

and  creatinine,  which  is  derived  from  creatine  by  abstraction  of  the  elements  of 
water,  may  be  represented  as  a  diamine  containing  the  diatomic  radicle  glycollyl, 
C*flK);  thus: 


CN  \ 
(CTtt»O.OHV 
CH» 
H" 
Creatine. 


.N« 


CN  \ 

CH«f^ 
H«) 
Greatinine. 


These  two  bodies,  both  of  which  yield  methyl-guanidine  (methyluramine^  by 
oxidation,  may  also  be  represented  as  triamines  derived  from  methyl-guaniaine ; 
creatine  by  substitution  odT  hydroxyl-glycollyl  for  1  at.  hydrogen,  creatinine  by 
substitution  of  glyoollyl  for  2  at.  hydrogen : 

C    ^ 
CH* 
(CHK) .  OHV 

Creatine. 


C 
H 


•I 


N« 


CH»   N» 


•  N" 


Guanidiaa. 


Methyl- 
goanidine. 


c 

CH» 

H« 
Creatinine. 


N» 


See  the  next  article. 


(ii.  104).  From  further  experiments  by  GK>rup-Besanes  (Ann.  Ch. 
Pkarm.  cxliii.  129  ;  Jahretb.  1867,  p.  683),  it  appears  that  the  several  varieties  of  wood- 
tar  creosote  are  mixtures  of  compound  ethers  of  guajacol,  C'H*0*,  and  creosol,  C'H'*0', 
the  former  predominating  in  Khenish  beech-tar  creosote,  the  latter  in  Moravian  and 
English  creosote.  Hhenish  creosote  has  a  sp.  gr.  of  10831  at  17*5®,  and  begins  to  boil 
at  130^,  but  the  greater  part  distils  between  199®  and  208®,  a  smaller  portion 
l^etween  208^  and  216®,  leaving  a  dark-coloured  residue.  The  portion  distilling 
Utween  199®  and  208®  has  a  sp.  gr.  of  1077  at  14®,  does  not  solidify  at  -7 11*3®,  and 
when  repeatedly  distilled  does  not  exhibit  any  constant  boiling  point.  This  distillate 
diMolves  completely  in  acetic  acid  of  sp.  gr.  1'045,  also  in  dilute  potash-ley  and  in 
excess  of  aqueous  ammonia.  Its  alcoholic  solution  mixed  with  an  alcoholic  solution  of 
ferric  chloride  acquires  a  fine  emerald-green  colour.  This  character  serves  to  distin- 
guish wood-creosote  from  phenol,  the  alcoholic  solution  of  which  forms  a  brown 
mixture  with  alcoholic  ferric  chloride.  According  to  Ruot  (BitU.  8oe.  Chim.  [2]  yiii. 
375),  a  solution  of  ferric  chloride  mixed  with  ammonia  till  the  precipitate  just 
becomes  permanent,  is  coloured  blue  or  violet  by  phenol,  green  and  afterwards  brown 
by  beech-tar  creosote.    Another  distinctive  test  is  afiurded  by  collodion,  15  ptit. 
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phenol  and  10  pts.  collodion  forming  a  gelatinonfl  maaB,  whereas  oeosote  lionna  with 
GoU^xiion  a  truDBparent  liquid. 

When  potassium  chlorate  is  added  by  small  portions  to  a  warmed  mixture  of 
beecli-tar  creoBote  and  hydrochloric  acid,  till  green  chlorine-Tapours  begin  to  escape 
(for  which  18  to  24  hours'  treatment  is  necessary),  and  the  pasty  yellow  mass  obtained 
on  cooling  is  washed  with  water  and  with  alcohol,  golden-yellow  scales  are  obtained, 
which  when  sublimed  and  treated  with  cold  chloroform  are  separated  into  insoluble 
tetrachloroguajacone,  C'H-Cl^O',  and  soluble  tetrachloroereosone, 
C*H^C1*0%  bodies  homologous  with  a  compound  having  the  composition  of  tetia- 
chloroquinone.  Gomp-Besanez  supposes  them  to  be  formed  in  the  manner  represented 
by  the  equations : 

C'H»0»    +   lOCl  -  C'H«C1*0«  +  6HCL 
OnAJacoL  IMrochloro- 

guajaconoi. 

CWO*  +   lOCl  -  C»H«C1*0«  +   6HCL 
CreoMU  Tetrachloro- 

deooone. 

For  another  view  of  their  formation  see  p.  606.  Tetrachlorognajacone  and  tetra- 
chloroereosone are  lomon-ycUow  crystalline  bodies  nearly  insoluble  in  cold  water  and 
alcohol,  slowly  soluble  in  cold  ether,  easily  soluble  in  boiling  alcohol  and  chloroform. 
The  former  sublimes  at  180^,  the  latter  at  160^-170^.  Dilute  potash-ley  coloun 
tetnichloroguajaoone  blackish-grey  or  black,  tetrachloroereosone  grass-green  ;  warm 
potash-ley  dissolres  both  with  black-brown  colour.  The  bodies  formerly  described 
as  hexachloroxylin  and  pentachloroxylin  (ii.  105)  agree  in  -all  their  properties, 
excepting  solubility  in  ether,  with  tetrachlorognajacone  and  tetrachloroereosone, 
and  are  regarded  by  Gorup-Besanes  as  mixtures  of  the  two  with  trichlorocreosone, 
C«H»C1«0». 

When  creosote  saturated  with  water  is  treated  with  phosphorus  and  iodine^  the 
latter  being  added  by  small  portions  and  the  phosphorus  kept  in  slight  excess, 
methyl-iodide  distils  over  and  a  visdd  residue  is  left  containing  pyrocatechin, 
together  with  amorphous  phosphorus,  and  an  oil  having  an  intolerable  odour.  By 
lixiviating  this  residue  with  water,  neutralising  with  barium  carbonate,  precipitating 
the  filtrate  with  lead  acetate,  decomposing  die  washed  precipitate  with  hydrogen 
sulphide,  evaporating  the  solution,  pressing  the  crystids  thereby  obtained,  and 
subliming  them,  pyrocatechin  is  obtained  with  all  its  characteristic  qualities.  It  is 
formed  &om  gungaool  as  represented  by  the  equation : 

C»H"0«  +  HI  -  CH"I  +   C«H«0« 

(Oorup-Besanes).  H.  Miiller  (ZeiUchr.  Ch.  Pharm,  1864,  p.  40)  obtained  from 
English  creosote  by  the  same  process  a  syrupy  uncrystallisable  liquid,  C*fi*0*,  which 
is  a  homologae  of  pyrocatechin,  and  is  formed  in  like  manner  from  creosol,  the  chief 
constituent  of  English  wood  creosote : 

C«H"0«  +  HI  «  CH«I  +  C'H*0«. 

Gomp-Besanei  has  lately  obtained  the  same  compound,  homopyrocatechin, 
together  with  a  small  quantity  of  pyrocatechin,  from  a  sample  of  Rhenish  beech-tar 
creosote  consisting  chiefly  of  creosol  (Zeitschr.  f.  Chem.  [2]  iv.  393).  The  same  kind 
of  creosote  distilled  with  manganese  dioxide  and  dilute  sulphuric  acid,  yielded 
phlorol  or  phloryl  alcohol,  C»H»*0  (Gorup-Besanez  and  v.  Rad,  Und.  660). 

lastly,  the  composition  of  Rhenish  beech-tar  creosote  has  been  examined  by  Maiasse 
{Dmt.  chem,  GeseUseh.  Berlin,  1868,  p.  99;  1869,  p.  71 ;  Zeitschr./.  Chem.  [2]  iv.  602; 
V.  348),  who  finds  that  it  may  be  resolved  by  repeated  fractional  distillation  into 
three  portions,  boiling  at  constant  temperatures,  the  first  passing  over  at  184°,  the 
second  between  200®  and  203°,  the  third  between  217**  and  220°.  The  portion 
boiling  at  184®  solidifies  on  cooling  and  consists  of  phenol.  The  distillate  obtained 
between  200®  and  203®  is  a  mixture  of  gusgaool  (boiling  at  200®)  and  cresol,  C7HH) 

Soiling  at  203®).  The  third  pDrtion,  boiling  between  217®  and  220®  (that  in  which 
lasiwetz,  Mnller,  and  Gomp-jBesanez  had  found  creosol),  was  converted,  by  heating  to 
150®  in  a  sealed  tube  with  hydriodic  acid,  into  methyl  iodide,  homopyrocatechin.  and 
phlorol,  C»H"0.  . 

Marasse  finds  that  pure  guajacol  treated  with  potassium  chlorate  and  hydrochloric 
acid  does  not  yield  a  trace  of  chlorinated  quinones ;  but  the  portion  of  beech-tar 
creosote  boiling  between  200^  and  203®  treated  in  this  manner  yields  the  tetrachloro- 
guigaeonA,  C^H*C1'0*,  described  by  Gorup-Besanoz  (p.  603),  its  formation  being  due 
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to  the  creaol  contained  in  that  portion  of  the  distillate.  The  oceorrence  of  phlorol 
in  the  least  Tolatile  portion  of  the  creosote  accounts  in  like  manner  for  the  proauction 
of  tetiachlorocreoeone,  C*H*C1*0*«  by  the  action  of  hydrochloric  acid  and  potassium 
chlorate,  and  of  phlorone,  C'H*0',  by  that  of  manganese  dioxide  and  sulphuric  acid. 
The  same  compound  was  obtained  by  Rommier  a.  Boulhon  (Jahresb,  1862,  p.  322) 
by  the  action  of  manganese  dioxide  and  sulphuric  acid  on  the  portion  of  acid  coal-tar 
oil  distilling  between  IGd"*  and  220^ 

¥tom  these  results  it  appears  that  Rhenish  beech-tar  creosote  is  a  mixture  of  the 
following  compounds : 

Phenol  series.  Guqfacol  series, 

(>H».OH    (B.P.  184«)  OTl«.OCH».OH    (B.P.  200«) 

C«H*(CH>).OH    (B.P.  203*>)  OH».CH«.0CH«.0H    (B.P.  217**) 
C«H»(CH»)«.OH    (B.P.  220<») 

The  existence  of  phenol  in  this  creosote  is  confirmed  by  the  experiments  of  Frisch 
{J,  pr.  Chem.  c  223;  Jahresb.  IS67 j  p.  689),  who  obtained  phenylsulphuric  acid  by 
treating  it  with  strong  sulphuric  acid ;  dinitrophenic  and  trinitrophenic  (picric)  acids 
by  subjecting  it  to  the  action  of  strong  nitric  acid ;  and  several  chlorinated  quinones 
and  hydroquinones  by  the  action  of  potassium  chlorate  and  hydrochloric  acid. 

Cre«sol«  C*H"0*  (ii.  106). — When  rectified  creosote  is  heated  for  several 
hours  to  60^,  with  an  equal  weight  of  strong  sulphuric  acid,  creo sol -sulphuric  or 
sulphocreosolic  acid,  C*H"SO*  «  C"II*0*.SO*H,  is  formed  as  a  deep  red  mass 
which  dissolves  with  violet  colour  in  water.  The  pure  acid  separated  from  its  lead 
i»lt  is  obtained  by  evaporation  as  a  light  yellow  syrup,  which  on  exposure  to  the  air 
quickly  turns  brown  and  absorbs  water.  Its  salts  are  ciystalli sable,  easily  soluble  in 
water  and  alcohol.  The  potassium  salt  C*H*SO^K  forms  nodular  groups  of  slender 
needles ;  the  lead  salt  (C*H*SO*)'Pb  dries  up  in  a  vacuum  to  a  light  yellow  mass  of 
slender  needles. 

Creasy  I  chloride,  C*H*OCl,  produced  by  the  action  of  phosphorus  pentachloride 
on  rectifieii  creosote,  is  a  limpid,  strongly  refracting,  mobile,  oily  liquid,  lutving  a  faint 
acid  reaction,  a  slightly  pun^nt  not  unplea«int  odour,  a  very  sharp  taste,  and  a  sp. 
gr.  of  1*028  ;  it  turns  brown  in  the  air,  dissolves  S]^ringl^  in  water,  easily  in  alcohol 
and  ether.  With  silver  nitrate  it  forms  silver  chloride ;  with  ferric  chloride  it  exhibits 
a  fine  green,  with  ammonia  a  dark  brown  colour ;  alkalis  abstract  the  chlorine  (Bichele, 
Ann.  Ch.  Pkarm.  di.  104). 

When  1^  pt  creosote  is  heated  to  140^-150°  with  1  pt.  oxalic  acid  and  2  pts.  strong 
sulphuric  acid,  carbon  dioxide,  carbon  monoxide,  and  water  are  given  off,  the  mass 
acquires  a  dark  brown-red  colour,  and  after  boiling  with  water,  which  dissolves  a  large 
quantity  of  phenylsulphuric  acid,  solidifies  to  a  black-brown  brittle  resin.  This  sub- 
stance IS  insoluble  in  water,  soluble  in  glacial  acetic  acid,  sparingly  soluble  in  cold, 
more  easily  in  boiling  alcohol,  soluble  with  splendid  purple-red  colour  in  ammonia 
and  potash-ley,  and  separates  therefrom  on  neutralisation  in  orange-coloured  fiocks, 
which  become  resinous  again  when  warmed.  The  compound  when  dried  has  a  splendid 
orange-red  colour,  like  that  of  precipitated  alizarin.  It  melts  at  80°,  giving  off 
phenol.  It  becomes  colourless  when  treated  with  iron-filings  and  acetic  acid,  or 
with  sodium-amalgam,  but  is  not  affected  by  alkali?.  Its  percentage  composition  is 
represented  by  the  formula  C^H''0  (Kolbe  a.  Schmitt,  Ann.  Ch.  Pharm.  cxix.  169). 
Wanklyn   {Chem.    News,   x.    171)   suggests    that    it    may  have    the   constitution 


Qu;     f  formed  on  the  ethylene  type. 


OBSSOX.  Cm*0  «  C*H*(OH) .  CH«.  Oresj/l  Alcohol.  Oresylie  P*eno/.— This 
body  was  first  obtained  in  an  impure  state  firom  urine  by  Stadeler  (1850),  who  called 
it  tauryUe  acid  (v.  701).  Williamson  and  Fairlie  (1854)  prepared  it  by  fractional 
distillation  from  coal-tar  creosote,  in  the  form  of  a  liquid  boiling  constantly  at  208°, 
and  Buclos  (1859)  obtained  it  from  the  creosote  of  fir-wood  tar  (ii.  106).  More 
recently  it  has  been  produced  by  definite  reactions,  vis. :  1.  By  the  action  of  water  on 
nitrate  of  diazotoluene  (Griess,  Jahresb.  1866,  p.  468) : 

C»H*N«  -I-  H»0  »  C'H«0  +  N«. 

2.  By  fusing  potassium  toluene-sulphate  with  potassium  hydrate  (Wurts,  ibid.  1867i 
p.  612) : 

(XH*(SO«K) .  CH»  +  KOH  =  SO«K«  +  C«H*(OH) .  CH«. 

3.  By  heating  thymol  with  phosphoric  anhydride,  whereby  the  thymol  is  resolved  into 
cresol  and  propylene  (Engelhardt  a.  Latschinoff) : 

c"H'«o  -  c'H^o  +  cm: 
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Nov  there  are  two  isomeric  modifications  of  toluene-solphiirtc  aeid,  a  and  $,  distin- 
guished by  the  different  degress  of  solubility  of  their  pota^tsium  salts  (p.  286),  and 
these  when  fused  with  potash  yield  two  isomeric  cresols,  a  and  3,  one  of  which  (a)  is 
identical  with  the  cresol  of  coal-tar  and  wood-tar.  The  cresol  obtained  irom  thymol 
constitutes  a  third  modification,  y  (E.  and  L.).  These  three  modifteationB  are  doabtless 
the  ortho-,  meta-,  and  para-cresols,  resulting  from  the  different  relatire  positions  of 
the  radicles  OH  and  CH' ;  thus  : 

OHVOH) .  CH»  C«H«(OH)H .  CH«  C«H«(OH)H«.  CH». 

Ortho-cresoL  Kcta-cresoL  Para-cx«M>l. 

Para-gbbsol  is  prepared  :  1.  By  fusing  the  potassium  salt  of  a-toluene-sulphurie 
ncid  with  3  pts.  potassium  hydrate,  dissolving  the  fused  mass  in  water,  neutralising 
with  hydrochloric  acid,  dissolving  out  the  separated  cresol  with  ether,  dehydrating  the 
ethereal  solution  with  ailcium  chloride,  evaporating  the  ether,  and  distilling  the 
residue  in  a  stroiun  of  carbon  dioxide. — 2.  By  oonrerting  the  sulphate  of  o^toluidiDe 
(ordinary  crystallised  toluidine)  into  the  corresponding  salt  of  diasotolnene  (t.  867) 
by  treatment  with  nitrous  acid,  and  decomposing  this  salt  with  boiling  water.  Cresol 
obtained  by  either  of  these  processes  has  exactly  the  same  properties,  and  may  be 
completely  purified  by  treating  it  with  benzoyl  chloride,  recxystaflising  the  resulting 
benzijyl-cresol  from  ether,  and  decomposing  it  with  potash  at  100^. 

Paracresol  thus  prepared  is  a  transparent  colourless  liquid,  having  a  disagreeable 
phenolic  odour  like  that  of  putrid  urine.  It  solidifies  in  a  freezing  mixture  to  a 
lamino-crystalline  mass  which  does  not  melt  again  at  ordinary  temperatures.  Boils 
at  1980-200^  (Engelhardt  a.  Latschinoff).  A.  v.  Rad  (ZeiUehr.f.  Ckem.  [2]  ▼.  716) 
by  treating  commercial  coal-tar  creosote  by  the  process  applied  by  Dudos  to  wood 
creosote  (ii.  106)  finds  that  the  portion  of  the  product  boiling  at  198^  has  the  com- 
position  of  cresol,  CH^O,  whereas  the  portion  boiling  at  203°  (the  boiling  point  found 
by  Williamson  a.  Fairlie  and  by  Duclos)  contains  about  2  p.  c  carbon  more  than  the 
quantity  required  by  the  formula  of  that  body.  When  the  cresol  thus  obtained  is 
very  gently  heated  with  potassium  chlorate  and  hydrochloric  acid,  it  is  converted, 
according  to  v.  Rad,  into  trichlorocresol,  which  crystallises  from  hot  alcohol  in 
yellow  lamins.  Other  chemists,  however,  have  obtained  by  this  reaction  chlorinated 
homologues  of  quinone  (p.  503). 

Methyl' paracresol OT Met ht/l'cresylie  ether,  C*K^O,CB* or Oli*(0CE*). 
CH',  is  obtained  by  the  action  of  methyl-iodide  on  potassium-cresol.  Cresol  if 
heated  with  pulverised  potassium  hydrate  till  the  latter  is  dissolTed,  and  the 
solution  is  introduced,  together  with  excess  of  methyl-iodide  and  a  small  qnanU^  of 
methyl  alcohol,  into  a  fiask  connected  with  an  inverted  condenser,  the  violent  action 
which  first  sets  in  being  moderated  by  immersing  the  flask  in  cold  water,  and  the 
subsequent  action  being  assisted  by  a  gentle  heat.  The  product  washed  with  water 
and  potash-ley,  then  dried  and  rectified,  yields  methyl-cresol  as  a  colourless  liquid 
lighter  than  water,  having  an  aromatic  odour  like  that  of  anise-oil,  and  boiling 
without  decomposition  at  174^.  By  oxidation  with  chromic  acid  mixture  it  is  eon- 
Terted  into  methyl-paraoxybenzoic  or  anisic  acid  (Komer,  ^n^  .^lM<i.iU^. 
[2]  xxiv.  164  ;  JahreA.  1867,  p.  326). 

Ethyl-par acreeol,  C'H'O .  CH*,  produced  by  heating  paracresol  with  potassium 
hydrate,  ethyl  iodide,  and  alcohol,  is  an  aromatic  liquid  insoluble  in  water  and  boiling 
at  186<'-188''  (Engelhardt  a.  Latschinoff). 

Beneoyl'paraoreaol^C'K^O  .C^^O,  prepared  by  treating  paracresol  withbenaoyl 
chloride,  is  insoluble  in  water,  soluble  in  a  mixture  of  alcohol  and  ether,  and  crys- 
tallises by  slow  evaporation  in  large  six-sided  tables  melting  at  70^.  Heated 
with  potash-ley,  it  is  resolved  into  benzoic  acid  and  paracresol  (EIngelhardt  a. 
Latschinoff). 

Paraereaol'sulphurie  acid,  C»H»SO*  «  C'H«(SO"H)(OH).  exhibits  exactly 
the  same  properties  whether  prepared  by  the  action  of  sulphuric  acid  on  paracresol,  or 
by  treating  paratoluidine-sulphuric  acid  with  nitrous  acid,  whereby  it  is  converted  into 
diazotoluene-Bulphuric  acid,  and  decomposing  this  compound  with  boiling  water.  Its 
potaeaium  ta/t  C'H'SO*K  +  2H«0  «  C'H«(SO>K)OH  +  2H«0  crystallises  from  boiling 
water  in  large  fiat  six-sided  prisms ;  from  boiling  alcohol  in  needles.  The  ncrmi 
/jaHum  salt  (C'H'SO*)*Ba  or  C'*H>«(SWBa)0«H«  is  much  less  soluble  in  boiling 
water  than  the  potassium  salt,  and  crystallises  on  cooling  from  the  saturated  solution 
in  a  mass  of  laminae,  which,  however,  on  leaving  the  crystallising  vessel  in  a  warm 
place,  are  converted  into  large  plates  of  the  anhydrous  salt  A  ha^  barium  salt 
CHH«2(^S'0''Ba)0^Ba  +  4H»0  or  C'lPSO^Ba  +  2H«0  separates  on  adding  baryta-water  to 
a  solution  of  the  preceding  salt,  or  to  a  solution  of  the  potassium  salt  mixed  with 
barium  chloride,  as  a  white  precipitate  consisting  of  slender  needles.    It  is  but  \eej 
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82°,  is  colonred  dark  red  in  alcoholic  solution  bj  ferric  chloride,  and  when  heated 
with  phoAphorus  pentachloride  ie  conrertod  into  chiarobenzf^ene  diehloridej 
C«U*Cl .  CHCi«. 

Dinitrocreaols.  C'H*(NO')'0. — A  body  haying  this  compoeition  is  formed. 
tog:(Uher  with  other  products,  by  the  action  of  nitrous  acid  on  nitnite  of  para- 
amidotoluic  acid  (see  Toluic  Acid)  :  it  forms  yellow  crystals  melting  at  85^  (Beilstein 
a.  Kreuslor,  Jahnsb.  1866,  p.  860).  The  same  compound  (melting  at  84°)  is  produced 
by  the  action  of  nitrous  acid  on  ordinary  toluidine.  Its  silrer  salt  (rH\NO*)*OAg 
cry8talli8es  in  dark  orange-coloured  slender  needles  having  an  iridescent  aspect.  The 
rod  powder  known  in  commerce  as  Victoria-yeUow  or  Anilime-orange  is  a  nearly  pore 
salt  of  dinitrocresol  ;  but  the  dinitrocretiol  separated  from  it  is  isomeric,  not  identical, 
with  that  just  mentioned,  as  it  forms  scarcely  yellowish  crystals  melting  at  109°-110°, 
and  its  silver  salt  crystallises  in  thicker  needles  of  a  lighter  orange-yellow  colour.  Thij 
dinitrocrosol  dissolves  easily  in  alcohol,  ether,  and  chloroform,  producing  deep  yellow 
solutions  (Martins  a.  Wichelhaus,  ZfsU8chr.f,  Chem.  [2]  t.  440). 

CmaSOTlO    AOIB.       C«HH)*  -  OH^OHJ^qq^.— Eolbe   and    Lantemana 

obtained  the  sodium  salt  of  this  acid,  together  with  that  of  its  isomeride,  carbocreeylie 
acid,  by  passing  carbon  dioxide  into  cresol  holding  sodium  in  solution  (ii.  106).  The 
acid  thus  prepared  was  paracresotic  acid.  It  melts  at  153°  (Kolbe  a.  Lautemana 
at  147°-ldO^)  (Engelharut  a.  Latsehinoff),  and  is  coloured  violet  by  ferric  chloride. 
The  same  acid  his  lately  been  obtained  by  G-.  Vogt  {Zeit$ckr,  f,  Ckem.  [2]  ▼.  677) 

pu-t  1 1>  heated  with  Aunioff  snlphnrie 

acid,  whereby  it  is  converted  into  the  chlorinated  sulpho-acid  ^^"^1  Qfi*SO*H ' 

by  fusing  the  potassium  salt  of  this  acid  with  excess  of  potassium  hydrate,  the  chlorine 

CH«OH* 

which,  by  the  oxidising  action  of  the  potash,  is  immediatedly  converted,  with  evolution 
of  hydrogen,  into  the  potassium-salt  of  cresotic  acid : 

CH'OHJgglog    +    KHO    -    CWOHJ^^  +   2H«. 

The  cresotic  add  separated  fh>m  this  salt  by  hydrochloric  acid  crystallises  in  long 
prisms  melting  at  148°. 

Ortkoeretotia  acid  is  produced  (together  with  the  preceding)  by  similar  trsatmeot 
of  orthocresol  containing  paracresol ;  it  is  formed  much  more  easily  than  paracreaotie 
acid.  When  the  mixture  of  the  two  acids  separated  from  their  sodium  salts  by 
hydrochloric  acid  is  fractionally  boiled  with  small  p(Mrtions  of  water,  the  last  fractions 
yield  paracresotic  acid  melting  at  147°-160°,  while  tne  first  portions  deposit  ortbo- 
cresotic  acid  in  long  needles  melting  at  114°,  and  likewise  coloured  violet  by  ferrie 
chloride.  The  barium  salt  of  this  acid  is  very  soluble  in  water  and  in  alcohol. 
AfetacruoHo  add,  obtained  in  like  manner  from  metacresol,  is  soluble  in  boiling 
water  and  crystallises  in  needles,  melting  at  168°-178°,  and  coloured  violet  by  feiric 
chloride.  Its  barium  salt  is  very  soluble  in  water  and  crystallises  in  stellate  groups 
of  needles  (Engelhardt  a.  Lntschino£f). 

OSITHannc  The  seeds  of  samphire  {Or.  maritimMtH),  an  umbelliferous 
plant  growing  on  rocks  on  the  sea-coast,  yield  by  distillation  with  water  a  volatile  oil 
boiling  at  176°-178°  and  havine  a  sp.  gr.  of  0*980  at  13°.  It  oxidises  in  the  air,  atid 
is  converted  by  dilute  nitric  acid  into  crithmie  acid,  an  acid  resembling  bmiaoie 
acid.  The  seeds  also  contain  a  less  volatile  oil  and  a  dxying  fatty  oil  (Hirwiard,  J. 
Pharm.  [4]  iii.  324). 

'  CRROOZV.  This  term,  originally  applied  to  the  yellow  colouring  matter  of  the 
pods  of  Grard^ema  grandifi&ra  (li.  108),  has  lately  also  been  given  to  a  red  substence 
obtained  by  decomposition  of  the  natural  colouring  matter  of  saffiron.  (See  Saffbom,  in 
this  volume.) 

OSOOXaBlTB.  A  native  selenide  of  copper,  silver,  and  thallium,  f^om  the 
copper-mine  of  Skrikerum  in  Norway,  exhibiting  the  following  composition : 


Cu 

Ag 

Fe 

Tl 

Be 

4611 

1*44 

0-63 

18*65 

— 

46-65 

604 

0  36 

16-27 

30*86     •>     99-08 

44-21 

6-09 

1-28 

16-89 

.    82- 10     s     99*57 

It  forms  lead-grey  compact  masses  having  the  hardness  of  copper-glance,  and  a  sp. 
gr.  of  6*9  (A.  £.  Noidenskjold,  Ann,  Ck,  Pharm,  exlv.  127). 
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•  C^HH)'. — This  fonuulft  repreeenta  three  iwrneric  adds,  yiz^ 


I. 

n. 

m. 

CH* 

CH« 

CH« 

1 
CH 

Hh       . 

C— CH« 
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1 
CH« 

COOH 

1 
600H 

COOH 

Crotonio. 

a-crotODlc. 

Mflfhacrylk 

The  firat  of  these  is  the  liquid  acid,  originally  called  crotonic  acid,  described  by 
Schlippe  as  a  product  of  the  saponification  of  croton  oil  (ii.  112).  According  to 
Qeuther,  howerer,  the  saponification  of  this  oil  does  not  yield  any  acid  having  the 
composition  C*H*0*,  the  li<}tiid  volatile  acids  obtained  by  that  process  being  acetic, 
but}Tie,  and  valerianic,  with  a  small  quantity  of  a  higher  homologue,  probably 
oenanthylic  acid,  and  some  of  the  higher  members  of  the  oleic  series. 

liquid  crotonic  acid  is  obtained  by  the  following  processes :  1.  By  the  action  of 
chlorethylidene  and  metallic  silver  on  monochloracetic  acid  (Stacewicz,  Zeitsokr,/, 
Chem.  {%]  V.  821) : 

C»H* 
CH«a  CH«a  1 1 

I  +1  +  Ag«   -   2Aga    +    fcH 

COOH  CH  I 

COOH 

2.  By  the  action  of  nascent  hydrogen  on  the  modification  of  monochlorocrotonic  acid 
which  melts  at  69-6^  (Frohlich,  p.  611). 

Crotonic  acid  prepared  by  either  of  these  processes  is  an  oily  liquid  which  does  not 
solidify  at —15°;  it  has  an  aromatic  somewhat  pungent  odour  and  blisters 
the  skin.  The  acid  prepared  from  chlorocrotonic  acid  boils  at  171*9°  (Oeuther, 
ZeiUchr.f.  Chem,  [2]  v.  270);  the  boiling  point  of  the  acid  obtained  by  the  second 
process  is  said  to  be  127°  (perhaps  a  misprint  for  172°).       • 

AI.PHA-CBOTONIC  AciD  (Will  a.  Komer,  ^i»9i.  Ch.  Pharm,  czxv.'2d7;  Jahretb. 
1863,  p.  500 ;  Bulk,  Ann.  Ch.  Pharm.  cxzxix.  62  ;  Jahresb.  1866,  p.  315 ;  Claus,  Ann, 
Ch.  Pharm.  cxzxi.  52  ;  Jahresb.  1864,  p.  336). — This  add  is  produced:  1.  By  heating 
allyl  cyanide  with  caastic  potash : 

C«H».CN  +  2H«0  «  NH«  +  C*H»0«. 

Kow  as  allyl  alcohol  is  converted  by  oxidation  into  acrylic  acid,  CH(CH')''.  COOH,  its 
constitution  is  probahly  CH(CH«)''.CH»OH  ;  consequently  that  of  allyl  cyanide  will 
be  CH(CH<)''.CH<CN,  and  that  of  the  acid  formed  by  treating  it  with  alkalis 
CH(CH«)".CH«CO»H: 

CH(CH»)'*  CH(CH«)'' 

fen*  +         2HK)       =      NH»      +       CH« 

CN  COOH 

Allyl  oysnide.  Alpba-crotonio  add. 

2.  By  heating  citramonochloropyrotartarie  acid  with  an  alkali  (Swarts,  Jahresb, 
1866,  p.  406): 

C»H'C10»  -  Ha  +  CO*  +  C*H«0«. 

The  acid  thus  produced  (which  has  not  been  particularly  described)  is  commonly  said 
to  be  crotonic  acid ;  but  it  is  more  probably  alpha-crotonic  acid,  as  shown  by  the 
following  formuls,  in  the  first  of  which  the  atoms  of  chlorine  and  hydrogen  eliminated 
as  hydrochloric  acid  are  connected  by  a  bracket : 

COOH  H 

CHH  ]  CH  CH(CH»)" 

CHaj  CH  or        CH« 

CHH  CHH  COOH 

COOH  COOH 

Citnchloropyro-  ^ 


UtttMic  acid,  Alpha-crotonic  acid. 
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8.  By  the  dry  distillation  of  i9-oxybtityric  acid :  C^«0*  -  H*0  -  C<BPH)« 
(WislicenuB,  Zntschr.f,  Chem.  [2]  r.  325). 

4.  By  oxidation  of  crotonic  aldehyde,  C*H*0  (KekuW,  ibid.  572).  Now  tlusaldehydo, 
formed  by  dehydration  of  acetic  aldehyde,  [2C*H*0  -  H«0  -  C*H*0],  appears  to 
have  the  constitotion  CH»=CH— CH«— COOH  (p.  612);  the  acid  formed  from  it 
is  therefore  constituted  according  to  the  formula  CH*z:CH— -CH« — COOH. 

5.  By  the  action  of  sodium-amalgam  on  the  less  Tolatile  of  the  two  ehlowjcrotonie 
acids  to  be  presently  described  (Geuther  a.  Frohlich,  p.  511). 

Alpha-crotonic  acid  ciystallises  by  cooling  from  oonoentiatfld  solutions  in  needles  ; 
by  slow  evaporation  over  oil  of  Titriol,  in  well-defned  monoclinic  combinations 
oP.— Poo.  +Pao.— P.  +mP,  tabular  by  predominance  of  the  basal  end-face; 
clearing  distinctly  parallel  to  oPaad  +i9iP  (Knop).  It  melU  at  72''-73^  solidifies 
at  70*5°,  and  boils  at  183*8^  (corr.  187^)  without  sensible  decomposition  ;  Tolatilisee 
even  at  ordinary  temperatures,  diffusing  a  peculiar  odour,  distantly  resembling  that 
of  butyric  acid ;  dissolves  in  12  pts.  water  at  15^.  Its  salts,  with  the  exception  of  the 
silver  salt,  are  easily  soluble  in  water.  The  todium  aalt  C^H^O'Na  ciystallises  in 
deliquescent  tables ;  the  potassium  salt  is  also  deliquescent  and  dystalline.  The 
barium  salt  forms  radiate  groups  of  crystals ;  the  lead  salt  (OH'0')'Pb,  stellate  groaps 
of  needles,  which  separate  irom  the  evaporated  solution  after  the  deposition  of 
prismatic  laminae  of  a  basic  salt.  The  silver  salt  C^H*0'Ag  is  a  white  curdy 
precipitate  quickly  blackened  by  light ;  from  a  hot-satnzated  solutictn  this  salt  separates 
in  dendritic  crystals  which  are  decomposed  at  the  boiling  heat,  with  sepaiation  of 
metallic  silver. 

Nascent  hydrogen  evolved  either  by  sine  and  sulphuric  acid,  or  by  water  and  sodium- 
amalgam,  converts  alpha-crotonic  acid  into  an  optically  inactive  acid,  C'HH>*,  identical 
with  ordinaiy  butyric  acid  (Bulk) ;  according  to  Komer,  however  {Jakresb.  1866,  p. 
318),  alpha-crotonic  acid  is  not  converted  into  butyric  acid  by  the  action  of  sodinm- 
amalgam. 

Aqueous  alpha-crotonic  acid  mixed  with  bromine  forms  a  colourless  solution,  which 
when  evaporated  leaves  a  mixture  of  a  syrupy  liquid  with  a  solid  acid,  which  gives 
out  hydrobromic  acid ;  by  the  action  of  bromine  'v^^pour  on  crystallised  alpha-crotonic 
acid,  only  the  solid  brommated  acid  is  produced.  The  latter  forms  monoclinic  crystals 
melting  at  78°,  solidifying  at  76*5°,  and  moderately  soluble  in  water.  It  contains 
65*72  p.  0.  bromine,  agreeing  with  the  formula  of  dibromocro tonic  acid, 
C*H*Br«0«,  rather  than  with  that  of  dibromobutyric  acid,  C^H«BrK)«.  The  syrupy 
acid  contains  a  smaller  proportion  of  bromine,  and  perhaps  consists  mainly  oi 
monobromocrotonicacid,  C*H*BrO*  (Bulk).  According  to  Korner,  on  the 
other  hand,  bromine  forms  with  alpha-crotonic  acid  a  crystalline  acid,  agreeing  with 
the  formula  C'H^r'O*,  melting  at  90°,  more  soluble  in  water  than  crotonic  acid, 
and  yielding,  when  treated  with  alkalis,  either  monobromocrotonic  acid,  or  by  farther 
decomposition,  carbon  dioxide  and  a  brominated  oil  having  the  oompoaitioa 
C»H*Br. 

MBTHACRTI.IC  AciD  (Frauklaud  a.  Buppa,  Chem.  8oe.  J.  [2]  iii.  183). — ^Tfae 
ethylic  ether  of  this  acid  is  produced  by  treating  ethyl  dimethoxalate  with  phoej^oiras 
trichloride  (p.  42) : 


C 

C1 


(CH«)« 

OH  „^  C 


(CIP)" 
CH« 


0 
10C«H»  10C«H» 

This  ether,  which  has  a  very  powerful  odour  of  decayed  fungi,  is  resolved  by  heatiog 
with  alcoholic  potash  into  alcohol  and  methacrylic  acid,  C(CH)«(CH*)*'.COOH,  which 
by  distilling  its  potassium  salt  with  sulphuric  acid,  is  obtained  as  a  colourless  oil, 
smelling  slightly  like  pyrogallie  acid,  and  not  solidifying  at  0°.  It  has  a  strong  add 
reaction,  and  its  salts  exhibit  the  same  tendency  as  t^ose  of  the  other  members  of 
the  acrylic  series  to  give  off  their  acid  when  their  solutions  are  evaporated.  The 
silver  salt  O'H^O'Ag  is  a  white  precipitate  not  much  affected  by  light ;  the  barium  soli 
is  gummy  and  very  soluble  in  water ;  the  cupric  salt  is  also  moderately  soluble.  The 
acid  heated  with  potassium  hydrate  to  the  temperature  of  boiling  oil  is  reaolyed  into 
propionic  and  formic  acids : 

qCH«)''CH»  CH«CH»  H 

I  +     2H«0     -      L  +1  +     H«. 

COOH  fcoOH  COOH 

Methaarlic.  PropiODte.  Foonia 
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Nifmenelature  of  the  Adds  C*H*0'. — As  the  saponification  of  croton-oil  does  not 
^eld  any  acid  of  this  composition,  Geuther  proposes  to  discard  altogether  the  name 
'crotonic  acid,*  and  to  designate  the  liquid  acid  commonly  called  by  this  name  (p.  508) 
M  (juartenylic  acid^  the  corresponding  chlorinated  acid  OH*CIO'  melting  at  69-5°  and 
boiling  at  194-8°,  being  called  monochloroquartenylie  acid.  The  solid  acid  C*H*0*, 
hitherto  called  a-crotonic  acid,  Geuther  designates  as  tetracrt/lic  acidy  and  the 
chlorinated  acid  C*H»C10«  melting  at  94°  and  boiling  at  206°-211°  (p.  /ill),  from 
which  it  is  formed  by  the  action  of  sodium^malgam,  as  mtmoehlorotetracrylio  acid. 


Jkolds  (KekuU,  Ann.  Ch.  Pharm.  Suppl.  ii.  85 ;  Jahresb.  1862, 

p.  341.  Gahoara,  Ann.  Ch.  Phys.  [3]  Ixvii.  129 ;  Jahresb.  1862,  p.  316.  Bulk,  Ann. 
Ch.  Pharm.  czxxix.  62 ;  Jahre^,  1866,  p.  315.  Korner,  Ann.  Ch.  Pharm.  cxxxvii. 
233;  Jahreab.  1866,  p.  817). 

Monobromocrotonic  acid^  C*H*BrO',  is  produced:  1.  By  treating  a-crotonic 
acid  successively  with  bromine  and  with  an  alkali.  The  crotonic  acid  then  takes  up 
2  at  bromine,  forming  an  acid  isomeric  with  dibromobutyric  acid,  C^H'Br-0' ;  and 
this,  under  the  influence  of  the  alkali,  gives  up  HBr,  and  is  converted  into  bromo- 
crotooic  acid  (Korner). — 2.  By  the  action  of  alkalis  on  citradibromopyrotartaric  acid, 
the  reaction  taking  place  by  two  stages,  carbon  dioxide  being  first  removed,  and  then 
hydrobromic  acid  (Kekul^  ;  Cahours).  The  mode  of  transformation  is  exactly  similar 
to  that  by  which  crotonic  acid  is  formed  from  citramonobromopyrotartaric  acid,  and 
shows  that  the  bromocrotonic  acid  thus  formed  has  the  structure  of  a  derivative  of 
a-crotonic  acid.  The  mode  of  preparation  adopted  by  Kekul^  is  as  follows :  Calcium 
citradibromopyrotartrate  is  prepared  by  saturating  the  acid  with  ammonia,  then  adding 
a  concentrated  solution  of  calcium  chloride,  and  precipitating  with  alcohol.  The 
calcium  salt,  which  when  once  precipitated  is  but  slightly  soluble  in  water,  is 
collected,  suspended  in  water,  and  the  water  is  boiled.  Carbon  dioxide  is  then 
evolved,  and  the  solution  on  cooling  yields  colourless  nodules  of  calcium  bromo- 
crotonate.  The  concentrated  solution  of  this  salt  mixed  with  hydrochloric  acid 
yields  crystals  of  bromocrotonic  acid,  the  remainder  of  which  may  be  extracted  from 
the  solution  by  agitating  with  ether  and  evaporating. 

Bromocrotonic  acid  crystallises  in  long  flat  needles  like  benzoic  acid.  It  melts  at 
66<»  (KekuU) ;  60°  (Cahours) ;  and  boils,  with  very  slight  decomposition,  at  228°-230°. 
It  is  sparingly  soluble  in  cold,  moderately  soluble  in  boiling  water ;  heated  with  a 
quantity  of  water  not  sufficient  to  dissolve  it  completely,  it  melts  below  60°.  The 
aqoeons  solution  saturated  at  the  boiling  heat  deposits  the  acid  at  about  50^  in  the 
form  of  an  oil  which  slowly  crystallises.  It  has  a  peculiar  odour,  resembling  that  of 
butyric  add. 

By  sodium-amalgam  and  watcr^  bromocrotonic  acid  is  converted  into  butyric  acid, 
C*H*BrO«  +  2H»  -»  HBr  +  C'H»0«.  Heated  with  bromine  to  100°  in  sealed  tubes, 
it  takes  up  Br*,  and  forms  an  acid  isomeric  with  tribromobutyric  acid,  which 
ciystallises  in  very  hard  colourless  prisms. 

The  metallic  bromocrotonates  are  all  soluble  in  water,  especially  in  hot  water. 
The  calcium  salt  (C^H^BrO')'Ca  cirstallises  in  nodular  groups  of  small  needles.  The 
silver  salt  C*H*BrO*Ag  also  crystallises  in  needles. 

Ethyl  Brtymocrotonate,  C*H*BrO* .  C*H*,  prepared  by  passing  a  rapid  current  of 
hydiochloric  acid  gas  into  a  concentrated  alcoholic  solution  of  the  acici  heated  nearly 
to  boiling,  then  separated  by  water  and  purifled  in  the  usual  way,  is  a  colourless 
aromatic  liquid  boibng  at  192°-193<>  (Cahours). 

2)»6row<>tfr<><<>nt>acirf,C*H<BrK)«(Cahour8,i«?.a<.).— When  the  acid  C«H*Br*0», 
produced  by  tile  action  of  bromine  on  monobromocrotonic  acid,  is  dissolved  in  an 
aJkali  and  heated,  it  gives  up  a  molecule  of  hydrc^en  bromide,  and  is  converted  into 
dibromocrotonic  acid.  The  liquid  saturated  with  hydrochloric  acid  and  left  to  cool 
depoeita  the  dibromocrotonic  acid  as  a  crystalline  precipitate,  which  may  be  purifled 
by  washing  with  water  and  solution  in  alcohol.  By  evaporating  the  alcohobc  solution 
the  acid  is  obtained  in  long  silky  needles  resembling  caffeine.  It  dissolves  readily 
in  ether,  and  separates  in  fine  crystals  by  spontaneous  evaporation,  melta  at  a  gentle 
heat,  and  distils  at  a  higher  temperature  without  perceptible  alteration. 

The  metallic  di  bromocrotonates  are  mostly  cry  stall  isable,  and  less  soluble  in 
boiling  water  than  the  monobromocrotonates.  The  ethylic  ether  is  obtained  by  the 
action  of  hydrochloric  acid  gas  on  a  nearly  boiling  alcoholic  solution  of  the  acid. 

Trihrofnoerotonio  aeid,  C*H'Br*0'. — When  dibromocrotonic  acid  is  heated 
to  120^-126**  in  sealed  tnbes  with  2  at.  bromine,  an  acid,  C*H*Br'0',  isomeric  with 
trtrabromobutyric  acid,  is  formed,  which  when  boiled  with  alkalis  gives  up  HBr,  and 
n  oomrerted  into  tribromocrotonic  acid.  This  acid,  separated  froAi  the  alkaline 
solution  by  hydrochloric  acid,  dissolves  very  easily  in  alcohol  and  ether,  sparingly  in 
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cold  water,  more  freely  in  boiling  water,  and  separates  on  cooling  in  slender  silkj 
needles  very  much  like  those  of  the  dibrominated  acid  (Cahonzs). 

Ohloroorotonle  Add.  C<H»C10«  (0.  Frohlich,  ZHtsch',  /.  Chem.  [2]  t.  270).— 
"When  ethyl-diacetic  acid,  C^H'^O"  fWanklyn's  hydrogen-triacotyl,  p.  16),  is  treated 
with  phosphorus  pentachloride,  and  the  product  is  poured  into  water,  two  crystal- 
lisable  chlorinated  acids  are  obtained  having  the  composition  C*H*C10*,  together 
with  an  oil  which  appears  to  consist  of  the  corresponding  ethylic  ethers.  One  of 
those  acids  melts  at  94^,  and  boils  at  206^-21 1°,  is  very  soluble  in  water,  distils 
slowly  with  aqueous  vapour,  and  is  converted  by  treating  its  sodium  salt  with  sodium- 
amalgam  into  a-crotonic  acid.  The  other  add  (to  which  the  following  description 
applies)  melts  at  59*5°,  is  but  slightly  soluble  in  water,  and  passes  over  very  easily 
with  aqueous  vapour,  and  is  converted  by  sodium-amalgam  into  liquid  erotonic  ackL 

Chlorocrotonic  acid,  purified  by  rex>eated  distillation  from  adhering  colouring 
matter,  forms  white,  very  light  needle-shaped  crystals ;  from  a  concentrated  aqueous 
solution  it  separates  in  colourless  transparent  four-sided  prisms  with  oblique  end-faces. 
It  melts  at  59*5°  to  a  colourless  liquid,  which  solidifies  again  in  the  crystalline  form 
at  55*5^.  Heated  above  its  melting  point  it  partly  sublimes,  and  begins  to  boil  at 
194*8^  (corr.)  ;  the  liquid  distillate  solidifies  very  quickly  to  a  white  dense  crystalline 
mass.  It  has  a  faint  somewhat  pungent  odour  and  acid  taste.  When  kept  in  close 
vessels  it  sublimes  even  at  ordinary  temperatures ;  1  pU  of  it  dissolves  in  79  pts. 
water  at  7°;  in  alcohol  and  ether  it  dissolves  veir  easily.  It  is  a  rather  strong 
acid,  quickly  decomposing  carbonates. 

Potassium  Chloroorotonate,  C^H^CIO'K  +  H*0,  prepared  by  neutralising  the  acid  with 
potassium  carbonate  and  gradual  evaporation  over  sulphuric  acid,  foi^ns  small 
colourless  plates  and  needles  apparently  belonging  to  the  rhombic  system  ;  they  are 
very  soluble,  become  moist  in  the  air,  but  effloresce  over  oil  of  vitriol.  The  Medium 
salt  2C*H*C10'Na  +  HK),  prepared  in  like  manner,  forms  satiny  crystals,  often  in 
feathery  groups,  also  very  soluble  in  water  and  in  alcohol,  and  efflorescing  over 
sulphuric  acid.  An  acid  ammonium  salt,  C*K*C[0\SR*) .  C*H»aO»  +  H*0,  gnwiually 
separates  in  crystalline  crusts  from  a  solution  of  the  aad  in  excess  of  ammonia  left 
over  sulphuric  acid.  The  thallium  salt,  prepared  by  heating  the  acid  with  thallium 
carbonate  and  water,  separates  on  cooling  as  a  crystalline  powder,  and  the  solution  on 
further  evaporation  deposits  elongated  monoclinic  tables  containing  C^H'CIO'TI  +  H'O. 
The  silver  salt  C^H*C10'Ag  is  a  white  crystalline  precipitate,  nearly  insoluble  in  cold 
water,  and  separating  from  a  hot-saturated  aqueous  solution  in  feathery  groups  of 
laminae  having  a  satiny  lustre  and  quickly  blackening  when  exposed  to  light. 

The  barium  salt  (C^H*C10')^Ba .  H*0,  obtained  by  neutralisation,  crystallises  in 
shining,  mostly  fcur-sided  prisms  with  oblique  end-faces,  sometimes  flattened  into 
tables  ;  it  is  easily  soluble  in  water.  The  calcium  salt  (C<H*C10«)*Ca  +  3H*0  fonns 
hollow  prisms,  very  soluble  in  water,  efflorescing  over  sulphuric  acid.  The  magnesktm 
salt  (C^H^G10^)*Mg  +  5HH)  forms  thin  transparent  monoclinii:  tables,  efflorescent  and 
very  soluble  in  water.  The  manganese  salt  (C*H*C10)*Mn  +  2H*0  forms  very  soluble 
colourless  rhombic  crystals,  mo8tly  thick  tables,  which  slowly  effloresce  over  sulphurie 
acid.  The  cobalt  salt  (C«H^C10«)2Co  +  6H*0  forms  very  soluble  rhombic  tables 
having  a  peach-blossom  colour  and  strong  lustre,  and  quickly  efflorescing  over 
sulphuric  acid.  The  nickel  salt  (C*H*C10«)«Ni  +  6H*0  forms  light  green  crystals  of 
similar  form  and  properties.  The  zinC'Salt  2(C^H'C10')*Zn  +  5HH)  forms  colourless 
shining  rhombic  tables,  very  soluble,  and  not  efflorescing  even  over  sulphuric  acid. 
The  cuprie  salt  (C*H*C10*)-'Cu,  produced  by  boiling  the  crystallised  acid  with  water 
and  cuprie  carbonate, 'separates  from  the  hot-filtered  solution  by  slow  evaporation  in 
blue  rhombil^  prisms,  or  in  dark-green  quadratic  combinations  of  prism  and  pyramid, 
the  former  crystallising  out  at  comparatively  low,  the  latter  at  higher  temperatures. 
The  green  crystals  contiin  2(C*H*C10*)«Cu  +  3H*0 ;  the  blue  crystals  appear  to 
contain  more  water,  and  turn  green  in  the  air-bath  at  80^.  The  Uad  salt 
(C*H*C10*)*Pb  +  4H'0  forms  concentric  groups  of  silky  needles,  rather  sparingly 
soluble  in  water,  and  efflorescing  gradually  over  sulphuric  acid. 

Efhi/l  Chlorocroionate,  C'H*C10*.C*H*,  is  prepared  by  digesting  the  crystallised  acid 
with  twice  its  volume  of  absolute  alcohol  saturated  with  hydrochloric  acid  in  a  well' 
closed  vessel  at  a  gentle  heat,  for  several  days  and  with  frequent  agitation.  When 
purified  in  the  usual  way,  it  is  a  colourless  oily  liquid,  having  a  pleasant  aiDmatie 
odour  and  cooling  taste.  Boils  at  161'4^  (oorr.),  and  has  a  sp.  gr.  of  1*113  at  15^ 
Dissolves  slightly  in  water,  easily  in  alcohol  and  ether.  Decomposed  by  heating  with 
sodium  carbonate.  The  methylic  ether  C^H'CIO'.CH*,  prepared  in  like  manner,  is  a 
colourless  oily  liquid,  having  a  pungent  ethereal  odour  and  strongly  cooling  taste. 
Boils  at  142-4<'  (corr.).  Sp.  gr.  1143  at  15^  Less  soluble  in  alcohol  than  ths 
ethylic  ether ;  nearly  insoluble  in  water. 
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L  C^H«0  -  CH«=CH— CH«— COH.  Thtra. 
erylie  aldehyde  (Kekoli,  Zeitschr,  /.  Ckem.  [2]  t.  672  ;  Paterno  a.  Aniato,  ilnd.  637; 
Lwow,  ibid.  Ti.  245). — ^Produced:  1.  By  heating  acetic  aldehyde  with  Einc  chloride 
and  a  little  water  to  100°,  the  reaction  consisting  in  the  elimination  of  1  mol.  water 
from  2  mol.  acetic  aldehyde  (Keknl^),  as  shown  by  the  following  equation,  in  which 
the  eliminated  atoma  are  enclosed  in  bnckets : 

CH«(H)  CH« 

C(0)H  CH 

-     HK)      -  I 

CH»(H)  CH« 

COH  COH 

Acetic  aldehyde  Crotonio 

(S  mol.)-  aldehjde. 

2.  By  heating  acetic  aldehyde  with  ethylidene  chloride  in  sealed  tabes  (Paterno  a. 
Amato): 

CH« 

II 
CH«(H)  CH(a«)  CH 

I  +  I  -       2HC1       +  I 

COH  CH«(H)  CH« 


(io 


H 

Crotonic  aldehyde  is  a  ooloorlees  liqnid,  haring  an  extremely  pungent  odour,  and 
boiling  at  103^-105°  (Keknl^).  In  contact  with  the  air  it  oxidises  to  o-crotonic  acid 
(p.  609).  Bt  phosphorus  pentachloride  it  is  converted  into  a  liquid  chloride,  C^H*Cl*, 
haying  an  ethereal  odour,  a  sp.  gr.  of  1*138,  and  boiling  at  126^.  This  chloride  treated 
with  alcoholic  potash  is  convert^  into  C^H^Cl,  a  liquid  lighter  than  water,  and  having 
the  odour  of  chlorinated  hydrocarbons  in  general. 

Crotonic  aldehyde  saturated  with  hydrochloric  acid  gas  is  converted  by  direct 
addition  into  chlorobutyric  aldehyde,  C^H'CIO,  which  cry  tallises  in  white  needles 
insoluble  in  water,  sparingly  soluble  in  alcohol,  melting  at  96^-97^)  and  scarcely 
volatilising  with  vapour  of  water  (Kekul6). 

T\riciforocrotanic  Aldehyde. — A  large  quantity  of  aldehyde  is  now  produced  in  Berlin 
in  the  purification  of  alcohol  by  passing  it  over  charcoal,  the  alcohol  being  oxidised, 
partly  by  contact  with  the  air,  partly  by  oxygen  condensed  in  the  charcoal.  Now  when 
the  mixture  of  aldehyde  and  alcohol  thus  produced  is  treated  with  chlorine,  for  the 
manufacture  of  chloral — hydrochloric  acid  being  formed  at  the  same  time — this 
hydrochloric  aeid  acts  as  a  dehydrating  agent  upon  the  acetic  aldehyde,  converting  it 
into  crotonic  aldehyde,  in  the  same  manner  as  the  zinc  chloride  in  the  process  above 
mentioned ;  and  lastly  this  crotonic  aldehyde,  as  fast  as  it  is  formed,  is  converted  by  the 
free  chlorine  into  trichlorocrotonic  ^dehyde,  C^H'CIK)  {Commumoation  made  hy  Dr, 
Hofmamn  to  the  Chemical  Society,  April  21,  1870). 

Sm  Blood  (p.  362). 

TOWM.  1 JAZTB.  A  variety  of  mica  occurring,  together  with  lepidomelane, 
danalite,  and  a  Eiroon-like  mineral,  in  the  granite  of  Rockport,  Massachusetts.  It 
formfi  six-sided  prisms  belonging  to  the  rhombic  system,  often  two  inches  long,  having 
perfect  basal  cleavage  and  two  optic  axes  inclined  at  an  angle  of  66°  to  60°.  Colour, 
dark  emerald-green  in  the  direction  of  the  principal  axis,  brownish-red  in  the  direction 
of  the  secondary  axes.  Streak,  light-grey  to  greenish.  Lustre  on  the  cleavage-faces, 
resinous.     Hardness  *  2  to  2*6.    Sp.  gr.  •-  2*909.    Analysis  gave : 

SiO»    SiF*    AIK)«    Mn«0«    Fe'O*    FeO    MgO    KK)    LiK) 
61-49    3*42     16-77       0  34        197      7*98      076     13*16    406  -  99*94 

with  traoea  of  soda  and  rubidia,  agreeing  with  the  formula 

3(M«;M')O.R«0».6SiO«, 

which  is  included  in  the  general  formula  of  the  orthosilicates  M*SiO«  or  2M*O.SiO« 
(J.  P.  Cooke,  jun.,  aUl.  Am.  J.  [2]  xliii.  217). 

OH  1  WVOWMMUno  AOZB.  C*H*NO*  or  C>«H'*N<0««  (Thudichum,  Chem,  8^.  Jl 
[2]  viii.  182). — An  acid  existing  in  normal  hunu&n  urine.  To  prepare  it,  the  urine  is 
treated  with  excess  of  milk  of  lime ;  the  liquid  filtered  from  the  gypsum  is  acidulated 
and  evaporated  to  a  syrup ;  and  this,  after  filtration  from  the  salt-cake,  is  treated  with 
Btroag  alcohol,  which  separates  calcium  ckyptophanate  as  a  dark  flaky  mass.    The 

8^.  LL 
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impure  ealcitini  salt  is  dissolred  in  water  and  mixed  with  solution  of  nentnl  lead 
acetate,  whereby  a  dark-ooloured  precipitate  is  formed,  from  which  the  mother-liquor 
is  to  be  filtered.  The  filtrate  containing  lead  ciyptophanate  is  treated  with  strong 
alcohol,  whereby  the  lead  salt  is  thrown  down  in  white  flakee,  from  which  the  add 
may  be  liberated  by  hydrogen  sulphide. 

Cryptophanic  acid  is  an  amorphous  gummy  mass,  transparent  and  nearly  colourless, 
soluble  in  water  in  all  proportions,  less  soluble  in  alcohol,  which  indeed  produces  a 
precipitate  in  the  aqueous  solution ;  ether  added  to  the  alcoholic  mixture  produces  a 
fresh  precipitate.  It  has  a  freely  acid  taste,  decomposes  alkaline  and  earthy  carbon- 
ates, forming  aqueous  solutions  of  the  corresponding  cryptophanates.  Its  solution 
forms  with  lead  acetate  a  copious  thick  white  precipitate  soluble  in  excess  of 
lead  acetate;  with  mercuric  acetate  a  similar  precipitate;  with  silver  nitrate  a  very 
slight  precipitate.  The  free  acid  is  not  precipitated  by  mercuric  chloride  or  by  cupric 
acetate.  An  anunoniacal  solution  of  silrer  nitrate  mixea  with  ammonium  cryptophanate 
immediately  becomes  very  dark,  and  on  standing  almost  black  (red  when  diluted), 
depositing  metallic  silver  as  a  black  powder.  Silver  nitrate  and  excess  of  nitric  acid, 
added  to  a  solution  of  OTptophanic  acid  containing  urea,  produces  after  some  time  a 
specular  deposit  of  metallic  silver. 

The  cryptophanates  of  the  alkali-metals  are  very  soluble  in  water ;  the  sodium  salt 
is  not  precipitated  from  its  aqueous  solution  by  alcohol.  The  oyptophanates  of  the 
earth-metals  are  precijatated  by  excess  of  alcohol.  Boiled  with  a  great  excess  of 
alkaline  cupric  solution,  they  reauce  the  cupric  to  cuprous  oxide,  which  remains  in 
solution,  but  is  de^sited  if  the  solution  is  concentrated  and  ke|it  from  access  of  air. 
The  alkaline  solution  exhibits  a  blue  fiuorescence.  With  mercuric  nitrate,  the  solutions 
of  the  earthy  ci^tophanates  give  a  bulky  white  precipitate :  hence  the  ordinary  esti- 
mation of  urea  m  unne  by  this  reagent  requires  a  correction  for  ayptophanie  add, 
which  may  amount  to  6  to  10  per  cent. 

The  composition  of  many  of  the  metallic  cryptophanates  may  be  xepreeented  by  the 
formuhi  C*H'NO*H^,  the  add  OH*N*0*  being  regarded  as  bibasic    But  there  are 

also  cryptophanates  containing  Ci*H'*N*N*M>  or  (C**H*'NH)')'ll>,and  otliers  contain- 
ing C"H»«N«0»ir :  thus  there  is  a  caldum  salt  contoining  (C"H»"5«0*)»Ci«,  and 
another  containing  C*'H**N'0*Ca^  On  the  whole,  perhaps  the  constitution  of  these 
salts  is  beet  represented  by  regarding  cryptophanic  acid  as  a  quadribasic  acid,  con- 
taining in  the  free  state  C'*H'*N'0'.H*0 ;  but  they  require  further  examination. 


COHS'NO*  (T.  and  H.  Smith,  Pkarm.  J,  Dram.  [2]  viii.  695,  716). 
— A  base  existing  in  very  small  quantity  in  opium,  being  found  in  the  alcoholic  wash- 
liquors  of  crude  morphine.  To  separate  it,  the  alcoholic  liquid  is  nearly  neutralised 
with  dilute  sulphuric  acid ;  the  alcohol  is  evaporated ;  and  the  residue,  dissolved  in 
hot  water,  is  precipitated  with  excess  of  milk  of  lime.  The  predpitate,  containing  the 
cryptopine,  together  with  many  other  substances,  is  exhausted  with  hot  alcohol ;  the 
alcohol  is  distilled  off;  and  the  pitchy  substance  (chiefly  containing  thebaine)  which 
separates  ftom  the  watery  residue,  is  repeatedly  boiled  with  alcohol.  The  reeulting 
solution,  after  standing  for  some  days,  solidifies  to  a  soft  crystalline  mass  of  thebaine. 
This  is  pressed,  dissolved  in  the  smallest  possible  quantity  of  very  dilute  hydrochloric 
acid  (so  that  the  liquid  does  not  become  acid),  and  repeatedly  evaporated  to  the 
crystallising  point,  whereupon  hydrochloride  of  thebaine  crystallises  out  first,  and 
the  last  mother-liquors,  after  standing  for  a  considerable  time,  yield  hydrochloride 
of  cryptopine  (or  a  mixture  of  the  hydrochlorides  of  thebaine  and  cryptopine). 
For  the  complete  separation  of  the  two  bases,  the  last  crystallisation  is  once  more 
ciystallised  from  the  smallest  possible  quantity  of  hot  water,  and  the  soft  cauli- 
flower-like mass  which  separates'  is  dried  and  boiled  with  6  pts.  of  alcohol.  The 
alcoholic  solution  then  yields,  first,  several  hard  crystallisations  of  thebaine  hydro- 
chloride, and  finally  from  the  last  mother-liquor,  soft  crystalline  masses  of  cryptopine 
hydrochloride,  to  be  decolorised  with  animal  charcoal.  Five  tons  of  opium  yielded 
only  5  oz.  of  this  salt 

Cryptopine  separated  from  the  hydrochloride  by  ammonia  crystallises  from  boiling 
alcohol  in  microscopic  six-sided  prisms  or  tables.  It  melts  at  176^ ;  solidifies  again 
at  171^;  is  nearly  insoluble  in  water,  ether,  turpentine-oil,  and  bensol,  slightly  soluble 
in  alcohol  (1  pt.  in  1265),  more  soluble  in  chloroform.  It  forms  neutral  and  add 
aalts,  which  have  a  bitter  taste,  with  cooling  after-taste.  The  neutral  hydroehloride 
C"H**NO*.HCI  •(-  6H*0  is  distinguish^  by  its  indination  to  separate  under 
bertain  circumstances  in  the  gelatinous  form.  The  acid  hydrochloride  contains 
C«H«»NO».  2Ha  +  flH*0;  the  platinochloride,  2(C"H»N0».HCl)PtCl*. 

With  strong  sulphuric  add  cryptopine  produces  a  blue  colour,  changing  to  orange- 
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jellov  on  addition  of  Baltpetre ;  if  Uiebaine  is  present,  the  blae  has  a  tinge  of  violet ; 
the  somewhat  &inter  bine  produced  in  like  manner  by  papaverine  is  chai^;ed  to  green 
by  addition  of  saltpetre.  F^m  psendomorphine,  which  is  coloured  brown  by  sul|murie 
acid  and  blue  by  ferric  chloride,  cryptopine  is  distinguished  by  its  solubility  in  potash, 
and  by  not  being  coloured  by  ferric  chloride. 

C»H»»  -  C«H».C«H».— See  Bemzbns,  Homolooues  of  (p.  296). 

■VXiFMTBmATa  or  OVmC  WKMROA^TAMt  C*H><S  a 
CH"SH,  ia  formed  by  the  action  of  zinc  and  sulphuric  acid  on  cumene-sulphuric 
chloride  (obtained  by  triturating  the  sodium-salt  of  cumene-sulphuric  acid  with 
phosphoroa  pentaehloride,  and  mixing  the  product  with  water).  It  crystallises 
in  inodorouB  nacreous  lamins  melting  at  86^-87^  (Beilstein  a.  Kogler,  Jakti^,  1865, 
p.  559). 

cnmxc  or  OUMZVZC  AOZB,  C*«H>H)«  »  C*H" .  COOH  -  C*H«(C^') .  COOH 

(ii.  178). 

Bromaeumie  add^  C**H**BrO',  is  formed,  together  with  cumic  acid,  by  exposing  finely 
polTerised  silver  cnmate  to  the  action  of  bromine  vapour.  When  the  portion  of  the 
product  which  is  soluble  in  ether  is  treated  ten  times  with  boiling  water,  the  crnnic 
add  dissolves,  while  the  much  more  abundant  insoluble  portion  consists,  after 
recrystallisation  from  ether,  of  pure  bromocumie  acid.  This  acid  is  mostly  crystalline, 
meltB  at  146^,  is  nearly  insoluble  in  boiling,  and  quite  insoluble  in  cold  water,  slightly 
soluble  in  cold  alcohol,  easily  soluble  in  ether.  Its  silver  salt  is  insoluble  in  water, 
and  is  not  decomposed  by  water  even  at  160^  (Naquet  a.  Longuinine,  Compt,  rend, 
Ixii.  1031). 

CUMIOorCUMUlCIAM»«nrPm  Ci*H*K)»C*Hii.CHO»C^«(CH').CHO. 
— Gerfaardt  found  that  this  compound  heated  with  potassium  gives  off  hydrogen  and 
forms  cumyl-potassium,  as  represented  by  the  equation  2C'*H'K)  +  K'  «»  2C**H"K0 
+  H*.  According  to  Cliurch  (PkU,  Mag.  [4]  xxv.  522),  the  reaction  is  less  simple,  and 
the  quantity  of  hydrogen  evolved  is  smaller  than  the  preceding  equation  requires. 
When  a  mixture  of  cumic  aldehyde  and  benzene  (or  other  hydrocarbon  from  coal- 
naphtha)  is  heated  with  sodium-amalgam,  the  sodium-compounds  of  cymyl  alcohol  and 
cumyl  are  produced  in  equivalent  quantities,  and  on  treating  the  product  with  water, 
these  sodium  compounds  are  decomposed,  yielding  cymyl  alcohol  and  cumic  aldehyde : 

C»«H»«NaO  +  H«0  -  C"H»«0  +  NaHO. 
Sodium  Ojmyl 

Cymylate.  aloohoL 

C"H"NaO  +  HH)  -  C»«H»K)  +  NaHO. 

Sodium  Cnmic 

oomjl.  aldehyde. 

At  the  same  time  there  is  formed  a  viscid  oily  body,  boiling  above  800^,  having  the 
composition  of  d  i  cu my  1,  (C'H^O)*.  This  latter  is  more  easily  formed,  together  with 
cymyl  cnmiite,  by  treating  the  product  of  the  reaction  of  sodium  on  cumic  aldehyde 
with  cumyl  <^oride.  If  benzoyl  chloride  be  used  instead  of  cumyl  chloride,  the 
products  are  ^myl  benzoateandcumyl-benioyl: 

C"H>«NaO  +  C>«H»'NaO  +  2(rH*0Cl  -  c'BW)|^  +  ^C^»o|  +  ^^*^- 

Sodium  Bodhim  Benzoyl  Cymyl  Cumyl 

cymylttte.  cumyl.  chloride.  bensoote.  henaoyl. 

According  to  Clans  (Jahresb.  1 866,  p.  354),  cumic  aldehyde  treated  in  ethereal  solu- 
tion with  sodium-amalgam,  yields,  together  with  sodium  cumate,  a  neutral  body, 
C'H*0,  which  crystallises  in  needles,  and  is  coloured  violetrblue  or  cherry-red  by 
strong  sulphuric  acid. 

Cumic  aldehyde,  or  Roman  cumin-oil,  oxidised  with  ekranu'c  acid  is  converted  into 
terephthalic  acid  (Be  la  Rue  a.  Miiller,  Jahresb,  1861,  p.  425).  According  to  Buli- 
yinsky  a.  Erlenme^er  (i5i<2.  1866,  p.  371)»  the  products  are  cumio  acid  and  a  solid 
acid  mtemiediate  in  composition  between  terephthalic  acid,  CH'O*,  and  insolinio 
acid,  (?H«0*. 

GVmi^nni,  C»H"N,  or  Amidocumene,  C»H"(H«N)  =  C«H*(NH«) .  <?H'.— This 
base,  formed  by  the  action  of  ammonium  sulphide  on  nitrocumene,  is  described  in  the 
Dictionary,  vol.  ii.  p.  174,  under  the  name  of  Cumenylaminei  and  regarded  as  homo- 
logons  with  beitfvlamine,  which  latter,  at  the  time  when  that  article  was  written,  was 
supposed  to  be  identical  with  toluidine.  Subsequent  researches  liave,  however,  shown 
that  the  hydrocarbons  homologous  with  benzene  give  rise  to  two  series  of  isomeric 
bases,  tha  one  series,  viz.  toluidine  and  its  homologues,  being  formed  by  reduction  of 
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nitrotolnene,  &c.,  and  having  the  amiclogen-gronp  NH'  sitaatad  in  the  principal  chun, 
the  other  series,  riz.  benzylamine  and  ito  homolognes,  being  formed,  like  the  bases  of 
the  ethyl  series,  by  the  action  of  ammonia  on  the  corresponding  alcoholic  chlorides, 
and  haying  the  amidogen  in  one  of  the  lateral  chains.  (See  Abomatic  Skbibs,  p.  203.) 
Cumidine  then  is  homologous,  not  with  benzyUmine,  but  with  lolnidiDe ;  the  true 
cumenylamine,  OH* .  C"H*NH*,  has  not  yet  been  discovered. 

Cumidine  is  formed  by  distilling  amidocumic  acid  (ii.  179)  with  anhydrons  baiyta, 
or  solid  potassium  hydrate  (Cahours,  Jahresb.  1868,  p.  824) : 

C'*H"NO«  +  BaO  -  CO«Ba  +  C»H»«N. 

It  may  be  conveniently  prepared  by  reducing  nitrocumeoe  with  tin  and  hydrochloric 
acid.  The  hot  somewhat  dilute  filtrate  yields  shining  laminn  of  cumidine  stanrnomh- 
ckiaride,  C'H*"N.HCl.SnCl*,  from  which,  by  precipitating  the  tin  with  hydrogen 
sulphide,  cumidine  hydrochloride,  C*H"N .  HCl,  is  obtained  in  long  prismatic  czystiUs ; 
and  this  salt  decomposed  by  ammonia,  yields  cumidine  as  a  white  flooculent  precipitate^ 
which  crystallises  from  hot  water  or  from  alcohol  in  long  silky  needles  melting  at  62^ 
(L.  Schaper,  Zeitschr,  f.  Chem.  [2]  iii.  12). 

CVMOirmtZ&AJKZVa,  Ci«H>'N>,  or  Amidocumoniirile,  C>«H»(NH')N 
(Czumpelik,  ZeUschr.  /.  Chem.  [2J  v.  437).— Cumonitrile,  C"H"N,  added  by  drops 
to  a  cooled  mixture  of  strong  nitric  and  sulphuric  acids,  is  converted  into  cryBtalline 
nitrocumonitrile,  C'"H"'(NO*)N ;  and  this  compound  subjected  in  alcoholic  solution  to 
the  action  of  nascent  hydrogen  (from  zinc  and  hydrochloric  acid)  is  converted  into 
cumonitrilamine.  When  the  reaction  is  complete  (t.e.  when  a  sample  mixed  with 
water  no  longer  becomra  turbid)  the  liquid  filtered  from  the  zinc  is  mixed  with 
sufficient  caustic  soda  to  redissolve  the  separated  zinc-hydrate ;  the  alcoholic  layer 
which  contains  the  base  is  decanted ;  the  alcohol  distilled  off;  the  remaining  liquid 
mixed  with  water  and  agitated  with  ether  to  dissolve  out  the  base  ;  and  the  ethereal 
solution  separuted  from  the  watery  layer  is  freed  from  ether  over  the  water-bath.  On 
distilling  the  remaining  liquid  over  an  open  fire,  the  base  passes  over  at  about  305°  as 
an  oily  arromatic  liquid. 

Cumonitrilamine  is  sparingly  soluble  in  water,  and  crystallises  therefrom  in  large 
needles ;  in  alcuhol  and  ether  on  the  other  hand  it  dissolves  readily,  and  is  not  so 
easily  obtained  from  these  solutions  in  good  crystals.  It  melts  at  about  45°,  and 
boils  at  about  305°.  With  acids  it  forms  well-crystallised  salta.  The  hydrochloride 
crystallises  in  colourless  six-sided  tables;  the  p^o/^Vort^, 2(C**H"N* . HQ) . PtO*, 
also  crystiiUises  well.     The  sulphate  and  nitrate  crystallise  in  needles. 

In  the  preparation  of  cumonitrilamine  from  nitrocumonitrile  an  intermediate 
compound  is  also  produced. 

OVMOT&XO  AOSn.     Syn.  with  HTDBocamAicxc  Acio.    See  Cinnaxic  Acm 

(p.  468). 

C"H"N ;  better  called  Ctmtlamimb  (q.v.). 
C'»H"0'.OH»0(p.  506). 


U  C»H"N«   -  (C»H'«)"H*N»,  produced  by  distilling 

dinitrocumene  with  acetic  acid  and  iron,  is  a  splendidly  crystalline  base  melting  at 
47°  (Ilofmann,  Compt.  rend.  Iv.  781). 

CVPBBZW.  This  name  is  given  by  Broithaupt  to  a  hexagonal  form  of  cuprous 
sulphide,  Cu*S,  which,  according  to  his  observations,  occurs  in  nature  more  frequently 
than  the  rhombic  form,  copper-glance  (ii.  74).  It  forms  hexagonal  prisms,  ooP,  of 
120°,  combined  with  2P,  P,  and  oP ;  also  twin -crystals.  Angle  2P  :  oP  =  117**  63'. 
Cleavage  bnsal.  Fracture  uneven  to  conchoidal.  Sp.  gr.  «  6'60  to  5o86.  Hard- 
ness =3  3|.  Colour  blackish-grcy,  but  lighter  than  that  of  copper-glance  (Jahreeb.  1863, 
p.  794). 

POUV9B*     See  AcKTTLSif B  (p.  36). 

According  to  W.  Preyer  (Bull,  Soc.  Chim.  [2]  iv.  238),  this  bass 
has  the  composition  C"*H'*N.  It  is  very  hygroscopic ;  has  a  very  bitter  taste  ;  crystal- 
lises in  colourless  four-sided  prisms  ;  dissolves  freely  in  water  and  alcohol,  less  easily 
in  chloroform  and  amyl  alcohol ;  and  is  insoluble  in  anhydrous  ether,  benzol,  turpentine, 
and  carbon  bisulphide.  It  blues  litmus  very  slightly,  acquires  a  splendid  and  perma- 
nent blue  colour  in  contact  with  sulphuric  acid,  purple-red  with  nitric  acid,  and  violet 
with  potassium  dichromate  and  sulphuric  acid  (like  that  of  strychnine,  but  mors 

gsrmanent).      Its  hydrochloride,   nitrate,   sulphat«,  and  acetate  are  crystallisable. 
ragendorff  (Zeitschr.f,  Chtm.  [2]  iii.  28)  also  finds  that  curarine  is  quite  distinct 
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from  BtrychDiiM,  aid  that  &  rery  actiTe  c<u 
BtrtchDiDe  Dor  brueiDO  c&n  be  deUcted.  Oi 
(oran,  ■»  CI.  Bernard,  Compl.  rttid.  li. 
SchnMzlar,  if.  Ank.  pA.  not,  xxir.  318 ;  Jai 
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T^l. 


Kid  dwolTiog  and  a  jello*  noin  sepantii 
diiiitigiuflhnl  from  cnmimia  by  not  being  r 
gnaDlKh-^rej  coLoor  in  conlact  with  oik 
eT»po«lion  in  ritreonn  dark  yellow  lomins 
io  benaii,  very  soluble  in  eicohoL  When  t 
(ompooDd  ia  boilad  with  a  minei»l  uid,  i 
1  gnuinlar  nearly  black  mbatance  called  nx 
utian  from  a  mliUire  of  hot  alcohol  and  ac 
Bam  of  inCerUced  neediea  with  bsaatiAil 
TOKcyaiuD  bu  a  red  oolonT,  and  whan 
yelloir,  im  which  aUte  it  coDtaina  pseudoenr 
*ilh  a  dnjp  of  >oda  or  ammonia,  aoquirea  a 
with  an  acid  to  the  or§fiiial  roae-red  tint  (Sc 

cn-ASCBUOB,  oCNEO,  ia  produced,  t 
of  ore*  and  phoiphoric  anhydiide  in  etjuiv 
Buk  provided  with  a  Mries  of  condeoeing 
add  condeoaing  in  the  firat,  and  i^iamelide 
1%-rm.  crii.  218).  A  aolntion  of  cjamelif 
uulUred  aubatance,  on  dilation  with  ^ater, 
nlution  be  hctttodtiUdecompoaition  begins  ( 
waler  no  longer  forma  a  precipitate,  but  th< 
crjMala  of  anhydrana  t^aniiric  acid  (Weltzii 

CTAVAOBTtO  AOXS.     See  Acsnc 

OTUtAMXsa.    CB<N>  -  CN(NH<). 

criiL  88)  obtained  thia  componnd  by  heaUcj 

aNH'Na  +  CO'  =  C 

Cyanamida  nnitea  directly  with  gtyet 
C^'SKy,  and  with  methyCglyeocvu  or 
C'H'N'O*  (p.  601). 

CnnunidB  unitea  with  aldthgdt,  with  eli: 
(?H'"S'0  -  8CH1P  +  SCH'O  -  3H"0. 
it  prtdpitBted  therefrom  by  ether,  chlorofo 
It  a  dKompoeed  by  heat,  gnriog  off  an  oily 
A  nmilar  compound  ia  formed  with  paitrat 

{Xarra  lnhHnick  d.  trgtmueien  Cktmie)  n 


S 
Thia  fbnonla  mggMti  the  poMibilily  of  re; 
VS.  which  are  connaet«d  with  only  one  car 
to  be  more  looaely  attached  than  ths  otht 
ccmpoviida 

The  >eoai)d  of  theae  ia  diqnoio  aoid,  I 
cyanoarbaaiide  (aee  Dujiaiiic  Acid)  ;  the 
holdiiig  MB  intermediat*  poaidon  between 
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ammelide  and  ammeline  are  intennediato  between  cyannric  acid  and  ejanvxamSde 
melamine : 


C'NVai  C«N»>N  C5»N»)N«  O^lw 

H»p  HMO«  H»i0  H«(" 

CyiDoric  add.  Ammelide.  Ammdine.  ¥i>huiitnii. 


C«N«{q.  C«N«(N  C«NMjj, 

H«("^  H^O  H'i^ 

Dicyuiio  Dicjaiumlo  Dieyaao* 

acid.  add.  dlainldn. 

Dicyanamie  acid  is  produced  by  boiling  dicyanodiamide  with  bafyta-watar  aa  long 
as  ammonia  is  thereby  evolTed.  On  remoying  the  ezceu  of  baryta  with  carbonic  acid, 
a  solution  of  barium  dicTanamate  is  obtained,  which,  whan  slightly  acidulated  with 
nitric  acid  and  mixed  with  silyer  nitrate,  yields  the  siher  taU  G*H*NK)Ag  aa  a  white 
curdy  precipitate,  soluble  in  ammonia,  and  crystallising  thers&om  by  slow  OTaporation 
in  thin  colourless  lamin»,  mostly  grouped  in  tufta.  The  copper  salt  is  obtained  by 
decomposing  the  silver  salt  with  a  moderately  warm  solution  of  cupric  chloride,  and 
separates  on  cooling  in  sky-blue  shining  crystals  containing  (C*H*N*0)'Ca  +  8HH), 
which  give  off  6  mol.  water  at  90°,  assuming  a  dark  green  colour ;  at  a  higher  tem- 
perature  the  salt  blackens  and  decomposes.  It  dissolves  spuingly  in  cold,  more  easily 
m  warm  water ;  the  aqueous  solution  when  heated  to  boiling  deposits  a  dark  green 
insoluble  powder. 

By  passing  hydrogen  sulphide  through  water  in  which  the  cupric  salt  is  auapeiided, 
and  evaporating  the  filtrate,  the  hydrogen  salt  or  free  acid  CH'NK)  is  obtained  in 
groups  of  smaU  white  needles. 

Di(rfanamic  add  contains  the  elements  of  cyanamide,  CN"J1',  and  cyanic  add, 
CNHO,  and  its  potasdum  salt  may  be  produced  by  heating  cyanamide  with  potasdum 
cyanate  in  a  test-tube,  or  by  leaving  cyanamide  for  twenty-four  hours  in  contact  with 
aqueous  solution  of  potasdum  cyanate.  Part  of  the  cyanamide  then  dissolvea,  and  on 
heating  the  liquid  with  nitric  add  to  decompose  the  remaining  cyanic  add,  a  solutionis 
obtained  which  yields  the  salts  above  described  with  diver  nitrate  and  euprie 
chlonde  (F.  Hallwachs.  Zeitachr.  /.  Chem.  [2]  ir.  616). 


OTAMJkMXDOMMWnOZO  AOD.    See  Bkmboio  Acn>  (p.  818). 

CTAVXO  AOIB.    CNHO  or  N  =  C— OH  or  ^]^|o.— The  phydcal  properties 

of  this  acid  have  lately  been  investigated  by  Troost  a.  ^utofenille  (ZdtacAr./.  CkewL, 
[2]  V.  149,  188,  497»  629).  1.  The  vapour-density  was  found  in  two  determinations 
to  be  1*61  and  1*60,  the  calculated  number  being  1*488.  To  prevent  condensation 
of  the  cyanic  add  vapour  to  cyamelide,  the  vapour  evolved  by  heating  dry  cnranorie 
add  or  pure  cyamelide  to  440**,  was  passed  into  a  globe  previoudy  ezhanstod  of  air 
and  heated  to  the  temperature  at  whicn  it  was  to  be  afterwards  sealed. 

2.  The  absolute  coeffident  of  expansion  of  the  liquid  add  was  foniid  to  be 
»  0*000300  from  -20°  to  -14°;  0*0006999  from  -20^'  to  0°;  and  » 00008460 
from  ->  8°  to  0°.    It  increases  therefore  veiy  rapidly  as  the  temperature  rises. 

8.  The  sp.  gr.  of  the  liouid  add  is  1'1668  at  »  20°,  whence,  by  means  of  the  ezpandon 
coefficient  above  given,  tne  sp.  gr.  at  0°  is  found  to  be  1 '140. 

4.  The  tension  of  the  vapour  of  cvanic  acid  evolved  from  cyannric  acid  or  cyamelide 
increases  with  the  temperature,  and  the  transformation  ceases  as  soon  as  the  cyanic 
add  vapour  exerts  upon  the  solid  isomeric  compound  from  which  it  is  formed,  a 
pressure  which  is  determinate  for  each  temperature,  vis., 


Temp. 

Tenalon 

Temp. 

Tendon 

Temp. 

Tendon 

160° 

66  muL 

196® 

126  mm. 

261° 

286  mm. 

170 

68 

216 

167 

830 

740 

180 

94 

227 

180 

860 

1,200 

6.  The  transformation  of  1  gram  of  cyanic  add  into  cyamelide  is  accompanied  by  the 
evolution  of  410  units  of  heat ;  on  the  other  hand,  1  gram  of  cyamelide,  in  pasdng  into 
^ranurio  acid,  absorbs  76  units  of  heat :  hence  cyannric  add  in  changing  into  cyame- 
lide must  give  off  heat.  This  allotzopic  transformation,  contrary  to  what  is  gimerally 
observed,  is  accompanied  by  a  decrease  of  density  at  a  temperature  near  20°  :  for  the 
density  of  cyannric  acid  is  2*768  at  0° ;  2*600  at  19° ;  2*228  at  24° ;  1*726  at  48°, 
whereas  that  of  cyamelide  is  1*974  at  0^  and  1*774  at  24°. 

6.  Heat  of  Combustion  of  Cyanic  Acid  and  its  Poiymeridss. — Cyannric  acid  is  com- 
pletely oxidised  by  a  moderately  concentrated  solution  of  hypochlorous  add,  yielding 
water,  carbon  dioxide,  and  nitrogen  ;  cyanic  add  in  like  manner  yields  carbon  dioxids 
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and  nitrogen  ehloride,  whereM  evamelide  is  only  imperfectly  oxidieed  eren  by  very 
ooncentaratod  hypochlorous  acid.  Cyanuric  acid  thus  burnt  gives  out  1,940  heat  units 
for  1  gram,  therefore  260»260  units  for  1  equivalent  of  the  acid.  The  heat  of  oombus- 
tion  of  cyanic  acid  is  obtained  bv  adding  to  this  number,  1,940,  the  quantity  of  heat 
given  off  by  1  gram  of  cyanic  acid  in  glassing  into  cyanuric  acid,  vis.  384  units :  hence 
the  heat  of  combustion  o{  cyanic  acid  is  2,274  units  for  1  gram  or  97.780  units  for  1  eq. 
Direct  oxidation  of  cyanic  acid  by  hypochlorous  acid  to  water,  carbon  dioxide,  and 
nitxogen  chloride,  gave  2,320  heat  units  for  I  gram  of  the  acid ;  and  its  decomposition 
by  enlphnrio  acid  into  ammonia  and  carbonic  acid  gives  2,260 :  mean  of  all  the  deter- 
minations, 2,290  heat  units  for  1  gram  of  cyanic  acid.  Hence,  with  the  aid  of  the 
determinations  above  given  of  the  heat  absorbed  and  evolved  in  the  molecular 
transformations  of  these  bodies,  it  is  found  that  the  heat  of  combustion  of  cyamelide 
is  1,880  heat  units  for  1  gram,  and  that  of  cyanuric  acid  1,966,  which  last  number 
differs  but  little  from  that  directly  determined,  vis.  1,940. 

CTAVZO  STBSBfl.  Of  these  ethers  there  are  two  series.  Those  of  the  first 
series,  discovered  by  Wurts  in  1848,  are  resolved  by  water,  assisted  by  acids  or  bases, 
into  carbon  dioxide  and  an  alcoholic  ammonia ;  thus : 


NJg?'    +  HK)    -  CO*    +  NJg; 


where  B'  denotes  an  alcohol-radide  such  as  methyl  or  ethyl.    These  bodies  in  fact 

SCO" 
■a    f    ikod  may  therefore  be  desig- 
nated as  alcoholic  carbimides,  pseudocyanates,  or  isocvanates  (they 
were  originally  called  alcoholic  cyanatee).    They  are  produced  by  distilling  a  mixture 
of  the  potassium  salts  of  cyanic  acid  and  methylsulphuric,  ethylsulphurie  acid,  &c. 

The  second  series,  discovered  by  Cloes,  consists  of  ethers  which  are  decomposed  by 
hydration  into  cyanic  or  cyanuric  acid  and  an  alcohol ;  thus : 

Ojaoio  add*  Ai«wArf, 


OraaieetiMr. 

+ 

»1S 

Water, 

or  rather  perhaps, 

«& 

+ 

olS 

o^on        -       ojl 


These  therefom,  though  originally  called  by  their  discoverer  iaoeyamaUs,  are  the  true 
alcoholic  cyanatee  or  cyanic  ethers.  They  are  formed  by  the  action  of  cyanogen 
chloride  on  the  sodium-alcohols : 

CJ^  +  N.OB  -  NiUJl  +        CJjj 

The  difference  of  stmcture  between  the  two  dasses  of  ethers  may  be  ftirther  illustrated 
by  the  following  formuls : 

KsC— O— CH«  0=:C=N— CH» 

Metlijl  GyaBste.  If  cthvl  laoojanato 

or  Kethyl-carbiniido. 

Hie  alcoholic  carbimides  are  fhlly  described  in  vol.  ii.  pp.  196-197  as  Ctamio 


Of  the  true  alcoholic  cyanatee,  the  ethyl-compound  was  discovered  by  Cloes  in 
1867  snd  deseribed  under  the  name  C^foneikolime  (li.  189);  but  its  properties,  together 
with  those  of  thamethylic  ether,  have  since  been  more  completely  investigated  (does, 
TlUaea  de  la  FmadU  de$  Soimoea  ds  Pari§,  ao&t  1866). 


CN) 
C*H'KO  «  0H"[^'  ^'  pivpAnd  by  dissolving   sodium    by 

small  portions  in  pure  methyl-alcohol  mixed  with  about  twice  its  weight  of  anhydrous 
ether  (2  at.  sodium  to  6  mol.  methyl-alcohol),  and  slowly  passing  a  current  of  gaseous 
cyanogen  chloride  (rather  more  than  the  theoretical  quantity)  to  the  bottom  of  the 
retort  containing  the  mixture.  The  liquid  immediately  becomes  hot ;  sodium  chloride 
is  predTntated ;  and  on  distilling  the  filtered  liquid,  methyl  (r^nate  remains  as  an 
oil  whicn  may  be  purified  by  repeated  washing  with  water,  and  dehydrated  ib  a  dry 
Tacnum. 
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Methyl  cyanate  is  a  colourless  or  slightly  yellow  liquid  having  a  sp.  gr.  of  1*1746  at 
15° ;  decomposed  by  heat  into  a  yolatile  portion  and  a  solid  residue ;  coiiTwted  by 
aqueous  potash  or  ammonia  into  methyl-alcohol  and  <^nuric  add ;  with  dry  hydro- 
chloric acid  gas  or  the  concentrated  aqueous  acid,  it  yields  methyl  chloride  and 
crystallised  cyanuric  acid. 

If  the  methyl-alcohol  used  in  the  preparation  of  this  ether  is  not  quite  anhydrous, 
secondary  products  are  also  formed.  In  one  experiment  Cloes  obtained  a  white 
substance  insoluble  in  water,  which  was  precipitated  together  with  the  sodium  chloride, 
and  when  freed  from  that  salt  by  water,  and  dissolved  in  boiling  alcc^ol,  formed 
crystals  having  the  composition  of  dimethvl-allantoSn,  CH'^NO*  or 
€«H*(CH')'NO'.  This  substance  melts  at  225°,  and  is  considerably  modified  when 
heated  above  230°.  Baryta-water  decomposes  it,  eliminating  ammonia,  and  fonning  a 
■alt  which  yields  a  white  precipitate  with  silver  nitrate. 

auiyl  oymnatev  na^s  [  ^>  ^  produced  in  like  manner  by  the  action  of  cyanogen 

chloride  on  a  solution  of  sodium  ethy\ate  in  absolute  alcohol.  It  is  a  colourless  oily 
liquid,  having  a  sp.  gr.  of  r27l  at  15°,  an  odour  like  that  of  sweet  oil  of  wine,  and  an 
ethereal  bitter  taste,  with  an  acrid  and  persistent  after-taste.  Heated  for  several  hours 
to  120°- 150°,  it  gives  off,  first  alcohol,  then  a  mobile  liquid  which  dissolves  in  the 
alcohol,  and  an  oily  liquid  which  separates.  In  the  retort  there  remains  a  solid 
yellowish  vitreous  residue,  which  when  pulverised  and  treated  with  hot  alcohol,  leaves 
an  insoluble  portion. having  nearly  the  composition  of  trigenic  acid.  The  oily 
liquid,  washed  and  dried,  distils  without  alteration  at  about  195°,  and  appears  by 
analysis  to  consist  of  unaltered  ethyl  cyanate.  This  ether  is  not  sitered  by  contact 
with  air ;  acids  gradually  separate  from  it  the  theoretical  quantity  of  cyanuric  acid. 
With  potash  or  ammonia  it  yields  alcohol  and  potassium  or  ammonium  cyanurate. 

CN> 
Iff    nmii  [  Oi  i"  obtained  like  the  preceding  compound,  but  is 

difficult  to  purify.  Its  reactions  are  similar  to  those  of  the  methylic  and  ethylic 
ethers. 


OTAVIBB  or  Vmsoan.  GNH.  Hpdne  Cyanide,  Hydneyamc  Aeid. 
Prussio  Acid,  FormonitrHe. — Produced :  1.  By  direct  union  of  nitrogen  wiUi  acetylene 
under  the  influence  of  the  electric  spark':  C*H'  •»•  N*  »  2CNH  (Berthelot).    See 

ACBTTUBNB  (p.  85). 

2.  By  oxidation  of  methylamine.  When  a  strong  solution  of  methylamine  is  set  on 
Are,  the  hydrogen  chiefly  bums,  and  hydrocyanic  acid  is  found  in  the  residual  liquid : 
NH*CH*  +  0'  »  2H'0  +  CNH  (ToUens,  Zeitschr./,  Chem.  [2]  ii.  516). 

3.  By  the  action  of  chloroform  on  ammonia : 

NH«  +  CHCl*  =  3Ha  +  CNH. 

The  reaction  is  neatly  facilitated  by  adding  to  the  mixture-  a  small  quantity  of 
alcoholic  potash  (Hofmann). 

Preparation, — 1.  The  decomposition  of  mercuric  cyanide  by  hydrochloric  acid  does 
not  yield  more  than  two-thirds  of  the  theoretical  quantity  of  hydrocyanic  acid.  This 
loss  is  due  to  the  combination  of  the  hydrocyanic  acid  with  the  mercuric  chloride 
formed  in  the  reaction,  the  compound  thus  produced  requiring  a  rather  high  temperature 
to  decompose  it.  This  inconvenience  may  however  be  obviated  by  addition  of  sal- 
ammoniac,  which  unites  with  the  mercuric  chloride  and  prevents  it  from  laying  hold 
of  the  hvdrocyanic  acid.  The  process  thus  modified  yields  about  95  p.  c  of  the 
calculated  quantitj  of  hydrocyanic  acid  (Bussy  a.  Buignet,  Ann,  Ch,  PAys.  [4]  iii. 
232). — ^2.  Hydrocyanic  acid  may  be  prepared  by  distillinff  a  mixture  of  equal  parts  of 
crystallised  stannous  chloride  and  mercuric  cyanide,  the  acid  passing  over,  while 
mercury  and  stannic  oxychloride  xemain  behind  (Kletainslqrt  Zeitsekr,/.  Ckem,  [2]  iu 
127). 

CombinaHon  with  Water. — Anhydrous  prussic  acid  mixes  with  water  in  all  propor- 
tions ;  in  equal  weights,  or  3  mol.  water  to  2  moL  hydrogen  cyanide,  it  forms  a  true 
chemical  compound.  The  mixture  of  the  anhydrous  acid  with  water  is  attended  with 
a  lowering  of  temperature  and  with  a  contraction  of  volume,  which  attains  ita  maximum, 
amounting  to  -jg^  of  the  total  volume  of  the  mixed  liquids,  with  the  proportiona  just 
stated  (Bussy  a.  Buignet,  Ann,  Ck.  Pkarm.  [4]  iii.  231 ;  Stdl.  Soe,  Ckm.  [2]  i.  412). 

Reaetiont, — 1.  According  to  Bussy  a.  Buignet  (J,  Pharm.  [8]  xliv.  465),  the  decom- 
position of  the  acid  which  is  set  up  on  exposure  to  light  (ii.  218)  continues  idftor  it  ii 
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placed  in  the  dark.  The  acid  prepared  with  yellow  prussiate  and  snlpharic  add  is 
more  stable  than  that  obtained  with  mercuric  cyanide  and  hydrochloric  acid. — 2.  A 
mixture  of  hydrocyanic  acid  vapour  and  hydrogen  mbjected  to  the  action  of  the  electric 
spark  yields  acetylene  and  nitrogen,  the  reaction  being  the  inverse  of  that  which 
takes  place  in  the  synthesis  of  hydrocyanic  acid  above  mentioned ;  neither  of  these 
opposite  reactions  ever  takes  place  completely  (Berthelot,  Compt,  rend.  Ixvii.  1141). — - 
3.  Hydrocyanic  acid  mixed  with  hydrocihrie  acid  and  alcohol,  and  treated  with  granu- 
lated zine,  is  converted  into  methylamine:  CNH  +  2H'  +  CH^N  ^Mendins, .^nn. 
Ch.  PAami.exxxi.  129). — 4.  When  dry  mercuric  cyanide  is  heated  to  auU  redness  in 
a  stream  of  gaseous  kydriodic  acid,  the  hydrocyanic  acid  at  first  evolved  is  resolved, 
by  the  further  action  of  the  hydriodic  acid,  into  ammonia  and  marsh  gas: 
CNH  +  8H*  «  NH»  +  CH*  (Berthelot,  Jahresb.  1867,  P.  348).--6.  Hydrocyanic 
acid  mixed  with  hydrogen  dioxide  in  aqueous  solution  graaually  yields  a  crystalline 
precipitate  of  ox  amide:  2CNH  +  HK)*  =  CH«N<0*.  Oxamide  is  likewise  formed 
on  heating  a  mixture  of  potassium  cyanide  and  manganese  dioxide  with  a  small 
quantity  of  sulphuric  acid  (Attfield,  Chem,  Soc.  J.  [2]  i.  94). — 6.  When  anhydrous 
prussic  acid  is  carefully  poured,  so  as  not  to  mix,  on  phosphorus  trichloride,  and  the 
liquid  is  left  in  an  atmosphere  of  aqueous  vapour,  it  is  converted  in  a  short  time  into 
a  mixture  of  phosphorous  acid,  sal-ammoniac,  and  formic  acid  (Wehrhane  a.  Hiibner, 
Jahreeb.  1864,  t>.  300). 

7.  When  hydrocyanic  add  is  heated  with  acetic  acid  to  200°  in  a  sealed  tube,  they 
pertly  unite,  producing  formacetamide :  CHN  +  C»HK).OH  =  N(CHO)(C«IPO)H ; 
this  however  is  immediately  decomposed  into  acetamide  and  carbon  monoxide,  the 
latter  escaping  when  the  tube  is  opened :  N(CHO)(C^H«0)H  =  CO  +  N(C»HH))H*. 
Free  hydrocyanic  acid  is  also  produced  by  the  decomposition  of  another  portion  of  the 
formacetamide :  N(CHO)(C«H»0)H  «  CHN  +  C«H*0»  (Gautier,  Ann.  Ch.  Pharm. 
d.  188). 

Detection, — A  hot  solution  of  potassium  cyanide  mixed  with  fncric  acid  assumes  a 
deep  blood-red  colour  due  to  the  formation  of  picrocyamic  add  (iii.  433).  Free  hydro- 
i^anic  acid  does  not  produce  this  reaction  ;  it  must  therefore  be  previously  saturated 
with  an  alkali.  The  reaction  is  said  to  be-  more  delicate  than  that  with  iron  salts 
(C.  D.  Braun,  2jeitschr.  /.  anal.  Chem,  iii.  464).  The  deep  brown-red  colour  produced 
on  agitating  an  alkaline  solution  of  potassio-cobaltous  cyanide  with  air  (p.  475)  may 
also  be  made  available  for  the  detection  of  hydrocyanic  acid,  the  solution  being  first 
mixed  with  excess  of  alkali,  and  then  with  cobalt  chloride  and  tartaric  add  (Braun, 
loe.  cU.). 

Compounds  of  Htdbookn  Ctakisib  ob  FoBMONrrRiui  with  Htdbacids.    HydrO' 

ehhride,  CHN .  HCL  Methenylamnumium  chloride,  ^^^^  |  N .  CI  (Gautier,  Compt,  rend, 

Jxr.  410,  472). — ^When  anhydrous  hydrocyanic  add  is  saturated  with  dry  hydroehlorie 
add  gas  at  —10^,  then  heated  in  a  well-dosed  flask,  and  left  to  cool,  the  liquid  after 
a  certain  time  becomes  very  hot,  and  the  hydrochloride  CHN.HCl  separates  in 
ciystals.  By  repeating  this  treatment  several  times,  the  greater  part  of  the  hydro- 
cyanic add  may  be  converted  into  this  compound.  To  purify  the  product,  it  is  first 
heated  in  the  open  £ask  to  40^-60°,  then  quickly  pulverised  in  a  dry  atmosphere,  and 
exposed  for  a  few  minutes  to  the  same  temperature. 

It  is  white,  crystalline,  inodorous ;  has  a  saline  and  add  taste ;  dissolves  in  water, 
absolute  alcohol,  and  gladal  acetic  acid,  but  decomposes  quickly  in  each  of  these 
solvents  ;  quite  insoluble  in  ether.  It  is  very  hygroscopic  and  quickly  decomposes 
in  contact  with  the  air.  Even  in  a  dry  vacuum  it  gradually  decomposes  and 
volatilises.  When  dissolved  in  water,  it  is  quickly  resolved  into  formic  acid  and  sal- 
ammoniac  In  alsolnte  alcohol  at  80^  it  is  converted  into  hydrochloride  of  methenyl- 
diamine,  N«(CH)'Ta« .  HCl  (g.v.)  : 

2[(CSrJN.a]   +  2[^^*J0]   -  «^«^:JN..Ha  H-  C>HK^  +  ^^Ao 

XethenylammoDliim  Ak)otaoL  Methenyl-dlamlne  Ethyl  Ethyl 

chloride.  hydrochloride.  chloiide.        fonnate. 

Gladal  acetic  add  dissolves  methenylammonium  chloride,  eliminating  hydrochloric 
add,  but  the  acetate  which  is  probably  formed  cannot  be  separated  firom  the  excess  of 
acetic  acid,  since  it  decomposes  at  160^-200®  in  the  manner  represented  by  the  following 
equation: 

,[(CH);JN.O(mK)]  -  CHOjjj  ^    CmK)jj,    ^  (C^-O^JN  +  200. 

Ketbeoylammoniom  Formamide.        Acetamide.  Dtacetamlde. 
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Chlorine  and  bromine  act  npon  methenylammonium  ehloride  with  aid  of  lieat, 
eliminating  hydrochloric  or  hydrobomic  acid,  and  forming  compounds  analqgoiia  to  the 
propionitrile  compounds  described  by  Engler  (p.  524).  Dry  ammoma  oonverts  it  into 
chloride  and  cyanide  of  ammonium.  With  potash,  it  forms  potassium  chloride,  potas- 
sium formate,  and  ammonia.  The  alcoholic  solution  of  formonitrile  hydrochlondo 
forms  with  platinic  chloride  a  crystallina  precipitate,  which  howeyer  eontainfl  sal- 
ammoniac 

Hydrobromide.  GHK.HBr  (Gal,  BvU.  8oe.  Ckim.  [2]  iv.  481).— Prepared  l^ 
passing  pure  dry  hydrobromic  acid  gas  into  well-oooled  anhydrous  hydro^ranic  acid. 
The  liquid  then  becomes  opaline,  and  after  a  while  deposits  a  very  liglit  aolid  mass, 
which,  when  freed  from  excess  of  acid  by  standing  orer  caustic  potash,  forms  Teiy 
hygroscopic  granules,  nearly  insoluble  in  ether  and  chloroform,  ana  resolved  by  water 
into  hy(m)bromic  and  hydrocyanic  acids,  which  latter  is  quickly  oonreited  into 
ammonium  formate.  According  to  Gh&utier,  the  analysis  of  this  oompound  leads,  not 
to  the  formula  given  by  Gal,  but  to  2GHN .  8HBr. 

Hydriodide.  CHN.HI  (Gautier,  BnU,  8oc,  C%tm.  [2]  iv.  89).->Produced  by 
passing  gaseous  hydriodic  acid  into  cooled  hydrogen  cyanide,  or  by  passing  the  mixed 
vapours  of  the  two  into  a  large  flask.  The  white  compound,  after  wuhing  with 
ether,  separates  from  alcohol  in  crystals  apparently  of  rhombohedral  form ;  it  is 
inodorous,  has  a  saline  bitter  taste,  and  suolimes  at  800^-400^,  without  previons 
fusion.  It  is  decomposed  by  water  and  potash  into  ammonia,  hydziodie  acid,  and 
formic  acid. 


OTAVXBaB*  A&COBO&XC.  Of  these  compounds  there  are  two  danes,  both 
(when  containing  monatomic  alcohol-radicles)  being  represented  by  the  general 
formula  CNR.  In  the  o^e  class,  consisting  of  the  bodies  long  known  as  hydro- 
cyanic ethers  or  nitriles,  the  alcohol-radicle  is  in  direct  union  with  the  carbon; 
in  the  other,  discovered  independently  by  Hofmann  and  by  Gautier  in  1867f  and 
designated  as  isocyanides,  carbylamines,  or  earbamines,  it  is  combined 
directly  with  the  nitrogen.  The  former  are  analogous  in  Btmcture  to  the  aJoohoIie 
cyanates,  the  latter  to  the  isocyanates  (p  619) ;  thus  : 

NsC— R    OP    O'l^r  CSN— R   OP   N'j^ 

Oysnldas  9t  N itrilfli.  Isoc^yinldss  or  OsrbamlnwL* 

NsC— 0— R  OP  C«'|?JJ^y  OZICZIN— R  op   ITJ^)* 

Cysnataa.  IsooysaateB  or  OsrUmides. 

The  monatomic  earbamines  are  likewise  analogous  to  the  carbotnamines,  each  as 

guanidine,  ^*]  h*  *  i>^ethyl-carbotriamine  or  methyluxmmine,  N*  j  CH*,  diphenyl  earbo- 
triamine  or  melaniline^  N'-{  (CH*)*,  &o. 

Ih« 

The  most  characteristic  distinction  between  the  nitriles  and  the  earbamines  is 
afforded  by  their  reaction  with  hydrating  agents  (acids  and  alkalis).  The  nitriles 
heated  with  alkalis  are  resolved  into  ammonia  and  an  acid  oontaining  the  same 
number  of  carbon-atoms :  e.^., 

(N  f^^* 

C|g,2»  +  HOK  +  HK)  -  NH»  +  CJO 

Proplonlferite.  Potasflinm 

propionate. 

The  earbamines,  on  the  other  hand,  are  attacked  with  difficulty  by  alkalis,  but  are 
qiickly  decomposed  by  aqueous  acids,  yielding  formic  acid  and  the  andne  cozresponding 
to  the  alcohol-radicle :  0.^., 

NJOg.  +  2HK)  -  CHK)'  +  NJ=^. 

BthylcarlMunlne.  Fonnio      Bthylaulns. 

add. 

*  The  csrbemines  aie  lometimM  represented  hy  formnln  contahiijig  bivalent  carbon,  vta. 

K"'  •[  ^, ;  but  their  reUtioii  to  the  carbijnides  fa  more  plainly  exhibited  bj  the  formidsB  aboTe  given, 

the  four  units  of  equivalence  of  the  carbon-atom  being  attached  in  the  one  case  to  the  nitroeaa 
alone,  and  in  ttie  other,  half  to  the  nitrogen  and  half  to  the  oxygen. 
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The  carbamines  are  further  distingoiahed  from  the  nitriles  by  their  lower  boiling 
pointa,  their  poDgent  odour  and  poisonous  character,  and  by  the  much  greater 
readiness  with  which  thej  unite  with  gaseous  hydrochloric  acid  and  other  anhydrous 
haloid  acids. 

1.  Nitrilea. 

These  eomponnds  are  formed :  1.  By  dehydration  of  the  ammonium  nits  of  oiganio 
teids  ooDUining  the  corresponding  aloohol-radides:  e^., 

clo  -  2H«0  -   C|S^* 

(ONH«  ^^ 

iLmmoDiiiin  Aoetonltrile. 

aoatftte. 

S.  By  heating  potassium  cyanide  with  an  alcoholio  iodide  or  neutral  metallic 
soll^iate,  or  wiui  the  potassium  salt  of  methylHsredphuzie,  ethyl-sulphuric,  and  phenyl- 
snlphoric  acids,  &c  (ii.  202). 
The  following  reactions  are  exhibited  by  the  nitriles  and  not  by  the  carbamines : 
s.  When  heated  with  gme  and  dilute  aads,  they  take  up  4  at  hydrogen  and  ar« 
eooTerted  into  primary  amines  (Mendius,  It.)  : 

AQetonitcfle.  Btt^lemlne. 

$.  They  majte  directly  with  2  at.  bromine,  aeetonitrile,  for  example,  forming  the 
eompouMi  C^'NBr*  or  CH'BrN.HBr  (Engler). 
y.  They  unite  with  1  mol.  ^fdrogen  eidpkide,  forming  sulphuretted  amides:  s.^., 

.    CH»N     +     H«S     »     NH«.CrH»S 

i.  They  vnite  directly  with  many  ckloridee  of  the  more  electronegatiTe  radides, 
propionitrile,  for  example,  forming  the  compounds  C*H*N.BC1';  C*H*N.C0C1*; 
C»H»N.CNa;  C»H»N.SbCl»;  C»H»N.AuCl«;  (C»H*N)».PtCl«;  (C»H*N)«SiCl* ; 
and  rOT«N)«.Tia«. 

f.  With  fuming  sulphuric  add  they  form  sulpho-adds  and  diaulpho-adds :  euf, 
soetooitrile  yields  sulplmeetic  and  disulphometholic  acids ;  thus : 

C»H^  +  SSO^H*  -  CH«(SO«H)«  +  SO«H(NH«)  +  C0« 
AoetoniMIe.  Disulphomathollo  Add 

add.  ammoiitimi 

jnlphite. 

and 

0«H»N  +  2S0*H»  +  HH)  -  CH»|^2^  -f  SO«H(NH*). 

ABrtocdtrlkL  Bolphaoetio 

•dd. 

KetkTl  OymaiiOm  or  AMtanttmab    C^'K  «  N=C— CH'.— This  compound  is 

Ailly  described  (as  cyanide  of  methyl)  in  vol.  ii.  p.  267.    When  quite  pure  it  boils, 
,.      .    «    .        . '     ^.77-6°);  -      -    -     •'^     .«  .,  ^ 


aooording  to  Engler  at  76*5°  to  775*'  (corr.  77*6°) ;  according  to  Gautier  {BuU,  Soo. 
Ckim.  [^  ix.  2)  at  81^-82^  When  6  pts.  aeetonitrile  are  heated  to  100<>  in  a  sealed 
tube  with  1  pt.  bromine  till  the  yapours  of  bromine  disappear,  and  the  product  is  then 
distilled,  aeetonitrile  bromide,  C^'NBr',  passes  over  (together  with  excess  of 
aeetonitrile)  in  crystalline  crusts,  which  may  be  purified  by  careful  sublimation.  It 
forms  regular  prismatic  crystals,  probably  belonging  to  the  rhombic  system.  It  melts 
with  prerious  sublimation  at  66°,  dissoWes  easily  but  with  deoompodtion  in  alcohol, 
ether,  and  water,  and  in  contact  with  moist  air  gives  off  hydrobromic  add,  and  is 
eooveried  into  a  mixture  of  ammonium  bromide,  ammonium  acetate,  aeetamide,  and 
erystalline  di-monobromaoetamide,  N(CH*BrO)*H.  This  last  compound  is  gradually 
dqxinted  firam  an  alcoholic  solution  of  the  bromide  mixed  with  water,  in  thin  needle- 
shaped  eryetals.  Silver  nitrate  added  to  an  alcoholic  solution  of  acetonitrile-bromide 
throws  down  only  half  the  bromine :  hence  the  compound  must  be  regarded  as  hroM' 
Qcet&mirUs  kgdnbronude,  C*H«BrN .  HBr.  A  dikydrolmmide,  C*H*N .  2HBr,  is  formed 
by  paanng  dry  hydrobromic  add  gas  through  aeetonitrile,  heating  the  resulting  cry- 
stalline mass,  ana  again  passing  the  gas  through  it.  The  compound  then  sublimes  and 
eoUeols  in  the  cooled  dry  receiver  as  a  yellowish-white  dystalline  mass.  It  mdts  at 
47°-60^,  begins  to  subtime  at  the  same  temperatures,  and  is  decomposed  by  watsv 
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or  by  ezpoenre  to  the  air,  with  formation  of  acetic  acid,  hjdrobromie  acid,  and 
ammonia : 

C«H«N.2HBr  +  2H«0  =•  C»H*0*  +  NH*Bf  +  HBr 

(Engler,  Ann,  Ch.  Pharm.  cxxix.  24;  cxxxiii.  137;  cxlii.  65;  cxlix.  806;  Jakresb. 
1864,  p.  324;  1865,  p.  310  ;  1867,  p.  358). 

Aoetonitrile  heated  with  sodium  yields,  together  with  sodium  cyanide,  a  base* 
C'H*"N',  homologous  with  cyanethine  (A.  G.  Biieyer,  Zeitsckr.f.  Chem.  [2]  \y.  616). 

Acetonitrile  heated  to  200°  in  a  sealed  tube  with  1  mol.  glacial  acetic  acid  is  partly 
converted  into  diacetamide,  which  passes  over  on  subsequent  distillation  between 
210°  and  215°  and  solidifies  in  crystaU :  C«H>N  +  C«H»O.OH  «  N'-(C«H«0)'H  or 

(C'^H")" 
Nv  OH         (Gautier,  Ann,  Ch,  Pharm,  cl.  189). 
.  C='H»0 

StIiylCyaBidaorFroploiiitrlto.  C«H*N  «  CJq,^,  (ii.  211).— The  great  differ- 
ences of  boiling  point  and  other  physical  properties  assigned  to  this  compound  by 
different  chemists  are  doubtless  attributable  to  the  difficulty  of  obtaining  it  pure ; 
indeed,  most  of  the  methods  of  preparing  it  appear  to  yield  a  mixture  of  the  true 
nitrile  with  the  isomeric  compound,  ethyl  isocyanide  or  ethyl-carbamine,  to  which  is  due 
the  intolerable  odour  of  the  ordinary  preparation.  Gautier  appears  to  have  obtained 
the  purest  propionitrile  by  treating  the  crude  product  of  the  distillation  of  barium 
othylsulphate  and  potassium  cyanide  with  an  acid  (which  decomposes  the  ethyl-carba- 
mine), Uien  agitating  it  with  mercuric  oxide,  distilling,  and  treating  the  distillate 
with  a  large  quantity  of  calcium  chloride,  which  removes  a  compound  of  the  nitrile 
with  alcohol,  leaving  the  nitrile  itself  to  be  further  purified  by  rectification.  Propio- 
nitrile thus  prepared  has  an  alliaceous  odour  and  boils  at  88*5^. 

Action  of  Bromine  and  Hvdrobromio  Acid  (Engler,  loc.  cit.), — ^When  hydrobromic 
acid  gas  is  passed  in  excess  into  propionitrile,  a  yellow  crystalline  mass  is  formed 
consisting  of  the  hydrobromide  C'H^N.2HBr.  It  melts  at  56°-55°,  sublimes  at  a 
slightly  higher  temperature,  and  decomposes  slowly  in  contact  with  diy,  quickly  in 
contact  with  moist  air,  yielding  propionic  add.  Its  decomposition  with  water  is 
represented  by  the  equation  : 

C'H»N.2HBr  +  2H«0  «  C»H"0«  +  NH*Br  +  HBr. 

According  to  Gautier,  anhydrous  kydriodie  acid  also  unites  directly  with  propio- 
nitrile. 

Bromopropionitrile  Hj/droim>mide,  C'H^BrN  .HBr,  is  prepared,  like  the  corresponding 
compound  of  acetonitrile,  by  heating  10  pts.  propionitrile  with  1  pt.  bromine  to  100^ 
in  a  sealed  tube.  The  crystalline  product  purified  by  sublimation  melts  at  64°,  and 
begins  to  sublime  at  72°,  with  partial  decomposition,  in  stellate  groups  of  crystalline 
crusts.  It  is  decomposed  by  water,  like  bromacetonitrile  hydrobromide,  yielding 
dimonobromopropionamide,  N(C*H^BrO)'H. 

Action  of  Hydrochhric  Acid  and  Chlorine. — Dry  hydrochloric. acid  gas  is  dissolved 
by  propionitrile,  but  without  at  first  appearing  to  enter  into  definite  combination,  even 
when  tJie  solution  is  heated  to  100°  in  sealed  tubes  ;  if,  however,  it  be  left  to  itself  in 
a  sealed  vessel  for  a  month,  crystals  of  a  hydrochloride,  C'H^N.HCl,  are  formed 
apparently  belonging  to  the  monoclinic  system.  This  compound  dissolves  very  spar- 
ingly in  ether,  but  freely  in  alcohol,  chloroform,  and  water.  Its  aqueous  solution  is 
comparatively  little  altered  by  boiling ;  but  when  left  to  itself  it  is  gradually  converted 
into  sal-ammoniac  and  propionic  acid:  C»H*N.HC1  +  2H«0  =«  NH«C1  +  C«H*0». 
The  hydrochloride  softens  at  96°,  melts  at  121°  and  quickly  becomes  unciystallisable. 
When  strongly  heated  in  the  air,  it  burns,  leaving  scarcely  a  trace  of  carbon  (Gautier, 
Compt.  rend.  Ixiii.  921). 

Respecting  the  action  of  chlorine  on  propionitrile,  see  vol.  iv.  p.  736. 

Action  of  Acetic  Acid  (Gautier,  Ann.  Ch.  Pharm.  cl.  189). — ^Propionitrile  heated  with 
excess  of  acetic  acid  in  a  sealed  tube  for  fifteen  to  twenty  hours  is  in  great  part 
converted  into  propionic  acid  and  triacetodiamide: 

2C«H»N  +  8(C«H»0.0H)  +  HK)  =  2(C»H*0.0H)  +  N«(C^«0)«H». 

The  portion  of  the  resulting  liquid  which  passes  over  on  distillation  between  212°  and 
217°  becomes  filled  in  the  course  of  twenty-four  hours  with  long  silky  needles  of  triaoeto- 
diamide.  This  compound  is  soluble  in  water,  alcohol,  and  ether,  is  oonverted  into 
ammonium  acetate  by  heating  with  water  to  200°,  and  resolved  by  potash  into 
ammonia  and  acetic  acid. 
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to  dry  difltillatioii,  yields  amidobenzonitrile  (together  with  g&ses,  water,  ammonium 
carbonate,  and  ammonium  cyanide),  ae  an  oil,  which  may  be  purified  by  Bolution  in 
hydrochloric  acid,  treatment  with  animal  charcoal,  precipitation  with  ammonia,  and 
crystallisation  (Oriees,  Zeitsehr.f.  Ckem.  [2]  iv.  726). 

Amidobensonitrile  crystallises  in  oolonrless  needles  or  prisms,  melting  at  53^ 
(Oriess),  at  52<',  and  boiling  at  268''-290''  (Hofmann).  It  dissolves  easily  in  alcohol, 
ether,  and  boiling  water,  but  is  nearly  insoluble  in  cold  water  (Oriess).  The  mUphaU 
and  wUraU  crystallise  well,  the  latter  in  four^sided  tables  ;  the  pierais  is  very  sparingly 
soluble  (Hofmann).  The  hydrocUtrnds  CH*N*.HC1  forms  rhombic  tables  easily 
soluble  in  alcohol  and  in  cold  water;  the  pUUinochloride  2(C'H«N*.HCl).PtCl% 
yellow,  four-sided  tables,  easily  soluble  in  water.  The  argentonUrate^  C'H*N<.  AgNO', 
obtained  by  adding  silver  nitrate  to  the  aqueous  or  alcoholic  solution  of  the  base, 
forms  white  lamins.  With  bromine-^Doier  the  aqueous  solution  of  the  base  gives  a 
brominated  compound  crystallising  rn  needles  (Griess). 

Amidobenxonitrile  boiled  with  strong  hydrocMorie  acid  yields  sal-ammoniac  and 
amidobensoic  hydrochloride,  C^H'NO'.HCl.  With  chloroform  and  alkalia  it  yields 
the  intolerably  smelling  formonitrile,  CH*K',  which  is  resolved  by  acids  into  rormie 
acid,  amidobenxoic  acid,  and  ammonia,  whereas  the  isomeric  formoaitrile  of  phenylene- 
diamine  is  resolved  by  similar  treatment  into  formic  add  and  phenylenediamine 
(Hofmann^. 

When  mtrobenzonitrile  is  treated  with  ammonium  nUphide,  a  sulphuretted  base, 
CTH'N'S',  containing  the  elements  of  amidobenzonitrile  and  hvdrogen  sulphide,  is 
produced,  which  crystallises  from  boiling  water  in  white  shining  needles,  easily 
soluble  in  alcohol  and  ether,  and  forming  a  crystalline  hvdrochloride  and  platino- 
chloride.  At  a  few  degrees  above  100^  itis  resolved,  though  not  completely,  into  H'S 
and  C^H'N*.  This  base  has  the  constitution  of  thiobenzylene-diamide, 
N«(CH«S)"H\  and  is  isomeric  with  sulphocarbonyl-phenyl-diamide,  N»(CS)''(C«H*)H», 
produced  by  the  action  of  ammonia  on  phenyl  sulphocyanate  (Hofmann,  Froc,  Boy. 
Soe.  X.  699). 

Paramidobeneonitrila  is  obtained  by  the  action  of  tin  and  hydrochloric  acid, 
or  better  of  sine  and  hydrochloric  acid,  on  paranitrobensonitrile,  and  separates,  on 
saturating  the  product  with  soda  and  evaporating,  as  an  oil  which  solidifies  on  cooling, 
and  may  be  purified  by  recrystallisation  from  aqueous  alcohol.  It  dissolves  easily  in 
alcohol  and  ether,  sparingly  in  water,  and  crystallises  from  a  mixture  of  1  pt.  alcohol 
and  1  pt.  water,  by  slow  cooling,  in  colourless  needles  melting  at  74^.  It  dissolves 
easily  in  acids,  forming  for  the  most  part  crystallisable  salts.  The  hydrochloride 
CH'N^.HCl  forms  thin  laminar  colourless  crystals,  easily  soluble  in  water,  melting 
when  heated,  and  decomposing  at  a  higher  temperature.  The  nlatinochloride 
2(CH'N'.HCl).PtCl^  forms  small  crystalline  needles.  By  prolongea  heating  with 
sine  and  hydrochloric  acid,  it  is  decomposed,  yielding  sal-ammoniac  and  benzylamine 
(Engler,  Zeittckr.  /.  Chim,  [2]  ir.  616;  Amn.  CK  Pharm.  cxlix.  802). 

Paranitrobenzonitrile  treated  with  ammonium  tuiphide  yields  a  base,  C'H*N*S, 
isomeric  with  that  obtained  by  Hofmann  from  nitrobenzonitnle.  It  crystallises  from 
alcohol  in  yellowish  white  stellate  masses ;  melts  at  170'' ;  dissolves  in  hydrochloric 
acid,  and  may  be  separated  therefrom  by  fixed  alkalis  (Engler). 

Paranitrobenzonitrile  is  slowly  reduced  by  sodium-amalgam,  yielding  a  weak  base, 
probably  consisting  of  the  azo-compound  N(C*H*)N  (Engler). 

MmpWhjt  OyniA^.     C"H^  »  ^jc>*H'  (^o^^°°>  Comptrend.  Ixiv.  387; 

Ixvi.  478 ;  Ixvii.  647). — Produced:  1.  By  distilling  naphthylamine  with  oxalic  acid. 
The  reaction  takes  place  by  two  stages :  the  oxalic  acid  first  splits  up  into  water, 
carbon  dioxide,  and  carbon  monoxide,  which  latter  fixes  itself  upon  the  naphthylamine, 
converting  it  into  naphthyl-formamide ;  and  the  naphthyl-formamide  is  then  resolved 
by  the  heat  into  water  and  naphthyl  cyanide  (Hofmann). 


/C««H» 


N- 


rC'»H» 
COH 
H 


H        +  (CK)«)"(OH)«  -  C0»  +  H«0  +  N 

H 

KaphthjUmine.        O^allo  add.  Naphthyl- 

fbrmami<le* 

and 

COH      -     H«0     +     C|2„g,- 

The  distillate  thus  obtained  is  a  mixture  of  naphthyl  cyanide,  naphthyl-formamide, 
naphthyloxamide,  naphthylamine  oxalate,  naphthalene,  and  water.    It  is  treated  with 


N 
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a  cairent  of  steam,  which  carries  along  with  it  a  considerable  qnantity  of  a  brown 
opaque  oil  heavier  than  water.  On  separating  this  oil  from  the  water  by  agitation 
with  ether,  evaporating  the  ether»  and  distilling  the  residue,  naphthalene  passes  over 
at  218''-220°,  and  naphthyl  cyanide  at  290^-^00^  as  a  light  yellow  liquid,  which 
solidifies  to  a  crystalline  mass  when  left  for  some  time  in  a  oold  room,  more  qui^y 
in  a  freezing  mixture,  and  when  once  solidified  does  not  retom  to  the  liquid  state  at 
ordinary  temperatures.  It  may  be  obtained  perfectly  pure  by  recrystallising  it  sereral 
times  from  alcohol,  in  which  it  is  very  soluble,  and  finally  precipitating  it  from  the 
alcoholic  solution  by  water.  It  then  sepaiates  as  an  oil  which  soli<Ufies  in  a  few 
minutes  (Hofmann). 

2.  By  distilling  a  mixture  of  cyanide  and  naphthylsulphite  of  potaanum  (Mer^ 
Ml,  Soc,  Chim.  ix.  336 ;  X.  47) : 

KCN  +  (SO)"!^^"^'  -  ^*joK  +  C"H»CN. 

Kaphthyl  cyanide  is  heavier  than  water,  melts  at  85*5^,  and  boils  at  296^  (ooit.). 
When  boiled  with  alcoholic  soda  it  gives  off  only  traces  of  ammonia ;  but  on  adding 
water  to  the  mixture,  crystals  are  deposited  consisting  of  menaphthoxylamide, 
C"H*NO  a  naphthyl  cyanide  -i-  1  mol.  water.  The  menaphthoxylamide,  as  soon  as 
it  is  formed,  is  decomposed  by  the  soda,  with  evolution  of  ammonia  and  foimation  of 
menaphthoxylic  acid,  C**H'.CO'H,  an  acid  related  to  naphthalene  in  the  same 
manner  as  bensoic  acid  to  benaene : 

CJS"^'  +  HK)  -  cIo- 

*^  (nh« 

N^yhthyl  ICenaphth- 

cyanide.  oxylamide. 

fC"H'  fC"H» 

C^O"  +  NaOH  -  NH»  +  cJo" 
InH«  (ONa 

ICenaphth-  Sodiom 

ozylamide.  menaphthozylste. 

Naphthyl  cyanide  combines  but  slowly  with  nascent  hydrogen ;  but  when  heated 
to  100°  with  alcoholic  solution  of  ammonium  sulphide  it  readily  takes  up  H'S,  and  is 
converted  into  menaphthothiamide,  C"H*liS  (Hofinann). 

2.  Aleoholie  Itocyanide$  or  Carbaminea, 

These  ethers  are  produced :  1.  By  distilling  a  monamine  with  chloroform  (Hof* 
mann):  e.ff., 

irj^*  +  cHa«  -  8Ha  +  N'J^h. 

AniUiie.        Ghlorofonn.  Phenyl 

laooyanide. 

2.  By  treating  1  mol.  of  an  alcoholic  iodide  with  2  mol.  silver  cyanide,  a  double 
cyanide  of  silver  and  the  alcohol-radicle  is  then  formed ;  and  on  distilling  this 
compound  with  a  very  strong  aqueous  solution  of  potassium  cyanide,  a  double  cyanide 
of  silver  and  potassium  is  formed,  and  the  isocyanide  of  the  alcohol-radicle  distils 
over ;  it  may  then  be  dried  over  calcium  chloride  and  rectified.  By  this  reaction 
Qautier  has  prepared  the  isocyanides  of  methyl,  ethyl,  isopropyl,  and  butyl.  The 
ethyl-compound  was  obtained  some  years  ago  in  an  impure  state  by  £.  Meyer,  by 
distilling  potassium-silver  cyanide  with  potash  (ii.  212). 

The  isocyanides  are  also  formed  in  small  quantity  in  the  preparation  of  the  nitriles, 
and  to  them  is  due  the  intolerable  odour  of  the  crude  distillates. 

Methyl  Xsoejanida   or   Metliyl-oarbaiBliie.      CH>— N»C   or    N'j^ 

(Gautier,  Campt.  rend,  Ixv.  468,  862  ;  Ixvi.  1214V — Prepared,  as  above  described,  by 
heating  2  mol.  silver  cyanide  with  1  mol.  methyl  iodide  to  130^-140°  in  a  doss 
vessel,  and  decomposing  the  resulting  double  cyanide  with  potash.  When  dried  with 
calcium  chloride  and  purified  by  rectification,  it  is  a  colourless  mobile  liquid  having  a 
specific  gravity  of  0765^  at  14^,  boiling  at  68^-59^  not  solidifying  at  -45^.  It  has 
a  powerful  odour,  like  that  of  phosphorus  and  of  artichokes.  Its  vapours  are  acrid 
and  very  deleterious,  almost  immediately  producing  nausea,  vertigo,  headache,  and 
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deprcflaion.    Water  dissolyes  about  ^  pt.  of  it  at  16^.    When  heated  with  water  in  a 
sealed  tube,  it  ie  resolTed  into  formic  acid  and  methylamine : 


^fo 


(^,  +  2H»0  -  CH»0«  +  n|^'. 


With  dry  acids  (pure  hydrogen-salts)  it  unites  immediately,  saturating  them  com* 
pletely  like  ammonia,  and  forming  crystallisable  salts.  The  hydrochloride  and 
hydrobromide  are  yery  easily  obtained  by  directing  the  dry  gaseous  acids  on  the 
surface  of  the  liquid  kept  very  cool.  The  combinations  with  oxygen-acids  are  more 
difficult  to  obtain,  on  account  of  the  violence  of  the  reaction.  All  these  salts  are 
decomposed  by  water,  with  production  of  formic  acid  and  methylamine.  Alcoholic 
iodides  combine  with  methyl  isocyaaide  at  ordinary  temperatures,  whereas  acetonitrilo 
does  not  unite  with  these  bodies  at  any  temperature  between  0^  and  200^. 

Methyl-carbamine  is  very  easily  oxidised.  When  it  is  brought  in  contact  with 
mercitric  oxide  in  a  cooled  yessel,  and  the  mixture  is  then  gradually  heated  in  a  water- 
bath  to  40^-50°,  metallic  mercury  separates  and  methyl  isocyanate  or  methyl-carbimido 
distils  oyer : 


»lcH.  +  HgO  -  Hg  +  NJCO,. 


A  considerable  portion  of  this  body  is,  however,  converted  into  a  compound  of  methyl 
cyanurate  and  formamide,  which  may  be  obtained  in  crystals  by  heating  the  liquid 
remaining  in  the  flask  to  160°,  and  exhausting  with  boiling  alcohol.    The  reaction  is : 

4XJgH.  ■^  O.  -  N.[jC^^.NJCHO  ,  CO. 

ICeihyl  Methyl     Formamide. 

«^fi,»tiftm4n»,  cysniuate. 

This  compound  melts  and  pcLrtially  sublimes  at  1 75°,  but  decomposes  when  heated 
above  250°.  It  dissolves  in  water,  alcohol,  and  ether,  and  crystallises  from  water  in 
beautiful  lamine.  Heated  with  potash  to  200^  it  gives  off  a  little  ammonia.  An 
ethereal  solution  of  methyl-carbamine  treated  in  the  manner  above  described  yields,  in 
addition  to  the  preceding  products,  a  crystalline  body  which  melts  at  163^,  boils  at 

168°  under  a  pressure  of  24  mm.,  and  consists  of  ^']/nHi\s-^]  W       '  *     Similar 

products  are  obtained  by  oxidising  methyl-carbamine  in  ethereal  solution  with  silver 
oxide ;  but  they  remain  at  first  in  combination  with  that  oxide.  On  evaporating'  the 
ether,  a  white  substance  remains,  which  quickly  yields  metallic  silver  and  fcuther 
products  of  oxidation  (Gautier,  Compt.  rend.  Ixvii.  804 ;  Zeitechr.  /.  Chem,  [2]  iy. 
675). 

atliyl  iMMyulde    or    Btliyl-earbuiiliie*     ^Ic^*  (Gautier,  loc.  cit), — 

Prepared  like  the  preceding.  Boils  between  78°  and  79°.  Sp.  gr.  0*7588  at  +  4°. 
Does  not  solidify  at  —68°.  It  unites  with  acids  like  methyl-carbamine,  forming 
crystallisable  salts.  Heated  to  180°  with  water  or  an  alkaline  solution,  it  yields 
formic  acid  and  ethylamine.  The  hydrochloride  boiled  with  potash  yields  the  same 
products,  together  with  ethyl-formamide : 

N|^2*'^^1  +  KOH  =  KQ  +  NJCOH. 

Ethyl-carbamine  is  violently  oxidised  by  silffer  oxide,  with  formation  of  ethyl  cyan^te, 
and  a  ciystalline  body,  C'"H*»N»0»,  soluble  in  alcohol  and  boiling  abote  200° : 

6NC(C?fl»)  +  0«  =  0"H«N»0*  +  2C0. 

When  ethyl-carbamine  dissolved  in  4  vol.  ether  is  oxidised  by  Tnercurie  oxide,  the 
chief  products  are  a  crystallisable  body,  C'H^'N^O',  melting  at  112®,  and  liquid 
formamide : 

6n|^3,  +  8HgO  -  C»H"NW  +  n|^?^  +  5C0  +  Hg«. 

The  crystalline  body  may  be  regarded  as  a  compound  of  ethyl-formamide  with  ethyl- 
carbodiamine : 

'COH        NVC'' 


(?H«N<0*  -  2N 


■  cm.*  +  I  - 


(?H». 


8up,  MM 
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Ethyl-carbamine  and  methyl-carbaxnine  heated  in  sealed  tubes  to  190^  remain  for 
the  mo8t  part  unaltered  ;  but  on  opening  the  tubes  and  distilling  off  the  more  Tolatile 
portion,  an  oily  liquid  remains,  which  explodes  riolently  when  more  strongly  heated. 
Gautier  regards  these  liquids  as  polymerides  of  the  carbamines. 

.    zsopropyl  Isoejaaldo    or   ImoyrapjUcmx^mmtnttf  C^H'N  «■  ^JcH^CH*^* 

(Oautier,  Compt,  rend.  Ixyii.  723),  is  produced  by  acting  upon  silver  cyanide  with 
isopropyl  iodide,  and  decomposing  the  double  cyanide  NC(C*H*).NCAg  by  boiling 
with  a  concentrated  aqueous  solution  of  potassium  cyanide.  It  is  a  liquid  smelling 
like  the  carbamines  previously  deseribed,  soluble  in  alcohol  and  ether,  very  slightly 
soluble  in  water,  havizig  a  sp.  gr.  of  0*7596  at  0^,  boiling  at  87^,  not  solidifying  at 

—  68^.  It  unites  readily  with  dry  haloid  acids,  forming  ciystallisable  salts.  Treated 
with  aqueous  hydrochloric  acid,  it  is  transformed,  by  two  successive  degrees  of 
hydration,  first  into  isopropyl-formamide,  then  into  isopropylamine  formate : 

^g,  +    H»0  -  N    C»H^ 

^lc»H»  "*■  ^^*^  "  N(C«H»)H*.CH«0«. 
Butyl  Zsoejmnide  or  Batyl-carbamlBe,  OH*N  »  ^Jqiq**  prepared  like 

the  preceding,  is  a  colourless  liquid,  having  an  offensive  odour,  nearly  insoluble  in 
water,  boiling  at  114°-117^  and  having  a  sp.  gr.  of  07833  at  0®.     When  cooled  to 

—  66°  it  does  not  crystallise,  but  becomes  pasty  and  opaque.  Water  and  mineral 
acids  act  upon  it  less  violently  than  on  the  preceding  carbamines.  Heated  with 
aqueous  acids  it  takes  up  2  mol.  water  and  is  completely  transformed  into  butylamine 
and  formic  acid  (Gautier,  BvU,  Soo.  Chim,  [2]  xi.  211 ;  ZeiUoAr,  /.  Ckem,  [2]  v. 
445). 

Amjl   boeyanlda  or  Amjl-oarbaiiilaa.    CH^'N  »  ^)r«H;ii    (Hofinann, 

Ann.  Ch,  Pharm.  cxliv.  114;  Jahre^.  1867»  p.  363). — ^Prepared  by  distilling  an 
alcoholic  solution  of  amylamine  with  chloroform  and  potash : 


-i: 


CHCl'  +  N|g?"  -  SHCa  +  HJ^2„ 


Purified  like  the  phenyl  compound.  It  may  also  be  obtained,  like  the  preceding 
carbamines,  by  decomposing  silver  cyanide  with  amyl  iodide,  &c.  It  is  a  colourless 
liquid  having  a  pungent  odour  of  amyl  alcohol  and  prossic  acid  together,  boils  at 
137°  (capronitrile  at  146°).  Its  vapour  produces  an  intensely  bitter  taste  upon  the 
tongue  and  a  suffocating  sensation  in  the  throat.  It  is  violently  attacked  by  hydro- 
chloric acid,  the  reaction  taking  place  by  several  stages,  and  finally  resulting,  after 
the  liquid  has  been  heated  to  the  boiling  point,  in  the  production  of  amylamine  and 
formic  acid. 

niaajl  ivooyaaide  or  Vhanjn-oarbMiilBe.      (TH^N  «  NJ^,«q»     (Hof- 

mann,  loc.  cit.). — This  compound,  isomeric  with  benzonitrile,  is  (Stained  by  distilling 
a  mixture  of  aniline,  chloroform,  and  alcoholic  potash;  rectifying  the  pungent- 
smelling  distillate ;  treating  the  portion  which  goes  over  after  the  water  and  alcohol, 
with  oxalic  acid  to  precipitate  the  aniline  contained  in  it ;  dehydrating  the  residual 
brown  oil  with  potassium  hydrate,  and  rectifying  it. 

Pure  phenyl-carbamine  thus  obtained  is  a  mobile  liquid,  blue  by  reflected,  green  by 
transmitted  light,  and  retaining  these  colours  even  after  rectification  in  a  current  of 
steam.  Its  odour  is  pungently  aromatic,  and  at  the  same  time  like  that  of  prussie 
acid.  Its  vapour  acts  on  the  throat  and  tongue  like  that  of  the  amyl-oompound,  but 
less  strongly.  It  boils  at  160°  (benzonitrile  at  191°),  but  with  parUal  decomposition, 
the  temperature  quickly  rising  to  230°,  and  a  brown  inodorous  oil  distilling  over, 
which  solidifies  in  the  crystalline  form  on  cooling.  It  unites  very  easily  with  metallic 
cyanides  (bensonitrile  unites  with  them  but  slowly),  forming,  with  silver  cyanide  in 
particular,  a  beautifully  crystallised  compound.  It  is  scarcely  attacked  by  alkalis, 
but  is  easily  decomposed  even  by  dilute  acids,  and  with  great  evolution  of  heat  by 
concentrated  acids,  yielding,  as  ultimate  prrtducts,  formic  acid  and  aniline,  with 
methenyl-diphenyldiamine  and  phenyl-formamide  as  intermediate  products ;  thus : 

(1)    2NC(C«H»)  +  2HH)  «  CH«0»  +  N«(CH)'"(C«H»)«H 

Pheoyl-carbunine.  Formio  Methyl-<upl>enyU 

acid.  duunine. 
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(2)  N»(CH)-(C^»)«H  +     H«0  =  K(CHOXC!^»)H  +  N(C«H»)H» 
Iffltlienyl-diphenyl-  Fhenyl-formamide.  A«tn««t- 

dfaunlpe. 

(3)  N(CHO)(C^»)H     +     H«0  «  CH»0«  +  N(C*H*)H« 
Phenyl-fiirmamide.  Fonnio  Anni«<L 

•dd. 

^JRBBSf  MSTA&&ZO.  It  cannot  at  prea ent  b«  decided  whether  theae 
aaltfl  are  analogona  in  constitution  to  the  nitrilea  N  =  C — ^R',  or  to  the  carl^minea 
C^N — B ;  their  converaion  by  the  action  of  water  into  ammonia  and  a  salt  of 
formic  acid  may  be  explained  with  equal  facility  on  either  view.    Silver  cyanide 

heated  with  ethyl  iodide  yields  ethyl  carbamine,  N  \  ^,^1 ;  and  potassium  qranide 

Qgm :  whence  it  might  be  inferred 

that  some  metallic  cyanides  are  analogous  to  the  nitriles,  others  to  the  carbamines. 
It  is  possible  also  that  the  same  metallic  cyanide  may  exist  sometimes  in  one 
modification,  sometimes  in  the  other ;  indeed,  the  propionitrile  obtained  from  potassium 
cyanide  is  always  more  or  less  mixed  with  ethyl-carbamine  (p.  624).  Similar 
remarks  apply  to  hydrogen  cyanide,  which  is  usually  regarded  as  formonitrile, 
(CH)'^,  but  may  perhaps  be  also  capable  of  assuming  the  form  of  carbamine, 
NCH. 

Amkowivm  Ctanidb,  NH*CN,  is  formed  in  the  combustion  of  coal-gas  which 
has  passed  through  aqueous  ammonia.  If  the  gas  be  burnt  in  a  long  tube  and  the 
a>nae&86d  products  passed  into  water,  a  solution  of  ammonium  cyanide  is  obtained ; 
if  the  flame  be  made  to  pass  over  potash-solution*  or  milk  of  lime,  the  liquid,  after  a 
few  minutes,  is  found  to  contain  considerable  quantities  of  <^nide ;  and  on  shaking 
up  the  potash-solution  with  finely  divided  iron,  potassium  ferrocyanide  is  obtained 
(Be  Bomilly,  Compt.  rend.  Ixv.  865).  When  dry  ammonia -gas  is  passed  over  pure 
wood-charooal  heated  in  a  glass  tube  to  the  highest  temperature  of  a  gas-furnace,  a 
small  quantity  of  ammonium  cyanide  is  formed,  together  with  a  mixture  of  nitrogen 
aikd  hydrogen  gas  (Weltzien,  Ann.  Ch.  Pharm.  cxxxii.  224). 

BA.B1UM  Ctakidbs. — ^Barium  pliitinocyanide,  BaPtCy*,  is  produced  by  the 
mutual  action  of  platinous  or  platinic  chloride  with  barium  carbonate  and  dilute 
hydrocyanic  add.    With  platinic  chloride  the  reaction  is : 

3BaC0»  +  PtCl*  +  4HCy  -  BaPtCy*  +  2Baa«  +  2H«0  +  3C0»  +  O. 

Double  cyanides  of  barium  with  other  metals  are  formed  in  like  manner  by  the 
mutual  action  of  barium  carbonate,  hydrocyanic  acid,  and  the  nitrates,  carbonates, 
cyanides,  acetates,  or,  best  of  all,  the  soluble  sulphates  of  the  several  metals 
(Weselsky,  J.  pr.  Ckem.  ciii.  566). 

•Chboxiux  Cyan  I  DBS. — On  the  preparation  and  properties  of  the  chromi- 
cjanides  6M'Cy.Ci«Cy  and  8M"Cy«.Cr»(y  (ii.  205),  see  Kaiser  (Ann.  Ch.  Pharm. 
8uppi.  iii.  163;  Jahresb.  1864,  p.  302)  and  Stridsbeig  {ihid.  p.  304).  A  solution  of 
potABsium  chromicyanide  treated  with  sodiimi-amalgam  is  immediately  coloured  red, 
in  eoDsequenoe  of  induction  to  pntasnum  ckromoeyanide,  4KCy .  CV' (^*.  The  solution 
of  this  latter  salt  is  decomposed  by  dilution  and  by  heating.  It  gives  a  red-brown 
precipitate  with  zinc  salts,  green  with  chromic  salts,  red  with  cobalt  salts,  and  green 
with  manganouB  salts  (Descampe). 

Cobalt  Ctabidxs  (Desoamps,  Compt.  rend.  Ixvii.  330). — Oobalt  forms  two  series 
of  double  cyanides  analogous  to  the  f erro-  and  ferri-cyanides.  Potassium  cobaltoeyanide, 
KKkT-Cy*,  is  formed  in  the  first  instance  on  dissolving  cobaltous  cyanide  in  aqueous 
potasaaum  CTanide;  but  under  ordinary  circumstances  it  is  immediately  converted 
into  the  oobalticyanide.  When  a  concentrated  solution  of  potassium  cyanide  is 
poured  into  a  vessel  containing  cobaltous  cvanide,  the  latter  being  in  excess,  and  all 
rise  of  temperature  avoided,  a  greenish  solution  of  cobaltous  cyanide  in  potassium 
cyanide  is  formed,  which  when  left  to  itself,  becomes  red  on  the  surface  from 
formatioii  of  potassium  cobaltocyanide,  and  deposits  a  green  powder  consisting  of 
potABsio-oobaltous  cobaltocyanide.  If  on  the  other  hand  a  slight  excess  of  potassium 
cyanide  be  added,  a  deep  red  solution  of  potassium  cobaltocyanide  is  qmckly  pro- 
duoed ;  it  is  necessary  however  to  keep  the  liquid  cool ;  otherwise  the  cobaltocyaniae  is 
immediately  converted  into  colourless  oobalticyanide,  with  evolution  of  hydrogen. 
By  quickly  evaporating  the  solution  in  a  vacuum,  a  few  red  needles  of  the  oobalto- 
cyanide  are  obtained,  but  the  greater  |)art  suffers  decomposition.  A  better  method  is 
to  precipitate  the  salt  from  its  aqueous  solution  with  alcohol,  and  wash  it  with  the 
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same  liquid ;  if  it  be  then  redissolred  in  water,  a  more  stable  and  CTTBtalliBable 
solution  will  be  obtained. 

Potassium  oobaltocyanide  is  red,  very  deliquescent,  insoluble  in  alcohol  and  ether ; 
alterable  on  exposure  to  air,  but  more  permanent  under  alcohol.  Its  solution  is 
decomposed  by  boiling  into  potassium  oobalticyanide  and  cobalt  sesquiozide ;  this 
decomposition  is  much  accelerated  by  a  trace  of  potash,  and  is  almost  instantly 
brought  about  in  dilute  solutions  by  addition  ofpotassinm  cyanide.  The  cobalto- 
cyanides  of  sodium  and  barium  are  also  red.  The  solution,  of  the  potassium  salt 
forms  a  reddish  precipitate  with  sine  salts ;  flesh-coloured  with  manganous  sulphate ; 
yellow  with  leaa  acetate ;  orange-coloured  with  mercuric  salts ;  rose-colourea  with 
cadmium  salts.  On  mixing  a  concentrated  solution  of  cobalt  nitrate  with  a  con- 
centrated  alkaline  solution  of  oobaltoos  cyanide,  a  green  precipitate  is  formed 
consisting  of  potassio-oobaltous  cobaltocyanide,  Co1B['Qr*.Ck>  Cy*.  The  same  com- 
pound is  formed  on  pouring  a  solution  of  potash  on  cobaltous  cyanide.  It  is  insoluble 
in  water,  permanent  in  the  dry  state,  and  dissolves  very  easily  in  potassium  cyanide, 
reproducing  potassium  cobaltocyanide. 

The  colourless  solution  of  potassium  eobalticyanide  treated  with  sodium-amalgam 
is  quickly  converted  into  the  red  oobaltocyanide  (Descamps). 

Cohaltieyanidea,  M*(Co*)**Cy".— ^veral  of  these  salts  are  described  in  vol. 
ii.  pp.  205, 206.  The  barium  salt  Ba'Co'Cy**  +  20HK)  may  be  prepared  by  treating  a 
mixture  of  cobaltous  sulphate  and  barium  carbonate  with  hydrocyanic  add ;  and  in 
this  salt  the  barium  is  easily  replaced  by  other  metals  or  by  compound  radicles  (e.ff, 
phenylammonium  and  tolylammonium),  by  treating  the  solution  with  the  corre- 
sponding sulphates.    In  this  manner  the  following  salts  have  been  obtained : 

Na«Co«Cy"  +  4H«0         .        ,        •      Large  crystals. 

(NH*)*CoH:;y"  ,        .        •        •      Colourless  tables,  or  with  a  faint  tinge 

of  yellow. 

(C^H'NyCo'Cy"  .  .  •  .  Crystals  rarely  Quite  colourless,  more  fre- 
quently with  the  aspect  of  smoky  topaz. 

(C»H>«N)«Co«Cy"     .        .        •        •      Nearly    colourless    crystals    resembling 

nitre. 

Sr»Co«Cy"  +  20H*O       .        .        .      Very  large    crystals,  easUy  soluble   in 

water. 

(Weselskj,  Wien,  Acad.  Ber,  Ix.  261 ;  Ch«m,  Cmtr.  1870,  p.  92.) 

Cobalticyanides  containing  three  metals  are  obtained  by  leaving  mixed  solutions  of 
the  preceding  cobalticyanides  to  crystallise.  On  evaporating,  the  triple  salt  separates 
out  if  it  is  less  soluble  than  the  mixed  double  salts,  or  remains  in  Uie  mother-liquor 
in  the  contrary  case,  after  the  latter  have  crystallised  out  These  triple  salts  likewise 
crystallise  with  very  great  facility,  forming  large  and  beautiful  crystals.  The  following 
have  been  prepareci : 


(NH«)«Na«Co»C)» 
Ca*(NH«)»Co«Cy"  +  lOH'O 
Ca«K«Co»Cy»«         +  18H«0 
Sr»(NH«)»Co»Cy"    +  20H»O 
8r«K«Co«C^»«  +  18H«0 


Ba«(NH*)«Co«Cy»»    +  22H«0 
Ba«K«Co«Cy>»  +  22H»0 

Ba*Li«Co«(^^«  +  30HH> 

(C^liNSn^'^""''^'^ 


The  last  salt  is  prepared  by  mixing  one  half  of  a  solution  of  barium  cobalticyanide 
with  aniline  sulphate,  the  other  half  with  toluidine  sulphate,  mixing  the  filtered 
solutions,  and  leaving  the  mixture  to  evaporate :  it  forms  groups  of  large  efflorescent 
crystals  having  the  colour  of  beryl  (Weselsky). 

A  solution  of  barium  oobalticyanide  mixed  with  excess  of  bai^ta-water  and  left  to 
evaporate  under  the  air-pump,  yields  the  compound  Ba»Co*Cy**.BEiH*0,  in  somewhat 
unstable  ciystals  which  absorb  carbonic  acid  IVom  the  air.  A  mixed  solution  of 
oobalticyanide  and  chloride  of  barium  yields  the  salt  Ba*Co*Cy**.BaCl*  +  16H*0, 
in  tabular  crystals  more  stable  than  the  preceding  compound.  A  warm  solution  of 
phenylammonium-cobalticyanide  saturated  with  aniline  becomes  turbid  on  cooling,  from 
separation  of  the  elcess  of  aniline,  and  the  clarified  liquid  evaporated  under  the 
air-pump  yields  the  compound  (C«H«N)«Co»Cy".2(C«H»NO).  in  groups  of  faintly 
coloured  bulky  orisms,  somewhat  readily  decomposible,  the  aniline  being  eliminated  by 
boiling  (Weselsky). 

CopPBB  CrKstDEa.—Ctiprie  Cyanide,  CuCy',  can  be  obtained  in  the  pure  state  only 
by  treating  recently  precipitated  cupric  hydrate  with  hydrocyanic  acid.  It  is  an  easily 
alterable,  amorphous,  green  powder,  which  gives  off  half  its  cyanogen  at  a  tcmpemturo 
below  100®,  leaving  white  cuprous  cyanide,  Cu*Cy*.  The  ktter  melts  at  a  dull  rod 
heat,  decomposes  at  a  bright  red  heat,  quickly  turns  dark  blue  in  ammoniacal  solution, 
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and  unites  with  the  cjanidee  of  the  KUudi-metalB,  fonning  doable  lalta,  MCy .  Ca'Cy', 
sparingly  soluble  in  cold  water,  and  easily  decomposed  by  acids,  with  separation  of 
cuprous  cyanide.  The  potassium  salt  and  the  ammonium  mlt  (the  latter  obtained  by 
spontaneous  STaporation  of  a  solution  of  cuprous  cyanide  in  ammonium  cyanide) 
ciystallise  in  anhydrous  rectangular  prisms,  the  aqueous  sohition  of  which  is 
precipitated  by  metallic  salts,  with  formation  of  analogous  double  cyanides.  Mercuric 
salts  gire  a  white,  silrer  salts  a  bluish-grey,  cupric  salts  a  green  precipitate,  consisting 
of  cuproso-cupric  cyanide,  CuCy*.2Cu'Cy*  (Lallemand,  BulL  8oe.  Ckim,  [2]  ii.  271 ; 
Compt.  rmd,  Ix.  1142 ;  Jakresb.  1864,  p.  300  ;  1866,  p.  891).  According  to  Schiff  a. 
BediA  (BuU.  Soe.  Chim.  [2]  iiL  873),  an  ammoniacal  solution  of  the  white  ammoniacal 
compound  2NH'.Cu*Cy*  boiled  in  an  open  yessel  deposits  on  oooling  shining  yiolet 
crystals  of  the  compound  N*H*CuCy* .  2N'H*Cu*Cy«. 

Go]j>  Ctakidbs. — PatoMMio-imfie  iodocyanide,  KAu"'Cy^',  is  easily  formed  by  the 
action  of  iodine  on  potassio-aurons  cyanide,  KAu'Cy*,  and  may  be  crystallised  from 
warm  water,  in  which  it  is  much  more  soluble  than  in  cold  water.  It  forms  brown, 
shining,  long  capillary  needles.  The  corresponding  barium  aalt  forms  brown  highly 
lustrous  scales.  The  corresponding  bnmme-campounds  are  reddish-yellow;  the 
ehlorine'^ompounds  nearly  colourless.  The  double  auroc3ranides  behave  with  yarious 
resgents  in  the  same  manner  as  the  corresponding  platinic  compounds  (p.  636)  ;  thus 
the  copper  salt  Gu^At'Cy^  takes  up  bmmine  without  decomposition  (Blomstrand, 
Zeitsekr.  /.  Ckem.  [2]  y.  489). 

Ibow  CTAinius. — The  general  formulae  of  the  double  cyanides  of  iron  (Fe  =  66) 
containing  monatomic  and  diatomic  metals  may  be  illustiHted  by  the  following 
examples: 

Ferrocyanides  |||?,f%^        Z  2&^?*F^Cy« 

Ferricvanides  \^'i^^')^y'     «  6KCy.Fe«Cy* 
Jfemcyamaes  }Ba'^(Fe«)'«Cy»  -  SBa-Cy'.Fe'Cy 

Ferrocyanides. — ^The  antTnonio-niekel  ferroeyanide,  which,  according  to  Beynose, 
is  deposited  in  yiolet  needles  from  the  soluticm  of  nickel  ferrocyanide  in  excess  of 
ammonia,  has,  according  to  Gintl  (ZeUschr.  /.  Chem.  \2]  iy.  625),  the  composition 
Ki^FeCy**  12KH*  -f-  9HK).  When  exposed  to  the  air  it  gives  off  ammonia,  and  is  con- 
verted into  a  light  green  powder.  Ni«FeCy*.  2NH"  +  9H«0 ;  and  at  about  100°,  into  a 
dark  brown  po^er,  Ni'FeCy*.  2KH'  +  4H'0,  which  at  higher  temperatures  undergoes 
complete  decomposition,  giving  off  water  and  ammonium  cyanide,  and  leaving  a  black 
bulky  powder  consisting  of  iron,  nickel,  and  carbon.  The  original  violet  compound 
nndeigoes  the  same  changes  over  sulphuric  acid  as  when  exposed  to  the  air.  Heated 
in  a  current  of  dry  ammonia  gas  to  a  temperature  not  above  100°,  it  is  converted 
into  a  blue  compound,  Ni*FeC^.8NH'  -f  4H'0.  The  crystalline  salt  deposited  from 
ammoniacal  cobalt  solutions  on  addition  of  potassium  ferrocyanide  undeigoes  similar 
changes  when  exposed  to  the  air  or  left  over  sulphuric  acid  (Gintl). 

Potassium  Ferrocyanide  in  neutral  solution  is  oxidised  by  hydrogen  dioxide  to 
ferricyanide,  with  formation  of  potassium  hydrate : 

2K*FeCy«  +  H«0«  «  K«Fe«Cy"  +  2KH0. 

On  the  other  hand,  potassium  ferricyanide  is  reduced  by  hydrogen  dioxide  to  ferro- 
cyanide and  hydroferrocyanide: 

K«Fe*Cy"  +  H«0«  «  H«K«FeCy«  +  K*FeCy«  +  0«; 

and  on  this  reaction  depends  the  blueing  of  a  mixture  of  potassium  ferricyanide  and 
ferric  chloride  by  hydrogen  dioxide  (Weltzien,  Ann.  Ch.  Pnarm.  cxxxviii.  129). 

Drisodio^tassic  ferrocyanide,  ENa*FeCy*  -i-  9H*0,  is  obtained,  according 
to  Beindel  {Zeilschr.  /.  Chem,  [2]  iv.  601),  by  the  action  of  sodium  hydrate 
on  potassium  ferrocyanide,  or  by  treating  sodium  ferricyanide  with  potash 
and  milk-sugar  or  alcohol.  It  forms  large,  shining,  light  yellow  crystals  which 
give  off  44  p.  c.  water  at  10°.  On  exposure  to  the  air  it  slowly  effloresces; 
over  sulphuric  acid  it  quickly  gives  off  the  whole  of  its  water.  According  to 
Wyrouboff  (ibid.  p.  668),  it  contains  12  mnl.  water,  like  sodium  ferrocyanide, 
Ka^FeCy*  +  12H*0,  with  which  it  is  isomorphous. 

Rubidium  Ferrocyanide  (v.  129). 

Thallium  Ferrocyanide  (v.  748). 

yttrium  Ferrocyanide,  Y'FeCy',  eiystallises  by  slow  evaporation  of  the  solution 
obtained  by  boibng  yttria  with  Prussian  blue,  in  well-developed  non-efflorescent 
crystals  :  it  dissolves  in  water  with  yellow  colour ;  is  insoluble  in  alcohol.  Fbtassium 
ferrocyanide  forms  in  solutions  of  yttrium  salts  a  granulo-crystalline  precipitate, 
which  when  dried  is  a  heavy,  white,  soluble  powder  probably  consisting  of  (Y''K*)FeCy* 
(Popp,  Ann.  Ch.  Pharm.  cxxxi.  179). 
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it  diasolves  in  ammonia,  forming  palladAmmoniiim  e^anide,  (N*H*Fd'')Cy*,  and  m 
potassium  cyanide,  forming  a  double  salt ;  its  solution  in  hydrocyanic  add  IcaTes  thie 
unaltered  cyanide  on  evaporation. 

Pot(usia^fxiUadu»u  cyanitU^  2KCy.PdCy*,  ciystallisefl  with  8HK)  in  ooloorleai 
monoclinic  prisms,  or  step-like  aggregates- of  pyramidal  forms,  which  give  off  2  moL 
water  on  exposure  to  tne  air.  The  iodium  salt,  2NaC^.PdCy'  +  8HH),  lepintci 
from  the  solution  of  palladium  cyanide  in  prussic  acid  and  eaustic  soda,  in  oyBtali 
isomorphous  with  those  of  the  potassium  salt ;  the  two  salts  crystallise  together  from 
a  mixed  solution  in  slightly  efflorescent  needles.  The  barium  salt,  BaCy'.FdCy'  -<■ 
4H'0,  obtained  by  decomposing  the  corresponding  copper  salt  with  bazyts-v&tcr, 
forms  large  monoclinic  crystals.  The  calcium  salt  CaCy*.PdCy'  +  4HH),  and  the 
fnoffnetium  salt,  also  with  4  mol.  water,  are  prepared  like  the  sodium  ealt,  and  ayrtsl- 
lise  in  needles. 

The  double  palladious  and  platinous  cyanides  are  isomorphous  and  ciystalliN 
together  from  solution.  A  magnerium  salt,  MgFdCy^M^^Cy^  +  14HK),ciy8talIifiei 
with  difficulty  in  very  soluble  tufts  of  orange-red  needles,  which  become  emerald- 
green  at  100^,  then  colourless,  and  at  200°  give  off  all  their  water  and  turn  lemon- 
yellow.  On  moistening  or  breathing  upon  Uiem,  the  same  series  of  ooloun  is  pro- 
duced in  the  reverse  order ;  the  solution  is  quite  colourless. 

Platikvx  Ctakidbs. — ^A  perfectly  neutral  solution  of  platinous  chloride  foins 
with  mercuric  c^nidfi  a  yellowish-white  flooculent  precipitate  of  pi  ati  nous  cyanide, 
PtCy*,  which  dissolyes  in  hydrocyanic  acid,  and  is  precipitatea  therefrom  only  after 
long  boiling.  This  reaction  does  not  interfere  with  the  separation  of  palladium  and 
platinum  by  mercuric  cyanide,  because  the  platinum  in  the  solutions  is  ahrays 
present,  not  as  platinous,  but  as  plntinic  chloride,  which  is  not  affected  by  mezcoric 
eyanide.  The  precipitability  of  platinous  chloride  by  this  reagent  affords  the  means 
of  preparing  all  the  platinous  double  cyanides  directly  and  free  from  admixture, 
namely  by  precipitating  an  exactly  neutralised  solution  of  platinous  chloride  ^iUi 
mercuric  cyanide,  and  treating  the  precipitate  with  hydrocyanic  acid,  with  addition  of 
the  base  to  be  introduced  (B(»sler,  loc,  cU.), 

Bitscheiuer  {Wien,  Akad,  Bet,  i.  [2]  878;  Jahresb.  1865,  p.  293)  has  descnbed 
the  crystalline  forms  of  certain  platinocyanides  prepared  by  Schrotter.  The 
rubidium  salt  forms  greenish-yellow,  slightly  fluorescent,  monodinic  prisms;  the 
ru^io-^Artc eo/^,  yellowish-white  monoclinic  prisms;  the  ammimium-magnaium $aU 
(NH*)*PtCy  .MgPtCy*  +  6H«0,  cherry-red,  strongly  fluorescent  cjystals  belonging  to 
the  rhombic  system. 

Potassio-platinous  cyanide,  K'PfCy^,  takes  up  iodine  with  groat  fadlity,  forming 
potassio-fdatinic  iodocyanide,  K^R'^PCy  or  2Kl.PtCy*,  which  separates  in  large 
Drown  shining  crystals.  When  treated  with  chlorine  and  bromine,  it  gives  up  iodine, 
and  is  conrerted  into  the  corresponding  chloro-  or  bromo-cyanide.  Similar  salts  of 
other  electro-positive  metals  are  easily  obtained.  BaBr'.PtCy*  crystallises  in  large, 
apparently  quadratic  tables ;  the  tine  salt  in  cubes ;  the  cnpper  salt  CnCl'.FtC^  in 
small  quadratic  pyramids.  The  hydrogen  salt  2HBr.Pt(^  is  very  soluble  and 
crystallises  in  needles.  Chlorine  acts  on  bario-platinous  cyanide,  BaPtCy^,  in  the 
same  manner  as  the  corresponding  potassium  salt  (ii.  265),  converting  it  into  tlK 
platinic  cyanide  BaPtCy*.  Bromine  acts  upon  the  potassium  salt,  not  on  the  barium 
salt ;  the  cine  salt  takes  up  chlorine  without  perceptible  decomposition ;  but  if  the 
potassium  salt  be  first  mnde  to  unite  with  iodine,  this  element  may  afterwards  he 
replaced  by  chlorine  without  further  decomposition.  When  bario-piatinous  cyanide 
is  heated  with  water  or  boiled  with  excess  of  silver  nitrate,  the  cnlorine  is  simplj 
removed  and  not  replaced ;  the  chlorine  may  also  be  removed  by  reducing  agents 
(Blomstrand,  ZeUschr.  /.  Chem.  [2]  v.  489). 

SiLVEB  Ctakidb. — By  heating  this  compound  with  ammonia,  or  anymetaUie 
cyanide  with  an  ammoniacal  solution  of  silver,  argentammonium  cyanide,  NH*.Ag<^V, 
is  obtained  in  large  monoclinic  crystals,  very  much  like  those  of  selenite.  In  contart 
with  water  they  decompose  with  a  hissing  noise,  and  give  up  all  their  ammonia 
(Weith,  ibid.  880). 

Thallium  Ctakidbs  (v.  7^H).—Thanio-^atinous  Cyanide,  2TlCy.PtCy*.  i« 
obtained  by  spontaneous  evaporation  of  a  solution  of  thallium  carbonate  in  hy^iro- 
platinous  cyanide,  in  blood-red  needles  with  metallic-green  surface  iridescence 
(Carstaivjen,  Jahresb.  1867,  p.  281). 

Detection  and  Estimation  of  Cyanogen  in  Cyanides. — Prohde  (Pogg.  Ann.  crix. 
817)  recommends  for  the  detection  of  cyanogen  in  solid  compounds,  the  conversion 
of  the  latter  into  sulphocyanates,  by  fiision  with  sodium  hyposulphite.    A  smsU 
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qiuuitity  of  the  anhydroiu  hyposulphite  is  fused  in  a  test-tube  or  in  the  loop  of  a 
platinum  wire,  with  a  trace  of  the  substance  to  be  tested,  till  sulphur  begins  to 
volatilise,  and  the  fused  masL  is  dipped  into  a  few  drops  of  ferric  chloride  solution, 
whereupon,  if  cyanogen  is  present,  the  well-known  blood-red  colour  is  produced. 

To  apply  this  method  to  the  quantitadye  analysis  of  double  cyanides,  the  compound, 
carefoUy  mixed  with  4  or  6  pts.  of  barium  hyposulphite,  is  heated  in  a  covered 
porcelain  crucible  till  the  Tapours  begin  to  burn  on  bfting  up  the  lid,  and  the  mnsa 
is  treated  with  water.  The  residual  metallic  sulphides  are  dissolved  in  hydrochloric 
or  nitromuriatic  acid;  the  metals  are  determined  by  the  usual  methods;  the 
filtrate,  freed  from  bai^ta  by  a  few  drops  of  ammonium  sulphate,  is  supersaturated 
with  hydrochloric  acid  and  evaporated ;  and  the  residue  is  ignited  with  sal-ammoniac 
to  convert  the  sulphate  into  chloride  (Frohde,  ZeiUchr.  anal.  Chem.  iii.  1811. 

To  detect  cyanogen  in  presence  of  chlorine,  the  solution  may  be  precipitated  with 
silver  nitrate  and  the  precipitate  digested  with  aqueous  potash.  If  a  cyanide  is 
preeenty  the  diluted  filtrate  yields  a  precipitate  when  supersaturated  with  nitric  acid 
(Bu^  Laboratory,  p.  345). 

CTAVm.    See  CflivoLiMB-BLiJa  (p.  431). 

CTAjrOCMV*    The  molecule  of  free  granogen  is  represented  by  the  formula 

C=N 


A 


=N 


On  the  formation  of  cyanogen  see  Otanides  (p.  531).  Prohde  is  of  opinion  that 
the  deleterious  action  of  the  fumes  of  burning  carbon  may  be  due,  not  only  to  the 
ozidfle  of  carbon,  but  likewise  to  cyanogen  produced  in  the  combustion ;  in  the 
imperfect  combustion  of  coal  he  has  detected  cyanogen  by  the  smell  (ZeiUchr.  /. 
Ckm.  [2]  ii.  540). 

TroQst  a.  Hautefeuille  (Compt.  rend.  Ixvi.  735,  795 ;  ZeUschr.  f.  Chtm.  [2]  iv.  420) 
bave  studied  the  formation  of  cyanogen  and  paracyanogen  by  the  decomposition  of 
the  cyanides  of  mercury  and  silver,  and  have  obtained  results  differing  in  several 
particulars  from  those  of  Thaulow  (iv.  842).  When  mercuric  cyanide  is  decomposed 
IB  sealed  tubes  at  different  temperatures,  the  relative  quantities  of  cyanogen  and 
paiaejanogen  produced  vary  according  to  the  temperature  and  pressure,  the  largest 
I«t)poition  of  paracyanogen  being  formed  at  a  comparatively  low  temperature  (350°) 
and  under  high  pressure.  Silver  cyanide  begins  to  decompose  at  a  little  above  850°. 
When  slowly  heated  to  440°,  and  kept  at  that  temperature  for  some  time,  it  decom- 
poses writhout  fusion  or  incandescence.  If  the  decomposition  be  performed  in  a 
vacuum,  17  p.  c  of  the  cyanogen  evolved  is  converted  into  paracyanogen;  under 
ordinary  atmospheric  pressure,  20  p.  c. ;  and  in  sealed  tubes  under  a  pressure  of 
60  atmoepheres,  64  p.  c.  If  the  silver  cyanide  be  slowly  heated  to  600°  under 
the  ordinary  pressure,  it  likewise  decomposes  without  fusion  or  incandescence,  but 
both  these  emscts  are  produced  when  it  is  very  quickly  heated.  In  both  cases, 
however,  more  than  half  the  cyanogen  is  evolved  as  gas,  the  quantity  of  paracyanogen 
formed  never  exceeding  41  p.  c.  When  the  cyanide  is  heated  to  the  same  temperature 
in  sealed  tubes,  the  pressure  then  amounting  to  about  80  atmospheres,  76  p.  e. 
paracyaDOgen  is  obtained.  The  paracyanr^en  is  merely  mixed,  not  combined,  with 
the  reduced  silver,  for  the  latter  may  be  easily  extracted  by  trituration  with  mercury. 
The  cyanogen  gas  obtained  from  silver  cyanide  has  exactly  the  same  properties  as 
that  from  mercuric  qranide. 

The  beet  way  of  preparing  paracyanogen  is  to  heat  mercuric  cyanide  in 
portions  of  5  grms.  in  sealed  tubes  to  440°  (in  boiling  sulphur)  for  24  hours.  About 
40  p.  c  of  the  cyanogen  is  then  converted  into  paracyanogen,  which  at  that 
temperature  remains  quite  unaltered.  It  may  be  freed  from  mercury  by  heating  it  to 
440°  in  a  stream  of  cyanogen  gaa. 

Paracyanogen  heated  to  860°  is  completely  converted  into  gaseous  cyanogen,  which 
eondenses  to  a  liquid  in  the  colder  parts  of  the  sealed  apparatus.  When  heated  in  a 
vacuum  to  only  440°,  it  gives  off  gaseous  cyanogen  condensed  in  its  pores,  but  the 
actual  conrenion  of  the  paracyanogen  into  cyanogen  does  not  begin  till  it  is  heated  to 
about  500^ ;  above  550°,  a  perceptible  though  very  slow  decomposition  into  carbon 
and  nitrogen  takes  place.  lEjEperiments  made  between  502°  and  640°  showed  that 
paracyaoogen,  within  certain  limits  of  temperature,  is  partially  converted  into 
cyasogen,  and  that  this  conversion  attains  its  limit  as  soon  as  the  cyanogen  exerts 
upon  the  paracyanogen  a  pressure  determinate  for  each  temperature.  The  conversion 
of  pflracjaofigen  into  cyanogen  takes  place  very  quickly,  but  that  of  cyanogen  into 
porBfcyanogen  is  very  slow.    The  most  fiivourable  temperature  for  the  conversion  of 
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cyanogen  into  parac3ranogen  is  about  500^ ;  bat  it  takes  place  at  440^,  or  even  at 
360®,  though  very  slowly. 

Reactions  of  Cyanogen. — 1.  When  cyanogen  gas  is  passed  into  strong  aqueous 
hydrochloric  acidf  the  liquid  after  some  hours  deposits  crystals  of  oxamide, 
CN^H^O*,  while  a  small  quantity  of  ammonium  oxalate  remains  in  the  liquid. 
Strong  aqueous  hydriodio  acid  treated  with  cyanogen  also  rery  quickly  yields 
oxamide,  iodine  being  likewise  separated,  while  hydrocyanic  acid  and  ammonium 
iodide  remain  in  solution  (Schmitt  a.  Qlutz,  Zeitachr,/,  Chem.  [2]  iv.  480).  According 
to  Berthelot  {Jahresb.  1867,  p.  347),  cyanogen  and  aqueous  hydriodic  acid  yield  as 
chief  products  ammonia  and  ethane : 

C«N«  +  6H«  =  2NH«  +  C«H«, 

together  with  oxalic  acid  and  its  products  of  decomposition.  When  a  mixture  of 
cyanogen  gas  with  12  vol.  hydrogen  iodide  is  heated  for  an  hour  to  dull  redness, 
the  cyanogen  is  resolved  into  nitrogen  and  carbon,  which  latter  is  deposited  in 
graphitic  scales. 

Nascent  hydrogen,  evolved  from  hydrochloric  acid  and  tin,  converts  cyanogen  into 
ethylene-diamine,  CN"  +  H"  -  N«(C«H«)'^*  (Fairley,  Chem.  Soc,  J.  [2]  ii. 
362). 

cnrAVOOBV  B&OBKZBa.  CNBr. — ^This  compound  may  be  prepared  in  the 
same  manner  as  the  solid  chloride  (injra)  bv  passing  bromine-vapour  into  a  mixture 
of  1  pt.  hydrogen  cyanide  and  4  pt«.  annydrous  ether  (Oautier).  The  crystals 
CNBr,  heated  in  a  sealed  tube  to  130^-140°  for  six  or  eight  hours,  are  converted,  with 

Partial  decomposition,  into  an  amorphous  mass  coloured  yellowish  by  free  bromine^ 
'he  same  product  is  more  easily  obtained,  and  as  a  perfectly  white  mass,  by  heating 
the  crystallised  bromide  with  anhydrous  ether.  It  is  a  polymeric  modification,  most 
probably  C'N'Br*,  insoluble  in  benzol  and  absolute  alcohol,  nearly  insoluble  in 
anhydrous  ether,  melting  at  a  temperature  above  300^,  and  boiling  at  a  still  higher 
temperature,  but  apparently  not  volatilising  without  decomposition.  When  expoeed 
to  moist  air  or  heated  with  water  to  100°  in  a  sealed  tube,  it  is  converted  into 
cyanuric  acid  (Eghis,  Zeitschr,  f,  Chem,  [2]  v.  376). 

The  great  diversities  of  melting  point  (4°  to  40®)  assigned  by  different  chemista  to 
ordinary  cyanogen  bromide  (ii.  277)  may  perhaps  be  attributed  to  admixture  of  this 
polymeric  modification. 

OTAirocmw  CH&omina.  The  liquid  chloride  has,  according  to  Salet  (BuU. 
8oo.  Chim.  [2]  iv.  105),  the  vapour-density  2*13,  whence  its  molecular  formula  is  GNCl 
(calc.  2*129) :  it  follows  therefore  that  the  gaseous  chloride  is  merely  the  vapour  of 
the  liquid  chloride.  Gautier  {ibid,  v.  403)  prepares  the  liquid  chloride  by  rapidly 
passing  chlorine  into  a  mixture  of  1  pt.  hydrogen  cyanide  and  4  pts.  water,  contained 
in  a  retort  connected  with  an  inverted  condenser.  If  the  stream  of  chlorine  be 
interrupted  as  soon  as  the  liquid  turns  green,  the  formation  of  the  intermediate 
compound,  2CyCl .  CyH,  is  prevented,  and  the  whole  of  the  hydrocyanic  acid  is 
converted  into  the  oily  chloride.  The  product  is  purified  by  distillation  over  mercorio 
oxide  as  in  Wurtz^s  .method  (ii.  280). 

According  to  Begnault,  liquid  cyanogen  chloride  boils  at  12*66^,  under  a  pressure 
of  760  mm.  and  solidifies  at  about  —  7®  {Jahresb.  1863,  pp.  70,  74). 

To  prepare  solid  cyanogen  chloride,  CN'Cl",  Gautier  passes  a  slow  stream  of 
chlorine  into  a  mixture  of  1  pt.  hydrogen  cyanide  and  4  pts.  anhydrous  ether. 
Viscid  drops  are  then  formed,  which  soon  solidify,  even  if  there  is  no  excess  of 
chlorine  present.  After  24  hours'  rest,  there  is  obtained  an  aggregate  of  well-defined, 
apparently  monoclinic  crystals,  having  the  consistence  of  wax.  If  the  solution  of 
the  hydrogen  cyanide  is  too  concentrated,  or  the  stream  of  chlorine  too  rapid,  or  if 
the  liquid  be  heated,  the  product  obtained  after  evaporating  the  ether  is  a  pasty 
deliquescent  mass,  which  gives  off  hydrochloric  acid  on  exposure  to  the  air.  Solid 
cyanogen  chloride  melts  at  140^  and  solidifies  again  at  130®. 

cnrAVOCm  SB&nZBB,  (CN)'Se,  is  formed  on  introducing  dry  silver  cyanide 
into  a  solution  of  selenium  bromide  in  carbon  bisulphide.  It  is  sparingly  soluble  in 
that  liquid,  and  crystallises  therefrom  in  colourless  or  light  yellow  laminsB  having  a 
satiny  lustre.  When  exposed  to  moist  air,  they  turn  red  from  separation  of  selenium. 
Boiling  water  decomposes  the  compound  immediately  into  selenium,  selenious  acid, 
and  hydroqranic  acid ;  fused  with  potash  it  gives  off  ammonia  and  leaves  a  red  residue 
of  potassium  selenide  (R.  Schneider,  Ptigg,  Ann.  cxxix.  364). 

crrAXroOBV  BV&PBZDB,  (CN)'S,  is  formed  in  like  manner  (together  with  an 
easily  <lecompoBible  compound)  by  adding  2  pta.  silver  cyanide  to  1  pt.  sulphur 
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chloride  mixed  with  10  to  12  pts.  carbon  bisulphide,  and  separates  firom  the  heated 
and  filtered  liquid  in  colourless  himin»  haying  a  pungent  odour.  It  decomposes 
spontaneously,  losing  its  penetrating  odour,  and  yielding  a  yellow  substance,  probably 
pMudosulphoeyanogen  (Schneider,  lie.  eit, ;  also  ZnUoha^.f,  Ckem,  [2]  ir.  604). 

cnrAJromXO  A<n».  C^'HH)*.— Formation  from  cyamelide  (p.  517).  The 
OTBtals  of  anhydrous  cyanuric  acid  thus  obtained  are  quadratic  oetohedrons 
(Voit,  Jakruh.  1864,  805) ;  those  of  the  hydrated  acid  are  monoclinic  (ii.  289). 

The  cyanuric  ethers  described  in  vol.  ii.  pp.  292-294 


are  properly  carbo-triamides,  e.g,  ^'  }/n*m\t»  ^^  ^^  resolved  by  boiling  with  alkalis 

into  carbonic  add  and  the  corresponding  monamines.    The  true  cyanuric  ethers  or 

!N* 
yQpx„  hare  recently  been  discovered  by  Hofmann  {Ikut. 

Chem.  Ots.  Bar.  1870,  269 ;  ZeUtehr.  f.  Chem.  [2]  vi.  492).  They  are  formed,  together 
with  the  alcoholic  cyanates  (p.  519),  when  gaseous  cyanogen  chloride  is  passed  into  a 
snlution  of  sodium  methylate,  ethylate,  &c.,  in  the  corresponding  alcohol,  and  are 
resolved  by  boiling  with  alkalis  into  cyanuric  acid  and  in  alcohol ;  e.g.  (CN)*(OCH')' 
+  SH*0  =  (C1J)«(0H)»  +  3CH»0H.  Phenyl  cyanurate,  (CN)»(OC«H»)*,  is  obtained 
hj  the  action  of  cyanogen  chloride  on  sodium  phenate  dissolved  in  absolute  alcohol. 
All  theee  ethers  are  ciystalline.  The  formation  of  the  methylic  and  ethylic  cyanuratoa 
is  accompanied  by  that  of  ethers  of  amido-  and  dlamidoH^nuric  acid. 

CTAJnOWZSa.  wCH^N.  Kifopkmine  {m.  449).— This  compound,  which 
Goes  obtained  by  heating  potassium  cyanate  with  benzoyl  chloride,  is  also  mroduced 
hy  heating  benxonitrile  bromide,  CH*NBr  (or  the  precipitate  thrown  down  by  water 
from  the  alcoholic  solution  of  the  crude  product  obtainea  by  the  action  of  bromine  on 
benaonitrile),  with  lime;  also  by  heating  this  bromide  bv  itself  to  150°- 160^: 
oonseqnently  it  is  always  found  amongst  the  products  of  the  action  of  bromine  on 
benaonitrile  (Engler,  Ann.  Ch.  Pharm.  cxzziii.  137). 

Cloex  assigned  to  t^aphenine  the  formula  C'H**N",  regarding  it  as  an  analogue  of 
cyanethine,  C*H'*N' ;  but  according  to  Engler  {ibid,  cxliz.  810),  this  supposed  analogy 
does  not  rest  on  any  satisfactory  foundation.  Cyaphenine  does  not  appear  to  form 
salts  with  adds ;  it  does  not  give  off  ammonia  when  boiled  with  aloohobc  potash,  and 
only  tj-aoes  when  heated  therewith  in  sealed  tubes  to  150°  [the  ammonia  which 
Qoez  obtained  was  perhaps  derived  from  the  decomposition  of  admixed  benzonitrile] ; 
and  when  heated  with  a  laige  excess  of  fuming  hydnodic  acid  in  sealed  tubes  to  220°, 
it  yidds  only  benzoic  acid  (not  a  polymeride  thereof)  and  a  very  small  quantity  of  an 
oil,  probably  hexane. 

C**H>'. — See  BxNZEmB,  Hokoloottss  of  (p.  302). 

This  base,  discovered  by  Barlow  and  obtained  by  reduction  of 
nitrocymene,  is  isomeric  fnot  identical,  as  stated  in  vol.  ii.  p.  297)  with  monocymyl- 
amine,  which  is  producea,  together  with  di-  and  tri-cymylamine,  by  the  action  of 
ammenia   on    ^myl    chloride.      Regarding    cymene    as    methyl  -  propyl  -  benzene, 

^^*i  CH"  ^^  difference  of  structure  between  the  two  isomeric  bases  may  be  repre- 
seniea  bj  the  followiog  formulae : 

pjinltUne.  CymyUunioe. 


A  zirconium  siUcate  found  in  the  granite  of  Bockport,  Massa- 
cfauaetta,  in  brown-red  ciystab  similar  to  those  of  the  zircon  of  Expailly,  but  having 
their  end-faces  curved  (hence  its  name).  Sp.  gr.  3*895  to  404  (CSooke) ;  3*850  to  8*970 
(Knowlton).  Hardness,  before  ignition,  5  to  5*5 ;  after  ignition,  7  to  7*5.  Gives  by 
analyaiB,  26*18  to  26*48  silica,  6000  to  61*83  ziroonia,  and  4*55  to 4*58 water,  together 
with  small  quantities  of  the  oxides  of  the  cerium  metals,  iron,  uranium,  and  tin,  and  traces 
of  oo{^r,  manganese,  magnedum,  and  fluorine  (Knowlton,  SiU.  Am.  J.  [2]  xliv.  224  ; 
JaJtretb.  1867,  p.  988). 

cmnora.  C**H*^'0  (Husemann  a.  Marm^,  Zeittchr.  f.  Chem.  [2]  i.  161 ; 
Hueemann,  ibid.  v.  677). — A  poisonous  alkaloid  occurring  in  the  ripe  seeds  of  Cytiaus 
Labttmum,  and  other  species  of  the  same  genus ;  obtained  in  an  impure  state  bv 
ChevalUer  a.  Lassaigne  (ii.  301).  To  obtain  it,  the  extract  of  the  seeds  prepared  with 
slightly  addulated  water,  purified  by  predpitation  with  basic  lead  acetate,  and 
evaporated,  is  mixed  with  tannic  add ;  the  resulting  precipitate,  mixed  with  lithaige 


*o/f  ir  fvi  -♦•*r  "lift  'r^^^^-^.arh.  i^  T«'ar.»fi  "arrii  iljnhoL  triicii  iispolTTa  intriie 'rr^'siaM r 
*jv;  ,i<'  ■v>'.ir,*jn  *"  i»>  nrwt  '>•>  a.  4''-Lp  u»  ■*rr".mE''  uitluiated  irzn.  mrmr  -u:::!!  *Tit 
•»»  «vl  r'.»  d  v>  H  r-ii.  ^-<*4*,i  iM  A..*MiJ.L  Toa  «aan.jii  mas  'lotaionL  iirac  b^i^^g 
^.•/•^.-ifjiiri  r^ff.m  *  rwiinr.iui  WI7  wi:«»ii  apporacasa  an  -ifMiiiiur,  yreiiUi  in  abamiant  .3T«al- 
1  Mui  .r>n  f^Y  ^^'*  m.v»  ..r.nr*%.  -ar"!.*'*.  ^.';'  r»c*Kif«i*i  «!rystA4l:»it;on  imm.  builxm;  wacar.  3 
*-,»,»,-.  %j»if   n  .ar^*   '»/> « 'ir'.»*3«  weil-leiiarti  isrj'jraLS,     TLiia  dolt  •icei,  ptuTeKaiSG.  *ad 

»'//<<  n  faw/vl  ir/n  p^.rjwn,  ami  a.r«r  separation  and  nnams  na  beibrc.  •»  jtffc  5-r  si'ia* 
t'^u**  ,n  *n  A.tm'.««r*rn%rft  <v^ntAiainar  earhoniC  acid,  tii  crnvert  the  lT*e  ui>t;atia.  wii:a 
M/rr.«»i«*»«c  ^A  If.  »rtf/i  (tar V.natA  :  la-^rij,  it  i»  <l:a«oived  in  absolute  -Aic*jhoL  anti  dit»  aoiTitioa 
1 4  Avip/>f^t>y!  v>  a  .47 rip,  vtiereap'^a  :t  aouiiidtia  an  coiunff  ca  a  .iag-giiTig  wiuci!  cxy^Etal- 

^^/♦..^utA  i«  n^»r.  ii#*i>,'iA««c«nt.  It  has  a  bitterah  canatfc  taste^  melt3  at  1.54' J^  •  <Mrr-V 
fiiftf\  4(i(»tim«*!ii  wiiAn  Oiutioiulj  !i<»ar^i  in  very  XJiui  flexicLe  oeetLies  ixr  Lt-m n;^  It 
'1 1  •*<«'.} ^^-ji  m  w  iter  and  aiCf>nol  in  almost  all  pmp<:rtioiiii.  bat  ia  neorij  in2*oi.u.l  Le  in 
AM.ff  <*ht/>rof«'»fm,  bftnzi'il,  and  carbon  bijolp'oiiia.  It  la  one  of  the  stroiuEe^  o*  the 
vyAt/,.i^;k;tiM/'i4,  A^xp^-liinflr  ammonia  frr^m.  lU  aaltd  eren  at  ordinary  Cempezaaxrea.  It 
iU^"<  A/.t  ft-Ancf.  mpric  oxide. 

('.yy\H\uf.  \n  a  j<»iyAr'.'l  haae.  Thft  only  one  of  ita  saica  that  oystalliises  w«il  is  the 
myfrau,  r:^'»H''N»0.2HN'0'  +  2H^,  which  aeparatea  from  water  or  dilute  aLc.ihol  in 
triK-'k  f.rariRparent  pr.ftmA.  It  haa  a  more  bitter  taste  than  tiie  oree  base,  dissoi-rea  in 
)^«4  than  itj*  ''twn  Wf'.itrhf.  of  hoiliruF  water,  and  crystallises  ont  almost  coaLpieteix  on 
t'/inMu^.  ir  in  Aiisrhtiy  w>l  a  hie  in  dilate  alcohol,  quite  inaoloble  in  afaeohite  aicoh^ 
KrA  in  ffi\\Kt.  Th«^  «alpri^te.  phosphate,  formate^  acetate,  propionate,  bntyrate, 
t/fl'TatA.   oxalate,   aiv^l   tartrate,  are  all  deliqaeecent  and  impoasibLe  or  di^Lrnlt  to 

ThA  hydtfMihfj/ride  ia  eaaily  aoluble  in  water,  leaa  aolnble  in  abe<:>lnte  alcohoL  The 
ikiliitioT)  <yra(K>mti^l  over  the  water-bath  leaves  a  salt  whicit,  after  dryii^  at  120^, 
iv^nUinii  (;»*iP'N»0.»HCl.  The  piatMcehioricU,  C»H'^> *0 . 2Ha . PlO*.  ia  precipt- 
fjifytrj  in  r>rAn((e'yf;l  low  flocks,  ipTMlnally  chan^og  into  aa  aegregate  of  microeoopie 
T\f^]]fn.  Thfi  mot h^TT' liquor  yieMs  on  evaporation  light  yellow  crvstalline  nodules 
r/;nUiriinjc  C'*JP^S«0.4HCl.Pta*.  The  auroeUuride,  C»H*TW . 2fla . 2 AnCl«, 
fttrtnn  tiifu  of  n\f.nt\er  needles.  Mercuric  chloride  fonoa  no  precipitate  in  solntiona  of 
\hh  hyrlrrichloride ;  but  on  adding  it  to  a  solntion  of  the  &ee  base  containing  not 
inttTty  than  1  pt.  in  1,000,  it  throws  down  a  white  precipitate  of  the  eompoand 
C*^lf  N'0 ,  2irgCl*,  which  gradnally  changes  into  hard  nmndiah  oystallino  masses, 
easily  n^iluble  in  hydrochloric  and  in  nitric  acids. 

iifiactions  of  Cytiaine. — Potassio-eadmie  iodide  and  potoMdo-wiaTurie  iodide 
j/rorJuce,  evftn  in  very  dilute  Bolntions  of  the  nitrate,  white  iloecnlent  nreeipitateB,  after- 
wardn  l;ecoming  cryiftAlline.  A  solution  of  iodine  in  potassinm  iooide  fenns  in  the 
weakest  solutions,  a  dark  red-browo  precipitate,  amorpnons  at  first,  but  oonverted  on 
standing  into  beautiful  dark  red  translucent  prisms.  Bnnmme-waier  is  an  equally 
delicate  test,  producing  a  fiery  orange-yellow  nrecipitate,and  a  slight  toibidity  even  in 
solutions  dilute  16,000  times.  Sodium  pnotphomolyhdate  forms  in  the  strongly 
acidulated  solution  a  yellow  precipitate  ;  tannic  acid  fonns  little  or  no  precipitate  in 
acid  solutions,  but  in  a  solution  neutralised  with  soda  it  forms  a  copious  white  floocn- 
lent  precipitate.  An  alcoholic  solution  of  picric  acid  forms  with  the  free  base  or  the 
nitrate,  a  light-yellow  precipitate  which  soon  becomes  crystalline.  Strong  sulpkurie 
acid  dissolves  cytisine  without  colour.  On  adding  to  the  solntion  small  pieces  of 
potassium  dichromate^  it  assumes  a  pure  yellow  colour,  changing  to  dirty  brown  and 
finally  to  green  ;  sodium  molybdate  produces  no  alteration  ;  a  drop  of  nitric  aeid  colours 
the  solution  orange-yellow  after  a  few  minutes. 

The  unripe  seeds  and  pods  of  the  laburnum  contain  another  basic  substance  called 
labur nine,  likewise  poisonous,  but  less  powerfully  basic  than  qrtisine.  To  obtain 
it,  the  aqueous  extract,  purified  with  basic  lead  acetate,  is  precipitated  by  sodium 
phosphomolybdate,  and  the  precipitate,  after  drying  with  chalk,  is  boiled  with  aloohoL 
The  base  separated,  for  further  purification,  from  its  platinum  salt,  forma  light  crystal- 
line groups  of  hydrated  monoclinic  prisms.  It  is  very  soluble  in  water,  dissolvee  with 
difficulty  in  alcohol,  scarcely  at  all  m  ether,  and  gives  off  ammonia  when  treated  with 
potash,  even  at  ordinary  temperatures  (Husemann  a.  Marm^,  loc,  cit.). 
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Greenstone-trachyte  occurring  at  seyeral  localities  in  Transylvania 
{Jahrub.  1867,  p.  1020). 


C«Qi«0'. — ^An  acid  of  the  acrylic  series,  extracted  by 
Stadeler  (ii.  801),  together  with  damolic  acid,  from  cows*  urine.  According  to  W. 
Werner  {Zeitschr.f,  Chem,  [2^  ir.  413),  it  crystallises  in  rhomboidal  needles  melting  at 
bQI°-&y*t  or  by  evaporation  m  a  vacaiim,  in  prisms  which  melt  at  39^-40^  when 
recently  crystallised,  but  whose  melting  point  rises  to  50°  after  they  have  been 
exposed  for  some  time  to  the  air.  This  pnsmatic  modification  is  optically  Isevogyrate, 
the  ordinary  modification  dextrogyrate. 

Damalunc  and  damolic  adds  are  obtained  in  the  same  preparation  as  taorylic  acid 
(t.  701).  The  oily  mixture  of  these  acids  is  agitated  with  sodium  carbonate ;  the 
evaporated  saline  solution,  freed  from  tauiylic  acid  by  agitation  with  ether,  is  dis- 
tilled with  sulphuric  acid ;  and  the  distillate  is  saturated  with  barium  carbonate.  The 
filtered  solution  deposits,  first  crystals  of  barium  damolate,  then  the  damalurate — from 
which  the  pure  acid  may  be  obtained — and  lastly  salts  of  fatty  acids  more  or  less 
impure  (StiUieler). 


kOVZTB.  C*H"0»  (A.  Girard,  Compt  rend.  Ixvii.  820).— A  crystallised 
saccharine  substance  existing  in  a  peculiar  kind  of  caoutchouc  exported  from  the  French 
colony  of  Gaboon  on  the  west  coast  of  Africa.  This  caoutchouc,  which  differs  in 
appearance  from  other  species,  is  not  obtained  from  trees  of  the  genus  Ficus,  or  from 
Euphorbiaces,  but  from  climbing  plants  the  botanical  species  of  which  is  unknown. 
The  exuded  juice,  coagulated  by  exposure  to  the  air,  is  kneaded  into  loaves  called  by 
the  natives  rCdamho,  These  loaves  often  contain  a  white  liquid  which  gradually  alters, 
the  caoutchouc  then  losing  its  valu/ible  properties.  A  quantity  of  the  caoutchouc  thus 
altered  havii^  been  heated  to  convert  it  into  tar,  the  workmen  observed,  amongst  the 
condensed  volatile  products,  a  white  sweet  substance  crystallised  in  needles.  This 
substance  is  dambonite ;  it  exists  ready-formed  in  the  Gaboon  caoutchouc.  The  pure 
recently  imported  caoutchouc-juice,  if  evaporated  at  a  gentle  heat,  dries  up  to  a 
coloured  crystalline  mass,  from  which  the  pure  dambonite  is  easily  extracted  by  solution 
in  alcohol.    The  sample  examined  by  Girard  yielded  0'5  p.  c. 

Dambonite  is  white,  easily  soluble  in  water  and  in  alcohol  of  ordinary  strength, 
sparingly  soluble  in  absolute  alcohol.  It  melts  at  190°,  and  when  cautiously  heated 
sublimes  at  200°-210°,  without  decomposition,  in  long  slender  shining  needles.  From 
alcohol  it  crystallises  in  six-sided  prisms;  ifrom  water,  with  difficulty,  in  oblique 
tyrisms  containing  2OH*0'.3H'0.  Dilute  sulphuric  acid  does  not  act  upon  it;  the 
not  strong  acid  carbonises  it ;  cold  nitric  acid  dissolves  it  without  alteration  ;  hot 
nitric  acid  oxidises  it  to  oxalic  and  formic  acids.  Concentrated  alkalis  do  not  act 
upon  it  even  at  100°,  but  they  considerably  diminish  its  solubility  in  water.  Lime- 
water,  baryta-water,  and  lead  acetate  give  no  precipitates.  It  does  not  reduce 
alkaline  cupric  solutions,  and  is  not  susceptible  either  of  alcoholic  or  of  lactic  fermen- 
tation. It  unites  with  potassium  iodide ;  a  mixture  of  the  warm  alcoholic  solutions  of 
the  two  bodies  deposits,  on  cooling,  beautiful  crystals  of  the  compound  KI.  2C^H'0'. 


i&  C"H*0'  (Gerard,  loc.  cit). — Dambonite  is  decomposed  by  hydriodic 
ftcid,  even  at  ordinary  temperatures,  and  quickly  at  100°,  by  hydrocnloric  acid  also  at 
110°,  yielding  methyl  iodide  or  chloride  and  dambose,  a  crystallisable  sugar  isomeric 
with  glucose : 

C^H*0«  +  HI  =  CH«I  -h  C«H«0». 

To  prepare  dambose,  dambonite  is  heated  to  100^  in  sealed  tubes  with  excess  of 
fuming  hydriodic  acid ;  the  solution  decanted  from  the  separated  methyl  iodide  is 
mixed  with  alcohol  of  95  p.  e.,  which  precipitates  the  dambose  completely  as  a  white 
powder;  the  precipitate  is  washed  witn  alcohol  and  dissolved  in  a  small  quantity  of 
boiling  water ;  and  this  solutiop  is  mixed  with  100  times  its  volume  of  boiling  alcohol, 
llie  &mbose  is  then  deposited  on  cooling  in  beautiful  six-sided  prisms.  It  is 
easily  soluble  in  water,  though  less  soluble  than  dambonite,  and  crystallises  from 
water  in  rather  thick  anhydrous  prisms,  whereby  it  is  distinguished  from  inosite, 
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which  it  otherwise  resembles.  It  is  very  slightly  Boluble  u  aqueous  alooliol,  insdliible 
in  absolute  alcohol. 

Dambose  is  a  very  stable  substance,  not  being  decomposed  at  230^,  at  which  temper- 
ature however  it  melts  and  begins  to  become  coloured ;  at  a  higher  temperature  it 
suffers  decomposition.  It  is  not  fermentable.  Bromme  does  not  attadt  it  at  160^,  but 
at  180®  hydrobromic  acid  and  a  brominated  sabstitation-prodact  are  formed.  Pioe- 
phorus  pentachloride  attacks  it  at  150®,  forming  hydrochloric  add  and  a  product 
smelling  like  camphor.  Fuming  nitric  acid  dissolves  It  without  alteration  at  oirdinaiy 
temperatures,  but  boiling  nitric  add  converts  it  into  oxalic  add. 

Ihimbose  triturated  with  cold  strong  sulphuric  acid  dissolves  to  a  oolonrleos  syrap 
which,  when  diluted  with  water  and  neutzalised  with  barium  or  lead  carbcmate,  yieldijB 
easily  soluble  gummy  salts,  which  are  permanent  at  150®,  and  are  precarotated  by 
alcohol  from  their  aqueous  solutions.  The  barium  salt  contains  C*H*^3*0"Ba  » 
rSO'    0) 

Ba    ^  0* ;  the  lead  salt,  C*H>1SK)»Fb.    Iktmbosulpkurie  acid  separated  fram 
,S0«    o) 

either  of  those  salts  dries  up  in  a  vacuum  to  a  thick  syrup,  which  diaaolTes  in 
water  and  in  alcohol,  and  decomposes  in  moist  air,  with  separation  of  damboee.  This 
acid  instantly  reduces  alkaline  cupi^c  solution,  a  property  not  exhibited  by  free 
dambose. 

Concentrated  alkalis  do  not  act  upon  dambose  at  ordinary  temperatures,  and  metaUie 
salts  do  not  precipitate  its  aqueous  solution ;  but  on  adding  an  alcoholic  solution  of 
ammoniacal  lead  acetate  to  an  aqueous  solution  of  dambose,  a  white  predpitate  soluble 
in  water  is  produced,  which  when  dried  at  120®  has  the  composition  (C9HD)*Pb.PbO. 
In  like  manner  a  solution  of  baiyta  in  wood-spirit  forms  a  white,  easily  deoom- 
posible  precipitate,  which  when  dried  at  110®  appears  to  have  the  composition 
(C»H«0»)BaO. 

The  reactions  above  described  show  that  dambose  is  a  polyatomic  alcohol,  and 
dambonite  its  methylic  ether : 


C»H" 


roH 

fOH 

>H»)"'- 

OH 

(C'H*)'" 

OH 

OH 

OCH» 

Dambo 

oe. 

Bambo 

nite. 

A  mineral  resembling  rhodonite,  occurring  in  the  granite  of 
Bockport,  Massachusetts ;  flesh-coloured  to  grey,  translucent,  brittle,  with  slightly 
concho'idal  fracture ;  hardness  5'6  to  6  ;  sp.  gr.  8*427.  From  its  internal  crystalline 
structure  it  appears  to  consist  of  holohedral  forms  of  the  regular  system.  Analysis 
gave  81-73  p.  c.  SiO«,  27*40  FeO,  17*51  ZnO,  6*28  MnO,  18-88  GIO  and  6*48  S 
(  —  102*28),  whence  it  is  inferred  to  be  an  isomorphous  mixture  of  a  regular  silicate 
with  the  sulphides  of  zinc  and  iron,  and  perhaps  of  manganese :  (MO  .GlO)SiO'  +  MS 
(J.  F.  Ck)oke,  jun.,  801,  Am,  J,  [2]  xlii.  73). 


and  BAVBWBTZir  (ii.  803).  According  to  Bochleder  (Wien, 
Akad,  Ber.  xlviii.  [2]  236  ;  Jahresh.  1863,  p.  591),  daphnin  is  isomeric  or  polymeric 
with  ffisculin,  and  daphnetin  dried  at  100®  with  hydrated  sesculetin.  Daphnetin  dried 
at  220®  in  a  stream  of  carbon  dioxide  gives  off  1  mol.  water,  and  has  then  the  same 
composition  as  sesculetin. 

saOTXiZO  OOKPOmrSB.  Compounds  derived  from  the  fundamental  hydro- 
carbon C'*H**,  decyl  hydride  or  diamyl  (p.  106).  This  hydrocarbon,  obtained  by 
Pelouze  and  Cahours  from  American  petroleum,  and  by  Wurtc  by  treating  diamylene 
with  bromine  (Addenda,  vol.  t.  p.  1090),  is  likewise  produced  by  the  action  of  hydriodic 
acid  on  coal-tar  cymene,  C'^H** ;  and,  together  with  other  hydrocarbons  of  the  same 
series,  by  the  action  of  hydriodic  add  on  naphthalene,  C*"H*,  and  acenaphthene,  C"H'* 
(Berthelot,  Jahresh.  1867,  pp.  346,  692,  696,  710). 

Decylene,  C^H**,  produced  by  the  action  of  alcoholic  potash  on  decyl  chloride, 
C'»H"C1  (v.  1091),  unites  with  bromine,  forming  C>«H"Br*,  which  when  heated  till  it 
begins  to  decompose,  and  then  treated  with  alconolic  potash,  yields  a  mixture  of  decy- 
lene  precipitable  by  water,  and  bromodecylene,  C><^H>*Br.  This  last  compound, 
separated  by  fractional  distillation,  is  a  colourless  liquid  which  gradually  turns  brown, 
has  a  sp.  gr.  of  1*109  at  16°,  and  boils  at  about  216®.  Heated  for  six  hourrto  180®  in 
closed  vessels  with  a  saturated  alcoholic  solution  of  potash,  it  yields  a  mixture  of 
ethyl-decenylic  ether,  (C2H»)(C"H'»)0,  and  dec«sylene,  C»»H»«,  which  may  be 
separated  by  fractional  distillation  finally  over  sodium.  Decenylene  has  a  faint 
alliaceous  ooour,  boils  at  about  166®,  and  when  treated  with  bromine  in  a  cooled  vessel, 
forms  at  first  the  liquid  dibromide  C'^H'^Br*,  which  by  several  hours*  contact  with 


BEHTDRACETIC  ACID— DIALURIC  ACID.  643 

•xeeas  of  bromine,  is  oonrerted  into  h  thick  oily  tetnbromide,  C**Hi*Br«  (Rebonl  a. 
Trnchot,  Bull.  Soe,  Chim.  [2]  viii.  422). 

naKTraACano  AOm.    C*H*CH  (Geather,  Jenaische  Zeittckr.  ii.  387 ;  ir. 
241 ;  Jakreib.  1866.  p.  803 ;  ZeiUchr.f.  Chem.  [2]  it.  866).— An  acid  said  to  be  produced 


dioxide  on  sodium  methyldiacetate  at  170**.  To  prepare  it,  the  brown  Bubstance  which 
remains  when  sodium  ethyldiaoetate  is  heated  in  a  stream  of  carbon  dioxide  is  dis- 
solred  in  water;  the  solution,  freed  from  colouring  matter  by  agitation  with  ether,  is 
■upersaturated  with  hydrochloric  or  acetic  acid ;  and  the  dehydracetic  acid  then^by 
separated  is  purified  by  recrystallisation  from  ether,  and  then  from  water ;  it  is  thus 
obtained  in  orthorhombic  crystals.  It  melts  at  108-6<*-109°,  boils  at  2696'',  dis- 
solves in  about  1,000  pts.  water  at  6**,  more  abundantly  in  boiling  water,  and  in 
alcohol  and  ether.  It  is  monobasic;  its  »odium  tali  C*H^O*Na+  H'O  forms  long 
needles  soluble  in  water ;  the  barium  salt  (C"H'0<)«Ba  +  H«0,  rhombic  tables ;  the 
calcium  salt  (C*H'0*)'Ca  (at  UO*^),  thick  rhombic  prisms.  The  solution  of  the 
barium  salt  forms  crystalline  precipitates  with  silver  nitiate,  zinc  acetate,  and  cupric 
acetate,  but  not  with  lead  acetate. 

J^MXtBMMMMMM.  This  alkaloid,  obtained  from  the  seeds  of  Delphinium  Staj^hiaagria 
(ii.  310),  has  the  composition  C^H'^NO';  its  platinochloride  is  nearly  white,  insoluble 
in  water,  ether,  and  alcohol,  and  contains  2(C««H«»N0».HCl).PtCl*  (J.  Erdmann, 
Jahretb.  1864,  p.  460). 

BSbVAVaUTB.  This  mineral  from  Li^  consists,  according  to  Church  (Chem, 
News,  X.  146),  of  2Fe*0».P»0»  +  3H«0  (at  100°).  The  air-dried  mineral  gives  off 
16*9  p.  c.  water  at  a  red  heat.  A  specimen  from  Nenacovic,  near  Lodenic  in  Bohemia, 
amdysed  by  R  Boricky  (Jahreib.  1867,  p.  1001),  exhibited  the  composition 
2CaO  P«0»+  6FeO«.P«0*+  16H»0,  assigned  to  the  mineral  by  v.  Haiier  (ii.  310). 

"  V.    C»*H"0.— See  B»raoiif  (p.  332). 

Of*  C"H'*0'. — ^A  crystalline  substance  produced  by  the 
action  of  dilute  sulphuric  acid  on  hydranisoi'n  or  isohydranisoin.  It  is  very  soluble 
in  alcohol  and  ether,  and  melts  at  96®  (A.  Kossel,  2ieii8chr.f.  Chem.  [2]  v.  662).  See 
Amsoix  (p.  176). 

PMVfTiTiTW.  A  caldo-cupric  sulphate  found,  together  with  langite,  in  Cornwall. 
(See  SuiJPKATxs.) 

BaJCTKZW.  Limpricht  {Jahresh.  1866,  p.  673)  has  obtained  this  substance  from 
the  flesh-juice  of  the  horse.  The  liquid  frmd  from  albumin  and  from  substances 
precipitable  by  baryta-water,  yielded  on  careful  evaporation,  first  crystals  of  creatine, 
then  a  gelatinous  mass,  from  which,  by  repeated  solution  in  water  and  precipitation 
with  alcohol,  dextrin  was  obtained,  exhibiting  all  the  properties  of  that  prepared  from 
starch.     200  lb.  of  the  flesh  of  a  young  horse  yielded  about  400  grains  of  dextrin. 

Dextrin  dissolves  in  acetic  anhydride  at  160®,  forming  triacetyl-dextrin, 
C'H'(C'H'0)'0*.  The  same  compound  is  formed  by  the  action  of  acetic  anhydride 
upon  starch  at  160®.  It  is  insoluble  in  water,  but  dissolves  in  glacial  acetic  acid, 
and  is  precipitated  therefrom  by  water  in  white  amorphous  flocks.  By  caustic  alkalis 
it  is  easily  resolved  into  acetic  acid  and  dextrin  (Scniitzenberger  a.  Naudin,  Compt, 
rend.  Ixviii.  814  ;  ZeUschr.f.  Chem.  [2]  v.  264). 

!•    Formation  from  acetonitrile  (p.  624). 
See  Alltl. 


L  A  substance  somewhat  resembling  disintegrated  cellulose,  obtained 
from  the  pericarp  of  a  Chinese  leguminous  plant  (a  species  of  IHalium).  It  swells  up 
in  water  to  a  bulky  colourless  jelly,  the  gummy  solution  of  which  is  not  precipitated 
b^  baryta-water,  biuic>lead  acetate,  or  alcohol.  The  desiccated  amorphous  substance 
dissolves  in  strong  sulphuric  acid,  but  does  not  thereby  acquire  the  property  of 
becoming  coloured  by  iodine  (Payen,  J.  Pharm.  [4]  iv.  339). 

HZJL&inUO  JLCZB.  C«H«K<0\— This  acid  may  be  regarderl  as  derived  from 
albxan,  C«H«N«0*,  by  fixation  of  2  at.  hydrogen,  or  from  barbituric  acid,  C'H«N«0», 
by  fixation  of  1  at.  oxygen  (v.  961).    It  may  also  be  regarded  as  tartronvl-urea, 

f(COr 
K*  (C^'O*)". 

Ih« 

To  prepare  dialuric  acid  from  uric  acid,  Baeyer  (Ann.  Ch.  Pharm.  cxxvii.  1)  converts 
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the  latter  into  alloxan  by  Schlieper^s  method  (treatment  with  hydiochloric  acid  and 
potassium  chlorate),  and  mixes  the  hot  eolation  of  the  alloxan  (decolorised,  if  neoeaeary, 
by  animal  charcoal)  at  once  with  a  solution  of  tin  in  hydrochloric  acid  oontaining  a  quan- 
tity of  tin  equal  to  that  of  the  uric  acid  employed.  A  quantity  of  hydrochloric  acid  ia 
then  added  sufficient  to  make  up  the  volume  of  the  mixture  to  4  litrea  for  each  pound  of 
uric  acid  used.  The  liquid,  after  standing  for  a  day,  deposits  dialuric  acid  (about  50 
p.  c.  of  the  uric  acid)  in  stellate  groups  of  short  four-sided  prisms,  having  a  faint 
yellowish  colour.  The  mother-liquor  does  not  yield  any  farther  quantity.  To  prepare 
dialuric  acid  from  alloxantin,  sodium-amal^un  is  added  to  a  thick  pulp  of  the  latter, 
with  constant  stirring,  as  long  as  any  action  takes  place,  and  the  sodium  dialurata, 
formed  according  to  the  equation, 

C«H*N«0'  +  2H«0  +  Na«  -  HK)  +  2C«H"NaN«0*. 

is  decomposed  with  hydrochloric  acid. 

Dialuric  acid  heated  with  acetic  acid  and  an  alkaline  nitrite  is  converted  into  allan- 
toin,  without  the  formation  of  any  other  organic  compound ;  probably  thus : 

2C*H*N*0«  +  4N0«H  =  C*H«N«0«  +  4C0«  +  3H«0  +  NK)«  +  N« 
Dialnrlo  Nitrons         AITantoifti, 

acid.  acid. 

(W.  Gibbs,  Zeitschr.f.  Chem.  v.  604). 

EO  AOZB.    See  Oxauc  Ethkbs  (iv.  276). 
and  BZAXTUnrB.    See  Axtl  and  Amtlbnb  (pp.  105  and  122). 
BZAIETI^-AOaTOWS.    See  Estonxs. 

See  Abbxttim  (p.  192). 

See  Aboxatic  Sbrds  (p.  207). 

See  Urio  Acid,  Dkuvatives  of  (v.  962). 
See  Bknztl  (p.  334). 


CN^H'O*,  is  produced,  according  to  Ponsgen  {Ann.  Ck, 
Pharm.  cxxviii.  339  ;  Jahresb.  1863,  353),  by  the  action  of  nitrous  acid  on  cyanuiva 
(cyano-carbamide)  suspended  in  water : 

CH»(CN)N»0  -H  NHO»  =  C*N«HK)»  +  H*0  +  N«. 

It  crystallises  from  hot  water  in  efflorescent  monoclinic  prisms  containing  3  mol. 
water.  It  is  bibasic,  forming  acid  and  neutral  salts,  e.Q.  C*N*HAgO*  and  C*N'Ag*0*. 
According  to  Hallwacks,  however  {Zeitschr.f.  Chem.  [2]  vi.  353),  Ponsgen's  cyanurea 
is  nothing  but  impure  ammelide,  and  his  dicyanic  acid  is  most  probably  identical  with 
cyanuric  acid. 

Hofmann  has  lately  shown  that  the  o^stalline  body  produced  on  bringing  phenyl 
cyanate  in  contact  with  triethylphosphine,  which  he  formerly  regarded  as  phenyl 
cyanurate  (iv.  611),  is  in  reality  diphenyl-isodicyanate  or  diphenyl  dicarbo- 
diamide,  N«(CO)»(C«H»)«  {Deut.  Chem.  Gcs.  Ber.  1871,  246). 

I.    See  Cyanaxidb  (p.  517). 


Di.  Atomic  Weight  96. — Bunsen  {P^ff.  Ann,  cxxviii.  100)  ha« 
made  a  very  exact  examination  of  the  absorption-spectrum  of  didymium  salts. 
As  the  breadth  of  the  dark  bands  varies  with  the  thickness  and  concentration  of  the 
absorbing  solution,  it  is  necessary  to  ensure  that  the  light,  in  its  passage  through  the 
liquid,  is  always  exposed  to  the  action  of  the  same  quantity  of  the  absorbing  substance. 
If  then  I  and  f  denote  the  thickness  of  two  transparent  layers  of  didymium  salt,  solid 
or  liquid,  and  d,  H  the  quantities  of  didymium  contained  in  a  unit  of  volume  of  these 
layers,  the  condition  just  mentioned  will  be  satisfied  \i.ld  ^  Tcf,  that  is  to  say,  if  the 
thicknesses  of  the  two  layers  are  inversely  proportional  to  the  quantities  of  didymium 
contained  in  them.  By  examining  the  spectra  of  various  didymium  salts  in  ordinary 
and  in  polarised  light,  with  a  verypoweriul  spectral  apparatus  (four  flint-glass  prisms 
of  60^,  and  three  of  45®)  and  a  magnifying  power  of  40°,  Bunsen  finds  that  the  dark 
bands  vary  in  breadth,  and  to  a  certain  extent  also  in  position,  accordingly  as  the  ordi- 
nary or  the  extraordinaiy  ray  is  used ;  with  unpolarised  li^ht  intermediate  results  are 
obtained.  Moreover,  the  positions  of  minimum  illumination  vaiy  according  to  the 
nature  of  the  salts:  in  didymium  chloride (molec.  wt.  167)>  didymium  sulphate  (mol.  wt. 
92),  and  didymium  acetate  (mol.  wt.  214),  the  bands  are  shifted  towaids  the  red  end 
of  tile  spectrum  in  the  order  of  the  molecular  weights  of  the  respective  salts.    The 
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positions  of  the  principal  abaorption-bands  on  Bunaen's  scale  (Spbcibal  AkaltsiSi 
ToL  T.  pb  S82)  an  as  fbllowB : 

«  49-^6;    $  71-75 ;    <  27-31 ;    y  91-93 ;    0'  »  76-80. 

The  others  ooenpy  the  dirisions  21-28,  30-81,  4l-*42,  68-89,  96,  98-101,  114-119. 
The  bands  «,  fi,  p,  y,  xemain  the  longest,  as  the  solution  is  more  and  moie  dilated. 
•  and  fi  are  the  bands  diseoT<ved  by  Gladstone  (ii.  822). 

Bunsen  has  also  devised  the  following  method  of  oDnrertin^  the  daik  bands  of  the 
absairption-spectram  into  bright  ones :  A  small  qnantitj  of  didyminm  oxide  is  ftised 
with  phosphorus  salt  in  a  loop  of  nUtinum  wire  so  as  to  obtain  an  amethyst-eoloued 
bead  free  fiiom  babbles,  and  this  oead  is  placed  belbre  the  slit  of  the  spectxoseope, 
between  an  incandescent  eapillazy  platinum  wire  serving  as  the  sooroe  of  li^t»  and  a 
small  ooDTex  lens  of  short  Ibcns,  lo  adjusted  as  to  throw  the  imsge  of  the  bead  upon 
the  slit.  The  stronger  absorption-bands  will  then  be  distinctly  seen,  especially  Di  a. 
If  the  bead  be  then  gradually  heated  by  a  non-lnminous  flame  placed  below  it»  the 
band  Di  m  will  increase  in  breadth  and  intensi^,  so  long  as  the  bead  does  not  become 
red-hot ;  Vnt  as  soon  as  the  temperature  of  bright  redness  is  attained,  this  band  dis- 
appears completely ;  and  if  the  inoandewent  platinum  wire  which  serves  as  the  source 
of  light  be  gradnally  moved  fiurther  of^  the  dark  band  a  will  be  replaced  by  a  similar 
but  InmiiKnis  band  upon  a  dark  ground.  Indications  of  a  similar  inversion  are  likewise 
exhibited  by  the  other  absorption-bands  {Ant^,  Ch,  Pkarm,  cxxxi.  265). 

QuantiiaHve  Ettimation.'^H^M  quantity  of  didymium  contained  in  a  mixtnre  may 
be  approximately  estimated  by  the  spectral  method,  vis.  by  dissolving  a  decigram 
of  the  sabstance  under  examination  in  an  acid,  placing  the  solution  in  a  calibnted 
test^tnbe  before  the  slit  of  a  spectroscope,  and  ascertaining  the  degree  to  which  it  must 
be  diluted  in  order  that  it  may  exhibit  an  absorpUon-spectrum  equal  in  intensity  to 
that  produced  by  a  solution  containing  a  decigpram  of  pure  didymium  oxide  in  every 
10  cubic  centimetres,  placed  in  a  tube  of  the  same  diameter  and  examined  by  the  same 
speetroeoope.  The  quantity  of  didymium  in  the  original  solution  may  then  be  calcu- 
lated by  a  proportion,  inasmuch  as  the  Quantity  of  water  added  to  it  will  be  greater 
or  less  in  proportion  to  the  quantity  of  didymium  present  (Bahr  a.  Bunsen,  Aim,  Ch» 
norm,  czxxvii.  1). 

Separation  from  Lanthanum. — No  exact  method  of  separating  didymium  from 
lanthanum  has  yet  been  disoovered,  but  the  following  approximate  method  is  gpven  by 
Bamoor  and  Deville  (Bull.  8oe.  CJUm.  [2]  ii.  839).  The  solution  of  the  mixed  nitrates 
is  evaporated  to  dryness  in  a  shallow  nlatinum  capsule ;  and  the  residue,  after  being 
heatea  for  a  few  minutes  to  400^-500^,  is  treated  with  water,  which  dissolves  chiefly 
the  lanthanum  salt,  leaving  undissolved  a  floeculent  powder  consisting  of  basic  didy- 
mium nitrate,  3DiO  .Di(NO')*.  6H*0.  This  is  separated  by  filtration,  and  the  evapo- 
rated solution  is  treated  three  times  in  the  same  manner  till  nothing  but  colourless 
lanthanum  nitrate  passes  into  solution.  The  separated  nitrates  are  then  strongly 
ignited  and  the  residual  oxides  weished.  The  quantity  of  didymium  oxide  thus 
ascertained  may  be  5  or  6  p.  c  too  high ;  that  of  the  lanthanum  oxide  proportionally 
too  low. 


•    See  OxALio  Ethbrs  (iv.  273). 
Seeihim.. 

See  Knoms. 
WUUJ  AOni*    See  FBAiroi7i.ic  Acid. 


Acoordinff  to  Lefort  {J.  Fharm,  [6]  vi.  424),  the  diversities  to 

the  properties  and  reactions  of  digitalin,  as  described  by  different  observers,  are  due 
to  me  existence  of  two  modifications  of  this  body.  The  more  soluble  (so-called 
GennaJi)  digitalinjs  obtained  from  the  seeds,  the  less  soluble  or  crystallised  variety  fhvm 
the  leaTes  of  the  foxglove,  in  which  this  latter  modification  predominate.    To  prepare 


ofdinarr  (crystallised)  digitalin,  Lefort  exhausts  the  leaves  at  40^-60''  with  a  mixture 

qnal  parts 
basic  laaa  acetate ;  removes  the  excess  of  lead  from  the  filtrate  with  sodium  carbonate; 


ot  equal  parts  of  water  and  alcohol ;  precipitates  the  extract  with  a  slight  excess  of 


kod  mixes  the  concentrated  filtrate  with  tannic  acid.  The  precipitated  brown  digitalin 
caooate  is  washed  with  lukewarm  water,  digested  with  finely  pulverised  lead  oxide, 
and  than  treated  with  alcohol.  The  solution,  after  declorisation  with  animal  charcoal, 
jielda  on  evaporation  crystallised  digitalin,  while  the  more  soluble  modification 
Jna  in  the  mother-liquor. 


Natiwelle  {J.  Pkarm.  [i]  ix.  266)  prepares  crystallised  digitalin  by  mixing  100  pte 
of  pnl^erised  digitalis  with  a  solution  of  26  pts.  neutral  lead  acetate  in  100  pts.  water, 
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leaving  the  whole  to  itself  for  12  hours,  and  then  exhausting  with  water.  The  residue  itf 
exhausted  with  alcohol  of  50  p.  c. ;  the  solution  is  mixed  with  4  pts.  neutral  lead  acetate, 
filtered,  decolorised  with  animal  charcoal,  again  filtered,  and  mixed  with  a  solution  of 
2  pts.  sodium  phosphate  ;  and  the  liquid  filtered  from  the  resulting  precipitate  is  freed 
from  alcohol  by  distillation  in  the  water-bath.  The  residue  of  the  distillation  contains 
cr)'stals  in  suspension  surrounded  by  a  yellow  very  bitter  substance.  The  whole  is 
evaporated  over  the  water-bath  to  about  10  pta. ;  and  the  precipitate  is  washed  on  a  tilter 
with  cold  water,  pressed  between  paper,  dissolved  in  twice  its  weight  of  warm  aleohol 
at  60°,  and  left  to  stand  in  a  cool  place.  The  liquid  then  deposits  crystals  of  an 
inactive  substance,  and  afterwards  yellowish  radiate  crystals  of  digitalin.  These  are 
recrystallised  from  alcohol  of  80  p.  c,  with  addition  of  animal  charcoal,  and  the 
dried  and  pulverised  crystals  are  drenched  and  strongly  agitated  with  20  pts.  of  pure 
chloroform,  which  dissolves  only  the  digitalin,  leaving  the  inactive  sul»tance  behind. 
On  distilling  off  the  chloroform,  colourless  digitalin  remains  behind,  which  may  be 
purified  by  repeated  cryst«illisation  from  alcohol  and  boiling  with  animal  charcoal. 

Crystallised  digitalin  is  neutral,  inodorous,  and  has  a  veiy  bitter  persistent  taste ; 
soluble  in  chloroform  in  all  proportions,  in  about  10  pts.  alcohol  of  90  p.  c.  at  oidinaiy 
temperatures,  more  easily  at  the  boiling  heat,  less  easily  in  absolute  alcohol,  nearly 
insoluble  in  pure  ether,  and  in  water  even  at  the  boiling  heat.  Sulphuric  acid 
dissolves  it  with  green  colour,  changed  to  red  by  bromine- vapour,  but  becoming  green 
agiiin  ou  addition  of  water.  Hydrochloric  acid  dissolves  it  with  greenish-yellow  colour, 
and  from  this  solution  water  precipitates  it  in  the  form  of  a  resin.  The  analysis  of 
pure  digitalin  leads  to  the  formula  C"H*«0**. 

The  cr>'8talline  substance  insoluble  in  chloroform,  originally  n^ixed  with  the  digitalin, 
is  easily  purified  by  recrystallisation  from  alcohoL  It  cr}'stallises  in  slender  colourless 
needles  which  are  perfectly  tasteless,  neutral,  and  free  from  nitrogen.  It  is  less 
soluble  in  alcohol  than  digitalin,  nearly  insoluble  in  ether,  chlorofomi,  and  water. 
Sulphuric  acid  dissolves  it  with  currant-red  colour,  changing  to  yellow  on  addition  of 
water.  It  dissolves  without  colour  in  nitric  acid,  incompletely  in  hydrocl)loric  acid. 
Its  composition  has  not  been  ascertained  (Natiyelle). 


OiaXiTOBBZV.    See  Glyckbtl  Htdbatbs  (il.  894). 

«    See  Gltcoluc  Acid  (ii.  914 ;  also  in 


this  volume). 

PXP^TOOliTi  H  mo  AOXBrf    See  Gltcollamxc  Acid. 
BZO|«TCO&XiXO  Ad>.    See  Gltcollic  Acid. 
BZOZiTOOUbZmBB.    See  GtYCOLUC  Acid,  Amidks  qf. 

See  Lactic  Acid  (iii.  461). 
^«    See  Appendix  to  vol.  ii.  p.  9^5. 
lOMJLLXO  ACZB.     See  Oxalic  Ethsbs  (iv.  274). 
See  Methtl. 

DBTOiriL     See  Eetoi^bs, 
aHZOZZVOOZi.     See  Indol. 
roil.     See  PuKNOL. 
See  Phbntl. 


This  pame  in  applied  by  Perkin  to  a  radicle,  C'H"0,  belonging  to  the 
feinnamyl  series,  supposed  to  exist  in  coumarin,  that  substance  having  the  compoaition 
of  acetyl-diptyl,  C«H»0 .  C'H'O  (p.  498). 


C"H"N  (C.  Gr.  Williams,  Laboratory,  p.  109).— A  base 
homologous  with  chinoline,  obtained,  together  with  many  others,  in  the  distillation 
of  cinchonine  with  potash,  and  occurring  in  that  portion  of  the  <!rude  distillate 
which  boils  between  282^  and  304^  The  solution  of  this  distillate  in  hydxt>- 
chloric  acid  is  warmed  with  a  little  nitric  acid,  to  decompose  pynol  and 
other  impurities,  and  the  solution  filtered  from  the  separated  tenons  mass  is 
precipitated  with  platinum  chloride,  which  throws  down  in  the  first  instance  thd 
platinochlorides  of  bases  of  higher  molecular  weight.  The  liquid  filtered  from  this 
precipitate  yields  with  platinic  chloride  an  orange-coloured  granular  powder  not 
fusible  at  100^.  On  distilling  this  precipitate,  neutralising  the  distillate  with  hydro- 
■chlorie  acid,  and  again  precipitating  with  platinic  chloride,  a  platinochloride  is  obtained 
having  the  same  composition  as  the  preceding,  viz.  2(C>'lI"K.HCl).PtCl*.  » 


DISSOCIATION— DURBNB.  647 

r.    See  Chbmical  Acnon  (pp.  424-429). 

C"H".— See  Cixxamesm  (p.  466). 

SeeToLTL. 

SeeXTi^n^ 

kOT&IO  COHFOVMIMi.     See  Bxmioic  Acid^  IhcBiyjkTiTxs  of  (pp.  310, 
313.  314,  316,  820,  321). 

LCkm  B&OOB.    See  Rbsins. 


iOOWrm  B&OOB  VMMML  CroUm  Erjfthrama.—The  juice  of  this  tree 
(indigenous  in  Brazil)  contains — b^^id^s  tcnnin,  gallie  acid,  mucus,  pectin,  albumin, 
sugar,  colouring  matter,  resiu, and  mineral  salts — an  acid,  called  ery  thraemic  acid, 
allied  to  tannic  acid.  This  acid  separates,  on  mixing  the  fresh  juice  with  water,  as  a 
tasteless  and  scentless  brick-red  powder,  insoluble  in  cold  water  and  in  ether,  soluble 
in  alcohol  and  in  alkalis,  precipitable  by  gelatin,  ferric  oxide,  and  lead  salts  (Peckolt, 
Arck.  Fkarm,  [2]  eriii.  142). 

IMtUFOSB.  C"H*K)*  (J.  Erdmann,  Ann.  Ch,  Fkarm,  cxxxviii.  1).— A  sub- 
stance produced,  together  with  glucose,  by  the  action  of  boiling  uioderately  diluted 
hydrochloric  acid  on  glycodrupose,  the  stony  concretions  found  in  pears : 

C««HW0w  +  45^0  «  C»*H»0«  +  2C«H"0« 

G^cpdrupose.  Drupoae.  Qluogsflu 

It  is  a  sreyjsh-red  body,  similar  in  structore  and  physical  properties  to  glycodruposQ. 
By  boibng  it  with  dilute  nitric  acid,  and  treating  the  residue  with  water,  ammonia,  and 
alcohol,  yellowish-white  granules  are  obtained,  which  dissolve  in  cuprammonia,  and 
exhibit  the  composition  and  properties  of  cellulose,  probably  thus : 

C"H«»0«  +  Q*  +  H«0  -  C«H»«0»  +  C«H»0^ 
Drupoae.  Celldlose.       Q-lnoose* 

Giycodrupose.  C^^H*^**. — ^The  stony  oonci«tions  in  pears,  produced  by  thickening 
and  hardening  of  the  cell-walls,  consist  of  this  substance,  together  with  a  smaU 
quantity  of  mineral  matter.  To  obtain  it,  the  pears,  after  prolonged  boiling  with 
water,  are  conrerted  into  a  thick  pulp  by  rubbing  them  through  a  metal  sieve,  and 
the  concretions  which  settle  to  the  bottom  on  mixing  this  pulp  with  a  laige  quantity 
of  water  are  purified  by  digestion  with  dilute  acetic  acid,  washing  with  water,  and 
treatment  with  alcohol  and  ether.  It  forms  small  grains  of  a  faint  yellowish-red 
colour,  which  when  heated  on  platinum  foil,  bum  away  without  previous  fusion.  When 
heated  in  a  tube,  it  yields  an  acid  distillate  and  pungent  vapours.  When  boiled  with 
alkalis,  it  turns  brown  ;  with  dilute  acids,  red.  On  trituratii^  it  '^th  strong  sulphuric 
acid,  and  boiling  the  diluted  solution  for  some  time,  a  liquid  is  obtained  which  reduces 
cupric  oxide  in  alkaline  solution.  Glycodrupose  is  insoluble  in  water,  alcohol,  ether, 
chloroform,  benzol,  carbon  bisulphide,  alkalis,  cuprammonia,  and  most  dilute  acids, 
partially  soluble  in  dilute  nitric  acid.  When  boiled  with  this  acid,  it  yields  cellulose, 
but  less  abundantly  than  drupose ;  also  a  small  quantity  of  oxalic  acid  and  dark- 
coloured  htMuous  products. 

Sod  Pbosfhatbs. 


BVOBBOTIi  OOMFOmrBB.  Also  called  Zauryl  compounds.  Luodecane  or 
Duodecyl  Hydride^  C"H**,  is  one  of  the  constituents  of  i^erican  petroleum.  It  boils 
at  196^-200*',  has  a  faint  odour  of  turpentine,  and  is  attacked  by  a  mixture  of  nitric 
and  sulphuric  apds  at  the  boiling  heat,  yielding  a  crystallisable  and  an  oily  body, 
together  with  volatile  acids.  Ihtodecyl  chloride^  C"H'*C1,  is  a  faintly  yellowish,  nearly 
inodorous  liqwd,  boiling  at  242^-245^,  and  of  sp.  gr.  0*933  at  2^°  (Pelouze  a. 
Cahours,  Jahresb.  1863,  p.  630). 

Vuodecylene,  C"H*^,  is  one  of  tl^e  hydrocarbons  obtained  by  Warren  and  Storer  by 
destructive  distillation  of  the  lime-soap  of  Menhaden  oil ;  also  from  Bangoon  tar. 
It  has  a  sp.  gr.  of  9*8361  a^  (JP,  and  boils  at  about  212^  (ZeiUchr.  /.  Chm>.  [2]  iv. 
230). 

BUmava.  Tetrameihyl4t€ngm€.  C**H'«  »>  C'HXCH*)«^See  Methtl-Bbnzxkbs, 
under  MmiTi., 
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Acid. 


CH^'KO*. — A  base  obtained  by  heating  ooeatne  with  hydraehkne 
(See  CocAiMB,  p.  479.) 


Analyns  of  the  Yolk  (J.  L.  Fkrke,  Med.-ckem.  UnUn.  i.  209 ;  Jahak 
1867,  p.  776). — ^The  yolk  separated  from  the  white  was  exhansted  with  ether  till  the 
decanted  liquid  appeared  colourl^ess ;  the  residue  was  then  treated  with  alcohol  tt 
46^-60®,  and  flltend  warm.  The  substances  remaining  on  the  filter  (albuminoid  and 
inorganic  salts)  were  washed  with  water  to  remove  soluble  salts ;  the  undifeoM 
portion  was  dried,  weighed,  and  incinerated ;  and  the  weight  of  the  ash  determiiMd. 
The  ethereal  and  alcoholic  extracts  freed  from  ether  and  alcohol  by  distiUation  in  a 
Tacttum  were  dried  orer  sulphuric  acid ;  and  the  residues,  after  being  weighed,  were 
separately  saponified  by  boiling  for  about  seven  hours  with  strong  alcoholic  potuh 
solution. 

a.  The  saponified  residue  of  the  ethereal  extract,  after  the  ether  had  beeo 
completely  expelled  olrer  the  wate^bath,  was  dissolved  in  water  (at  least  a  litre  to 
40  grm.  of  yolk),  and  agitated  with  ether  to  dissolve  out  the  cholesterin;  the 
remaining  aqueous  solution,  after  supersaturation  witii  hydrochloric  acid,  yielded  to 
ether  the  fatty  acids,  which  were  dried  in  a  rarefied  atmopphere.  In  the  eraporatcd 
and  aqueous  solution  the  phosphoric  acid  was  determined  by  fusion  with  sodium 
carbonate  and  nitre. — 0.  The  residue  of  tlie  alcoholic  extract,  saponified  with  alooholie 
potash,  and  freed  from  alcohol  by  evaporation,  was  dissolved  in  a  small  quantitT  of 
water  and  supersaturated  with  hydrochloric  acid ;  the  fatty  acids  thereby  separated 
were  filtered  off  and  determined  directly ;  and  the  phosphoric  acid  was  estimated  in 
the  filtrate. 

100  pts.  of  yolk  thus  treated  yielded : 


▲ 

B 

C 

Fredi 

On  tbe  10th  dsj 

OntbelTtkdtj 

Yolk 

of  incalMtlo& 

diocnbatim 

Ethereal  extract : 

31391 

23-542 

85-417 

( Cholesterin 

1-760 

1-281 

1-461 

containing- Fatty  acids 

25-963 . 

19-560 

29*513 

(Protagon  (calc.) 

17-422 

13-609 

17-981 

Alcoholic  extract : 

4-826 

4-039 

4-516 

--"--•^il^^^lLi.) 

2*949 

2232 

2-746 

10031 

8-019 

9362 

Soluble  Salts 

0-353 

0-287 

0-430 

Albuminoids  .... 

15-626 

14-201 

13942 

Insoluble  Salts 

0-612 

0-623 

0-908 

Total  of  Solid  Matter     . 

52-808 

42-692 

55213 

The  quantity  of  protagon  calculated  fVom  the  phosphoric  acid  directly  detennined, 
amounts,  in  the  alcoholic  extract,  to  more  then  the  total  weight  of  the  latter,  shoving 
that  another  substance  richer  in  phosphorus  must  also  be  present.  This  conclusion  h»e 
-been  confirmed  by  Hoppe-Seyler  (ifed.-chem.  Unters,  i.  215),  who  finds  that  the 
portion  of  the  yolk  whicji  is  insoluble  in  ether,  consists  of  a  whitish,  pasty,  flocculeot 
mass,  which  is  dissolved  by  a  solution  of  common  salt  to  a  clear-filtering  liquid,  aod 
may  be  precipitated  therefrom  by  a  large  excess  of  water  and  a  few  drops  of  acetic 
acid.  The  same  substance  is  more  easily  obtained  in  a  similar  manner  from  caviare 
(the  salted  roe  of  the  sturgeon).  If  the  substances  precipitated  by  water  be  treated 
with  alcohol  of  40^>50^,  and  the  liquid  filtered  warm,  it  leaves  on  eivspontioB  a 
substance  very  much  like  protagon,  which  swells  up  in  water,  is  precipitated  bt 
sodium  chloride  fh>m  the  swollen  mass,  but  always  remains  soft  and  forms  oilv 
drops.  This  is  the  phosphoretted  compound  in  question  ;  it  appears  to  be  ideotical 
with  lecithin  (iii.  566) ;  it  is  moderately  soluble  in  alcohol,  and  separates  from  the 
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tatnntod  alcoholic  solution  when  cooled  below  0°  in  groups  of  slender  silky  needles. 
£tber  containing  water  also  separates  crystalline  globules  from  the  alcoholic  solution. 
The  portion  of  the  yolk  wiiich  is  insoluble  in  alcohol  consists  of  salts  and 
albuminous  substances,  which  latter  are  insoluble  in  solution  of  common  salt,  and 
are  coagulated  thereby.  They  are  identical  with  the  so-called  yitellin,  and  contain 
on  the  average  0*75  p.  c.  sulphur,  but  no  phosphorus  if  the  exhaustion  with  alcohol 
has  been  complete.  The  ritellin  exists  in  the  yolk  in  combination  with  the  phos- 
phoretted  substance  (lecithin),  the  combination  being  broken  up  by  treatment  with 
alcohol,  which  dissolves  the  phosphoretted  body  (see  also  Diakonow,  Med.'chem. 
Vnten,  i.  221 ;  Jahretb,  1867,  pp.  774,  778). 

Colouring  Matter  of  the  Yolk. — ^The  ethereal  extract  of  the  non-coagulated  yolk  of 
hens'  eggs  yields  on  evaporation  a  yellow  residue  consisting  of  fat  and  colouring 
matter.  After  saponification  with  soda-ley,  the  colouring  matter  may  be  extracted 
irom  the  saponified  mass  by  agitation  with  ether,  showing  that  yolk  of  egff  does  not 
contain  any  colouring  matter  of  bile,  since  the  sodium-compound  of  bilirubin  is 
insoluble  in  ether.  The  ethereal  solution  just  mentioned  leaves  on  evaporation  a 
deep  golden-yellow  fat,  non-saponifiable  or  difficult  to  saponify,  which  gradually 
solidifies  to  a  buttery  mass  in  consequence  of  the  separation  of  cholesterin.  This 
fat,  comparatively  rich  in  colouring  matter,  is  very  much  like  the  fat  containing 
hsematoidin  which  occurs  in  the  ovaries.  It  is  coloured  pure  blue  by  slightly 
concentrated  nitric  acid ;  dissolves  with  golden-yellow  colour  in  ether  and  chloroform ; 
and  the  solution  previously  mixed  with  alcohol  is  decolorised  by  nitric  acid  con- 
tiiininff  nitrogen  tetroxide,  without  any  previous  play  of  colours.  With  carbon 
bisulphide  an  orange-coloured  solution  is  obtained.  Ammonia  does  not  remove  the 
colouring  matter  from  its  solution  in  chloroform.  These  properties  seem  to  show 
that  the  colouring  matter  of  egg-yolk  is  either  hsemato'idin  or  a  body  nearly  allied 
thereto  (Stadeler,  t/*.  ;>r.  Chem,  c.  148). 

AmylacwuB  Substance  in  Eg^-ydk, — According  to  C.  Dareste  (Compt,  rend.  Ixiii. 
1142),  egg-yolk  contains  a  considerable  quantity  of  microscopic  granules,  which  turn 
blue  with  iodine,  and  in  form  and  structure  are  very  much  like  starch.  They  are 
mostly  very  small,  but  a  few  are  as  large  as  the  granules  of  wheat-starch.  With  the 
development  of  the  embryo  this  amylaceous  substance  gradually  disappears. 

Egff'Shdla, — ^W.  Wicke  (Ann.  Ch.  Pharm,  cxxv.  78)  has  analysed  the  egg-shells  of 
several  birds,  with  the  following  results : 


1 

Heron 

Gall 

FhMMnt 

Goose 

Hen 

Dock 

Calcium  Carbonate     . 
Magnesium    „ 
Phosphates  .... 
Organic  Substances    . 

94-60 
0-69 
0-42 
4-30 

91-96 
0-76 
0-83 
645 

93-33 
0-66 
1-37 
4-64 

95-26 
0-72 
0-47 
3-55 

93-70 
1-39 
0-76 
4-15 

94-42 
0-50 
0-84 
4-24 

Wicke  also  finds  that  the  colouring  matters  of  egg-shells  are  identical  with  the 
green  and  brown  colouring  matters  of  bile  {Jahreeh.  1859,  p.  642). 

From  experiments  by  Roussin  (ibid.  p.  640)  on  hens  fed  for  several  days  before 
laying,  with  potatoes  and  oats,  to  which  different  mineral  salts  were  added,  it  appean 
that  the  calcium  carbonate  in  the  normal  shells  may  be  more  or  less  replaced  by 
isomorphous  salts,  such  as  the  carbonates  of  barium,  strontium,  and  even  of  lead,  but 
especially  by  magnesium  carbonate.  When  alkaline  bromides  and  iodides  were  added 
to  the  food,  the  alkaline  chlorides  in  the  white  and  yolk  of  the  egg  were  partly 
replaced  by  these  salts.  The  increase  in  the  proportion  of  bromide  or  iodi<^  was 
however  attended  with  a  diminution  of  the  calcareous  envelope,  which  ultimately 
disappeared  altogether,  leaving  the  egg  surrounded  only  by  a  membrane.  The 
addition  of  calcium  arsenate  to  the  food  was  fatal  to  some  of  the  hens ;  nevertheless 
arsenic  was  found  in  the  egg-shells. 

H.  Rose  (Pogg.  Ann,  cxvii.  627)  analysed  a  fossil  egg-shell  weighing  252  grams, 
found  in  the  guano  of  the  Chincha  islands.  The  interior  crystalline  or  slightly 
brownish  mass  contained,  together  with  a  small  quantity  of  organic  matter : 

EAdlum 
chloride 


FotaaBlnm 
sulphate 


70-59 


Ammonium 
Bolphate 


Ammonium 
chloride 


26-56 


1*25 


0*65 


99-04. 


The  mass  contained  therefore  2  mol.  potassium  sulphate  to  1   mol.  ammonium 
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sulphate,  by  which  salts  the  original  constitnents  df  the  egg  had  been  replaced.    Tlie 

still  remaining  portion  of  the  original  shell  contained  in  100  pts. : 

CO-  6iO-  Org.  K«0  01  CaO       (Pa*)*C»» 

matter 

0-91         0*45         207         2-33         8*84         0*34         77*82. 

In  the  interior  of  the  egg  there  was  found  at  one  part  a  small  quantity  o^  black 
humous  substance  soluble  in  potash. 


A  hydrated  ferrous  silicate  containing  manganese  and  magnesium, 
occurring  in  dense  finely  laminated  veins  and  bands  in  the  iron  mine  of  Brunsjo,  in 
Grythyttan,  Sweden.  It  raries  somewhat  in  structure  and  composition,  but  the 
general  result  of  the  analysis  leads  to  the  formula  4M0.3SiO!  +  3H'0  (L.  J. 
Igelstrom,  Jahred),  1867,  p.  995). 


_     C**H**0'. — This  acid,  like  oleic  acid,  unites  directly  with 

bromine,  without  elimination  of  hydfobronlid  a&id,  forming  the  compound  C^H'^Bi^O*. 
isomeric  (or  identical?)  with  dibromosteiFiriti  add.  It  is  a  white  crystalline  acid 
soluble  in  alcohol  and  ether,  tnelting  at  27^.  It  is  monobasic ;  the  barium  salt  is 
gummy  and  friable.  By  sodium -amalgam  it  is  reconverted  into  elaidic  acid  (Buig, 
BuU,  Soc,  Chim.  [2]  iii.  191). 


L    See  Aldkstdb  (p.  76). 

ICTBZCITT.     Bolts**  HleotHeal  ItacliliK  (Holtz,  Pdff^.  Ann.  1865, 
cxxvi.  167  ;  Phil.  Mag.  [4]  xxz.  425 ;  Ann.  Ch.  Phys.  [4]  viii.  201. — Pogg.  Ann.  cxxvii. 


320;  cxxx.  128, 168, 287 J  Ann.  Ch.  Phys.  [4]  xiii.  440.— Pc^^.  Ann.  cxxxvi.  171 ;  Ann. 

XPoi_  "^         ~_ 

iusch,  Pogg.  Ann.  cxxxv.  120). — This  is  a  con- 


Ch.  Pkya.  [4]  xvii*  503.  Pogeendorff,  P<m. 
Ann.  cxxxi.  215 ;  czl.  168,  276.   F.  Kohlrai 


Ann.  cxxxiv.  304  ;  cxxxix.  158.  Riess,  Pogg. 


trivance  by  which  a  very  small  initial  charge  is  made  to  give  rise  to  an  indefinitely  great 
quantity  of  electricity  of  high  tension  ;  ite  action  may  be  described  in  general  terma  as 
equivalent  to  that  of  an  electrophorus  and  a  condenser  combined  together  in  such  a 
way  as  to  act  upon  each  other  alternately,  the  condenser  being  first  charged  by  the 
electrophorus,  then  reacting  upon  it  so  as  to  increase  the  charge  of  the  cake ;  next 
being  ohaiged  by  the  electrophorus  to  a  higher  degree  and  reacting  upon  it  more 
strongly  than  before ;  and  so  on,  the  charge  of  each  becoming  gradually  greater  and 
greater  until  the  insulation  is  overcome.  The  form  usually  given  to  the  machine  is 
shown  in  fig.  11.  Its  construction  is  as  follows ;  A  circular  plate  of  thin  and  very  flat 
glass,  B  B,  is  mounted  upon  an  insulating  ebonite  axle,  so  that  it  can  rotate  in  a 
vertical  plane,  and  a  second  glass  plate,  a  a,  also  as  thin  and  flat  as  possible,  is 
fixed  parallel  to  it,  with  ite  centre  in  the  same  horizontel  line,  and  at  a  very  short 
distence  (^  to  ^  inch)  from  it.  At  the  middle  of  the  fixed  plate  there  is  a  round  hole, 
through  which  the  axle  of  the  movable  plate  can  pass  without  touching,  and  there 
are  two  deep  notches  or  windowSt  ^  f',  cut  out  at  opposite  ends  of  a  diameter ;  at  the 
back  of  the  glass  (that  is,  on  the  side  turned  awag  from  the  routing  plate)  a  piece  of 
paper,  p^  about  two  inches  broad  is  pasted  along  the  lower  edge  of  one  of  these 
openings,  and  a  similar  piece,  p\  is  pasted  along  the  upper  edge  of  the  other  opening, 
each  of  these  pieces  of  paper  having  projecting  from  it  a  couple  of  tongues  of  stiff 
paper,  n  n\  long  enough  to  project  tlm)ugh  the  opening  and  just  touch  the  movable 
plate  ;  both  the  papers  and  their  projecting  tongues  are  well  varnished.  On  the  side 
of  the  movable  plate  which  is  farthest  away  from  the  fixed  plate,  and  opposite  to  the 
two  piec4;s  of  paper  just  mentioned,  are  two  collectors,  o  o',  each  consisting  of  a  row  of 
metal  pointe  projecting  from  an  insulated  metal  arm  to  within  a  very  small  distance 
of  the  roteting  plate.  These  collectors  are  connected  with  the  main  conductors  of  the 
machine,  c  c',  each  of  which  is  provided  vrith  a  movable  dischai^ng  rod,  k  k',  by 
means  of  which  they  can  at  will  be  placed  in  electrical  connection  with  each  other, 
or  separated  by  any  required  interval.  In  order  to  put  the  machine  in  action,  the 
two  conductors  are  connected  together,  the  movable  plate  is  set  rotating  at  a  moderate 
speed,  and  while  it  is  moving,  an  electrified  body,  such  as  a  piece  of  ebonite  excited  by 
friction,  or  the  cover  of  an  electrophorus,  is  brought  near  to,  or  into  contact  with,  one 
of  the  paper  armatures.  Both  the  papers  then  rapidly  become  strongly  chaiiged  with 
opposite  kinds  of  electricity,  and  if  the  knobs,  r  r\  of  the  dischai^ng  rods  are  separated 
to  a  short  distance,  a  stream  of  sparks  is  seen  to  pass  between  them.  These  sparks 
become  less  frequent,  but  lai^er  and  brighter,  if  each  of  the  conductors  is  connected 
with  the  inside  coating  of  an  uninsulated  Leyden  jar.  The  sparks  alao  increaae  in 
size,  but  diminish  in  frequency,  when  the  dischai^ng  knobs  are  moved  farther  apart, 
but  if  the  distance  between  them  is  made  greater  than  a  certein  limit,  depending 
chiefiy  upon  the  insulation  of  the  different  parte  of  the  machine,  the  sparka  cease  to 
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ftMt  ■lioplher.  ud,  TmlearUra'kiiolM  an  quicklj  broughl  ncuvr  to  anch  othM,  tiia 

ThaiKtian  of  the  machiae  maj  ba  eiplBiacd,  at  laast  aa  to  its  general  featntct,  M 
fbUowi.  9appo««  a  pcwitiTfl  chajve  to  be  given  to  one  of  the  paper  anaaturea  ;  Uiea, 
U  all  pointa  in  the  neighbonrhood  of  Ilie  paper,  there  will  be  a  force  acting  which 


aod  lidi  tana,  acting  n 

'  '  aeen  lh»  p^er  and        ^  „  .        .  ... 

H  poaitive  electridt}>  (o  escape  from  the  plato  into  tbe  pointa,  and  ncgatire  electri- 

,' to  Moipe  from  the  pointa  upon  the  plsta.    In  conaeqnenee  of  thia  action,  the 

ombaf  the  aaeoDd  eondnctor  (which,  aa  ws  haTS  aaid,  ia.  to  bwin  with,  in  metallic 


bMween  the  pwer  and  the  pointa  of  the  collecting  comb,  will,  if  auSlciently  powerftil, 
■'jTealacti'   ■     '  


dtj  to  eaoipe  from  the  pointa  upon  the  plsta.  In  conaeqnenee  of  thia  action,  the 
'  'Ihe  aeeond  conductor  (which,  aa  ws  haTS  aaid,  ia.  to  bccin  with,  in  metallii 
n  with  the  firat)  baconieB  poaitirely  eleatrtfled,  wbile  eadi  portion  of  the  glas 
plale  jiana  the  comb  of  the  flnt  conductor  n^^Te)}'  electrified.  Bnt  before  anj 
fina  pait  of  the  plat*  come*  oppfwite  to  the  nointa  of  the  second  conductor,  ita  back 
u  grued  by  tbe  tongnea  projecting  ^m  IJie  aecond  paper  armature,  and  therefi>re 
MgiliTB  electrid^  ie  repelled  mtothiaannaCiire  by  the  negative  chai^  upon  the  front 

F>o.  11. 


nirfw«  of  the  pUle:  in  thie  way,  the  second  Brmatnra  grsdnally  acquires  a  negative 

ciiatf^.  We  now  have,  at  the  second  aide  of  the  machine,  what  may  be  mllcd  a  atrenm  of 
IcIaiB  towing  between  a  nt^tively  electrified  piece  of  paper  and  the  poeitively  eleetri- 
Bed  points  of  the  second  collecting  comb  :  hence  poaitive  eleetiicitj  SBcapes  from  the 
pointa  npon  the  glasa,  and  negative  electricity  paesea  from  the  l(\iun  into  the  pointa, 
and  conaeqaentty  the  glasa  paaaes  this  cow  of  pointa  poaitirely  charged.  Than. 
Miming  to  the  ftret  side  of  the  machine,  we  have  the  glasa  arriving  opposite  the 
tongnea  of  the  flnt  araiatore  with  a  charge  of  the  same  kind  (positive)  as  this 
armatore  has  alrMdy  got,  bat  of  higher  ti'naioc  {becaase  it  is  due  to  the  inductive 
action  of  thid  armature  aided  by  the  oondenBing  effect  of  the  opposite  charge  npon  ihe 
other  armatnre),  and  therefore  able  to  itrengthen  the  original  charge  of  the  paper. 
Nett.  the  glass  paesea  between  this  more  strongly  charged  armature  and  the  com>- 
■pnDdiDg  row  of  points,  which  now  give  up  nc^tire  electricity  to  it,  not  only  in 
Mnseqaence  of  tbe  indnctive  action  of  Ihe  charge  upon  the  first  piecs  of  paper,  but 
also  <rf  the  reaction  of  tbe  negative  charge  upon  the  second  pnper.  Canaequently.  the 
glaaa  tnaaea  the  Arst  row  of  points  with  a  etmngar  negiitirc  chaige  than  it  had  at  flmt. 
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end  therafare  strengtheiM  the  chaige  of  the  eeeond  pftper  afmatue,  vbicii  In  Ha  t«ra 
reacts  more  powerfully  than  before  upon  the  glass,  as  it  pasaefl  between  it  and  the 
now  more  strongly  poflitive  row  of  points  of  the  second  eondnetor,  and  so  causes  it  to 
return  to  the  first  armature  with  a  stronger  positiye  chaige  than  befrae.  In  this  way, 
as  the  rotation  continues,  the  two  pieces  of  paper  on  the  fixed  plate  become  more  and 
more  strongly  chaigcd  with  the  opposite  electricities,  and  therefore  exert  a  stronger 
and  stronger  indnctire  action  upon  the  rotating  plate  as  it  passes  between  them  and 
the  collecting  combe.  Supposing,  for  the  sake  of  distinctness,  that  the  side  of  the 
machine  to  which  the  positive  charge  is  first  given. is  the  side  on  which  the  motion  of 
the  rerolving  plate  is  upwards,  the  action  may  be  described  in  general  terms  as 
oonsistiDg  in  the  conyection  of  negative  electricity  from  the  first  collecting  comb  to 
the  second  by  the  upper  half  of  the  revolving  plate,  and  the  convection  ^  positrve 
electricity  in  the  opposite  direction  by  the  lower  half;  and  since  the  motion  of 
negative  electricity  in  one  direction  is  the  same  thing  as  the  motion  of  positive 
electricity  in  the  opposite  direction,  the  action  of  both  halves  of  the  plate  may  be 
described  as  causing  the  transfer  of  positive  electricity  from  side  to  side,  in  the 
direction  of  the  motion  of  the  lower  half,  which  is  compensated  by  a  coiresponding 
flow  of  positive  electricity  in  the  opposite  direction  through  the  conductors.  It  is  this 
last-mentioned  current  which  shows  itself  as  a  stream  of  sparks  when  the  discharging 
riKls  of  the  conductors  are  separated. 

From  this  explanation  of  the  action  of  the  apparatus,  it  will  be  seen  that  it  depends 
essentially  upon  the  chaige  of  each  jpart  of  the  revolving  plate  beins  of  the  opposite 
sign  to  that  of  the  armature  which  it  last  passed,  and  of  the  same  sign  as  that  of  the 
one  which  it  is  approaching;  but  this  cannot  be,  unless  there  is  electrical  communica- 
tion between  the  two  conductors.  If  the  knobs  of  the  conductors  are  separated  too 
&r,  no  electrical  interchange  can  take  place  between  them,  and  the  armatures  then 
represent  two  oppositely  chaiged  conductors  of  limited  capacity,  between  which 
portions  of  glass  are  continually  passing  backwards  and  forwanis  conveying  a  part  of 
the  charge  of  each  to  the  other,  and  thus  soon  equalising  them :  hence  under  these 
circumstances  the  machine  ceases  to  act. 

In  order  to  charge  a  Leyden  jar  or  battery  by  means  of  a  Holts*s  machine,  it  should 
be  placed  on  an  insulating  support,  and  one  of  the  coatings  ccmnected  with  one  of  the 
conductors,  and  the  other  with  the  other ;  or  two  jars  may  be  charged  at  once  by 
connecting  their  outer  coatings  together  and  connecting  each  conductor  with  the  inner 
coating  of  one  jar.  The  figure  shows  two  small  Leyden  jars,  b  and  h',  whose  outer 
coatings  are  connected  by  the  wire  o,  suspended  from  the  conductors.  By  this 
arrangement  of  course  the  jars  receive  opposite  charges.  Some  care  is  needed  in 
trying  to  charge  a  jar  to  the  hishest  point  with  one  of  these  machines :  if  the  knobs 
r  r  are  so  far  apart  that  a  span  is  unable  to  pass  between  them,  the  action  of  the 
machine  ceases  when  the  jar  is  charged  so  higmy  that  the  two  halves  of  the  revolving 
plate  are  no  longer  charged  by  the  inductive  action  of  the  armatures  they  have 
respectively  last  passed,  as  highly  as  the  armatures  which  they  are  approaching ;  and 
if  the  movement  of  the  machine  be  continued  beyond  this  point,  the  charge  which  the 
jar  has  already  got  will  be  destroyed ;  on  the  other  hand,  if  the  discharging  knobs 
are  nearer  together,  the  jar  is  apt  to  be  discharged  by  them  before  it  has  acquired  as 
high  a  chaige  as  might  be  given  to  it.  To  remedy  this  inconvenience,  Riess  adds  to 
the  machine  a  third  paper  armature,  with  a  third  collecting  comb  opposite  to  it,  half- 
way between  the  two  armatures  already  spoken  of.  This  additional  armature  has  no 
projecting  point,  but  is  connected,  by  a  strip  of  paper  pasted  along  the  edge  of  the 
fixed  plate,  with  the  armature  which  precedes  it  m  relation  to  the  direction  of  rotation 
of  the  revolving  plate,  and  the  additional  collector  is  in  metallic  connection  with  the 
conductor  whi<m  follows  it,  and  likewise  with  the  ground.  The  inner  coating  of  the 
jar  or  battery  to  be  chaiged  is  connected  with  the  conductor  which  still  remains 
insulated,  and  the  outer  coating  is  connected  with  the  ground.  The  action  of  these 
additional  parts  is  easily  understood  if  we  bear  in  mind  that  the  additional  armature 
is  equivalent  to  an  extension  of  the  one  with  which  it  is  connected,  and  that  the 
additional  collector  takes  the  place  of  the  one  connected  with  the  jar  when  this  one 
has  ceased  to  act  in  consequence  of  the  jar  being  fully  charged.  The  writer  of  this 
article  has  found  that  a  Leyden  jar  may  easily  be  charged  to  a  high  degree  by  a 
machine  of  the  construction  shown  in  fig.  11  (p.  661),  if  the  jar  is  first  insuhited,  one 
coating  connected  with  one  of  the  paper  armatures,  and  then  a  conductor  connected 
with  the  other  armature,  gradually  brought  near,  and  finally  into  contact  with  the 
other  coating.  During  this  process,  the  discharging  knobs  r  r  should  be  at  a  moderate 
distance  apart,  and  a  stream  of  sparks  should  pass  freely  between  them. 

The  electric  current  through  a  wire  connecting  the  conductors  of  a  Holtx*s  machine 
has  been  shown  by  PoggendorfT  to  be  independent  of  the  resistance  of  the  circuit. 
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and  bj  F.  Kohlmueh  to  be  aensibly  propoitioiial  to  the  Telodty  of  rotation.  The 
latler  found  that  a  plate  40  oentimetree  in  diameter,  leyolring  5  times  in  8  aeoonde, 
prodnoed  a  oonetant  coirent  capable  of  deoompoeing  water  at  Uie  rate  of  3^  millionthe 
of  a  milligramme  per  second,  or  equal  to  that  of  a  Qrore'e  cell  in  a  ciicoit  of  48,000 
mercurial  unite  (about  46,000  B.  A.  units)  resistance. 

Besides  the  machine  which  has  been  described,  Holts  has  constructed  machines 
acting  upon  the  same  general  principle,  but  differing  firom  this  one  considerably  in 
arrangement ;  the  oonstruction  has  also  been  varied  and  simplified  by  Poggendorff, 
his  most  important  alteration  being  the  substitation  of  small  holes,  just  large  enough 
to  let  the  tongues  of  the  paper  armatures  pass  through,  for  the  large  openings  of 
Holts's  original  form. 

An  electrical  machine,  acting  essentially  upon  the  same  principles  as  Holts's,  but 
in  which  the  inductire  action  is  exerted  upon  sheets  of  tin-foil  carried  by  revolying 
glass  plates,  was  constructed  by  Topler  of  Riga  {Poag,  Arm.  cur.  469 ;  Amn.  Ch, 
Pkys.  [4]  riii.  818)  at  about  the  same  time  that  the  nnt  machines  were  made  by 
Holts ;  but  it  has  not  yet  come  into  such  general  use,  and  does  not  seem  to  have  been 
made  to  yield  such  powerful  effects  as  those  that  haTe  been  obtained  from  machines 
of  the  kind  we  have  just  described.  A  machine  analogous  in  many  respects  to  that 
of  Holts  has  also  been  recently  described  by  Poggendoiff  {Po^g.  Anm.  exli.  161) ;  and 
a  self-acting  arrangement,  nearly  equivalent  to  Topler's  machine,  but  with  a  stream  of 
water,  instMd  of  tin-foil,  as  the  moving  conductor,  has  been  constructed  by  Sir  William 
Thomson  {Proe.  Soy.  Soe,  xvi.  67). 


Fig.  12. 


i*a  atootrosnetera.  Several  different  forms  of  electrometer  have  been 
recently  devised  by  Sir  William  Thomson,  which  are  much  more  sensitive  and  accurate 
than  any  that  had  been  constructed  previously.  For  details  respecting  these  instru- 
ments, we  must  refer  to  Professor  Thomson's  description  of  them  {Bep.  Brit.  Astoe, 
1867,  p.  489):  here  we  can  only  give  the  general  principle  of  two  of  the  most 
generally  useful  forms — the  *Quadnnt  Electrometer  and  the  *  Portable  Electro- 
meter.' 

The  most  important  part  of  the  Quadrant  Electrometer,  and  that  from  which  it 
takes  its  name,  is  shown  (as  seen* from  above)  in  fig.  12.  It  consists  of  four  quarters 
of  a  flat  circular  box  of  brass,  with  circular  apertures  in  the  centres  of  its  top 
and  bottom,  each  of  the  quadrants  beinff  supported  by  a  glass  stem.  The  alternate 
quadrants  a  and  d,  6  and  r,  are  connected  by  wires  so  as  to  form  two  pairs,  as  shown  in 
Uie  figure,  and  one  of  the  two  bodies  whose  electrical  states  are  to  be  compared,  such 
as  the  terminals  of  a  galvanic  batterv,  or  the 
earth  and  any  body  supposed  to  be  positively  or 
negatively  electrified,  is  pot  into  electrical  con- 
nection with  each  pair.  The  indications  of  the 
instrument  are  due  to  the  movements  of  a  broad 
needle, «,  of  thin  sheet  aluminium,  which  is  elec- 
trified and  suspended  inside  the  box  formed  by 
the  four  quadrants  by  an  insulating  fibre  of  silk. 
If  all  the  quadrants  are  in  the  same  electrical 
condition,  and  the  needle  is  suspended  quite 
symmetrically  within  them,  it  is  evident  that  it 
will  be  in  equilibrium  when  its  axis  is  in  the 
same  vertical  plane  with  one  of  the  diameters  of 
the  box ;  but  if  the  alternate  quadrants  are  dif- 
ferently electrified,  each  end  of  the  needle  will  be 
repelled  by  the  two  which  are  electrified  in  the 
aame  way  as  itself  and  attracted  by  the  othertwo, 
and  it  will  thus  be  subject  to  a  couple  tending  to  set  it  oblique  to  the  position  shown 
in  the  figure.  In  order  to  render  tlie  smallest  motion  of  the  needle  visible,  a  small 
and  very  light  concave  mirror  is  fixed  to  a  platinum  wire  which  passes  through  it  and 
reflects  the  light  of  a  lamp,  which  is  allowed  to  fall  upon  it  Uirough  a  narrow  slit, 
upon  a  divided  scale  at  a  distance  of  about  a  metre.  In  the  instruments  first  made, 
the  needle  was  caused  to  come  to  rest  in  the  zero  position  by  the  directive  force  of  a 
minute  magnet  fiistened  to  it  and  acted  on  by  a  larger  steel  magnet  outside  the  case  of 
the  electrometer ;  but  in  the  most  recent  instruments,  the  directive  force  of  a  bifilar 
suspension  by  two  fine  silk  fibres  is  substituted  for  that  of  the  magnet.  The  insulation 
of  the  <|uadiants  of  the  needle  is  made  as  perfect  as  possible  by  enclosing  them  in 
a  glass  jar  containing  a  quantity  of  strong  sulphuric  acid  at  the  bottom.  The  outside 
of  this  jar  is  partially  coated  with  tinfoil,  which,  with  the  sulphuric  acid  inside,  con- 
verts it  into  a  Leyden  jar :  this  serves  to  increase  the  electrical  capacity  of  the  needle, 
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find  so  to  make  it  retain  for  a  long  time  a  nearly  constant  electrical  eooditiofi.  Else* 
trical  connection  between  the  needle  and  the  sulphuric  acid  forming  the  inner  eoftting 
of  the  jar  is  made  by  means  of  a  small  platinum  weight,  suspended  in  the  add  by  a 
Tery  fine  platinum  wire  attached  to  a  stouter  platinum  wire  passing  through  the  needle, 
an  arrangement  wliich  also  diminishes  rery  much  the  oscillations  of  the  needle. 

In  the  PortaUe  E/ectrometer^  the  body  whose  electrical  state  is  to  be  tested  is  eon- 
nected  with  an  insulated  brass  disk,  opposite  the  middle  of  which  is  a  smiiU  sqoan 
plate  of  aluminium,  fixed  to  the  shorter  arm  of  a  light  lever  of  the  same  material,  and 
kept  at  a  constant  electrical  charge  by  being  connected  with  the  inner  costing  of  a 
Leyden  jar.  The  measurement  is  made  by  obaenring,  by  means  of  a  suitable  mioo- 
metric  arrangement,  the  distance  at  which  the  disk  exerts  a  given  attiactire  force 
upon  the  aluminium  plate.  In  using  the  instrument,  an  '  earth-reading*  is fint taken, 
by  observing  tlie  position  of  the  disk  in  which  it  exerts  this  force  when  both  the  did^ 
and  the  outer  coating  of  the  Leyden  jar  are  connected  with  the  earth.  Then  the  eaith- 
reading,  subtracted  from  the  reading  obtained  when  the  disk  is  connected  with  the 
body  to  be  tested,  gives  the  electrical  difference  between  this  body  and  the  earth 
expressed  in  terms  of  an  arbitrary  scale,  the  value  of  which  can  be  ascertained,  if 
required,  by  a  special  experiment  with  two  bodies  whose  electrical  statra  differ  bj 
a  known  amount.  >  It  is  an  obvious  precaution,  in  order  to  obtain  great  acennry, 
to  take  a  second  earth-reading,  after  making  the  experiment  with  the  body  to  be 
examined,  and  if  this  differs  from  the  first,  to  estimate  the  most  probable  earth- 
reading  for  the  moment  of  the  experiment  with  the  body  in  question. 


forma  of  Ckawaalo  Batteiy.  Many  attempts  have  been  made  to  eooitnct 
a  galvanic  cell  which  should  combine  the  good  qualities  of  the  older  forms  of  eosrtaot 
batteries  (such  as  BanielFs,  Orove*8,  Bunsen's)  with  greater  convenience  in  use  and 
the  absence  of  the  necessity  for  frequent  examination  or  renewal;  we  will  farieHj 
describe  a  few  of  the  newer  forms. 

1.  Walker' 9  Platinised  Carbon  Battery. — ^This  is  simply  a  modification  of  Smee'i 
battery  (ii.  427)  in  which  the  platinised  platinum  or  silver  is  replaced  by  a  plate  of 
platinised  gas-oarbon.  The  carbon  plates  are  platinised  by  being  made  for  a  ahoil 
time  the  negative  electrode  in  a  weak  solution  of  platinie  chloride  in  dilute  snlphnrie 
acid.  A  battery  of  this  construction,  although  in  proportion  to  its  size  much  cheaper 
than  one  of  Smee's,  appears  to  be  at  least  equal  to  it  m  efficiency  (C.  V.  Walker,  Plai 
Mag.  [4]  xviii.  73). 

.  2.  Bichromate  of  Potaesium  Battery. — ^When  a  battery  of  small  resistance  but  con- 
siderable electromotive  force  is  required  occasionally,  amalgamated  nnc  andgM-earbon, 
immersed  in  a  solution  of  equal  weights  of  potassic  bichromate  and  hydrie  snlphate  in 
about  twenty  times  their  weight  of  water,  forms  a  very  convenient  combination.  Aa 
the  solution  gradually  attacks  the  zinc,  even  when  the  circuit  is  not  completed,  the 
zinc  plate  in  cells,  constructed  on  this  principle,  is  generally  fixed  to  a  brass  rod  bj 
which  it  can  be  drawn  up  out  of  the  liquid  or  let  down  to  any  depth  between  two 
parallel  plates  of  carbon. 

S.  CMoride  of  Silver  Battery.-^  Messrs.  Warren  De  la  Rue  and  Hugo  Miiller  {€%rm. 
Soc.  J.  xxi.  [now  series,  vi]  488)  recommend,  as  a  compact  and  convenient  battery  for 
use  in  cases  where  several  hundred  small  cells  are  required  to  give  a  great  electro* 
^otive  force,  one  of  the  followinfi;  construction :  The  electro-positive  pl^es  oonsiet  of 
pieces  of  Belgian  zinc  wire  (English  zinc  being  too  impure  for  the  purpose)  2|  iiM'hei 
long  and  0*2  inch  in  diameter ;  the  electro-negative  plates  are  formed  by  pieces  of  pure 
silver  wire  0*03  inch  in  diameter,  round  which  is  cast  a  cylinder  of  silver  diloride 
0-22  inch  in  diameter.  The  silver  wire  projects  about  a  fifth  of  an  inch  belov  the 
bottom  of  the  cylinder  of  chloride  and  about  an  inch  and  a  half  above  the  top,  so  aa  to 
allow  of  its  being  connected  with  the  zinc  of  the  next  coll.  The  liquid  used  ie  a 
solution  of  common  salt  in  distilled  water,  25  grammes  to  the  litre  (or  219  gnw 
to  the  pint).  A  battery  of  this  construction  may  be  left  to  itself  for  weeks  together, 
if  the  poles  are  not  connected,  without  other  injury  than  the  evaporation  of  water. 
From  the  size  of  the  plates  employed,  it  is  evident  that  its  resistance  most  be 
rex7  considerable ;  its  electromotive  force  is  about  equal  to  Uiat  of  a  Daniell'a  cell 
(see  p.  679). 

4.  Sulphate  of  Mercury  Battery. — This  may  be  described  as  a  Bunaen^s  batterr.  in 
which  the  nitric  acid  is  replaced  by  mercurous  sulphate.  As  usually  made,  the  nn^ 
plate  is  in  the  form  of  a  hollow  cylinder,  surrounding  a  porous  vessel  containing  a  rod 
of  gas-carbon,  and  filled  up  with  powdered  mercurous  sulphate  and  enough  water  to 
mnJce  it  into  a  thick  mud  ;  outside  the  porous  vessel  and  in  contact  with  the  one  if 
dilute  sulphuric  acid.  This  battery,  which  was  proposed  by  Marie-Davy,  is  reeommeoded 
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ts  bdng  Terr  conitADt  and  raqniriog  little  iDparriBion.  It  lui  come  into  dm  to  tom* 
citeDt  for  telegraphic  purpoaee  (Wiedeniuiii,  Galvcmitiiau,  p.  371). 

S.  Bimoxide  of  iiangantm  Batttry. — This  is  BUDtlier  line  snd  ocrboD  b&t(sT7,  bat  the 
ponxu  cell  eontkining  Om  carbon  pisia  ii  filled  Dp  with  ft  miitiin  of  binoxide  of 
muigBncse  in  (oane  powdar  and  imall  fragmenU  of  gaa-earbon,  the  olijeet  of  which 
ia  to  incnaae  tba  condnctiTit;.  Only  one  liquid  is  empIoTsd,  namely  a  aatonted 
•olation  of  ol-anunoDiac ;  t}ie  eleetro-poaitiTS  metal  is  amalgamated  nnc  Cells  of 
this  anutmction  are  aaid  bj  the  inTentor,  If.  Leclanch^  to  remain  in  working  ordsr 
for  nionthi,  or  aran  a  year,  together,  vrithout  reqairiog  other  attentioD  than  the 
occMioDal  replacement  of  the  water  which  has  eraponited.  It  ia  eiteoiriTelj  nsed  for 
tetegiaphic  pnrpoaet  in  France. 

II.  Meidiigtri  Batltry. — This  is  a  modiflcation  of  Daliiell'a  battaij,  and  diSen  from 
the  common  fonn  of  it  only  in  tile  Birangement  of  the 

paiti  and  <n  not  haring  anj  ponnu  partition  between  Fio.  13. 

tbeeoppor  and  rinc  pbte.  lU  cbnatruction  will  be 
mdentood  bj  reference  to  fig.  IS,*  when  a  is  a  glass 
tmmI  170  mm.  high  and  IIH)  mm.  wideat  the  bottom 
and  to  a  height  of  £0  mm.  from  it ;  abore  this  height 
it  is  110  mm.  wide,  aikd  on  tlie  ahonlder,  formed  bj 
the  junction  of  the  narrower  part  with  the  wider, 
nets  the  cylinder  of  amalgamated  sine,  a,  90  mm. 
deep.  Another  alightlj  conical  glaas  Tcssel,  B,  75 
mm.  high,  69  nun.  wide  at  the  bottom  and  a  little 
wider  at  the  top,  is  cemented  inside  a,  and  contains 
a  eylloder  of  sheet  eopper,  c,  to  which  la  fixed  a 
Clipper  wire,  w,  insulated  when  It  passes  throagh 
the  Itqnid  by  a  glass  tubs  or  a  covering  of  gntta- 

Cia.  A  wide  glass  tube,  n,  contracted  before  the 
p  ■■>  aa  to  leaTfl  only  a  small  opening  at  the 
bottom,  which  is  abont  20  mm.  from  the  bottom  of 
the  Tcinel  b,  is  sappoited  by  the  cork  or  wooden  lid 
a,  and  ia   nnrly  fllled  with  crystals  of  sulphate  of 

The  liqaid  with  which  the  cell  is  charged  is  a 
eolation  of  sulphate  of  magnesia  in  rain  or  distilled 
water,  from  50  to   125  gnunmce  of  the  commercial 

■alt  being  allowed  for  each  cell.  This  liqnid,  entering  the  tube  containing  the 
nipbate  of  copper,  forms  a  aatniatid  eolntion  which  collects  at  the  bottom  of  the 
resael  b  in  contact  with  the  lower  part  of  the  copper  plate.  It  is  evident  that 
such  a  cell  cannot  be  moved  abont  without  danger  of  mixing  the  snlntiona,  bnt  when 
left  at  Ht  it  is  very  constant  (Meidinger,  Pom.  Ann.  cviii.  602).  A  simplified  form  of 
Meidinger'a  battery  baa  been  described  by  Pidchs  (Jaltrai.f.  Ckem.  1868,  p.  SB]. 

7.  Sir  Wilimn  TTiomton'*  Battery  (Prae.  Roy.  Soc.  [1871]  xii.  253 ;  Cilna.  Sue.  J. 
xiiv.  102). — This  is  another  DaDiell'i  battery  in  which  the  parmia  diaphragm  is 
dispenaed  with.  Thr  cell  is  a  ronnd  or  rectangular  glass  jar  with  a  flat  bottom, 
which  should  be  10  centim.  or  more  in  depth,  when  permanence  and  ease  of  ma- 
nwgereeDt  are  of  more  importance  than  very  small  internal  resistance.  A  disk  of 
thin  sheet  cupper  is  laid  upon  the  bottom  of  the  cell,  with  a  copper  wire,  insnlnted 
with  gatta-percha,  festened  to  it  to  serve  as  electrode.  A  grating  of  sine,  also 
ith  an  electrode,  is  supported  in  the  upper  part  of  the  jar.    A  glass  tube 

.__    ^..., .: :_     ._.._..  Jj^j^ji^ J    J  .__   . , 


with  gatti 
provided  ' 


(the  eiar^iug  tube)  a  centimetre  or  more  in  internal  diameter,  expanded  to  a  fnnnel 

at  the  top,  is  soppoiled  so  that  its  lower  open  end  may  be  about  one  cent'—   -' 

the  eopper.    A  glass  siphon,  with  a  cotton-wick  core,  or  a  capillary  glas 


at  the  top.  is  snpponed  so  that  its  lower  open  end  may  be  about  one  centim.  above 
the  eopper.  A  glass  siphon,  with  a  cotton-wick  core,  or  a  capillary  glass  t-*--  '- 
ptaerd  BO  as  to  draw  liquid  gradually  from  a  level  about  1^  centim.  above  the  c 


.0  discharge  it  at  a  level  slightly  higher  than  the  upper  surface  of  the  sine. 

To  pat  the  cell  in  action,  the  jar  is  fllled  with  semi-saturatAl  solntion  of  sine  sal- 
phate,  and  finely  broken  crystals  of  copper  snlphale  are  placed  in  the  funnel  at  the 
top  of  the  charging  tube.  To  keep  the  cell  io  working  order,  pure  water,  or  water 
not,  qnarter  saturated  with  nne  sulphate,  should  be  added  from  time  to  time  to 
rvplace  that  drawn  off  bj  the  siphon,  so  as  to  keep  the  liquid  in  contact  with  the 
line  abont  half  satnmted  with  lioc  sulphate. 

8.   SitmeMtand  Ha/iJe^i  Biilterj/,—liiiam.Siemmi  and  Ealske have  also  introduced 
a  Bodified  form  of  Daniell's  batteiy,  intended  to  remain  in  action  for  a  considerable 
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time  without  tequiring  attentioD.  It  is  note  complicated  than  Meidiagei^s  and 
requires  a  parous  cell  of  peculiar  form :  for  a  description  and  figure  we  must  refer  to 
Poqg.  Amn.  cviii.  p.  608. 

It  is  impossible  to  give  any  unqualifled  recommendation  or  condemnation  of 
these  or  the  many  other  batteries  that  have  been  proposed  from  time  to  time,  since  the 
qualities  which  are  considered  advantageous  in  a  battery  differ  almost  as  much  as  the 
purposes  to  which  it  can  be  applied.  Sometimes  compactness  is  the  chief  thing  to  be 
«imed  at,  sometimes  cheapness;  sometimes  it  is  needful  to  be  able  to  produce  a 
eurrent  of  short  duration  at  any  moment,  sometimes  a  current  is  wanted  to  be  of  nearly 
constant  strength  for  days  together ;  sometimes  great  electromotive  force  is  required, 
and  consequently  a  very  laige  number  of  cells  must  be  used  (in  such  cases  the  chief 
desideratum  is  simplicity  of  construction,  so  that  the  labour  of  changing  the  cells  may 
be  as  small  as  possible) ;  and  in  other  cases,  again,  other  qualities  assume  the  greatest 
importance.  In  most  cases  a  little  consideration  of  the  chemical  and  mechanical 
structure  of  a  galvanic  cell  will  leave  but  little  doubt  as  to  whether  or  not  it  is  suitable 
for  any  propoc^  purpose.  For  instance,  it  is  obvious  that  cells  in  which  the  plates 
are  small  and  far  apart  must  have  great  internal  resistance,  and  hence  that  a  strong 
current  can  never  b^  obtained  from  them,  except  by  combining  a  great  number  of  them 
abreast ;  again,  if  it  is  needful  to  leave  a  battery  charged  for  days  or  weeks  at  a  time, 
ordinary  Grove's,  Bunsen's,  or  Daniell's  cells  would  be  unsuitable,  on  account  of  the 
gradual  mixture  of  the  two  liquids  and  consequent  solution  of  the  zinc  which  would  take 
place :  in  such  cases,  Thomson's,  Meidinger's,  Mari^Davys,  or  sometimes  Ledanch^'s 
batteries  mieht  be  used.  In  other  cases;— as,  for  instance,  for  the  electro-deposition  of 
metals,  or  whenever  a  strong  current  is  to  be  maintained  for  a  considerable  time — ^it  is 
essential  that  the  capacity  of  the  cells  should  be  lai^e  compared  with  the  size  of  the 
plates,  in  order  that  the  amount  of  chemical  action  which  takes  place  may  not  affect 
any  very  great  proportion  of  the  liquid  or  liquids  with  which  the  batteiy  is  chaived. 
It  must  also  bo  remarked  further,  in  reference  to  the  characters  commonly  ascribed  to 
partictdar  kinds  of  batteries,  that  the  term  '  constant  batteiy '  is  frequently  used  in 
two  very  different  senses.  On  the  one  hand,  batteries  are  often  called  constant  if  they 
give  a  current  of  sensibly  the  same  strength  when  their  terminals  are  repeatedly  joined 
for  a  short  time  by  the  same  conductor  at  intervals  of  a  few  hours  or  days ;  whereas 
the  proper  meaning  of  the  term  constant,  as  applied  to  a  batteiy,  means  that,  if  the 
poles  are  kept  joined  by  a  given  oonductor,  a  current  of  sensibly  constant  strength 
will  be  maintained  for  a  greater  or  less  length  of  time,  and  that,  if  the  resistance  of 
the  circuit  is  altered,  the  strength  of  the  current  will  alter  in  the  inverse  ratio.  For 
a  battery  to  be  constant  in  the  former  sense,  it  is  sufficient  that  there  should  be  no  local 
action  when  the  poles  are  disconnected,  and  no  spontaneous  alteration  due  to  the 
mixing  of  the  liquids  employed  or  other  similar  cause ;  these  conditions  are  sufficiently 
fulfilled  by  Leclanch^*s  and  various  other  batteries,  which  are  far  from  being  constant 
in  the  true  sense.  Real  constancy  requires  in  addition  that  there  should  be  no  polari- 
sation (ii.  429,  424),  or,  in  other  words,  that  the  electromotive  force  should  not  vary 
with  the  strength  of  the  current.  Probably,  properly  constructed  Grove's  or  Baniell's 
cells,  of  sufficient  capacity,  with  well-amalgamated  zinc  plates,  and  with  porous  parti 
tions  sufficiently  thick  to  prevent  rapid  mixing  of  the  liquids,  come  nearer  to  possessing 
this  kind  of  constancy  of  action  than  any  other  combinations  that  have  been  proposed 
hitherto.  A  table  giving  the  comparative  electromotive  forces  of  several  kinds  of  ceUs 
will  be  found  at  p.  579. 

TboiiUHiB*0  0«lwaiioin«ter.  In  the  ordinary  double-needle  galvanometer  (ii.  448, 
444),  the  moment  of  inertia  of  the  needles  is  usually  considerable  as  compared  with 
the  moment  of  the  deflecting  couple  due  to  a  very  weak  current,  and  consequently  the 
instrument  is  sluggish  in  its  indications,  and,  if  a  current  passes  through  it  for  only  a 
very  short  time,  may  not  even  show  any  appreciable  deflection ;  and  again,  when  the 
astatic  system  has  been  deflected,  its  inertia  prevents  it  from  coming  to  rest  again 
until  after  a  considerable  number  of  oscillations,  and  thus  renders  it  impossible  to  make 
a  series  of  observations  in  rapid  succession  with  this  instrument.  If  we  try  to  remedy 
these  defects  by  reducing  the  length  of  the  needles,  we  run  the  risk  of  making  the 
change  of  position  due  to  a  small  angular  displacement  imperceptible.  In  tliese 
respects  the  galvanometer  devised  by  Sir  William  Thomson  is  a  very  great  improve- 
ment on  the  instruments  previously  in  use.  This  is  represented  in  its  most  complete 
form  in  fig.  14.  a  and  B  in  this  figure  are  two  rather  flat  metallic  bobbins  filled 
with  coils  of  fine  copper  wire,  well  insulated  throughout  its  length,  and  wound  in 
opposite  directions  upon  each.  The  back  and  front  of  the  bobbins  are  made  in  sepamts 
pieces,  which  when  put  together  leave  a  small  free  space  between  them,  as  is  shown  in 
fig.  15,  which  represents  a  section  of  the  bobbins  and  coils  by  a  vertical  plans 
passing  through  their  axes.    In  this  space  is  suspended  by  a  silk  fibre  the  astatic 
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■jBt«m  of  DUgneta  M  and  h.  each  fofned  of  k  bit  of  flna  wntch-spring  about  |  inch 
k>Dg,  Mid  connwlfld  bT  a  thin  strip  of  aluminiam  of  mch  a  length  that  one  of  th* 
lUBgnetB  ia  at  tlM  middlo  of  each  ooil.    In  onlar  to  ivoder  the  deBaetioni  of  Um 


0.. 


^ 


BBgnala  paicspUbla,  a  naall  conwra  mirror  of  Terr  thin  lilTered  glass  ia  fixed  to  Uib 
■ukgnet  maide  the  coil  a  (flg.  14),  nnd  reflecta  the  light  of  ■  parsffin-lainp,  irhich 
talla  upon  it  thiongh  a  narroir  alii,  c,  ao  M    to  form  an  image  of  the  alit  upon  the 
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divided  wale  D  B,  at  K  ditUnee  of  aboDt  three  feet,  Thia  mirror,  togatlMi  with  tlw 
tvo  mognels  nnd  the  catiDectiag  strip  of  alumiDinm,  isBhovn  in  Bg.  16  in  ila  real 
■Ice.  All  these  partj  an  made  w)  llghl  that  all  t«^l)nr  thaj  veigh  odIj  about  thte« 
grains.  Whea  no  cuneat  is  paasiDg  through  the  iovtnuDent,  the  oieaof  Uie  gaapended 
rnngneU  ought  lo  ha  perpendicular  to  the  axes  of  the  coila,  and  the  image  of  the  slit 
ought  to  be  formed  at  the  ceutre  of  the  dirided  Kale.  In  older  to  enuire  the  fhlBl- 
ment  of  these  canditiona,  the  scale  shooM  be  set  at  right  angles  to  the  vertieal  plaoa 
PACding  through  Che  axes  of  the  coils,  and  with  ita  middle  pomt,  which  ought  to  be 
directly  over  the  slit,  in  this  pUae,  aod  then  the  poeition  o(  Che  large  w^jiutjng  dUfpifC 
r  should  be  changed  until  the  image  appmn  in  the  required  poaitioo.  Thu  adjust- 
mant  can  be  mode  Ter}>  accurately  by  msnui  of  the  tangent-»T8W  O. 

Another  form  of  the  same  iDstrumaat,  specinlly  intended  for  uae  OD  boaid  atup,  is 
repnaeiii«d  in  flg.  17-    In  thia  instrumeat  there  is  only  one  coil  and  one  mi^«t. 


Fill.  17. 


'^. 


knd  in  order  to  counteract  the  eSeda  of  tha  ship's  motloD,  the  magnet  and  minor  are 
fixed  to  the  middle  of  a  silk  fibre,  which  paases  exactly  through  their  common  centre 
of  erarity  and  is  stretched  frum  end  to  end  of  a  brsas  slide  (represented  apart  at  d). 
This  slide  fits  into  a  groove  in  the  centn  of  the  coil  B,  and  the  magnet  is  kept  in  an 
invariable  position  relatively  to  tbe  coil,  when  no  current  is  passing,  by  a  broad  eleel 
horae-sboe  magnet,  n.  The  attjustment  of  tha  image  of  tha  slit  to  the  ien>-point  of 
the  scale  ia  mnde  in  this  taatrument  by  means  of  a  pair  of  straight  magneta  placed 
together  with  their  like  polee  in  opposite  dircctiona  and  contained  in  ■  braaa  tuba  at 
c  :  by  means  of  a  lack-and-pinion  motion  these  magnets  can  be  slid  over  tnch  other 
in  oppoalte  directions,  and  thua  can  be  made  to  neutralise  each  other  entirely  aa  to 
their  action  on  the  suspended  magnet,  or  by  making  one  of  them  pn^ect  bejtKkd  tha 
other  the  action  of  either  can  be  made  to  preponderate  to  any  required  extant. 
Lastly,  in  order  to  counteract  the  local  sttractiona  due  to  the  iron  of  tlie  ship  or  of  ita 
freight,  the  instrument  ji  enclosed  in  a  thick  casing  of  wrought  iron,  a. 


It  is  eaay  to  see  that,  with  the  scale  at  three  feet  from  tha  m 
spot  of  light 


spot  of  light  corresponding  ti>  any  given  angular  deflection  of  tha  magnet  will  be 
equal  to  the  tangent  of  twice  the  angle  of  deflection  referred  to  a  cin:le  of  three  feet 
radius.  This  circumstance  not  only  implies  that  very  v«ak  currents  will  produce  sensibi* 
movements  of  the  spot  of  light,  but  justices  us  in  concluding  that  currents  which  are 
not  so  strong  aa  to  send  the  spot  of  light  beyond  the  end  of  the  scale  are  proportional 
totbedieplacenienla  they  produce.  Hence,  for  very  weak  currenla  a  Thomson's  galnuio- 
meter  ia  an  accurate  measaring  instrument.  It  can  also  be  used  for  the  comparison 
of  stronger  currents  if,  instead  of  allowing  the  whole  current  to  traverse  the  inatru- 
mont,  some  known  proportion  of  it  only,  not  too  great  to  let  the  spot  remain  on  the 
■cule.  be  alloved  to  pass  tlirough  it.  For  this  purpoee,  a  set  of  coils,  technically  called 
'  shunts,'  generally  adjusted  so  as  to  have  respectively  t,  ]^.  gig  ...  of  the  resistance 
of  the  galvanometer-wire,  are  usually  supplied  witb  it  by  the  makers.  When  one  of 
these  coils  is  put  into  the  circuit,  in  miUtiple  arc  with  the  galvanometer,  ^,  f^,  or 
^iai  ■  •  •  of  the  curTentpBasesthrongh  the  shunt,  and  only  ^,  yjg,  or  11^  respectively 
through  the  galvanometer  (see  p.  66S). 
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MapMto-eleetrie  Itoditctioii  Kaohlnefl.  When  a  coil  of  wire  ranounds  an  i  ion 
core,  any  alteration  in  the  magnetic  condition  of  the  core  produces  an  electromotive  force 
in  the  wire  ;  and  if  the  coil  forma  part  of  a  closed  circuit,  a  current  is  produced  in  it  the 
strength  of  which  is  proportional  to  the  electromotiye  force,  but  inversely  praportional 
to  the  resistance  of  the  circuit.  The  magnitude  of  the  electromotiye  force  at  any 
instant  is  proportional  to  the  number  of  times  the  wire  passes  round  the  core,  and  to 
the  rate  at  which  the  magnetic  moment  of  the  core  is  Tar3ring  at  that  instant ;  conse^ 
quently,  the  average  electromotive  force  which  acts  in  the  wire  during  any  given 
interval  of  time  can  be  increased  either  by  increasing  the  number  of  turns  of  wire 
forming  the  coil,  or  by  increaaing  the  magnetic  change  ta)ung  place  in  the  core  during 
the  interval  in  question.  If,  however,  we  endeavour  to  increase  the  strength  of  the 
current,  by  augmenting  the  electromotive  force  in  the  former  of  these  ways,  a  point  is 
reached  sooner  or  later  beyond  which  any  further  addition  to  the  lengtJi  of  the  coil 
makes  the  current  weaker  instead  of  stronger;  for,  with  a  core  of  finite  length,  only  a 
limited  number  of  tuma  of  wire  can  be  placed  in  imm^iate  proxitnity  with  it,  and,  if 
more  wire  is  to  be  wound  round  it,  Uie  additional  length  must  be  arranged  in  one  or 
more  layers  outside  the  first,  and  therefore  of  greater  diameter,  so  that,  after  tlie  first 
layer,  the  resistance  of  the  circuit  increases  niore  rapidly  than  the  electromotive  force. 

Applying  these  considerations  to  the  construction  of  magneto-electric  machines,  wo 
see  that,  other  conditions  being  the  same,  that  machine  will  give  the  strongest  current 
in  which  the  greatest  length  of  wire  is  within  a  given  distance  from  the  core,  and  in 
which  the  changes  in  the  magnetisation  of  the  core  are  the  most  considerable. 

These  conditions  are  fulfilled  much  more  perfectly  in  the  form  of  magneto-electric 
machine  devised  by  Siemens  (i^y.  Ann.  ci.  27 1  [1857])  than  in  the  machines  previously 
constructed,  such  as  those  descnbed  in  vol.  ii.  pp.  455-467.  The  principal  peculiarities 
of  this  arrangement  are :  first,  that  the  soft  iron  keeper  or  armature,  \fi  the  reversal  of 
whose  magnetism  the  induced  currents  are  due,  is  magnetised  transTtrsely  instead  of 
longitudinally ;  secondly,  that  the  action  of  the  permanent  steel  magnets,  instead  of 
being  ooncentrated  upon  the  ends  of  the  armature,  is  distributed  over  its  whole  length. 
Ck>nsequently,  at  each  reversal  of  the  magnetic  polarity  of  the  armature  a  much 
smaller  coercive  force  has  to  be  overcome  than  would  be  the  case  if  the  magnetisation 
were  longitudinal;  and  the  permanent  magnets,  being  separated  a  short  distance 
from  each  other,  instead  of  being  combined  into  one  large  magnet,  retain  their 
magnetism  more  coii^j>letely. 

A  perspective  view  of  a  Siemens's  armature  is  given  in  fig.  18,  and  a  transverse  section 
in  fig.  20  (p.  560) ;  a  copaplete  magneto-electric  machine  provided  with  one  of  these 

I'lo.  18. 


armatures  is  represented  in  the  upper  part  of  fig.  19,  the  p-shaped  bodies  p  being  the 
permanent  steel  magnets  between  whose  poles  the  armature  rotates.  The  armature 
Itself  is  made  b^y  cutting  two  deep  rectangular  or  semicircular  grooves  along  the  whole 
length  of  a  cylinder  of  wrought  iron,  so  as  to  leave  the  remainder  with  a  transverse 
section  approaching  in  shape  to  that  of  a  dumb-bell,  as  shown  in  fig.  20.  The  wire 
forming  tne  ooil  is  wrapped  longitudinally  round  the  piece  of  soft  iron,  so  as  com- 
pletely to  fill  the  grooves,  as  represented  in  figs.  18,  20.  a  and  b,  in  the  former 
figure,  are  the  surfaces  of  the  iron  core,  which  assume  alternately  north  and  south 
magnetic  polarity,  as  it  revolves  between  the  poles  of  the  fixed  magnets ;  at  c  there  is 
a  commutator  consisting  of  two  pieces  of  steel,  insulated  from  each  other,  each  of 
which  is  connected  with  one  end  of  the  coil ;  D  and  x  are  brass  collars  which  serve 
to  keep  the  ooil  of  wire  in  its  place ;  and  p  is  a  pulley  round  which  the  driving  belt 
works. 

A  very  important  improvement  in  the  construction  of  magneto-electric  machines, 
whereby  they  were  made  to  produce  effects  greatly  surpassing  anything  that  had 
been  previously  obtained,  and  were  in  fact  converted  into  the  most  powerful  generators 
of  dynamic  electricity  hitherto  constructed,  was  made  by  Mr.  Henry  Wilde,  of 
Manchester,  in  1863  {Patent  No.  3006,  December  1,  1868;  Proc,  Bay,  Soc, 
XT.  109  [1866];   PhU.   Mag,  [4]   xxxii.   148).    Without  entering    into  details  of 
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mecfaanieal  ooiutraetioB  in  connection  with  Wilde's  mAchines,  we  may  state  the  general 
principle  of  his  inTention  to  consist  in  the  employment  of  the  current  produced  by  a 
magneto-electric  machine,  with  an  armature  such  as  has  been  described,  to  excite  an 
electzo-magnet,  and  in  using  this  electro-magnet  to  induce  electric  currents  in  the  coil 
of  a  second  armature  of  similar  construction  but  larger  size.  Mr.  Wilde  was  led  to 
this  mode  of  employing  the  current  of  the  magneto-electric  machine  by  the  observation 
which  he  made  uiat  this  current  was  capable,  when  used  to  magnetise  soft  iron,  of  pro- 
ducing electro-magnets  of  far  greater  power  than  the  permanent  magnets  by  whicn  it 
was  generated.  Fig.  19  is  a  representation  of  a  Wilde  s  magneto-electric  machine :  the 
upper  part  consists  of  a  simple  magneto-electric  machine,  and  the  lower  part  of 
a  similar  machine  on  a  larger  scale,  with  the  substitution  of  the  electro-magnets  b  b, 
excited  by  the  cunent  of  the  smaller  machine  on  the  top,  for  permanent  magnets. 
The  extromities  of  the  magnets,  in  both  the  upper  and  the  lower  machine,  rest  upon 
two  pieces  of  soft  iron  (c  c,  figs.  19,  20)  of  the  same  length  as  the  armatures ;  these 
are  hollowed  out  on  the  sides  which  are  turned  towards  each  other,  so  that,  with  the 
pieces  of  brass,  o  o,  by  which  they  are  kept  apart,  they  form  two  complete  qrlinders, 
within  which  the  armatures  rerolve. 

When  once  it  had  been  ascertained  that  the  current  of  a  magneto-electric  machine 
eould  be  multiplied  by  causing  it  to  excite  an  electzo-magnet  in  a  second  machine,  the 
further  step  of  carrying  the  multiplication  to  a  higher  degree,  by  combining  together 
three  or  more  macblnes,  was  obvious.  This  step  was  made  by  Wilde,  who  used  the 
current  from  a  machine  having  six  permanent  magnets,  each  weighing  1  lb.  and 
capable  together  of  lifting  about  60  lb.,  and  an  armature  If  inch  in  diameter, 
to  excite  ue  electro-magnet  of  a  second  machine,  having  an  armature  6  inches  in 
diameter,  while  at  the  same  time  the  current  of  the  latter  was  made  to  traverse  the 
electro-magnetic  coils  of  a  third  machine,  with  an  armature  10  inches  in  diameter. 
When  the  armatures  of  this  triple  machine  were  kept  in  rapid  rotation  by  a  power- 
ful steam-engine,  a  current  of  enormous  power  was  obtained  from  the  third  armature. 
When  this  armature  was  coiled  with  an  insulated  copper  conductor  67  feet  long  and 
weighing  344  lb.,  and  was  driven  at  a  uniform  speed  of  1,600  revolutions  per  minute, 
the  current  was  sufficient  to  melt  pieces  of  a  cylindrical  iron  rod  15  inches  long  and 
}  inch  in  diameter,  or  an  e^ual  length  of  copper  wire  |  inch  in  diameter.  When  the 
coil  npon  the  armature  consisted  of  a  bundle  of  thirteen  copper  wires  376  feet  long  and 
weighing  232  lb.,  the  same  speed  of  revolution  furnished  a  current  which,  when 
allowed  to  pass  between  rods  of  gas-carbon  half  an  inch  square,  cast  shadows  of  the 
flames  of  street  lamps  at  a  distance  of  a  quarter  of  a  mile,  and  produced  upon  ordinary 
photographic  paper  in  20  seconds  a  blackening  effect  equal  to  that  produced  by  the 
full  sunshine  of  a  very  clear  March  day  in  one  minute. 

The  next  step  in  the  in^yrovement  of  magneto-electric  machines  was  made  almost 
simultaneously  by  Drs.  Werner  and  C.  W.  Siemens  (Proc.  Rcy.  8oc.  xv.  367 
[February  4,  18671)  and  by  Sir  Charles  Wheatstone  {Proo.  Boy.  Soe.  ibid.  p.  369 
[February  14,  1867J).  The  general  principle  involved  in  their  improvements  may  be 
thus  stated :  If  two  pieces  of  soft  iron,  each  of  them  slightly  magnetised  and  surrounded 
bv  a  coil  of  wire,  both  coils  being  connected  so  as  to  form  parts  of  a  single  closed 
circuit,  have  their  like  poles  moved  towards  each  other  or  their  unlike  poles  separated, 
a  current  will  be  induced  in  the  coils  in  such  a  direction  as  to  strengthen  the 
magnetisation  of  the  pieces  of  iron.  And  since  this  current  will  be  proportional,  other 
things  being  equal,  to  the  strength  of  the  magnetic  forces  which  oppose  the  movement, 
and  since  these  forces  are  themselves  increased  bv  the  existence  of  the  current  itself, 
it  is  obvious  that  a  continuous  movement,  under  the  conditions  that  have  been 
indicated,  must  produce  a  current  in  the  coils  of  continually  increasing  strength,  even 
if  the  initial  magnetism  of  the  soft  iron  were  indefinitely  weak.  In  order  to  put  this 
principle  in  practice,  a  magneto-electric  machine  was  employed  provided  with  soft  iron 
electio-magnets  and  a  Siemens's  armature.  If  no  current  passed  through  the  coils  of 
the  electro-magnet,  and  if  the  iron  were  quite  unmagnetic,  no  current  was  produced  bv 
the  rotation  of  the  armature ;  but  if  a  galvanic  current  be  sent  for  a  short  time  through 
the  coils  of  the  electro-magnet,  the  residual  magnetism  retained  by  the  soft  iron  after 
the  cessation  of  the  current  sufficed  to  produce  a  weak  current,  alternately  in  opposite 
directions,  when  the  armature  was  made  to  revolve  and  the  ends  of  the  wire  surrounding 
it  were  joined  together.  If  now  this  current,  after  being  reduced  to  a  constant 
direction  by  a  commutator,  was  made  to  traverse  the  coils  of  the  electro-magnet  in 
such  a  direction  as  to  increase  the  slight  magnetisation  already  existing,  it  was  itself 
strengthened  by  the  result  of  its  own  effect  on  the  magnet,  and  in  its  turn 
increased  still  further  the  power  of  the  magnet,  and  thus  again  its  own  strength. 
By  the  mutual  action  and  reaction  of  armature  and  electro-magnet,  *  the  mechanical 
resistance  is  found  to  increase  rapidly,  to  such  an  eictent  that  eiUier  the  driving-stCB^p 
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But  ulthnogh  curreDbi  of  Himoet  any  degTee  of  ioUniity  tan  be  produced  hy  the 
ttmn)(emeDt  that  has  beea  indicated,  a  maffastoelectric  machiDe  constnutsd  on  thi* 
priocipls  haa  the  importsDC  practical  defect  tbat,  in  proportioD  aa  the  CDrTeot  is 


emplojeil  iu  producing  external  effecta,  ao  the  piiwer  of  tlje  machine  to  generate  a 
current  i*  leesened.  A  remed;  for  this  was  deriaed  by  Mr.  I^id  (Proe.  Roy.  Soc.  it. 
404),  vho  adopted  the  simple  expedient  of  putting  two  armatnnn  iatothe  same  machine. 
and  emplofiog  the  current  of  one  solely  in  maintAining  the  magnetiam  of  the  electro- 
magnete,  vhile  that  of  the  other  could  be  used  for  any  other  porpoae.  In  machines  of 
the  largest  eiie  he  places  the  armatures  at  ophite  ends  of  a  pair  of  broad  electro- 
Btogneta  (b  b),  aa  shown  at  n  and  r,  tg.  21 ;  id  the  amalleT  mivchinee  the  anuatiuw 
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fire  eonnected  together  with  their  axes  of  rotation  in  the  same  straight  line,  and  the 
ooils  are  wound  npon  them  at  right  angles  to  each  other.  A  machine  of  this  con- 
struction, intended  to  be  driven  by  one  or  two  men,  is  shown  in  fig.  22,  and  the 
double  armature  is  represented  separately  at  a  b.  (For  a  sketch  of  the  mathematical 
theory  of  magneto-electric  machines,  see  Maxwell,  Proc.  Boy.  Soc.  xv.  397.  A  good 
account  of  the  construction  and  general  principles  of  those  above  described  is  given 
by  BeHin,  Ann,  Ckim,  Pky$.  [4]  xv.  169.) 

Bleotiio  Xeatottuiee  of  Condaotam.  The  relations  between  the  dimensions 
and  the  resistances  of  cylindrical  electric  conductors,  such  as  metallic  wires,  stated  at 
p.  466  of  voL  ii.,  may  be  expressed  mathematically  as  follows : 

a 

where  p  denotes  the  resistance  of  the  particular  conductor  under  consideration,  /  its 
length,  a  the  area  of  its  cross-section,  and  B  a  coefficient,  called  the  '  specific  resist- 
ance '  of  the  material  of  the  conductor.  This  coefficient  expresses  the  resistance  of  a 
portion  of  the  conductor  having  unit  length  and  unit  section,  and  has  a  constant  value 
for  the  same  material  under  the  same  conditions.  It  is  frequently  easier  to  determine 
by  direct  experiments  the  weight  and  specific  gravity  of  a  conductor,  than  the  area 
of  its  cross-section,  but  the  latter  number  can  be  easily  calculated  £rom  the  two 
former;  thus,  let  to  be  the  weight  of  the  conductor,  and  »  its  specific  r  gravity,  or  the 
weight  of  a  portion  of  unit  length  and  of  uniform  cruss-section  equal  to  the  unit  of 

area,  then  a  s  j —    Substituting  this  value  of  a  in  the  last  equation,  we  get 

to 

which  shows  that  the  resistances  of  conductors  of  the  same  material  are  proportional 
to  the  squares  of  their  lengths  and  inversely  proportional  to  their  weights. 

In  the  case  of  a  conductor  having  a  circidar  section,  such  as  a  well-drawn  wire,  the 
area  of  the  section  may  be  calculated  from  a  measurement  of  the  diameter,  which  may 
be  made  either  under  a  microscope  or  by  means  of  a  micrometer.    Then,  since,  if  dhe 

the  diameter,  a  »  -.cP,  the  resistance  of  the  conductor  may  be  expressed  in  reference 
to  its  length  and  diameter  thus : 

p  -  B  -^  -  1-27324  B  4- 

4^ 

The  following  table  (p.  564),  calculated  from  Matthiessen's  determinations  by  F. 
Jenkin  {Jottm.  8oe,  Arts,  February  23,  1866),  gives  the  values  of  the  products  B«  and 
1'2732  B  for  wires  of  several  of  the  most  important  metals,  expressed  in  terms  both 
of  the  British  and  the  metrical  standards  of  length  and  weight,  and  referred  to  the  unit 
of  electrical  resistance  adopted  by  the  Committee  of  the  British  Association  on 
l!3ectrical  Standards. 

An  example  will  show  the  mode  of  using  this  table.  For  instance,  let  it  be  required 
to  know  the  resistance  at  0^  C.  of  240  feet  of  hard-drawn  copper  wire  weighing 
16j^  lb.  The  first  column  of  figures  gives,  for  the  resistance  of  1  foot  of  wire  weighing 
1  grain,  the  number  0*2106 :  hence  the  resistance  of  240  feet  weighing  16^  lb.,  or 
1 16,500  grains,  is 

0-2106  K  ?-*0JL210  «  0106. 
116600 

If  the  length  and  weight  of  the  wire  whose  resistance  is  required  be  given  in  metres 
and  grammes,  the  calculation  must  of  course  be  made  in  the  same  way,  using  the 
number  given  in  the  second  column  of  figures.  Again,  to  find  the  resistance  of  10,000 
metres  of  hard-drawn  copper  wire  having  a  diameter  of  2*6  millimetres,  we  must  use 
the  fourth  column  of  figures ;  in  this  case  the  calculation  would  be 

00210*4  X      ^^^^^     «  33-664; 
2-6  X  2-6 

For  short  ranges  of  temperature  within  ordinary  limits,  the  resistance  of  metallic 
conductors  increases  very- nearly  proportionally  to  the  temperature,  and,  as  Matthiessen 
has  shown  {Phil.  Trans.  1862,  p.  23) — with  the  exception  of  iron,  the  resistance  of 
which  varies  between  0^  and  100°  C,  in  the  ratio  of  10  to  1*62— the  resistance  of  the 
most  important  metals  in  a  state  of  purity  varies  almost  exactly  at  the  same  rate. 
The  numbers  in  the  last  oolunm  of  the  table  give  the  approximate  percentage  variation 
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B«i8tuiro  at  0^  0.  of  Wires 

peroeDtage 
yarlationcf 

1  foot  long 

1  metre  long 

1  foot  long, 

Imetzelong, 

weighing 

weighing 

0-001  inch 

OHWl  metre 

1  grain 

1  gramme 

In  diameter 

In  diameter 

pflrl*at90^C. 

Silyer,  annealed 

0*2214 

0*1644 

9161 

001937 

0*877 

„     hard-drawn     . 

•2421 

•1689 

9*936 

•02108 

— 

Copper,  annealed 

•2064 

•1440 

9*718 

•02067 

0*888 

„       hard-drawn   . 

•2106 

•1469 

9*940 

•02104 

-^ 

Gold,  annealed  . 

'5849 

•4080 

12*62 

•02660 

0*365 

„     hard-drawn 

•6960 

•4160 

12*74 

•02697 

— 

Aluminium,  annealed . 

•06822 

•06769 

17*72 

•03761 

— 

Zinc,  preeaed 

•6710 

•8983 

32*22 

•07244 

0-865 

Platinum,  annealed    . 

8*536 

2*464 

66*09 

-1166 

— 

Iron,               ,t 

10786 

•7522 

6910 

•1261 

— 

Nickel,           „ 

1*2426 

•8666 

7678 

•1604 

— 

Tin,  preeaed 

1*817 

•9184 

80*36 

•1701 

0*365 

Lead,    „ 

8*236 

2*267 

119*39 

•2627 

0-387 

Antimon/,  pressed     . 

3*824 

28296 

216*0 

•4671 

0-389 

Bismuth,        t. 

5*064 

8*626 

798*0 

1689 

0-364 

Mercury    • 

18*74 

13071 

600*0 

1-270 

0072 

Platinum -nlyer  alloy 

(2:1)    . 

4*243 

2*969 

148*36 

•3140 

0-031 

German  eilyer    . 

2662 

1*860 

127*32 

•2696 

0044 

Gold-silver  aUoy  (2:1) 

2891 

1-668 

66*10 

-1399 

0*065 

of  resistance  for  1^  centigrade,  for  moderate  intenralB  of  temperature  above  or  below 
20°  C.  The  general  effect  of  dianffes  of  temperature  between  0^  and  100^  C.  may  be 
expressed,  according  to  Matthiessen  s  experiments,  by  the  following  fbzmulft : 

pi'^  p.(l  +  at  •¥  6<*), 

where  px  is  the  resistance  of  a  conductor  at  the  temperature  f  C,  ^  its  resistance  at 
0^,  and  a  and  b  are  coefficients  depending  on  the  material  of  which  it  is  composed. 
The  following  table  gives  the  values  of  these  coefficients  for  several  cases : 

a  b 


Pure  metals 

.     +  0*003894 

+  000000252 

Mercury  . 

.     -1-  0*0007485 

-  0000000398 

German  silver . 

.     -h  00004488 

4-  0000000152 

Platinum-silver  alloy 

.     +  000031 

Oold-silver  alloy 

.     +  00006999 

-  0000000062 

The  following  table  gives  the  results  of  F.  Kohlrausch  and  Nippdldt's  experiments 
(Poffff'  Ann.  cxxxviii.  386)  on  the  resistance  of  dilute  sulphuric  acid  of  various  degrees 
of  concentration.  The  numbers  in  the  third  and  fourth  columns  give  the  resistance 
and  conducting  power  at  22®  C.  of  a  column  of  acid  of  given  length  and  section  as 
compared  with  the  resistance  and  conducting  power  of  a  similar  column  of  mercury  at 
0°  0.  taken  as  unity.  The  last  column  gives  the  percentage  incrtast  of  conducting 
power  for  a  rise  of  temperature  of  1®  C. : 

Senttanee  and  Conducting  Power  of  Sidphurie  Add. 


Specific  gravity  at 

Hydrio  inlphate 

Specific  redstanoe 

Specific  conduct- 
ing power 
(Heroory  s  1) 

Fioroentage  varia- 
tion of  coodoctlng 

18-««  0. 

percent. 

(Mercory  si) 

power  per  degree 
oentlgmda 

10504 

8-3 

34465 

0000029015 

0*658 

1*0989 

14-2 

18910 

62881 

0*646 

11431 

20*2 

14962 

66837 

0-799 

1-2045 

28-2 

13108 

76290 

1-817 

1*2631 

85-2 

13107 

76298 

1^259 

1*3163 

41*5 

14269 

70130 

1-410 

1*3597 

460 

16732 

63665 

1-674 

1*3994 

50-4 

17692 

56523 

1-582 

1*4482 

55^2 

20766 

48182 

1*417 

1-5026 

60^3 

26525 

89176 

1-794 
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From  these  deteiminations,  it  appears  that  the  mixtuie  of  hjdxic  eulphato  and  water 
which  possesses  the  greatest  conducting  power  has  the  sp.  gr.  1*233  at  18*6°,  and 
therefore  contains  31*5  per  cent,  of  hydric  sulphate,  and  that  the  conducting  power  of 
this  acid  at  22^  is  0*000077274,  that  of  a  simihir  column  of  mercuzy  at  0°  Wing  taken 
as  unity.  The  last  column  of  the  table  shows  that  the  variation  of  conducting  power 
for  a  change  of  temperature  of  1^  is  sensibly  proportional  to  the  percentage  of  hydrio 
sulphate  in  the  solution.  Culling  the  percentage  variation  for  1^  3,  and  the  percentage 
of  hydric  sulphate  p,  the  experimental  numbers  give,  when  compared  by  the  methoid 
of  least  squares : 

3  «  0*4680  +  00219 j>. 

And  by  help  of  the  coefficient  thus  calculated,  the  conducting  power  kt  at  any  tempera- 
ture  ^  may  be  deduced  from  the  conducting  power  k^^  &^  ^^^»  ^7  ^^  formula : 


*»  -  H'  *  rJd  <'  -  '^'>]- 


BeaUtanee  of  Conduetora  variousfy  combined, — If  any  two  points,  f  and  q,  are 
connected  trigether  by  two  or  more  conductors,  ▲«  b,  c  .  . . .,  having  separately  the 
respective  resistances  pi^  p,,  p,  .  .  .  .,  and  combined  together  m  series^  as  in  fig.  23, 
the^  resistance  r  of  the  whole  combination  is  evidently  equal  to  the  sum  of  the 
resistances  of  the  separate  conductors,  or 

♦•  "  Pi  +  Pa  +  Pa  +  •  •  • 
Fio.  28. 


If,  on  the  other  hand,  the  conductors  are  connected  in  mtdHpl&  are,  as  in  fig.  24,  the 
total  resistance  between  the  two  given  points  is  represented  by 


f'  - 


PiPaPs 


PaPa  +  PiPa  +  PiPa 


This  relation  may  be  easily  proved  as  follows :  Let  Kj,  «,,  k,  . . .  i<  be  the  respective 
conducting  powers  of  the  several  conductors  a,  b,  c,  and  of  the  combination  of  them 
represented  in  fig.  24 ;  then,  by  the  definition  of  resistance  and  conducting  power» 
we  have : 


«i  - 


1^ 
Pi 


Ps 


1 
Pa 


r'  - 


T 


Further,  it  is  evident  that  the  conducting  power  of  the  combination  fig.  24  must  be 
equal  to  Uie  sum  of  the  conducting  powers  of  the  separate  conductors,  or 

*'  «  «i  +  «9  +  Pa ; 

whence 

1 
— ; T    _  PiPflPa 


r"  - 


«!+««  +  «a 


-    1 


-  +   -   +  -        PaPa  +  PiPa  +  PiPa 
Pi        Pa        Pa 


To  find  the  stiength  of  the  current  in  the  several  branches  of  a  compound  conducting 
system,  such  as  that  indicated  in  fig.  24,  we  have  to  consider  that  the  strength  of  the 
current  in  the  undivided  part  of  the  circuit  is  equal  to  the  sum  of  the  currents  in  the 
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branches,  and  also  tbat  the  same  electromotive  force  acts  in  each  of  the  bnndi- 
eondncton.    The  fonner  relation  is  expfeseed  bj  the  equation 

C  —  Cj  +  Ca  +  C3    .    .    .    .    (1), 

wheie  C  repreeente  the  strength  of  the  current  in  the  undivided  part  of  the  dieait, 
and  C|,  c,,  and  c,  the  currents  in  the  bzanches  ▲,  b,  and  c  respectiTely.  The  Utter 
relation  gives  rise,  by  Ohm's  law,  to  the  equations 

e  a  Cipi  a  e^^  »  Capi    ....    (2), 

in  irhich  e  stands  for  the  electromotive  force  between  the  points  p  and  a.  SahstitBting 
for  e^  and  c,  in  (1)  their  values  in  terms  of  o^  given  bj  (2),  we  get^  for  the  stnngth 
of  the  current  in  the  conductor  a,  the  value 

*  PiPa  +  PiPs  +  PiPs' 

and,  by  proceeding  in  a  similar  way,  we  obtain  the  values  of  e^  and  e^  namelj^ 


and 


e,  «  C 


tf.  »  C 


P^s 


p^Ps  +  PiPs  +  PiP% 


PiPi 


PaPa  +  PiPs  +  PiP« 


The  ooiresponding  expressions  for  the  strength  of  the  current  in  any  one  of  any 
number  of  conductors  connecting  the  same  two  points  is  easily  obtained  from  the 
above,  if  it  is  remembered  that  the  numerator  in  each  case  is  the  nroduet  of  ill  the 
resistances  except  that  of  the  branch  in  question,  and  that  the  denominator  is  the 
sum  of  a  series  of  terms  formed  by  multiplying  together  all  the  resistances  except  th» 
first,  then  all  but  the  second,  and  so  on.  A  case  of  very  frequent  occurrence  is  a 
combination  of  two  conductors  in  multiple  are :  the  expressions  for  the  strength  of 
the  currents  in  the  two  branches  are  then 


Pa 


Pi  +  P« 


,  and  0^  a  C 


Pi 


Pi  +  Pt 


Method  of  Comparing  Seaistanoes, — ^The  method  of  measuring  the  resistaoee  of 
conductors  by  comparing  them  with  a  rheostat,  as  described  at  p.  467,  vol.  ii.,  ie  noC 
capable  of  giving  very  accurate  results.  Of  the  various  more  exact  methodi  that 
have  been  devised,  those  which  are  most  generally  applicable  are  modificatioDs  of 
that  introduced  by  Sir  Charles  Wheatstone  in  1843,  and  known  as  Whettttcti^i 
EUctrioal  Bridge  or  Bakmoe  {PkU.  Tram,  1843,  p.  323).    The  geaeral  principle  of  thia 


method  may  be  explained  by  help  of  the  diagram,  fig.  26,  where  B  lepreseDts  a 
galvanic  battery,  connected  by  wires,  a  and  6,  with  the  thi^  copper  oonaudon  ti 
and  ^  A ;  o  is  a  delicate  galvanometer ;  and  n,  n,  p,  and  q  are  reeistaneet.  One  of 
them,  for  instance  o,  is  the  resistance  to  be  measured ;  its  neighbour  p  eonsists  of 
a  rheostat  or  a  graduated  set  of  resistance-coils,  so  that  it  can  be  increaaed  or 
diminished  at  will  to  any  required  amount ;  and  x  and  K  are  adjusted  so  as  to  be 
equal,  or  to  bear  some  other  simple  known  ratio  to  each  other,  x  and  s  are 
connected  by  the  thick  copper  conductor  «,  and  p  and  q  by  the  similar  coioAoilUx/, 
and  each  of  these  conductors  is  connected  by  a  Inandi-wire  with  one  tcraunal  of  thi 
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galTftnometer.  The  process  of  me&fmrement  consists  simply  in  altering  the  Talue  of 
the  resistance  P,  until,  when  the  battery-circuit  is  completed,  no  current  passes  through 
the  galvanometer,  and  the  needle  consequently  remains  at  rest.  When  this  is  the 
case,  it  can  be  shown,  by  the  laws  of  divided  cnrrents  which  hare  just  been  stated, 
that  the  resistance  p  is  to  the  resistance  Q  in  the  same  ratio  as  the  resistance  K  to  the 
resistance  n,  and  consequently  the  value  of  q  is  given  by  the  equation : 

To  prove  this,  let  G  denote  the  strength  of  the  current  in  the  undivided  part,  a  b  d, 
of  the  circuit.  The  current  in  c  x  e  is  of  the  same  strength  as  the  current  in  eixg, 
and  that*in  d  p/  is  equal  to  that  in  /q  A,  for,  since  no  current  passes  through  the 
galvanometer,  the  currents  in  ca  and  d  h  are  not  modified  by  the  presence  of  the  cross 
connection  eof.  Accordingly,  let  the  strength  of  the  current  in  euenff  be  denoted 
by  Ci,  and  the  strength  of  the  current  in  dv/Q  h  by  Cg.  Then,  since  the  resistance  of 
the  former  branch  of  the  circuit  may  be  represented  by  M  +  N,  and  that  of  the 
latter  by  P  +  Q, — ^the  resistances  of  the  connections  e,  d,  0,  f,  g,  h  being  n^ligible 
in  comparison — ^we  have 

Further,  let  C^'  represent  the  part  of  the  current  C|  which  would  flow  from  s  to  /  if 
the  current  G,  did  not  exist ;  and  let  Gg'  represent  the  part  of  the  current  Gji  which 
would  flow  fiiom  /  to  0  if  the  current  Gx  did  not  exist ;  we  have  then 

^''  "  °'  (TTliT"  ft' 

and 

°''  ■*■  °» (^  +  M  +  a- 

These  currents,  Gi'and  G,',  would  traverse  the  galvanometer  in  opposite  directions ; 
but,  since,  in  the  actual  experiment,  the  galvanometer  remains  at  rest,  it  is  obvious 
that  Gx'  and  G^'  must  be  equal  to  each  other,  whence 

GiN  -  GaQ 
or 

^»  =  ^  (b) 

n 

Equating  the  values  of  ^  given  by  equations  (a)  and  (b)  and  transposing,  we  get 

P^+Jl       M  +_N 
Q       "       N      ' 
whence 

^  =  ^,  or  Q  -  P-. 

(For  farther  details  relating  to  the  electrical  balance  and  the  mode  of  using  it,  see 
Jenkin,  Jhit,  Assoe,  Sep.  1862,  p.  159 ;  Matthiessen  and  Hoddn,  Brit.  Amoo,  Sep. 
1864,  p.  852  ;  also  The  Laboratory/,  1867,  pp.  343,  391,  423.) 

In  certain  cases  the  comparison  of  resistances  by  means  of  the  electrical  balance 
requires  special  precautions  or  corrections.  If,  for  instance,  one  of  the  conductors 
to  be  compared  consists  of  alternate  pieces  of  two  different  metals  connected  together 
end  to  end,  as  in  the  thermo-electnc  pile,  the  passage  of  a  current  through  it  will 
cause  tJie  points  of  junction  of  the  metals  to  be  alternately  heated  and  cooled,  and 
will  thus  generate  an  electromotive  force,  opposed  to  that  of  the  battery,  which,  in 
the  comparison  of  resistances,  produces  the  same  effect  as  an  increase  of  resistance. 
This  inverse  electromotive  force  is  proportional  to  the  difference  of  temperature  at  the 
alternate  metallie  joints,  and  therefore  does  not  acquire  a  sensible  value  if  the  current 
is  allowed  to  pass  for  only  a  very  short  time ;  if  however  the  current  is  maintained,  the 
inverse  electromotive  force  finally  attains  a  constant  maximum  value  proportional  to 
the  strength  of  the  current.  The  effect  of  this  is,  as  has  been  shown  by  Beets  {Pogg.  Ann. 
cxxix.  620),  equivalent  to  a  constant  additional  resistance,  indepenaent  of  the  strength 
of  the  current.  Analogous  phenomena,  causing  a  complication  in  the  measurement 
of  resistance,  ari&e  in  the  case  of  electrolytic  conductors,  in  which  an  inverse  electio- 
moUve  force  is  caused  by  the  polarisation  of  the  electrodes  already  described  (ii.  429). 
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In  this  COM  also  the  inyerse  force  gradually  increases  ftom  seio  to  a  eonstant 
niaximum  when  the  current  is  kept  up  continuously ;  it  is  piohable  therefore  that, 
by  employing  comparatirely  large  electrodes  and  cnxrents  of  very  shost  duBtion« 
it  would  be  possible  to  prevent  its  producing  reiy  serious  results.  But  the  only 
generally  applicable  method  yet  devieed,  by  which  its  efbcts  can  be  entirely  got  rid 
of,  consists  in  the  employment  of  a  rapid  succession  of  coirents  of  short  duration 
alternately  in  opposite  dir^tions.  By  the  employment  of  a  process  founded  upon 
this  principle,  F.^ohlrausch  and  Nippoldt  hare  proved  conclusively  that,  when  the 
disturbing  effects  of  polarisation  are  got  rid  of,  Ohm*s  law  (ii.  459)  applies  to 
electrolytic  as  fully  as  to  metallic  conductors  (Pogg.  Aim,  ezzzviii.  280»  370). 

Standards  of  Blootrieal  Baalataaoe.  In  order  that  the  results  obtained  by 
comparing  the  resistances  of  various  conductors  may  be  comparable  among  them- 
selves, it  is  needful  that  one  term  of  the  comparison  should  either  be  identically  the 
same  in  every  case,  or  else  that  it  should  bear  a  known  relation  to  some  one 
invariable  standard.  Accordingly,  various  propositions  have  been  made  from  time  to 
time  with  a  view  to  induce  different  experimenters  to  use  the  same  standard  or  mmi 
of  resistance,  and  so  to  make  the  results  of  their  experiments  mutually  oomparable. 
Hitherto,  however,  no  one  standard  has  come  to  be  universally  employed ;  and  the 
comparison  of  measurements  made  by  reference  to  the  different  units  which  are  in 
partial  use  presents  difficulties  of  the  same  kind  as,  but  greater  in  degree  than,  the 
comparison  of  measurements  of  length  or  mass  expressed  in  terms  of  the  standards 
employed  in  different  countries.  The  following  table  gives  the  approximate  relative 
values  of  the  standards  of  electrical  resistance  most  commonly  referred  to  in  adentifle 
writings: 

Standards  of  Seaistanet, 


Name  of  Btaadatd 


British    Association    unit,    or 
Ohmad 


Weber^B  unit  x  W 


Mercury  >  according 
unit     (       to 


Siemens 


Matthiessen 


Jaoobi's  unit 


{ 


Tkrfltilfclffli 


10'  metres 
per  second, 
according  to 
experiments 
of  British 
Association 
Committee 

10'  metres 
per  second, 
according  to 
Weber's  ex- 
periments 

Column  of 
mercury  1 
metre  long, 
1  sq.  millim. 
in  section 

26  feet  of  a 
particular 
copper  wire 


BfllativB  YataMS 


B.  A.  unit, 
or  Ohmad 


10766' 


1*0486* 


10896* 


1'686« 


Weber's  unit 


0-9297' 


0*9749' 


n-672'i 

ll-47.4«J 


Dlltt 


/0-96S6*' 


VO-9619* 


1-0267' 


1-619^ 


[AutkoriHeg, — *  Calculated  from  *  and  *.  *  Siemens,  Pioffff-  Jnni,  exxrii.  842; 
F&rtsekrittB  der  Phyrik,  xxii.  872.  •  Matthi(«sen,  BrU,  Assoe,  Sep.  1864,  p.  849. 
*  Calculated  from  *  and  \  •  Weber,  •  Galvanometrie,'  F^orUekAtte  der  J^kyaiJt, 
xviii.  427.  '  Weber,  Elektrodynamieeie  Maassbeedmnumffen,  2te  AbhandL  p.  262. 
■  Calculated  from  *  and  *.  *  Calculated  by  Wiedemann  {OalvamemiUt  ii.  916)  from 
Siemens's  experiments,  Pogff.  Ann,  ex.  9  and  18.] 

In  this  table,  the  numbers  in  each  vertical  column  express  the  renstanoe  of  the 
standard  named  at  the  head  of  it  in  terms  of  the  other  standards,  while  the  anmben 
in  each  horiaontal  line  give  the  relative  resistances  of  the  several  standards.    These 
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Qumben,  howerer,  cannot  laj  claim  to  any  high  degree  of  accoiacy,  as  exact  inter- 
comparisons  of  the  Tarions'  units  are  wanting.  The  nature  of  the  units  adopted  by 
Weber  and  by  the  Committee  of  the  British  Association,  and  the  meaning  of  the 
definitions  of  them  given  in  the  table,  will  become  more  apparent  from  what 
follows. 
If  electrical  resistance  were  an  independent  magnitude,  it  would  be,  comparatiyely 

rJdng,  a  matter  of  indiiference  what  unit  was  iidopted  for  measuring  it,  so  long  as 
unit  itself  had  an  accurately  defined  value ;  but,  seeing  that  electrical  resistance 
can  only  be  defined  by  reference  to  the  correlatiye  magnitudes  electromotive  force  and 
electric  current,  it  is  obviously  desirable  that  the  units  adopted  for  the  measurement  of 
resistance,  electromotive  force,  and  electric  current  should  be  chosen  so  as  to  express 
the  mutual  relations  of  these  magnitudes  in  the  simplest  and  most  direct  way  possible. 
When  the  same  electromotive  force  acts  in  circuits  of  various  lengths,  or  composed  of 
various  materials,  it  produces  in  general  electric  currents  having  different  degrees  of 
strength ;  and  the  '  resistance '  of  each  circuit  is  simply  the  name  given  to  that  quality 
of  it  which  determines  the  strength  of  the  curreut  produced  by  a  given  electromotive 
force.  According  to  Ohm's  law,  the  resistance  B  of  a  circuit  in  which  the  electzomotiye 
force  £  produces  the  cuzxent  C  is  expressed  by  the  formula 

where  a  is  an  arbitiaiy  constant  depending  upon  the  units  of  measurement  adopted  for 
B,  £,  and  C.  The  physical  meaning  of  a  becomes  apparent  if  we  suppose  that  E  and 
C  each  ■*  1 :  the  above  expression  then  becomes 

Baa, 

which  shows  that  a  is  (1)  the  resistance  of  a  circuit  in  whibh  unit  electromotive  force 
would  produce  a  current  of  unit  strength.    Again,  if  we  make  £  a  B  «  1,  we  get 

G  «-  a ;  or,  by  making  C  ■>  B  »  1,  we  find  -.  -t  a ;  whence  we  see  that  a  may  also 

be  defined  (2)  as  the  strength  of  the  current  produced  by  unit  electiomotiye  force  in  a 
circuit  of  unit  resistance,  or  (8)  as  the  reciprocal  of  the  electiomotiye  force  required  to 
produce  the  unit  current  in  a  circuit  of  unit  resistance.  Now  it  is  obvious  from  these 
relations,  that  whatever  be  the  units  adopted  for  measuring  two  of  the  magnitudes 
B,  E,  and  C,  it  is  always  possible  to  choose  such  a  unit  for  the  measurement  of  the 
third  as  will  make  the  coefficient  a  a  1.  In  this  case  the  formula  expressing  Ohm's 
law  assume  their  simplest  possible  form,  namely, 

B-.^.      0-|,      E-CB, 

and  the  unit  of  resistance  would  then  be  defined  as  the  remtanee  of  a  cireuU  in  wkiek 
itnii  electromotive  force  produces  the  current  of  unit  strength.  Ohm's  law  then  determines 
the  relation  which  the  units  of  resistance,  current,  and  electiomotiye  foite  must  bear 
to  each  other  in  order  that  they  may  form  a  coherent  system ;  'but  it  leaves  us  free  to 
choose  any  two  of  them  quite  arbitrarily. 

A  further  condition,  howeyer,  which  a  satisfactory  system  of  electrical  measnres 
must  fulfil,  is  that  of  expressing  conveniently  the  relations  of  electrical  to  other 
physical  magnitudes.  The  most  fundamental  of  these  relations  are  determined  by 
Joule's  discoveries  of  the  laws  according  to  which  mechanical  eneigy  and  the  energy  of 
current  electricity  are  respectiyely  converted  into  heat.  These  laws  are  expressea  by 
the  equations 

W  -  JH 
and 

H  -  b.C?Rt, 

where  J  stands  for  the  mechanical  equivalent  of  heat,  W  for  the  number  of  units  of 
work  which  must  be  expended  to  produce  the  same  quantity  of  heat,  H,  as  would  be 
produced  in  the  time  <  by  a  current  of  the  strength  G  in  a  conductor  of  the  resistance 
K,  and  b  for  a  constant  depending  on  the  units  of  measurement  for  heat,  current,  and 
resistance.    Combining  tfaie  two  equations,  we  get 

W  a  Jb.CRi  -  Jb.W)i  »  Jb^t, 

If  we  suppose  G  to  denote  a  current  of  unit  strength,  B  a  unit  of  renstancOi  and  i  a 
unit  of  time,  the  value  of  W  becomes 

W  -J6. 
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But,  in  a  nataral  system  of  measures,  the  unit  current  circulating  for  nnit  of  time  in 
a  conductor  of  unit  resistance  would  perform  unit  of  work  or  its  equivalent.  In  order 
that  this  condition  may  be  fulfilled,  the  units  adopted  for  the  measurement  of  work 
and  for  the  electrical  magnitudes  E,  C,  and  K  must  be  so  chosen  as  to  make  the 
factor  J6  »  1.  We  then  get,  for  the  work  done  by  an  electric  current  in  unit  of  time, 
the  expressions 

W  -  C»R  -  EC  -  g , 

establishing  a  relation  between  the  nnit  of  work  and  the  electrical  nnits.  But  the  itnit 
of  work  is  defined,  indejpendently  of  electrical  phenomena,  as  the  work  done  by  the 
unit  force  when  it  acts  through  unit  of  distance ;  and  the  unit  force  is  itself  defined  as 
the  force  required  to  impart  unit  velocity  to  unit  mass  in  the  unit  of  time ;  conse- 
quently, the  measurement  of  work  involyes  reference  only  to  the  fundamental  physical 
units  of  space,  time,  and*  mass.  If  then  we  can  define  either  the  unit  of  electromotiTe 
force,  of  current,  or  of  resistance,  without  reference  to  anything  beyond  the  same 
fundamental  units,  two  of  the  four  magnitudes  occurring  in  the  above  equations  are 
determined,  and  the  equations  themselves  suffice  for  determining  the  other  two.  Now 
the  phenomena  of  the  mutual  action  of  electric  currents  and  magnets  afford  the  means 
of  measuring  both  electric  currents  and  electromotive  force  in  terms  of  the  onits  of 
space,  time,  and  mass,  and  therefore  of  obtaining  an  independent  definition  of  the 
natural  unit  of  each.  From  the  units  thus  determined,  the  unit  of  resistance  can  be 
deduced  by  Ohm's  law.  Hence  a  system  of  electrical  measures  can  be  based,  either 
upon  the  phenomena  of  electromagnetism  alone,  or  upon  these  phenomena  taken  in 
connection  with  the  laws  of  the  production  of  work  by  electric  currents ;  and  if  the 
experimental  data  required  in  each  case  were  perfectly  accurate,  the  measures  obtained 
by  the  two  methods  would  be  identical.  Hitherto,  however,  it  is  probable  that  the 
measures  derived  solely  from  electromagnetic  phenomena  are  the  most  trustworthy, 
and  it  is  upon  them  that  both  Weber's  unit  of  resistance  and  the  British  Association 
unit  are  founded.  By  definition,  these  two  units  would  be  identical  (except  that,  as  a 
matter  of  practical  convenience,  the  B.  A.  unit  is  taken  10,000,000,000  times  as  great 
as  Weber's),  were  it  not  for  experimental  errors. 

Standards  of  measure  which,  like  those  we  have  been  discussing,  are  derived  firom 
the  units  of  space,  time,  and  mass,  are  often  called  ahaolute  standards,  not  as  implying 
any  special  accuracy  in  the  measurements  made  by  means  of  them,  but  in  contradis- 
tinction to  eomparative  measures,  which  merely  enable  us  to  express  the  relation  between 
the  magnitude  to  be  measured  and  some  other  magnitude  of  its  own  kind.  Thus,  the 
cubic  foot,  or  the  cubic  inch,  may  be  called  an  absolute  unit  of  capacity,  while  the 
giillon,  or  the  pint,  is  merely  a  relative  unit. 

We  shall  now  try  to  explain  the  general  principles  of  the  methods  by  which 
electric  currents,  electromotive  force,  and  resistance  can  be  measured  in  absoluta 
unite. 

Absolute  Measwremmt  qf  Electric  Currents, — ^The  force  exerted  by  an  element  of  the 

length  5  of  a  current  of  the  strength  0  upon  a  magnetic  pole  of  intensity  M,  at  a 

distance  r  in  a  direction  making  an  angle  0  with  the  tangent  to  the  current  at  the 

position  of  the  element  in  question,  is  mrectly  proportional  to  the  length  of  the  element 

of  the  current,  to  the  strength  of  the  current,  to  the  intensity  of  the  magnetic  pole, 

and  to  the  sine  of  the  angle  0,  and  inversely  proportional  to  the  square  of  the  distance; 

and  its  direction  is  perpendicular  to  the  plane  passing  through  the  element  of  the 

current  and  the  pole.    The  force  may  therefore  be  represented  in  magnitude  by  the 

formula 

r      sCM  sin  e 
J ^ 

If  the  current  is  carried  round  the  circumference  of  a  circle  with  the  magnetic  pole  at 
the  centre,  each  element  of  it  is  at  the  same  distance  &om  the  pole,  and  sin  6  is 
throughout  equal  to  unity,  and  the  plane  containing  the  whole  current  also  contains 
the  pole ;  hence  the  resultant  force  P  exerted  by  the  entire  current  is  the  product 

of  the  force  /  exerted  by  each  element  into  the  number  of  elements  ^ —  in  the 

whole  circumference,  or 

„      2irCM 


If,  instead  of  a  single  magnetic  pole  at  the  centre  of  the  circle  round  which  the 
current  passes,  there  is  a  complete  magnet  with  poles  of  the  intensity  M  and  — H. 
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but  with  the  distance  between  them,  L,  so  short,  in  comparison  to  the  radius  of  the 
circle,  that  each  pole  may,  without  sensible  error,  be  regarded  as  at  the  centre,  the 
two  poles  are  subject  to  equal  parallel  forces  in  opposite  directions;  and  the  per- 
pendicular distance  between  the  lines  of  action  of  these  forces  is  L  cos  a,  if  a  be 
the  angle  which  the  axis  of  the  magnet  makes  with  the  plane  of  the  current. 
Consequently,  the  magnet  is  subject  to  a  statical  couple,  tending  to  set  its  axis  perpen- 
dicular to  the  plane  of  the  current,  the  moment  of  wnich  is 

O  -  FL  COB  a  -  ?^  008  «, 

r 

where  fi  »  ML  stands  for  the  mii^btie  moment  of  the  magnet  If  the  plane  of  the 
current  be  vertical  and  coincide  with  the  plane  of  the  magnetic  meridian,  the  magnet 
is  also  subject  to  a  couple,  tending  to  set  its  axis  parallel  to  the  plane  of  the  current, 
of  which  the  moment  is 

E  •-  Hm  sin  a, 

where  H  is  the  horizontal  component  of  the  earth's  magnetic  force.  The  magnet  there- 
fore, under  the  action  of  these  two  opposing  couples,  comes  to  rest  in  such  a  position 
that  their  moments  are  equal,  that  is  so  as  to  make 

cos  a  a  Hii  sm  a. 

r 

This  equation  gires,  for  the  strength  of  the  current  in  terms  of  the  radius  of  the  circle, 
the  deflection  of  the  magnet  from  the  meridian,  and  the  horizontal  component  of  the 
earth's  force,  the  expression 

C  -  ?r  ton  a. 

The  conditions  that  have  been  supposed  in  deducing  this  formula  are  approximately 
fulfilled  in  the  simplest  form  of  tongent-galvanometer  (ii.  460) ;  the  observation  of  the 
deflection  which  a  given  current  produces  on  a  tongent-galvanometer  of  known  radius 
affords  a  measure  of  the  strength  of  the  current  in  absolute  unito,  when  the  horizontal 
component  of  the  earth's  magnetic  force,  at  the  time  and  place  of  the  experiment,  is 
known  in  absolute  measure.  (See  iii.  781,  782  ;  also  Magnbtisx  in  this  Supplement.) 
The  definition  of  the  unit  current  which  residto  from  this  mode  of  measurement  is  as 
follows : 

A  current  of  unit  ttrength  is  a  current  of  which  the  unit  length  placed  along  the 
eircu'n{ference  of  a  circle  of  unit  radius  {the  current  therefore  occupying  an  arc  of 
57^*29578),  the  plane  of  which  is  parallel  to  the  lines  of  force  of  a  magnetic  feld  of  unit 
intensity,  wouid  cause  a  short  magnet  suspended  at  the  centre  of  the  circle  to  he  deflected 
through  an  angle  ( =s  46°)  whose  tangent  is  unity. 

Or  the  same  definition  may  be  put  into  a  form  in  which  it  is  more  directly  applicable 
to  the  tongentrgalvanometer,  thus : 

A  current  of  unit  strength  placed  once  round  the  circumference  of  a  vertical  circle  of 
unit  radius f  in  the  plane  of  tie  magnetic  meridian,  wiU  cause  a  short  magnet  suspended 
at  the  centre  of  the  circle  to  be  deflected  through  an  angle  whose  tangent  is  6*2832  (»  2r) 
divided  by  the  absoiute  horizontal  intensity  of  the  eariKs  magnetic  force  at  the  time  ana 
place  of  ^aervation. 

It  will  be  seen  that,  in  order  to  determine  the  strength  of  a  current  in  absolute 
measure,  by  means  of  the  tongent-galvanometer,  the  absolute  intennity  of  the  earth's 
horizontol  magnetic  force  must  have  been  ascertoined  by  independent  observations. 
Bat  if  the  current  be  made  to  traverse  a  coil  of  wire,  suspended  so  that  ito  axis  is 
horizontol  and  perpendicular  to  the  magnetic  meridian  when  no  current  is  passing,  sa 
well  as  a  tongent-galvanometer,  the  observation  of  the  deflection  of  the  coil  combined 
with  that  of  the  tongent-galvanometer  gives,  as  has  been  shown  by  Kohlrausch,  the 
dato  for  determining  simultoneously  the  absolute  horizontal  force  of  the  earth  and  the 
absolute  strength  of  the  current.  The  general  principle  of  this  method  may  be  stoted 
as  follows :  mien  a  current  of  the  strength  C  traverses  the  coil,  it  develops  a  stotical 
conple  tending  to  set  the  axis  of  the  coil  parallel  to  the  magnetic  meridian,  the  moment 
of  which  is  obtoined  by  multiplying  the  strength  of  the  current  by  the  horizontal 
magnetic  force  of  the  earth  H,  by  the  totol  area  A  enclosed  by  the  coil  (that  is,  the 
mean  area  enclosed  by  a  single  turn  of  the  wire  multiplied  by  the  number  of  turns), 
and  by  the  sine  of  the  angle  /3  which  the  axis  of  the  coil  makes  with  the  magnetio 
meridian ;  bat  the  coil  is  also  subject  to  another  couple,  tending  to  set  ite  axis  perpen- 
dicular to  the  meridian,  the  moment  of  which  is  the  coefficient  of  torsion-elasticity  of 
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the  BUflpending  wires  T,  multiplied  by  the  angle  of  deflectioii  of  the  ooiL  Henoe  the 
poeition  of  equilibrium  of  the  ooil,  when  the  current  Ib  passing,  is  determined  by  tha 
equation 

CH.Asin3  -  T(90<>-^) 

CH-T(?^ («). 

A. Bin  /3 

And  the  simultaneous  observation  with  the  tangent^Tsnometer  gires 

g-^ton  ......  (ft). 

The  combination  of  these  two  equations,  (a)  and  (fi\,  giyes  both  C  and  H  in  absolute 
measure.    (For  further  details,  see  F«  KohlrauBch,  Poffff.  Ann,  [1869]  czzxriii.  1.) 

AffBolute  Meatutemeni  of  EleeiromaHve  FarcB, — ^The  eleetzomotiTe  force  of  a  galTanie 
battexT,  or  other  equiyalent  apparatus,  may  be  defined  as  the  quality  in  yirtne  of  which 
it  tends  to  do  work  by  the  transference  of  electricity  from  one  point  to  another;  and 
it  may  be  expressed  numerically^  the  amount  of  work  done  auring  the  transfer  of 
the  unit  quantity  of  electricity.  I^us  if  W  be  the  work  done  by  the  chemical  or  other 
forces  of  the  battery,  during  the  transfer  of  the  quantity  of  electricity  Q  through  the 
drcuit,  the  electiomotiye  force  of  the  battery  may  be  represented  by 

EW        W 

the  last  expression  being  applicable  when  the  electridbr  is  transfeiTed  in  the  form  of  a 
current  of  uniform  strength  C  lasting  for  the  time  i.  Hence  the  electromotiye  force  of 
a  battery  may  also  be  said  to  be  tne  work  done  when  a  current  of  unit  strengUi  is 
maintained  for  unit  of  time.  The  work  may  of  course  be  of  Tarious  kinds,  as,  for 
example,  production  of  heat ;  work  against  gravity,  as  when  weights  are  raised  by  an 
electromagnetic  engine ;  work  of  acceleration  against  inertia ;  chemical  work,  as  in  a 
voltameter ;  magnetic  and  electrical  work,  as  in  an  induction  coil ;  but  in  the  above 
formula  it  is  supposed  to  be  always  expressed  in  absolute  mechanical  units. 

But,  just  as  electromotiTe  force  does  work  in  a  conducting  circuit  through  the  agen^ 
of  the  current  which  it  produces,  so,  conyersely,  work  done  upon  a  conductor  may  give 
rise  to  electromotive  force,  and  therefore  to  a  current,  if  the  conductor  forms  part  of 
a  closed  circuit.  This  fact,  coupled  with  the  condition  that  the  electromotiye  force 
developed  when  xmit  of  work  is  expended  per  unit  of  time  is  to  be  taken  as  the  unit  of 
electromotive  force,  serves  as  the  basis  for  the  absolute  measurement  of  electromotive 
force.  The  principles  of  the  measurement  will  be  easily  understood  from  the  following 
considerations. 

If  a  cuirent  of  the  strength  (7  circulate  in  a  rectilinear  conductor  of  length  I  placed 
at  right  angles  to  the  lines  of  force  in  a  uniform  magnetio  field  of  intensity  H»  every 
element  dl  of  the  current  is  subject  to  a  force  equal  to 

Hcr<« 

in  a  direction  perpendicular  to  the  current  and  to  the  lines  of  force.  The  resultant 
force  acting  upon  the  whole  length  I  is  therefore  the  sum  of  the  forces  acting  upon  the 
several  elements  of  it,  or 

F  »  HC/; 

and  if  the  conductor  be  displaced  through  the  distance  I)  perpendicularly  to  itself  and 
to  the  lines  of  force,  and  in  opposition  to  the  force  F,  a  quanti^  of  work  w  will  have 
been  expended  in  producing  the  displacement  which  is  expressed  hy 

w  »FD  mM  HCO), 

or,  if  the  displacement  take  place  with  the  constant  yelodty  «  and  occupy  unit  of  time, 
we  may  write 

to  ->  HC/v. 

If  £  be  the  electromotiye  force  acting  in  the  conductor  when  at  rest,  the  work  (in  thi 
case  simply  eyolntion  of  heat)  done  in  unit  of  time  by  the  electrical  forces  when  the 
strength  of  the  cuzient  is  C,  will  be 

W  «  EC 

Bat  the  principle  of  the  Conservation  of  Eneigy  requires  that,  when  an  amount  of 
work  w  is  done  upon  the  conductor  by  external  forces,  the  equivalent  of  this  work  shall 
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make  its  appeannoe  in  the  oondnctor :  henoe,  daring  the  displacement,  for  the  whole 
quantity  of  voik  dereloped  in  the  oondactor  per  unit  of  time  we  have 

W  ■>  W  +  w. 

But  in  order  that  a  quantity  of  work  W  may  be  done  in  a  oondactor  in  a  unit  of  time 
by  a  eoixent  of  etcength  C,  the  electromotive  force  mast  be  £',  such  that 

W  -  E'er. 

And  this  expression,  taken  in  connection  with  the  last  tlnree,  giyes 

K  «  E  +  H/». 

Hence  we  see  that  by  displacing  the  conductor  in  opposition  to  the  electromagnetic  forces, 
the  electromotive  force  acting  in  it  has  been  increased  by  an  amount  EJv ;  or,  in  other 
words,  that  the  movement  of  the  conductor  has  developed  an  additional  electromotive 
force  proportional  to  the  length  of  the  conductor,  the  intensity  of  the  magnetic  field, 
and  the  velocity  of  the  motion.  And  in  order  that  the  relation  between  the  expendi- 
ture of  work  and  production  of  electrical  effects  may  be  expressed  in  the  simplest  way 
possible,  the  electromotive  force  developed  under  conditions  such  as  we  have  been 
considering  must  be  measured  numerically  by  the  product  H/v,  which  is  equivalent  to 
adopting  as  the  unit  of  electromotive  force  the  Mectromotive  force  developed  when  a 
rectilinear  conductor  of  unit  length  is  mooed  with  unit  velocity  at  right  angles  to  its* 
own  hngth  and  to  the  lines  of  force  of  a  magnetic  fitld  qfunii  intensity. 

Although  the  preceding  considerations  suffice  to  afford  a  perfectly  definite  conoeirtion 
of  the  mechanical  unit  of  electromotive  force,  it  would  be  exceedingly  difficult,  in 

Sractioe,  so  to  arrange  matters  as  to  cause  electromotive  force  to  be  continuously 
eveloped  under  the  precise  conditions  which,  for  the  sake  of  simplicity,  we  have  taken 
as  the  basis  of  the  above  discussion.  But  the  principle  would  remain  exactly  the 
same  if,  instead  of  a  conductor  of  which  everv  point  moved  with  the  same  velocity,  we 
had  one  of  which  the  difi&ront  points  moved  with  different  velocities,  and  if,  instead 
of  moving  at  right  angles  to  the  lines  of  magnetic  force,  the  conductor  cut  them  at 
any  angle.  In  such  a  case,  however,  instead  of  being  able  to  ropreeent  the  electro- 
motive force  due  to  the  movement  bj  the  simple  formula 

e  a  mv, 

where  « is  the  velocity  of  displacement  of  any  point  of  the  conductor,  it  would  be 
represented  by 

e  s^  Hx», 

where  A  stands  for  the  length  of  the  projection  of  the  straight  lines  joining  the 
ends  of  the  conductor  upon  a  plane  perpendicular  to  the  lines  of  force,  and  u  for 
the  mean  velocity  of  displacement  of  this  projection  perpendicularly  to  itself  and  to 
the  lines  of  force. 

The  conditions  here  supposed  are  most  easily  realised  practically  by  means  of  a 
dicular  metallic  disc  rotating  in  its  own  plane  about  an  axis  through  its  centre.  An 
electromotive  force  is  developed,  due  to  the  movement  across  the  direction  of  the 
earth's  magnetic  force  of  the  several  radii  of  the  disc ;  and  if  one  terminal  of  a 
galvanometer  be  connected  with  a  metal  spring  pressing  against  the  edge  of  the  disc, 
and  the  other  terminal  be  connected  with  the  centre,  the  galvanometer  will  indicate 
the  passage  of  a  current  as  long  as  the  rotation  of  the  disc  continues  (Faraday, 
Experimental  Besearches,  voL  i.  pp.  44,  45 ;  Series  ii.  par.  149-162).  In  this  case,  the 
conductor  by  whose  movement  the  current  is  produced  is  the  radius  of  the  disc  which 
at  any  instant  completes  the  galvanometer  circuit;  and,  since  in  the  case  of  a 
straight  line  rotating  about  one  end  the  average  velocity  of  the  whole  line  is  the 
same  as  that  of  its  middle  point,  it  is  easy  to  see  that,  if  r  be  the  radius  of  the  disc, 
«  its  angular  velocity  ^or  tae  velocity  of  a  point  at  unit  distance  from  the  centre),  H 
the  absolute  magnetie  force  of  the  earth  at  the  time  and  ^laee  of  the  experiment,  and 
a  the  angle  between  the  axis  of  rotation  and  the  direction  of  the  earth's  force,  the 
electromotive  force  causing  the  current  through  the  galvanometer  may  be  repre- 
sented by 

0  B  H  -  «  cos  a, 
2 

Hence  the  arrangement  that  has  been  indicated  affords  one  means  of  developing  an 
electromotive  force  whidi  can  be  measured  in  absolute  units,  under  conditions  in 
which  it  can  produce  a  continuous  cuzrent ;  and,  consequently,  all  that  we  require 
further  in  order  to  be  able  to  measnro  electromotive  forces,  produced  in  any  way 
whatever,  in  abeolute  units,  is  a  method  of  comparing  one  electromotive  force  with 
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another.  But  before  discussing  the  procosses  for  the  oompazatiTe^  measarement  of 
electromotivo  forces,  it  will  be  most  convenient  to  discuss  the  principles  involyed  in 
the  absolute  measurement  of  electric  resistance. 

Absolute  Meaanrement  of  Xleotrle  Xoslataiioa.  We  have  already  seen 
that  the  strength  of  electric  currents  and  the  intensity  of  electromotive  forces  can  be 
expressed  in  terms  of  the  fundamental  mechanical  units.  Consequently,  if  we  express 
thus  the  intensity  of  the  electromotive  force  acting  in  a  given  circuit,  and  also  the  strength 
of  the  current  produced  by  it,  the  ratio  of  the  numbers  expressing  these  magnitudes 
will  express  similarly  the  absolute  reattance  of  the  circuit.  In  this  way  the  absolute 
resistance  of  a  particular  conductor  may  be  ascertained,  and  from  this  the  absolute 
resistances  of  other  conductors  can  be  deduced  by  comparative  methods.  For  the 
purpose  of  accurate  measurements,  the  current  produced  by  a  revolving  disc,  as  in 
the  experiment  above  described,  could  not  be  satisfactorily  employed,  as  it  is  prac- 
tically impossible  to  keep  the  resistance  at  the  point  of  contact  between  the  moving 
edge  of  the  disc  and  the  spring  connected  with  the  galvanometer  constant;  but  the 
principle  that  has  been  indicated  has  been  put  in  practice  in  various  ways  bj 
w.  Weber  (El^ktrodunamische  Maasthe^timmungenf  2te  ^bhaodlnng  [1850].  Zur 
Galvanometrie  [1862]  ;  in  abstract,  Fortsckr.  d.  Phys.  xviii.  417),  and  by  Maxwell, 
Stewart,  Jenkin,  and  Hockin,  acting  as  a  sub-committee  of  the  British  Association 
for  the  Advancement  of  Science  {Rep.  Brit,  Asaoe.  1863,  p.  163 ;  ibid.  1864,  p. 
350).  Two  methods  were  employed  by  Weber,  the  general  nature  of  which  may 
be  described  as  follows :  In  the  first,  a  momentaiy  current  was  produced  by  tensing 
a  flat  annular  coil  of  insulated  wire  to  make  rapidly  a  half-turn  about  either  its 
horizontal  or  its  vertical  diameter,  and  the  strength  of  the  current  was  deduced 
from  the  throw  of  a  magnetic  needle,  suspended  either  inside  the  movable  coil  itself, 
or  within  a  galvanometer  coil  which  made  part  of  the  same  circuit  with  the  movable 
coil.  The  electromotive  force  was  in  this  case  known  from  the  dimensions  of  the 
coil,  the  rapidity  of  its  motion,  and  the  absolute  intensity  of  the  earth's  magnetic 
force.  In  Weber's  second  method,  a  magnetic  needle  suspended  inside  a  galvanometer- 
eoil,  the  terminals  of  which  were  connected  together,  was  displaced  from  the  magnetic 
meridian  and  then  left  to  itself,  and  the  amplitude  of  the  gradually  diminishing 
oscillations  about  its  position  of  equilibrium  was  observed  for  a  considerable  number 
of  oscillations.  In  this  experiment,  an  electromotive  force  was  produced,  the 
Intensity  of  which  depended  upon  the  magnetic  moment  of  the  magnet,  the  velocity 
of  its  motion,  and  the  dimensions  of  the  coil ;  and  this  caused  a  current  in  the  coil, 
always  in  such  a  direction  as  to  oppose  the  motion  possessed  by  the  magnet  at  any 
given  instant,  the  strength  of  which  was  indicated  by  the  rate  at  which  the  amplitude 
of  the  oscillations  of  the  magnet  diminished  (allowance  being  of  course  made  for  the 
retarding  effect  of  the  air  and  the  viscosity  of  the  suspending  fibre).  The  method 
employed  by  the  sub-committee  of  the  British  Association  consisted  in  causing  the 
coil  of  a  tangent-galvanometer  of  known  dimensions  to  revolve  at  a  known  speed 
about  its  vertical  diameter,  and  in  observing  the  defiecLion  of  the  galvanometer- 
needle  caused  by  the  currents  induced  in  the  revolving  coil  by  the  earth  s  magnetism. 
In  these  experiments,  the  tangent  of  the  angle  of  deflection  was  directly  proportional 
to  the  strength  of  the  induced  current,  and  inversely  proportional  to  the  horiaontal 
component  of  the  earth's  magnetic  force.  The  strength  of  the  current  however  was 
directly  proportional  to  the  earth's  horizonal  magnetic  force,  and  depended  also  upon 
the  velocity  of  rotation  and  the  resistance  of  the  coil.  Hence  the  tangent  of  the 
deflection  was  both  directly  and  inverselv  proportional  to  the  earth's  horizontal 
magnetic  force,  or,  in  other  words,  was  independent  of  this  force  altogether,  and 
therefore  the  only  data  required  for  determining  the  resistance  of  the  coil,  in  addition 
to  the  number  of  convolutions  of  the  wire  and  its  mean  distance  from  the  magnet» 
were  the  velocity  of  revolution  of  the  coil  and  the  deflection  of  the  magnet. 

All  these  processes,  being  dependent  upon  the  fundamental  relation  expressed  by 
the  equation, 

"R  —  ^ 

give  the  value  of  B  expressed  in  the  same  terms  as  those  adopted  for  the  measurement 
of  E  and  C.  But,  as  we  have  seen  (p.  571).  the  absolute  strength  of  a  current  may 
be  expressed  in  electro-magnetic  measure  by  the  formula 

C  «  Hr  **"  « 
2ir 
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m  which  r  standfl  for  a  length,  and  the  factor  written  in  the  form  of  a  fraction  ia  a 
pure  number.  Farther  (p.  673),  electromotive  force  is  ezprefised  in  absolute  electro- 
magnetic measure  by  the  formula 

E  »  HIu, 

where  /  again  representa  a  length.    Consequently,  it  follows  that  the  resistance  of 

any  conductor,  or  the  quotient  of  the  electromotive  force  acting  in  it  by  the  strength 

of  the  current  produced,  must  be  expressed  by  a  velocity.     2%«  absolute  unit  of 

renstance  ia  therefore  identical  Vfith  the  unit  of  veheity ;  and  this  same  result  would 

be   arrived  at,  whatever  were   the  experimental  process  adopted  for  the  actual 

measurement  of  electromotive  force  and  current-strength.    In  all  cases  it  will  be 

found  that  the  expression  for  electromotive  force,  if  written  out  in  terms  of  its 

ultimate  physical  factors,  the  units  of  space,  time,  and  mass,  represents  the  square 

root' of  a  force  multiplied  by  a  velocity ;  and  that  the  expression  for  the  strength  of  a 

current  represents  uie  square  root  of  a  force,  and  therefore  that  their  quotient 

represents  a  velocity. 

Hence  the  magnitude  of  the  absolute  unit  of  resistance  depends  only  upon  the 

magnitudes  of  the  units  of  length  and  time,  and  Weber,  adopting  1  millimetre  as  the 

unit  of  length  and  1  second  as  the  unit  of  time,  necessarily  defined  the  absolute  unit 

of  resistance  as  a  velocity  of  1  millimetre  per  second.    This  however  represents  a 

resistance  so  very  much  smaller  than  those  which  have  most  frequently  to  be  dealt 

with  in  practice,  that  the  adoption  of  Weber's  unit  would  lead  to  inconveniently  high 

numbers  for  expressing  ordinaiy  resistances ;  consequently,  as  a  matter  of  practical 

convenience,  the  Committee  of  the  British  Association  upon  Electrical  Standards  (sm 

Bej^,  Brit.  Astoe,   1862,  p.  125)  adopted  a  unit  which,  by  definition,  represents  a 

resistance  ten  thousand  million  times  as  great  as  Weber's,  namely  a  velocity  oi 

'  1 0'  X  metre 
10  million  metres  per  second.  This  standard  is  variously  referred  to  as  the    -  ~       .,  — 

second 

unit,*  the  *  B.  A.  unit.*  or  the  *  Ohmad.* 

The  absolute  unit  of  resistance  may  also  be  derluced  from  the  relation  expressed 

by  the  equation 

where  W  represents  the  work  done  in  the  time  ^  by  a  current  of  the  strength  C  in  a 
conductor  of  resistance  R.  The  numerator  of  this  expression  represents  a  force 
multiplied  by  a  length,  and  the  denominator  represents  a  force  multiplied  by  a  time 
(since  C  is  equivalent  to  the  square  root  of  a  force) ;  hence  we  find  nere  again  that 
resistance  is  measured  by  the  ratio  of  a  length  to  a  time,  that  is,  by  a  velocity. 
Determinations  upon  the  principle  here  indicated  have  been  made  by  H.  Weber 
(Fortschr.  d.  Pkys.  1863,  xix.  417).  The  strength  of  the  current  employed  was 
measured  by  a  tangent-galvanometer,  and  the  work  done  by  it  in  the  conductor  was 
calculated  from  the  quantity  of  heat  evolved.  Experiments  of  a  similar  kind  have 
also  been  made  by  Joule  {Bep.  Brit.  Assoc.  1867f  p.  512),  but  with  a  converse 
purpose  ;  Joule's  object  having  been  to  deduce  the  value  of  the  mechanical  equivalent  of 
neat,  from  the  quantity  of  heat  developed  in  a  given  time,  by  a  current  of  known 
strength,  in  a  conductor  of  which  the  absolute  resistance  was  known  from  independent 
experiments. 

[For  a  further  account  of  the  British  Association  unit  of  resistance,  and  a  com- 
parison of  the  various  units  that  are  or  have  been  in  use,  see  Fleeming  Jenkin,  Broc, 
Boy.  Soc.  (1866)  xiv.  164  ;  PhiL  Mag.  [4]  xxix.  477]. 

Cooiiiarlsoii  of  Blectromotiwe  Voreaa.  The  method  given  at  p.  466  of  vol.  ii. 
is  not  capable  of  giving  trustworthy  results  in  the  case  of  batteries  whose  electro- 
motive force  varies  with  the  strength  of  the  current  which  passes  through  them,  as  is 
the  case,  for  example,  with  a  battery  of  Smee's  construction,  and  with  most  other 
batteries  containing  only  a  single  liquid.  Such  batteries  have  a  definite  electro- 
motive force  only  when  the  current  has  a  determinate  value,  and  the  only  condition 
in  which  we  can  be  sure  that  two  or  more  are  truly  comparable  is  when  they  are 
not  traversed  by  any  current  at  all.  This  condition  may  be  realised,  either  by  inter- 
posing an  infinite  resistance  between  the  poles  (that  is,  by  leaving  them  disconnected), 
or  by  balancing  their  electromotive  force  by  an  equal  and  opposite  force.  In  the 
former  case  the  measui^ement  of  electromotive  force  comes  to  be  simply  a  measure- 
ment of  the  difference  of  statical  tension  upon  the  poles,  and  may  be  effected  by 
means  of  a  Thomson's  electrometer  (p.  653).  Several  methods,  founded  upon  the 
second  general  principle  mentioned  above,  have  been  devised ;  but  they  may  all  of 
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them  be  regarded  as  modifications  of  one  which  was  introdnoed  many  yean  ago  by 
Poggendorff  (Po^'^.  Ann.  liy.  161  [1841]),  and  is  known  as  his  method  of  compensation. 
The  general  nature  of  this  method  will  be  understood  from  the  following  description. 
Let  D  and  a  ( fig.  26)  represent  the  two  cells  whose  electromotire  forces  are  to  be 
compared,  the  electromotive  force  of  o  being  greater  than  that  of  d  (for  instance,  o 
being  a  Qrove's,  and  d  a  Daniell's  cell).  The  cells  are  to  be  united,  by  wires  connect- 
ing their  similar  poles,  so  as  to  form^rts  of  the  same  circuit,  at  some  part  of  which 
a  galvanometer  a  is  to  be  inserted.  Then  a  point  a,  in  the  conductor  which  connects 
one  pole  of  d  with  the  like  pole  of  o,  is  to  be  connected,  by  a  conductor  a  b  6,  of  known 
resistance  which  can  be  varied  at  pleasure  (such  as  a  rheostat  or  set  of  resistance- 
eoils),  with  a  point  b  in  the  conductor  which  connects  the  galvanometer  with  the  other 

Fio.  26. 


pole  of  o ;  and,  lastly,  the  resistance  at  b  is  to  be  increased  or  diminished  until  no 
current  circulates  in  the  branch  a  d  ▲  6,  and  conseauently  the  galvanometer  ▲  shows 
no  defiection.  Calling  £]>  and  Eq  the  electromotive  forces  of  the  two  cells,  and 
R  and  Bq  the  resistances  of  the  branches  QBb  and  aob  respectively,  we  have 
for  the  ratio  of  the  electromotive  forces : 


B 


R  +  Rq 

This  formula  is  easily  established  from  the  following  considerations.  Since  there  is  no 
current  in  the  part  of  the  circuit  containing  the  cell  d  and  the  galvanometer,  the 
strength  of  the  current  in  o  and  the  condition  in  all  respects  of  the  circuit  o  a  b  6  o 
would  be  unchanged  if  the  branch  a  d  ▲  6  were  removed.  Then,  putting  C  for  the 
strength  of  the  current  in  o,  we  have 

Eo-  C(R  +  Ro); 

and,  since  the  strength  of  the  current  through  b  is  the  same  as  that  through  o,  we 
haveaUo 

E  =  CR, 

if  £  represents  the  eleotzomotive  force  acting  between  a  and  b.    Hence 

^  ^    _R 

Eo       R  -f  Kq 

But,  since  there  is  no  current  through  d  and  a,  the  electromotive  force  between  a  and 
b  must  be  equal  to  that  of  the  cell  d,  and  must  tend  to  produce  a  cuiient  through  d  in 
the  opposite  direction  to  that  which  the  electromotive  force  of  this  cell  would  produce 
if  it  acted  alone  in  the  circuit.    That  is 

E=:Edc         or        ^  -    ■  ^   .    . 
^^  Eo       R-f  Ro 

The  same  relation  is  also  easily  deduced  from  the  principles  discussed  at  p.  565, 
as  applying  to  the  strength  of  currents  in  divided  circuits.    It  is  only  needful  to  write 
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down  the  strength  of  the  cnrrent  in  the  branch  a  d  ▲  6  due  to  the  cell  d,  and  the 
atrength  of  the  cnrrent  in  the  same  branch  due  to  the  cell  o,  and  to  make  their  sum 
-•  0,  in  order  to  arriye  at  the  above  equation. 

It  will  be  seen  that  this  method  giyes  the  ratio  of  the  electromotive  forces  to  be 
ocHnpared  in  terms  of  the  resistances  R  and  Rq.  Of  these,  R,  which  is  the  resistance 
of  a  metallic  conductor,  can  always  be  ascertained  within  a  very  small  fraction  of  its 
whole  amount ;  but  Ro,  which  includes  the  resistance  of  the  cell  o,  cannot  in  general 
lie  measured  with  equad  accuracy.  If,  however,  a  great  metallic  resistance — say  2,000 
or  3,000  units — ^be  introduced  into  the  branch  a  o  6,  any  uncertainty  in  the  determi- 
nation of  the  resistance  of  o  becomes  of  small  consequence  in  comparison  with  the  total 
resistance  Ro*  and  indeed,  in  such  a  case,  the  resistance  of  the  cell  may  be  generally 
entirely  disregarded.  Even  if  it  is  inconvenient  to  introduce  into  the  branch  aoo 
a  metallic  resistance  so  great  that  the  resistance  of  the  cell  is  negligible  in  comparison, 
the  necessity  of  knowing  what  the  resistance  of  the  cell  is  may  he  avoidea  by  the 
following  artifice,  due  to  Bosscha  {Pogff.  Ann,  zciv.  172  [1855]).  The  connections  are 
made  exactly  in  the  way  that  has  been  described,  and  the  resistance  at  b  i&  •a<Uu8ted 
so  as  to  cause  no  current  to  traverse  the  galvanometer  ▲.  Then  the  resistance  Rq  is 
increased  or  diminished  by  a  known  amount  ro,  whereby  a  current  is  produced  either 
in  one  direction  or  the  other  throush  ▲,  and  lastly  the  resistance  at  b  is  increased  or 
diminished  so  as  again  to  destroy  Uie  current  in  a  :  let  r  be  the  alteration  required  for 
this  purpose ;  then  the  first  experiment  gives,  as  before, 

Ed  _,       R 

Eq  "  R  +  Ro' 
and  the  second  experiment  gives 


Ed 
Eo 


R  +  r 


(R  +  r)  +  (Ro+ro)' 


and  therefore,  from  the  two  together  we  get 

Ed  . 


Eo       r  +  ro 

Another  modification  of  PoggendorlTs  method,  which  presents  the  advantage  of 
making  the  conditions  of  the  two  cells  to  be  compared  exactly  similar,  by  simply 
allowing  neither  of  them  to  be  traversed  by  a  current,  has  been  devised  by  Mr.  Latimer 
Clark  (Elementaty  JVeaiise  on  EUetrieal  Meatufvment  [London,  1868]  p.  106).  In 
this  method,  the  poles  of  a  battery  of  considerably  greater  electromotive  force  than 

Fio.  27. 


either  of  the  cells  to  be  compared  are  connected  by  a  metallic  conductor  of  great 
resistance ;  the  similar  poles  of  both  the  cells  to  be  tested,  the  positive  poles  for  instance, 
are  then  connected  with  the  same  jpoint  of  this  conductor,  and  the  points  are  found  by 
trial  with  which  the  other  pole  of  each  cell  must  be  connected  in  order  that  neither  of 
them  may  be  traverse<l  by  a  current.  The  above  diagram  (fig.  27),  in  which  ▲  and  a' 
8up.  pp 
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denote  the  cells  to  be  compared,  b  a  battery  of  greater  electromotire  force,  and  o  and 
o'  galvanometers  which  show  whether  or  not  any  current  is  passing  through  ▲  or  a', 
will  help  to  explain  the  mode  of  arranging  the  apparatus.  It  is  plain  that,  when  the 
indicated  connections  have  been  made,  and  both  the  galvanometers  remain  at  zero,  the 
electromotive  force  of  the  cell  a.  is  to  that  of  the  cell  a'  in  the  same  ratio  as  the 
resistance  of  the  portion  of  the  conductor  of  the  battery  b  included  between  the  points 
a  and  6  is  to  that  of  the  portion  included  between  the  points  a  and  b^.  A  special 
apparatus  constructed  by  Mr.  Clark  for  conveniently  measuring  electromotive  forces  by 
this  method  will  be  found  described  in  the  work  referred  to  above. 

Another  simple  modification  of  PoggendorfiTs  arrangement  enables  ns  to  ascertain 
whether  the  electromotive  force  of  a  cell  when  producing  a  current  varies  with  the 
resistance  of  the  circuit,  and  if  so  to  what  extent.  This  will  be  readily  understood 
from  the  following  diagram  (fig.  28),  where  a  and  b  represent,  one  of  them  a  standiuxl  ceU, 

Fio.  28. 


© 
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and  the  other  a  cell  to  be  compared  with  it,  and  o  a  galvanometer  one  terminal  of 
which  is  connected  with  the  point  a  in  the  circuit  of  the  cell  A,  and  the  other  with  the 
point  b  in  the  circuit  of  the  cell  b.  Then,  if  the  points  o  and  d  are  also  connected 
by  a  conductor,  and  the  resistances  in  the  various  parts  of  the  two  circuits  are  so 
adjusted  that  no  current  traverses  the  galvanometer,  it  will  be  easily  seen  that  the 
electromotive  force  acting  between  the  points  a  and  c  must  be  equal  to  that  acting 
between  the  points  b  and  d ;  and  since  the  former  is  the  same  fraction  of  the  total 
electromotive  force  of  the  cell  a  that  the  resistance  between  a  and  e  is  of  the 
resistance  of  its  whole  circuit,  and  the  latter  is  to  the  total  electromotive  force  of 
the  cell  b  as  the  resistance  between  b  and  d  is  to  the  whole  resistance  of  this 
circuit,  we  get  for  the  ratio  of  the  electromotive  forces  of  the  two  cells  the 
expression 

E        Rr' 

in  which  E  stands  for  the  electromotive  force  of  the  cell  a,  R  for  the  total  resistance 
of  the  circuit  a  a  e  a,  and  r  for  the  resistance  between  a  and  e,  while  E,  R',  and  r'  denote 
the  corresponding  mcgnitudes  in  the  case  of  the  cell  b. 

The  electromotive  force  of  cells  of  professedly  the  same  construction  is  not  always 
identical,  but  varies  within  small  limits  in  consequence  of  causes  which  have  not 
been  thoroughly  investigated,  but  of  which  the  most  important  are  probably  the 
greater  or  less  purity  of  the  metals  and  solutions  employed,  and  the  degree  of 
concentration  of  the  latter.  The  following  table  gives  the  average  electromotive 
forces  of  several  of  the  best  known  cells  compared  with  that  of  a  Daniell's  cell 
taken  as  unity : 
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EUetromotiM  Farces  of  Galvanic  CdU, 


OomtaxKtiaa  oKkH 

SlectroiiiotlTe  Votoo 

▲ntborlty 

D&niell'fl           .... 

1 

Orore's             •        •        •        . 

1-67  ( 
to  1-81  i 

pQggendorfll 

If                  •        .        •        . 

1-76 

Buff. 

ft                 •        .        •        • 

1-79 

Latimer  Clark. 

Bunsen'a           .... 

1-75 

L.  Chirk ;  J.  MuUer. 

>f                 »        •        •        . 

1-70  ( 
to  1-87  V 

Bnff. 

Smee'0  (wben  not  in  action) 

102 

Clark. 

fi                   tf 

105 

Foggendorff. 

„    (when  in  action) 

about  0*46 

Clark. 

f»                »»                        • 

0-66 

Joule. 

f»                i»                        • 

0-44 

Bosscha  (by  calculation). 

Copper  and  sine  in  dilute  aul- 
pnnricacid 

0-82 

Poggendorff;  CUrk. 

Chloride  of  silTer  and  cine  in 
aolution  of  aodium  chloride  > 
(26  gims.  to  1  litre  water) 

10 

j  De  la  Rue  and  H.  Muller. 
{Faalzow. 

If                        >l                    M                tf                  • 

1-11 

Cburk. 

Zinc  in  dilute  sulphuric  acid. 

graphite  in  solution  of  1  pt. 

potassium  bichromate,  and  1^ 

pt  hydrogen  sulphate  in  0  pte. 

water 

1-67 

Poggendorfll 

Zinc  in  dilute   sulphuric  acid, 

graphite  in  solution  of  1  pt. 

potassium  bichromate,  and  2Ac 
pte.  hydrogen  sulphate  in  8| 

pte.  water     .... 

1-97 

Buff. 

Zinc  in   dilute  sulphuric  acid, ' 
carbon  in  mercurous  sulphate  ■ 
(Mari^DaTy) 

1-26 
1-21 

J.  Regnauld. 
Clark. 

ZiDC  and  binozide  of  manga-' 

nese  in  saturated  solution  of 

1*382 

Ledanch^. 

ammonium  chloride  (Ledan-  ' 

0*896 

Huller. 

chi)      .        .        .        .        ^ 

The  absolute  electromotire  fotce  of  a  Daniell's  cell  is  estimated  by  Bosscha  at 
10*268,  by  Thomson  at  10*79,  and  by  von  Waltenhofen  (Pofff.  Ann.  czzziii.  478)  at 
10*8  ;  that  is  to  say,  a  Darnell's  cell  would  produce,  in  a  circmt  whose  totel  resistance 
was  1  B.  A.  unit,  a  current  of  a  little  more  than  ten  times  the  unit  current  as  defined 
at  p.  671. 

The  following  determinations  are  giyen  by  Kohlrausch  {Pogg.  Ann,  exli.  466) : 
they  are  expressed  in  terms  of  Siemens's  mercuiy-unit  of  resistence'  and  of  the  absolute 
unit  of  current : 

Electromotiye  force  of  a  Groye*s  cell  (platinum,  concentrated  nitric  acid,  sulphuric 
acid  of  sp.  gr.  1*06,  freshly  amalgamated  zinc)  a  19*98. 

Electromotiye  force  of  a  Daniell's  cell  (copper,  saturated  solution  of  cupric  sulphate, 
sulphuric  acid,  and  zinc,  as  aboye)  —  11*71. 

£lectromotiye  force  of  a  cell  formed  of  copper,  sulphuric  add,  and  zinc  (as  aboye) 
•  10*82. 

Electromotiye  forces  of  thermo-electric  couples,  one  joint  being  at  about  16^  C,  and 
the  other  1^  higher : 

1.  German-nlyer  and  copper — 

e  -  00001649^  +  0000000291^. 

2.  Copper  and  iron^- 

e  -  00000969<  -  0000000149^. 
8.  German-silyer  and  iron — 

e  -  00002476^  -f  0000000196^. 
pp2 
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[A  veiy  inBtructire  exposition  of  the  goneml  relAtiooB  of  electrical  magtittodeB,  bj 
Brofs.  J.  Clerk  Maxwell  and  F.  Jenkin,  will  be  found  in  Appendix  C  to  the  lecood 
Keport  of  the  Ck>mmittee  of  the  British  Association  on  Standards  of  Electrical  Resiit- 
nnce  {Brit.  Assoc.  Rep.  1863,  p.  130);  and  a  clear  and  concise  stiitementof  thegeofnl 
principles  of  the  most  important  elcMRtrical^measurements  has  been  giTMi  by  H.  Bertio 
in  the  Annales  de  CMmie  et  tie  P^sique^  for  December  1869  and  April  1870  (tqL 
xnii.  pp.  446-461 ;  vol.  xix.  pp.  483-501).]  G.  C.  F. 


An  acid  existing,  according  to  Chevrenl  (Cbntpt.*  rend.  Ixii.  1015), 
in  the  sweat  of  sheeps*  wool.  It  is  a  colourless  liquid,  somewhat  heavier  than  wiUer, 
nearly  insoluble  therein,  but  soluble,  with  add  reaction,  in  alcohol'  and  ether.  The 
liarium  salt,  which  is  likewise  soluble  in  alcohol,  decomposes  in  dilute  aqnecms 
solution,  with  separation  of  a  varnish-like  acid  salt. 


ITIva.  C»«H"N«0«  (J.  Lefort,  J.  Pharm.  [4]  ix.  241).— This  alkaloid, 
discoverel  by  Pelletier  and  Magendie  in  1807  (ii.  485),  is  best  prepared  aa  foUovs: 
Powdered  ipecacuanha  is  exhausted,  first  with  alcohol  of  86  p.  c,  then  with  alcohol 
of  56  p.  c. ;  the  united  extracts  are  evaporated  to  a-  syrup  over  the  water-bath,  aod 
the  residue  is  treated  in  a  flask  with  very  strong  potash-solution  (2  pts.  potMsiom 
hydrate  dissolved  in  a  small  <^uantity  of  water  to  100  pts.  of  the  powder),  and  with  & 
quantity  of  chloroform  equal  m  bulk  to  the  mixture.  The  flask  must  be  eomplelely 
filled  with  the  mixture  and  closely  corked ;  the  whole  well  agitated  and  left  to  staod 
for  several  days,  till  the  chloroform  has  separated ;  the  chlffroform  then  remored  vith 
a  pipette  ;  and  the  residue  treated  with  a  fresh  quantity  of  chloroform.  On  distiUtof 
on  tlie  chloroform,'  there  remains  a  bmwn  mixture  of  emetine  with  a  resin,  from  which 
tho  emetine  may  be  extracted  by  a  weak  acid,  and  reprecipitated  by  ammonia  not  in 
excess.  A  bulky  greyish  powder  is  thus  obtained,  which  must  be  washed,  first  with 
water  and  then  with  ether,  to  remove  the  last  traces  of  resin. 

Pure  emetine  is  a  very  light,  whitish,  amorphous  powrler,  becoming  slightly  htown 
on  exposure  to  the  air ;  it  is  inodorous,  but  has  a  bitter  taste ;  merits  at  70^  to  a  dark 
brown  liquid.  Water  at  15^  dissolves  only  y^  of  its  weight  of  emetine,  but  aoqiiira 
thereby  an  alkaline  reaction ;  alcohol  and  cnloroform  dissolve  it  in  all  proportions; 
ether  and  fixed  oils  very  sparingly.  It  dissolves  very  easily  in  caustic  fixed  alkalis, 
loss  easily  in  ammonia,  with  hydrochloric,  sulphuric,  phosphoric,  and  acetic  adds 
it  forms  uncrystallisable  salts  very  soluble  in  water.  It  is  precipitated  by  tannic 
acid,  and  by  a  solution  of  iodine  in  potassium  iodide.  With  mercuric  chloride  and 
potassio-mercuric  iodide,  it  forms  compounds  sparingly  soluble  in  water;  with 
platinic  chloride,  a  light  yellow  salt,  easily  soluble  in  water,  sparingly  in  akohoL  It 
IS  also  precipitated  from  its  saline  solutions  by  phosphomolybdic  add  and  by  bo^e 
lead  acetate. 


The  alcoholic  extract  of  the  leaves  of  a  species  of  Epacris  from 
Australia,  examined  by  Bochleder  a.  Tonner  {Jahresb.  1861,  p.  773;  1866,  p.  694), 
has  been  found  to  contain  ursone  (v.  969),  together  with  fat,  wax,  and  chlorophjU. 
The  leaves  also  contain  a  tannin  which  agrees  in  all  its  properties  with  (hat  o£  the 
horse-chestnut,  and  when  treated  with  hydrochloric  acid,  yields  a  rod  oomnMiiMi 
exhibiting  the  composition  C'»H-'H)".2C>'H'*0«.  The  same  tannin  appcan  also  to 
occur  in  Ledum  palustrt. 

See  CHU)JunrDBiN8  (p.  438). 
r.     C*H»NO  «  (C»H»)"'|qjj.— Produced  by  genUy  warning 

epichlorhydrin  with  aqueous  potassium  cyanide.  A  violent  action  takes  place,  which 
may  be  moderated  by  cooling,  and  ultimately  epicyanhydrin  is  deposited  in  slender 
laminie,  which  are  easily  purified  by  washing  with  water  and  aloobol,  and  rserjrstal- 
lisation.  The  crystals  are  colourless,  soluble  in  water  and  alcohol,  slightly  solnbl^  io 
ether,  and  give  off  large  quantities  of  ammonia  when  boiled  with  potash  (Buschke, 
ZeUschr.f.  Chem.  [2]  v.  612). 

aSBZVM.    See  Tbrbiuu  (v.  720). 

BKHOTmi    This  substance,  the  active  principle  of  eignt  of  lye,  may  be 

prepared  by  precipitating  the  aqueous  extract  of  tiie  ergot  with  neutral  lead  aoeute, 
treating  the  filtrate  (free  from  lead)  with  mercuric  chloride,  and  preeipitatiog  tlw 
filtered  liquid  with  phosphomolybdic  acid.  The  eifiotine  separated  ftvm  the  icsvluag 
precipitate  by  digestion  with  barium  carbonate  and  water,  is  a  varnish-like  brown 
powder,  insoluble  in  ether  and  chloroform,  and  formii^  amorphous  deliqnesDent  salu 
with  acids.  Its  analysis  leads  to  the  formula  C^H*'KH)'  (Manaasewits,  Ztitmkr.  f. 
Chem.  [2]  iv.  164). 
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Zwenger  ».  Himmelmftnn  {Ann.  Ch,  Pharm,  cxzix.  203)  hare 
shown  that  this  substance  is  identical  with  hydroquinone,  as  originally  suggested  by 
Hesse  (ii.  600). 

XRVOZO  AOZB.  CH^'O*  (\\.  501). — This  acid,  homologous  with  acrylic  acid, 
was  discovered  by  Darby  (Ann,  Ck.  Pkarm,  Ixix.  1),  and  has  been  further  examined  by 
Otto  {ibid,  czxrii.  182  ;  cxxzr.  226)  and  by  Haussknecht  (ilnd,  cxliii.  40).  It  unites 
directly  with  bromine,  when  that  substance  is  added  to  it  under  water,  forming 
erucic  acid  dibromide,  CH^fir'O',  which  crystallises  by  cooli ng  ^m  solution 
in  absolute  alcohol,  in  small  white  nodular  groups  of  crystals  melting  between  42^ 
and  430.  lU  barium  saU,  (C«fH"Br«0»^Ba,  and  its  Uad  salt,  (C"H*'Br«0»)«Pb,  are 
white,  viscid,  easily  deoomposible  precipitates.  Sodium-Amalgam  in  alcoholic  solution 
reconyerts  erucic  acid  dibromide  into  erucic  acid  (Otto). 

Erucic  acid  dibromide  heated  in  sealed  tubes  to  about  146®  for  seven  or  eight  hours 
with  4  or  6  mol.  potassium  hydrate  in  alcoholic  solution,  yields  the  potassium  salt  o4 
benolie  acid,  C«»H*»0«  («  C«H**Br«0«  -  2HBr)  (p.  267).  But  when  an  alcoholic 
solution  of  the  dibromide  is  mixed  with  alcoholic  potash-4olution  at  ordinary  tempera- 
tures, only  1  mol.  hydrobromic  acid  is  abstracted,  and  monobromerucic  acid, 
CPH*'BrO',  is  formed,  with  rise  of  temperature  and  separation  of  potassium  chloride. 
On  diluting  the  solution  with  water  and  adding  hydrochloric  acid,  monobromerucic 
acid  is  se|)arated  in  the  form  of  an  oil,  which  soon  solidifies.  It  melts  at  S3°~34®, 
and  remains  liquid  for  a  long  time.  It  is  heavier  than  water  and  insoluble  therein, 
but  dissolves  easily  in  alcohol  and  ether.  It  unites  with  1  mol.  bromine,  forming  the 
acid  dibromide,  C«H"Br»0«  or  C"H"BrO«.Br*,  which  melts  at  SI®  to  32«,  and  forms 
amorphous  viscid  salts.  This  dibromide  treated  with  alcoholic  potash  gives  up  hydro- 
bromic acid,  but  it  has  not  been  decidedly  made  out  whether  dibromerucic  acid  is  then 
reproduced  by  elimination  of  1  mol.  KBr,  or  monobromobenolic  acid,  (^H^BrO*, 
by  elimination  of  2HBr. 

When  erucic  acid  dibromide  is  triturated  with  water  and  a  laree  excess  of  silwr 
oxide,  and  the  mass,  which  soon  becomes  warm  and  granular,  is  heated  for  several 
hours,  till  it  turns  brown,  hydrobromic  acid  is  eliminated,  and  on  boiling  the  mass 
with  water,  a  yellow  oil  separates,  which  is  a  mixture  of  liquid  oxyerucic  acid, 
C"H^',  and  dioxybenic  acid,  C^H^'O*,  the  latter  of  which  crystallises  out 
partially  after  long  standing.  For  complete  separation,  the  oil,  after  being  well 
washed,  is  saponified  with  baryta-water ;  the  precipitate  is  exhausted  with  ether ;  the 
dissolved  banum  oxyerucate  is  decomposed  by  hydrochloric  add ;  and  the  oxyerucic 
acid,  which  separates  as  a  yellowish  oil,  is  purified  by  solution  in  alcohol.  It  is 
viscid,  lighter  than  water,  insoluble  therein,  but  miscible  in  nil  proportions  with 
alcohol  and  ether.  Its  salts,  CH^'O'M',  are  amorphous,  and  are  all  insoluble  in 
water,  excepting  thone  of  the  alkali-metals  and  of  barium.  The  formation  of  oxyerucic 
acid  is  represented  by  the  equations : 

C«H«Br«0«  +  AgOH  -  C»«H*'BrO«  +  H«0  +  AgBr. 
Bmclc  acid  Bromeracio 

dibromide.  acid. 

C««II"Br0«  +  AgOH  -  C«H«0»  +  AgBr. 
Bromerado  Oxyemdo 

acid.  acid. 

This  acid  may  therefore  also  be  formed,  though  less  easily,  by  treating  monobromerucic 
acid  with  silver  oxide.  When  boiled  with  potash-ley,  it  is  converted  into  dioxy- 
benic acid,  C«H«*0%  according  to  the  equation,  C«H"0*  +  KOH  -  C*«H**0*K 
(Haussknecht), 


An  acid  contained  in  the  blood-rod  juice  of  the 
dragon's  blood  tree  of  Brazil  (Croton  eryihrttma,  p.  647). 

or  «RlTHm»0  AOIB.     C^H«Oi*  (ii.  602).— The  following 


method  of  preparing  this  substance  from  Bochella  fue(formis  is  given  by  Stenhouso 
(Ckem,  Soc,  J,  [2]  v.  222) :  Three  pounds  of  the  lichen  are  macerated  for  twenty 
minutes  in  a  milk  of  lime  made  by  slaking  ^  lb.  of  lime  in  3  gallons  of  water,  and  the 
partially  exhausted  weed  is  then  treated  with  a  fresh  quantitv  of  milk  of  lime ;  a 
third  maceration  is  found  to  exhaust  the  lichen  completely.  These  weak  lime-liquon 
are  employed  instead  of  milk  of  lime  for  exhausting  fresh  quantities  of  the  lichen, 
whilst  the  first  and  strongest  liquor  is  filtered  rapidly  through  bag-filters  about 
6  inches  wide  and  6  feet  long ;  and  the  clear  liquor,  as  it  passes  through,  is  immediately 
precipitated  by  hydrochloric  acid,  as  prolonged  contact  with  the  lime  decomposes  a 
portion  of  the  erythrin.  The  precipitated  erythrin  is  collected  in  bag-filters,  and 
when  the  greater  part  of  the  mother-liquor  has  been  thns  removed,  it  is  freed  from 
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adhering  hydrochloric  acid  and  calcium  chloride  by  stirring  it  ap  onoe  or  twice  with  a 
considerable  quantity  of  water. 

The  recent  experiments  of  De  Lnynes  (Ann.  Ch.  Phy»,  [4]  ii.  385),  Menschutkin 
{BuU.  8oc,  Chim.  [2]  ii.  424),  and  Hesse  (^nn.  Ch.  Pharm.  cxzxix.  22)  have  confirmed 
the  view  originally  put  forward  by  Berthelot,  that  erythrin  is  the  diorsellinic  ether, 
and  picroeiythrin  the  mono-orsellinic  ether  of  eiythrite : 

rC^H-V'>  (C*H«,«M  (C*H-yM 

Hn  ^*  C«H'0«  [  0*  (C»H'0«)«  [  o* 

Erythrite.  Ploroerythrin.  Erytlirln. 

Grimaux  (BuU.  Soe.  Chim,  [2]  iii.  410),  regarding  orsellinic  acid,  C*H*0\  as  a 
triatomic  and  monobasic  acid,  ^  H*!^'  represents  exythrin  and  piooerythrin 

t)y  the  following  formulae : 

(C*H7M  (C*H7M 

(C»H»Or    0«  (C'H'O"*)*  [  0" 

Picroerythrin.  Erythrin. 

According  to  Hesse  (Jahresh.  1866,  p.  668\  erythrin  in  the  air-dried  state  retains 
6  p.  c.  water  ■■  2C"H'*0".8H*0,  wiich  is  given  off  partly  over  snlphnric  acid, 
completely  at  100®.  The  lead  salt  contains  (C»H»»0»»)«Pb«.8H«0;  bramerythrin  is 
2C»H»»Br"0'».8H»0. 

Erythrin  boiled  with  absolute  alcohol  yields  picroerythrin  and  ethyl  orsellinate 
(ii.  602) ;  with  hydrated  alcohol  the  same  products  are  obtained,  but  the  proportion 
of  ethyl  orsellinate  is  smaller,  because  part  of  the  erythrin  is  decomposed 
bv  the  water  of  the  alcohol,  in  such  a  manner  as  to  yield  ordn  and  carbon 
dioxide: 

C»H«0"  +  C«H»0  -  C"H"0'  +  C«H»{C*H»)0* 
Biythrln.        Alcohol.         Pieio-  Ethyl 

erythrin.  OiaeUinateu 

c~H«o"  +  H«o  «  c"H"0'  +  cnpo«  +  C0«. 

Erythrin.  Picro-  Orcln. 

erythrin. 

With  ether,  erythrin  behaves  indifferently,  dissolving  in  328  pts.  at  20°.  Boiled  with 
amyl  alcohol,  it  yields  amyl  orsellinate  and  picroeiythrin,  both  of  which  ciystallise. 
This  reaction  affords  an  easy  method  of  obtaining  perfectly  pure  picroerythrin. 
When  the  decomposition  is  complete,  the  remaining  amyl  alcohol  is  distilled  off,  where- 
upon the  amyl  orsellinate  gradually  separates  as  a  colourless  oil,  while  the  picro- 
erythrin separates  from  the  liquid  filtered  at  about  40^  in  white  silky  efflorescent 
needles  containing  C"H>*0^8HK)  (Hesse,  loe,  eit.). 

Bbta-bbtthsin.  C**H**0'*. — ^This  body,  homologous  with  erythrin,  was  dis- 
covered by  Menschutkin  (BuU,  Soe.  Chim.  [2]  ii.  424  ;  Jahresb.  1864,  p.  548),  not  by 
Lamparter,  as  stated  in  vol.  iv.  p.  641.  It  is  prepared  from  certain  varieties  of 
SoeheRa  fuetformia  (the  South  American  varieties,  according  to  Lamparter)  by  diges- 
tion with  lukewarm  dilute  lime-water  (Menschutkin),  cold  milk  of  lime  (Lamparter), 
precipitation  with  sulphuric  or  hydrochloric  acid,  and  m^stallisation  from  alcohol.  It 
separates  as  a  white  crystalline  powder  containing  C"H'*0'*.H'0,  soluble  in  alcohol 
and  ether,  nearly  insoluble  in  water,  and  decomposed  by  alcohol  or  water  at  the  boiling 
heat,  yielding  /3  picroerythrin,  C"H"0*,  and  orsellinic  acid  or  orsellinic  ether 
(ii.  611^.  $  exythrin  is  coloured  transiently  red  by  chloride  of  lime;  its  solution  in 
ammonia  forms  with  eilver  nitrate  a  reddish,  easily  reducible  precipitate ;  with  basic 
lead  acetate,  a  gelatinous  precipitate  having  nearly  the  composition  C*'H^Pb'0'* 
(Menschutkin). 

fi  picroerythrin  boiled  with  saturated  baryta-wtter  is  resolved  into  carbon  dioxide, 
eiythrite,  and  fi  orcin  (Menschutkin) : 

C"H'«0«  +  2H«0  «  C*H'«0<  +  C«H'«0«  +  CO*. 
p  Picro-  Erythrite.        fi  Ordn. 

erythrin* 

SnmauCTB.  C^H^O^-^^^'^^JO*.    Erythromannite,  En/throffludn,  Pl^/cUe 

(ii.  504). — To  prepare  this  substance  from  eiythrin,  Stenhouse  (loc.  eit.)  dissolves  the 
latter  in  a  slight  excess  of  milk  of  lime,  and  boils  it  for  half  an  hour  in  a  vessel 
Airnished  with  a  long  condensing  tube,  so  as  to  exclude  the  air,  and  thereby  prevent, 
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in  A  great  measure,  as  observed  by  Be  Lnjnes  (Jakre^,  1868,  p.  602),  the  farmAtion 
of  a  deep  red-ooloored  resinous  substance.  The  solution,  now  containing  orcin  and 
eiythrite,  is  filtered,  the  excess  of  lime  remored  by  a  stream  of  carbonic  aeid — or  more 
eoDTeniently,  on  the  large  scale,  by  exact  neutialisation  with  dilute  sulphuric  acid — and 
eTaporatad  to  dryness,  first  over  a  sand-bath,  finally  over  a  water-bath.  The  oicin  is 
diesolTed  out  of  the  residue  by  repeated  digestion  with  benzol  (boiling  between  110® 
and  150°)  in  a  metallic  ressel  connected  with  a  condenser  and  heated  in  a  paraiBn- 
bath;  and  the  undissolred  portion  titrated  with  boiling  water  giTes  up  the  eiy- 
thrite,  which  may  be  purified  by  washing  with  cold  aloohol  and  reciystallisation 
from  water. 

Erythrite  exhibits  in  a  high  degree  the  phenomenon  of  surfnsion.  When  heated 
nearly  to  its  boiling  point,  it  forms  a  mobile  liquid,  viscid  after  cooling,  which  some- 
times crystallises  spontaneously  at  ordinary  temperatures,  but  mostly  not  till  it  is 
agitated,  the  solidification  being  then  attended  witn  considerable  rise  of  temperature. 
Its  concentrated  aqueous  solution  in  contact  with  platinum-hlack  absorbs  oxygen  so 
rapidly  that  the  mass  becomes  red  hot ;  with  a  dilute  solution  the  oxidation  is  more 
gradual  and  an  acid  is  formed  {infra).  Lime  dissolves  in  an  aqueous  solution  of  erythrite 
more  abandantly  than  in  pure  water;  the  solution  coagulates  when  heated,  and 
aloohol  throws  down  from  it  a  compound  of  erythrite  and  lime.  Erythrite  heated  to 
24QP  with  potasrium  hydrate  forms  oxalic  and  acetic  acids,  with  evolution  of  hydrogen. 
With  fuming  Ayirio(2icar;«i  it  yields  secondary  butyl  iodide,  or  butylene  hydriodide, 
C*H"111  (ii.  505 ;  v.  736).  With  phosphorus  pentachloride  or  chlorine  in  sunshine,  it 
yields  hydrochloric  add  and  a  viscid  uncirstallisable  substance. 

TlMchlorhydriit  of  erythrite,  (^H*)*^  9^^.^  is  produced  by  heating  erythrite  to 

100°  for  about  a  hundred  hours  with  12  to  15  pts.  concentrated  hydrochloric  acid 
in  very  strong  tubes,  and  evaporating  the  product  over  potash-lime.  The  crystals 
are  purified  by  reciystallisation  from  ether,  with  addition  of  a  little  animal  charcoal ; 
they  dissolve  easily  in  water,  alcohol,  and  ether ;  melt  at  145° ;  and  volatilise  in  white 
vapours  which  condense  to  crystals  (Be  Luynes,  Ann,  Ch.  Phys.  [4]  ii.  385 ;  Jahresb. 
1864,  p.  497). 

SnTBOtmO  ornTTKBOOZiirCZO  ACXB.  C'H«0>  »    (^^'^^^jo*.— 

This  add,  related  to  erythrite  in  the  same  manner  as  glyceric  acid  to  glycerin,  is  pro- 
duced by  the  oxidation  of  erythrite  in  contact  with  platinum-black,  or  by  the  action  of 
nitric  add.  It  was  first  observed  by  D^  Luynes  {supra\  and  has  been  further 
examined  by  Sell  (BuU.  Soe.  Chim,  [2]  v.  884),  and  by  Lamparter  {Ann.  Ch,  Pharm, 
cxxxiv.  243),  whose  descriptions  of  its  lead  salts  do  not  however  quite  agree. 

Sell  prepares  the  acid  by  leaving  a  solution  of  SOgrms.  erythrite  in  250  to  300  grms. 
water  in  contact  with  15  to  20  grms.  platinum-black  previously  mixed  with  pumice, 
renewing  the  water  from  time  to  time  as  it  evaporates.  The  liquid  then  acquires  a 
strong  acid  reaction,  and  if  filtered  after  all  the  erythrite  has  disappeared,  then 
evaporated  to  one-half,  and  mixed  with  basic  lead  acetate,  yields  a  yellowish-white 
predpitate,  which  must  be  purified  by  decomposing  it  with  hydrogen  sulphide, 
repredpitating  with  basic  lead  acetate,  and  repeating  this  treatment  several  times 
till  the  lead  precipitate  becomes  perfectly  white.  It  then  yields  a  colourless  solu- 
tion* of  the  add,  which,  however,  when  evaporated  over  the  water-bath,  turns  yellow 
and  then  brown,  giving  off  the  odour  of  caramel.  The  syrupy  acid  when  left  in  a 
vncnum,  partly  solidifies  to  a  crystalline  mass  which  deliquesces  on  exposure  to  the 
air.  The  lead  salt  obtained  as  above  is,  according  to  Sell,  a  basic  salt  containing 
ei«H»pb*0»  or  4C<H«0*Pb.PbH«0«.  The  other  salts  of  erythritic  acid  are  easily 
soluble.  Silver  nitrate  produces  in  the  aqueous  solution  of  the  acid  a  white  pre- 
cipitate which  is  reducea  in  a  few  minutes,  with  deposition  of  a  silver  speculum ; 
limje-water  produces  a  slight  turbidity  which  disappears  on  the  addition  of  a  drop  of 
acetic  acid. 

Lamparter  prepares  erythritic  add  by  oxidimng  er3rthrite  in  warm  concentrated 
solution  with  fuming  nitric  acid  (with  dilute  nitric  the  chief  product  is  oxalic 
add).  The  product  is  a  gummy  acid  whose  barium  salt  is  precipitated  from  its 
aqneoiM  solution  by  alcohol,  in  the  form  of  a  powder  having  the  composition 
C*HH>»B»  +  H»0.  The  lead  salt  obtained  by  precipitation  with  basic  lead  acetate  is, 
according;  to  Lamparter,  a  normal  salt,  having  when  dried  at  160°  the  composition 
C«H«0»Fb. 

MKTVMMOMEMKBnL  A  red  colouring  matter  prepared  from  nitrobenzene  by 
leaving  12  pts.  of  that  substance  in  contact  with  24  pts.  of  fine  iron-filings  and 
6  pts.  Strang  hydrochloric  add,  for  24  hours  at  ordinary  temperatures.    The  solid 
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xnnss  is  then  pulverised,  and  exhaiiBted  with  water,  and  the  clear  solution  is  pre- 
cipitated with  common  salt.  The  colouring  matter  thus  obtained  is  purified  by 
af^in  dissolving  and  precipitating  it  (F.  Laurent  a.  J.  Castlehaz,  Repertory  of  Patent 
Inventions,  Oct.  1862,  p.  339  ;  Dingl.  pol.  J.  clvi.  239). 


C«'H-*0»  (C.  Mehu,  J.  Pharm,  [4]  iii.  266).— A 
substance  allied  to  santonin,  obtained  from  the  common  centaury  {E/ytMraa  Centaurium, 
Gentianacese).  To  prepare  it,  the  aqueous  extract  of  the  flower-heads,  or  of  the 
entire  plant,  is  treaterl  with  4  or  5  times  its  weight  of  alcohol ;  the  syrupy  residue 
of  the  alcoholic  extract  is  repeatedly  agitated  with  4  vol.  ether ;  and  the  ethereal 
solution  is  evaporated,  whereby  a  yellowish-brown  semifluid  residue  is  obtained, 
which  after  a  while  yields  crystals  of  impure  erythrocentaurin.  These,  after  being 
pressed  and  once  recrystallised  from  water,  are  decolorised  in  ethereal  solution  by 
animal  charcoal.  On  leaving  the  ether  to  evaporate,  large  colourless  crystals  are 
obtfiined,  amounting  to  scarcely  ^  per  thousand  of  the  weight  of  the  dried  plant. 

Pure  erythrocentaurin  is  tasteless  and  inodorous,  neutral  and  not  hygroscopic,  not 
volatile;  melts  at  136^,  and  solidifies  again  in  the  crystalline  form.  Its  solution  in 
chloroform  neither  acts  on  polarised  light  nor  fiuoresces.  It  dissolves  in  1630  pts. 
water  at  15°,  in  about  13*5  pts.  at  100^  in  48  pts.  of  86  p.  c.  alcohol  at  15^  in  135 
pts.  chloroform,  and  245  pts.  ether ;  easily  also  in  oils  both  fixed  and  volatile,  in 
benzol,  and  in  carbon  bisulphide.  Acids  increase  its  solubility  in  water,  but  do  not 
unite  with  it ;  from  its  colourless  solution  in  strong  sulphuric  acid  it  is  precipitated 
by  water  without  alteration.  It  is  not  acted  upon  by  nitric,  hydrochloric,  or  chromic 
acid,  bromine,  iodine,  or  alkalis  ;  when  fused  in  chlorine  gas,  it  is  converted  into  a 
glutinous  substance  recrystallisable  only  from  ether.  Erythrocentaurin  is  decomposed 
by  potassium  permanganate,  even  at  ordinary  temperatures.  When  exposed  to  sun- 
shine, it  quickly  acquires  a  bright  red  colour,  but  without  alteration  of  weight  or  of  its 
relations  to  solvents.  This  coloured  erythrocentaurin  yields  colourless  solutions  which 
in  the  dark  deposit  colourless  crystals.  The  red  colour  likewise  disappearo  on  heating 
the  substance  to  about  130°.  The  coloration  of  erythrocentaurin  (like  that  of  santonin) 
is  produced  only  by  the  most  refrangible  (blue  or  violet)  rays  of  the  spectrum ;  but 
santonin  which  has  been  turned  yellow  by  light  is  not  decolorised  by  heat. 


Syn.  with  Ertthritic  Acid  (p.  583). 

C«H««  I         -  C|g?  .    Ethyl  Hydride,  Methyl,  IHmethyl  (ii.  533 ; 

iii.  984). — ^This  gas  is  evolved,  together  with  carbon  dioxide,  by  heating  barium  dioxide 
with  acetic  anhydride,  barium  acetate  being  produced  at  the  same  time  (Schiitzenbez^er, 
Btdl,  8oc.  Chim,  [2]  v.  278) : 

2(C«H«0)«0  +  BaO«  -  (C«H»0«)«Ba  +  2C0«  +  C?H«. 

Darling  (Chem.  8oc,  J.  [2]  vi.  426)  finds  that  this  reaction  is  apt  to  give  rise  to  violent 
explosion  [arising  from  the  formation  of  acetyl  peroxide,  i.  35],  which,  however,  may 
be  prevented  by  mixing  the  barium  dioxide  with  dry  sand.  The  gas  then  evolved 
consists,  after  removal  of  carbon  dioxide,  chiefly  of  methane  (marah  gas)  with  a  little 
carbon  monoxide  and  about  17  p.  c.  ethane.  Frankland's  mode  of  preparation  by 
heating  methyl  iodide  with  zinc,  yields  perfectly  pure  ethane ;  but  is  not  well  adapted 
for  the  preparation  of  lar^e  quantities.  The  best  process  is  the  electrolysis  of  potassium 
acetate.  Darling's  expenments  fully  confirm  the  results  obtained  by  Schorlemmer 
(iii.  984)  respecting  the  identity  of  the  gas  obtained  by  this  process  with  that  obtained 
from  mercuric  ethide.  When  treated  with  chlorine  in  diflfused  daylight^  it  is  con- 
verted into  a  mixture  of  ethyl  chloride,  C*H*C1,  and  chlorethyl  chloride,  C*H*Cl«. 
The  ethyl  chloride  thus  obtained  was  converted  into  acetate,  which  by  saponification 
with  potash  yielded  pure  ethyl  alcohol. 

Pentachlorethane.     C*HC1*  (Patemo,  Compt.  rend.  Irmi,  450). — Produced  by 
the  action  of  phosphorus  pentachloride  on  anhydrous  chloral : 

CC1»  CCl* 

I         +  PC1»  -  P0C1»  +      I 
COH  CHCl* 

A  small  quantity  of  the  pentachloride  is  added  to  chloral  contained  in  a  retort 
fitted  with  an  upright  condenser;  the  mixture  is  warmed ;  another  portion  of  penta- 
chloride added  as  soon  as  the  first  action  is  over,  the  process  being  repeated  till 
1  mnl.  PCI*  has  been  added  to  1  mol.  chloral ;  and  the  reaction  is  completed  by 
heating  the  mixture  for  some  hours  to  the  boiling  point    Water  is  then  added, 
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and  the  sepAnted  pentachlorethane  is  dried  over  calcium  cMoride  and  rectified.  It  is 
a  Colonrless  oil,  smelling  like  chloroform,  boiling  without  decomposition  at  158^, 
haring  a  sp.  gr.  of  171  at  0°,  1-69  at  13°,  soluble  in  alcohol  and  ether.  It  re- 
mains liquid  tft  —18°,  but  is  easilj  solidified  by  the  cold  produced  by  evaporation 
of  sulphurous  anhydride.  Heated  in  sealed  tubes  to  *25(P  with  phosphorus  penta- 
chloride,  it  is  converted  into  hexchlorethane  or  carbon  trichloride,  CCl* : 

C«HC1»  +.  PC1»  «  C»C1«  +  PC1»  +  HCl. 

It  is  also  converted  into  carbon  trichloride  by  exposure  to  sunshine. 

Pentichlorethane  obtained  as  above  is  most  probably  identical  with  Begnault*s 
tetrachlorinated  ethyl  chloride  (ii.  630)  and  trichlorethylene  chloride  (ii.  t)73),  the 
former  of  which  is  described  as  boiling  at  148°,  the  latter  at  154°,  the  differences 
being  probably  due  to  the  admixture  of  lUgnault's  compounds  with  other  substitution- 
products  formed  at  the  same  time.  The  compound  boiling  at  180°-181°,  and  said  to 
contain  C*IIC1*,  which  Hiibner  obtained  among  the  products  of  the  action  of  phos- 
phorus pentachloride  or  acetyl  chloride,  was  probably  carbon  trichloride. 

The  action  of  the  pentachloride  on  chloral  yields  also  a  small  quantity  of  a  scaly 
crystalline  compound,  not  yet  analysed,  which  does  not  volatilise  with  vapour  of 
water  (Patemo). 

Syn.  with  Ethtuotb. 

CH'. — ^The  triatomic  radicle  derived  from  ethane  by  abstraction  of 
3  at.  hydrogen. 

JIT HAJi  TXi*]IIAMJJi  a*  ^  „/  >  N*. — This  is  the  composition  of  acediamine 
(i.  2). 

(c»H»y) 

Ethenyl'diphenyl'diamine,    C"H"N*  =i  (C«H»)«    N«     (Hofinann,    Compt. 

H      ) 
tend,  Ixii.  729 ;  Bull,  She.  CMm.  [2]  vi.  162). — ^This  base,  homologous  with  methenvl- 
[formyl-]  diphenyl-diamine  (iv.  469),  is  produced  by  the  action  of  phosphorus  trichloride 
on  aniline  mixed  with  phenyl-acetamide,  or  better  with  acetyl  chloride,  or  better  still 
with  acetic  acid : 

ZG^m  +  8C»H»N0    +    PC1«  =  3HC1  +    H»PO»  +  3C"H>*N«. 
Phenyl- 
aoetamide. 

6C^»N  +   3C«H»0C1  +    PC1«  =  6HC1  +    H»PO"  +  3C"H»»N». 
Acetyl 
chloride. 

6(?»H»N  +  8C»H«0«     +  2Pa»  =  6HC1  +  2H>P0»  +  3C"H'*N« 
Aniline.        Acetic  add.  Efchenvl-diphonyl- 

dlamine. 

A  cooled  mixture  of  3  pts.  aniline  and  2  pts.  acetic  acid  is  gradually  mixed  with 
2  pts.  phosphorus  trichloride,  and  the  viscid  liquid  is  heated  for  some  hours  to  160°. 
The  resulting  light-brown  friable  resinous  mass  is  dissolved  in  boiling  water,  and  the 
cooled  filtrate  is  mixed  with  caustic  soda,  which  throws  down  the  base  as  a  white 
crrstalline  precipitate,  to  be  purified  by  recrystallisation  from  alcohol.  It  forms 
white  laminee  melting  at  137°,  volatilising  without  decomposition  at  a  very  high 
temperature,  nearly  insoluble  in  water,  sparingly  soluble  in  cold,  easily  in  hot  alcohol, 
in  ether  and  in  acids.  Its  plaHnochloride,  2(C*«H>«N*.HCl).PtCl«,  is  sparingly 
soluble  and  crystalline ;  the  nitrate,  C'^II'*N'.HNO',  separates  at  first  as  an  oil,  which 
afterwards  becomes  crystalline.  The  base  is  attacked  by  strong  sulphuric  acid, 
which  eliminates  acetic  acid  and  forms  phenylsulphamic  or  sulphanilic  acid : 

C"H"N»  +  2S0*H*  «  C«H*0»  +  2C«H'NS0«. 

Etkenyl-ethyl'diphenyl'diamine,     C»«H»«N«   +  (OH»)«    N«.  —  Ethenyl- 

diphenyl-diamine  heated  with  ethyl  iodide  for  several  hours,  forms  a  crystalline  iodide, 
which  may  be  converted  into  a  chloride  by  treatment  with  chloride  of  silver ;  and  this 
chloride  treated  with  soda-ley  yields  ethenyl-ethyl-diphenyl-diamine,  as  a  viscid 
oil  insoluble  in  water  and  destitute  of  alkaline  reaction.    This  oil  is  attacked  by 
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methyl-iodide  at  100^,  and  the  iodide  thus  produced  is  oonrerted  byetlTw  oude  into* 

((>H»)« 
strongly  alkaline  liquid  containing  the  ammoninm-base,  CH* 

CH»     . 
OH      ) 

Methyl-aniline  treated  with  phoephoms  trichloride  and  acetic  acid  yields  a  chloride, 
which  is  converted  by  silver  oxide  into  an  alkaline  ammonium-base  homologniu  with 

(C«H»)' 
the  preceding  and  represented  by  the  formula,  /nQs\t  f  N^ 

OH 


(c»H«r) 

=  (C"H^)«  In»,  ii 
H     J 


action  of  phosphorus  trichloride  on  a  mixture  of  1  mpl.  diphenylamine  and  1  moL 
ide : 


naphthylamine  in  the  same  manner  as  ethenyl-diphenyl-diamine  from  aniline.  Thii 
base  is  a  tough  resinous  mass,  yielding  a  platinochloride  whose  analysis  leads  to  the 
formula  just  given. 

C«H«   ) 
Etiienyl'ditolyl'diamine,  C»«H'«N«  -  (CH*)*    N*,  obtained  by  the  acHon  of 

FCl"  on  toluidine  and  acetic  acid,  is  scarcely  distinguishable  from  the  diphenji&ted 
base. 

Eihenyl'triphenyl'diamine,  C~H»N«  -     ^/^X|n»,  is  produced  by  the 

tion  of  phos] " 
phenylacetami( 

Formation  of  Cofi^pound  Ethers  hy  the  mutual  aHion  of  Aeidi  tai 
Alcohols. — The  first  part  of  Uie  researches  of  Berthelot  a.  P^n  de  St  Oilles  on  th» 
subject  was  noticed  in  vol.  ii.  p.  210  of  this  Dictionaiy.  In  a  continuation  of  this 
research  (Bull.  8oc.  Chim.  y.  182,  and  [2]  i.  336 ;  in  detail,  Ann.  Ch,  Phy$.  [l] 
l^viii.  226\  the  authors  direct  attention  especially  to  the  limit  of  combination 
between  different  acids  and  alcohols ;  the  variations  of  this  limit  resulting  fron 
excess  of  acid,  alcohol,  neutral  ether,  or  water ;  the  action  of  acids  on  vezy  dilute 
alcohols;  and  the  result  of  the  simultaneous  action  of  several  acids  on  eerenl 
alcohols. 

1.  In  a  homogeneous  mixture  of  acid,  alcohol,  compound  ether,  and.  water,  thD 
limit  of  combination  is  reached  when  the  ether-forming  affinity  of  the  aeid  for  the 
alcohol,  and  the  ether-decomposing  power  of  the  water,  are  equal  to  one  another. 
The  existence  of  such  a  limit  is  proved  by  causing  alcohol  and  acid  on  the  one  hand, 
and  the  corresponding  compound  ether  with  an  equivalent  quantity  of  water  on  the 
other  (this  mixture  being  exactly  similar  to  the  former  in  ultimate  composition),  to 
act  upon  one  another  for  different  times  and  at  different  temperatures.  It  is  then 
found  that  if,  in  the  first  case,  two-thirds  of  the  whole  quantity  of  acid  has  entered 
into  combination,  then  in  the  second,  one  third  of  the  neutral  ether  will  be  resolved 
into  acid  and  alcohol. 

That  this  limit  of  combination  is  almost  independent  of  the  particular  natore  of 
the  acid  and  alcohol,  and  depends  essentially  on  the  equivalent  proportions  of  the 
mixture,  had  been  shown  by  the  authors  in  the  first  part  of  their  research,  as  far  as 
regards  particular  systems  (ii.  510) ;  and  this  result  is  now  shown  to  be  naiveraallT 
true,  not  only  with  respect  to  the  action  of  mono-acid  or  poly-acid  alcohols  oo 
monobasic  or  polybasic  acids,  when  these  bodies  act  upon  one  another  without  the 
presence  of  water,  but  likewise  for  the  most  various  mixtures,  whether  they  contaia 
excess  of  acid,  or  of  alcohol,  or  of  compound  ether,  or  of  water.  The  particular 
nature  of  the  alcohol  and  of  the  acid  does  however  exert  a  slight  influence,  at 
least  in  the  case  of  monatoroic  compounds,  inasmuch  as  metameric  mixtums  (^^. 
amyl  alcohol  and  acetic  acid,  ethyl  alcohol  and  valeric  acid)  always  exhibit  slighth 
different  limits ;  with  polyatomic  alcohols  and  acids,  however,  no  such  differences  an 
observed. 

A  remarkable  difference  is  observed  between  the  behaviour  of  polybasic  adds  and 
Oiat  of  polyacid  alcohols,  inasmuch  as  a  molecule  of  a  bibasie  ncid  etberifies  the 
same  quantity  of  alcohol  as  2  molecules  of  a  monobasic  acid,  and  a  molecuU  of  a 
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tribasic  acid  etherifles  the  same  quantity  of  alcohol  aa  3  molecules  of  a  monobaaie 
acid,  wheieaa  a  molecule  of  a  biacid  or  triadd  alcohol — ^at  least,  if  no  great  excess  of 
acid  is  present — unites  with  only  the  same  quantity  of  acid  as  a  molecule  of  a  monoacid 
alcohol.  The  cause  of  this  difference  of  behayiour — which  seems  to  show  that  the 
functions  of  the  acid  and  of  the  alcohol  in  etherification  are  not  exactly  alike — ^is  to 
be  found  in  the  fact  that  a  polybasic  acid  forms  only  one  neutral  compound  with  a 
monoacid  base,  whereas  the  several  compounds  which'may  be  formed  from  a  polyacid 
alcohol  and  a  monobasic  acid  (mono-,  di-,  and  tri-acetin  for  example)  are  all  aestitute 
of  acid  properties. 

2.  When  an  excess  of  alcohol  acts  upon  a  molecule  of  acid,  the  quantity  of 
compound  ether  formed  increases  regularly  (not  by  sudden  increments)  with  the 
augmentation  in  the  quantity  of  alcohol,  and  tends  towards  the  complete  fixation  of 
the  acid ;  the  quantity  of  acid  which  in  presence  of  an  excess  of  alcohol  does*  not 
enter  into  combination,  is  nearly  in  inverse  proportion  to  the  total  quantity  of  the 
latter,  and  directly  proportional  to  the  total  quantity  of  the  acid.  In  this  case,  also, 
monoacid  and  polyacid  alcohols  react  nearly  in  the  same  manner  with  one  and  the 
same  monobasic  acid.  The  following  table  shows  the  quantities  per  cent,  of  various 
adds  which  entered  into  combination  when  1  mol.  of  the  add  was  acted  upon  by  n 
molecules  of  an  alcohol : 


If  ethyl 
aloobol 

Add 

Bthyl 
■loohdl 

Acid 

Amyl 
aloohol 

Add 

Glycerin 

Add 

n  »       1 

67-6 

n  »  1 

66-5 
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—— 
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1000* 

— 
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— - 
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— 
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In  like  manner,  the  quantity  of  an  alcohol  etherified  under  the  infiuence  of  an 
excess  of  one  monobasic  or  polybasic  acid,  increases  with  the  amount  of  this  excess, 
and  appears,  when  more  than  two  molecules  of  acid  act  upon  one  molecule  of  alcohol, 
to  be  directly  proportional  to  the  total  quantity  of  the  acid.  Traces  of  alcohol  are 
taken  up  by  excess  of  acid  with  nearly  the  same  degree  of  completeness  as  traces  of 
add  by  an  aloohol.  Polyacid  alcohols  appear,  moreover,  in  presence  of  excess  of 
add,  to  take  up  a  larger  quantity  of  the  acid  in  proportion  to  their  atomicity. 

3.  Etherification  is  retarded  by  addition  either  of  a  neutral  ether  or  of  water. 
But  just  as  compound  ethers  are  not  completely  decomposed,  even  by  lai;ge  quantities 
of  water,  so  libswise  is  their  formation  not  entirely  prevented  by  the  presence  of 
large  quantities  of  water;  the  amount  of  ether  produced  sinks  to  a  minimum  when 
the  add  and  alcohol  are  present  in  equivalent  quantities,  and  is  increased  by  the 
presence  of  an  excess  either  of  acid  or  of  alcohol.  In  mixtures  containing  8  mol. 
water  (H'O)  to  1  moL  alcohol,  and  contAining  excess  of  alcohol,  the  quantity  of 
ether  formed  is  nearly  proportional  to  the  quantity  of  acid  present ;  an  almost  exact 
proportionality  is  observed  in  mixtures  diluted  to  the  extent  which  is  found  in 
fermented  liquors  (23  to  48  mol.  water  to  1  mol.  aloohol). 

The  phenomena  exhibited  in  the  action  of  water  on  compound  neutral  ethers  are 
the  converse  of  those  which  take  place  in  their  formation.  A  trace  of  water 
decomposes  a  nearly  equivalent  quantity  of  an  ether  into  acid  and  alcohol ;  the 
decomposition  of  the  ether  increases  with  the  quantity  of  water  in  the  mixture,  and 
becomes  nearly  perfect  when  only  traces  of  ether  are  present. 

4.  In  the  simultaneous  action  of  several  alcohols  on  an  acid,  or  of  several  acids  on 
an  alcohol,  or  finally  of  several  monoacid  or  polyadd  alcohols  on  several  monobasic 
or  polybasic  adds,  the  sum  of  the  compound  ethers  formed  is  equivalent  to  that 
product  by  the  corresponding  quantity  of  a  single  alcohol  on  a  single  acid. 

Formation  of  Ethers  hy  Oxidation  of  Fatty  ^cici*.— Strecker  observed  some  years 
ago  that  butyric  add  oxidised  with  manganese  dioxide  and  sulphuric  add  yields  an 
ethereal  proauct.  This  reaction  has  lately  been  ftirther  investigated  by  Veiel  (Ann, 
Ck,  Pkarm.  cxlviii.  160),  who  finds  that  when  pure  butyric  acid  is  gradually  dropped 
upon  a  mixture  of  pulverised  manganese  dioxide  and  sulphuric  add  diluted  with  an 
equal  volume  of  water,  and  the  mixture  is  distilled,  an  ethereal  liquid  is  obtained 

•  The  mixtare  did  not  roddcc  Utmni. 
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which,  after  purification  in  the  usual  way,  boils  between  116^  and  145^,  has  a 
composition  expressed  approximately  by  the  formula  C*AH"0',  and  when  decomposed 
by  potash  yields  only  butyric  acid  and  alcohols :  hence  Veiel  infers  that  it  consists 
mainly  of  propyl  butyrate,  C'H"0*,  mixed  with  lower  homologues.  Valeric  acid 
treated  in  a  similar  manner  yielded  an  ether  haying  the  composition  of  methyl 
valerate,  C*H"0^  and  yielding  valeric  acid  by  saponification.  No  non-volatile 
products  were  obtained. 

Action  of  Bromine  on  Ethers  (Ladenbeiff  a.  Wichelhans,  Ann,  Ch.  Pharm.  clii. 
163). — Oxygen-ethers  in  which  the  alcohol-radicle  is  immediately  associated  with  a  car- 
boxyl  group,  such  as  ethyl  acotAte,  CH«— COOCH*,  ethyl  oxalate,  COOH— COOC*H», 
&c.,  are  not  attacked  by  bromine ;  but  those  in  which  the  alcohol-radicle  does  not 
enter  in  this  manner,  such  as  ethyl-orthocarbonate,  C(OCH*)\  yield  ethyl  bromide 
when  thus  treated.  Orthoformic  ether^  CH(OC*H*)",  produced  by  Uie  action  of  chloro- 
form on  sodium  ethylate  (p.  621),  is  attacked  by  bromine  in  the  cold,  and  the  product 
when  distilled  yields  ethyl  bromide,  ethyl  metacarbonate  (ordinary  carbonic  ether), 
ordinary  ethyl  formate,  and  alcohol ;  thus : 

2CH(0C«H»)»  +  Br«  =  2C«H»Br  +  CO(00«H»)«  +  CHO(OC«H»)  +  C«H«0 
Orthoformate.  Bromide.  Ourbonate.  ¥vfaaBJUb,  Alootaol. 

Ethyl  orthoearbonate  heated  with  bromine  yields  ethyl  bromide,  ethyl  metacarbonate, 
and  a  small  quantity  of  bromal,  resulting  from  the  fiirther  action  of  the  bromine  on 
the  ethyl  oxide  likewise  produced  in  the  first  instance : 

C(OC«H*)«  +  Br«  =  CO(0(?H*)«  +  [(C«H»)»0  +  Br«]. 
OrtiiooarbonAte.  Metacarbonste. 

Ethyl  nuiaearbonate  heated  with  bromine  also  yields  ethyl  bromide  and  bromaU  with 
evolution  of  carbon  dioxide : 

CO(OC«H»)«  +  Br«  -  C0«  +  [(C«H»)«0  +  Br«]. 

CH«(OC«H») 
EthyUglyooUio  acid,  I  ,  heated  with  bromine  yields  ethyl  bromide,  and 

COOH 
probably  also  glyoxylic  and  glycoUic  acids.    Eth^-laetic  ether  is  attacked  by  bromine 
at  100^,  yielding  ethyl  bromide,  hydrogen  bromide,  and  a  liquid  which  distils  between 
120^  and  250®,  probably  pyroracemic  ether : 

CH«  CH« 

CH(OC«H*)  +  Br»  -  C«H«Br  +  HBr  +  CO 

CO(OC«H»)  CO(OC»H»). 

Action  of  Alcohols  upon  Ethers. — Oxygen-acid  ethers  and  haloid  ethers  are  decom- 
posed by  heating  with  alcohols,  the  two  alcohol-radicles  changing  places.  Thus  when 
ethyl  silicate  is  heated  to  160*^-180®  with  amyl  alcohol,  amyl  silicate  is  formed, 
together  with  ethyl  alcohol.  A  mixture  of  amyl  iodide  with  rather  more  than  2  mol. 
ethyl  alcohol  heated  for  24  hours  to  160*^-180^,  yields  water,  ethyl-amyl  oxide,  and 
ethyl  iodide : 

C*H"I  +  2(C«H»H0)  -  H»0  +  C«H»I  +  (^I|o. 

A  similar  reaction  takes  place  between  ethyl  iodide  and  amyl  alcohol.  In  like 
manner  ethyl  acetate  and  amyl  alcohol  yield  water,  amyl  acetate,  and  ethyl-amyl 
oxide.  Ethyl  bemsoate,  and  especially  ethyl  chloride,  are  but  slowly  decomposed. 
Ethyl  oxalate  heated  to  220^-250^  for  36  hours  with  1  mol.  amyl  alcohol  is  partially 
decomposed,  yielding  carbon  dioxide,  carbon  monoxide,  ethyl  oxide,  ethyl  alcohol, 
amyl  oxalate,  and  probably  also  ethyl-amvl  oxide.  Those  ethers  which  are  easily 
decomposible  by  water  are  also  decomposed  with  more  or  less  facility  by  alcohols,  but 
apparently  only  by  an  action  of  masses,  and  not  on  account  of  the  greater  affinity  of 
the  alcohol  to  the  acid  (Friedel  a.  Crafts,  Ann,  Ch.  PJtarm,  cxxx.  198). 

A  mixture  of  ethyl  iodide  and  amyl  alcohol,  or  of  amyl  iodide  and  ethvl  alcohol, 
in  equivalent  quantities,  yields  hydriodic  acid  and  ethyl-amyl  oxide,  according  to  the 
equation : 

The  hydriodic  acid  thus  formed  acts  upon  the  amylic  or  ethylic  alcohol  in  such  a 
manner  as  to  form  ethylic  or  amylic  iodide  and  water,  and,  on  the  other  hand,  this 
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water  may  net  upon  tho  ethylic  or  amylic  iodide  so  as  to  reproduce  the  alcohols,  the 
reaction  taking  place  one  way  or  tho  other  till  an  equilibrium  is  established.  In  this 
manner  a  snuvU  quantity  of  an  alcoholic  iodide  may,  by  successive  and  alter- 
nating transformations,  etherify  a  considerable  quantity  of  alcohol,  without  any 
essential  diminution  of  the  quantity  of  the  iodide  (Friedel  a.  Crafts,  Ann,  Ch.  Pkarm. 
cxzzi.  65). 

According  to  H.  Gal  {Con^,  rend.  lis.  1049),  the  methylic  and  ethylic  ethers  of 
the  formic,  bensoic,  or  oxalic  series  saturated  with  dry  hydroaen  bromide  and  heated 
to  100^,  are  completely  resolved  into  free  acid  and  the  bromioe  of  the  alcohol-radicle. 
Ethyl  carbonate  is  resolved  under  these  circumstances  into  ethyl  bromide,  carbon 
dioxide,  and  water ;  ethyl  nitrate  yields  ethyl  bromide  and  a  considerable  quantity  of 
red  vapours. 

Action  of  Alkali^metaU. — ^The  action  of  alkali -metals  on  oxygen-ethen  has  given 
rise  to  considerable  discussion.  L5wig  a.  Weidmann  {Poffff.  Ann,  1.  98).  by  heating 
ethyl  acetate  with  potassium,  obtained  potassium  ethylate  and  a  liquid  which  reduced 
silver  salts :  they  aid  not  observe  any  evolution  of  hydrogen.  L.  Gmelin  {Handbook, 
viii.  499)  explained  their  results  by  the  following  equation : 

C«H»(C»H«)0«  +  K»   «  OH*K0  +  C»H«KO 

Btbjl  acetate.  PotaMinm       PotaaBinm 

ethylate.         aldehyde. 

Geuther  (Arek,  Pharm,  [2]  cxvi.  97 ;  Jakresb.  1868,  p.  823)  found  that  when  eth^i 
acetate  purified  from  alcohol  by  repeated  reetiflcation  over  sodium  was  heated  with 
sodium,  the  metal  dissolved,  with  evolution  of  hydrogen  and  formation  of  sodium 
ethylate,  and  the  sodium  salt  of  an  acid,  CH**0',  which  he  regards  as  etM-diacetie 
acid,  C^H»(C»H»)0» : 

2C»H"(C?»H»)0«  +  Na«  =  C»H»NaO  +  C«H»NaO»  +  H*. 
Bthyl  acetate.  Sodlnm  Bodlimi 

ethylate.  ethyl- 


Trankland  a.  Duppa  (Chem,  8oe.  J.  [21  iv.  396  ;  v.  102  ;  Jakresb.  1865,  p.  304)  have 
also  examined  the  action  of  sodium  on  ethyl  acetate  and  other  compound  others  of  the 
fatty  series,  with  results  partly  agreeing  with  those  of  Geuther.  They  find  that  when 
acetic  ether  is  heated  with  sodium  to  130°  in  a  fiask  provided  with  an  inverted  con- 
densing apparatus,  two  reactions  go  on  simultaneously,  both  being  attended  with 
evolution  of  hydrogen.  (1)  The  sodium  acts  in  such  a  manner  as  to  produce  alcohol, 
together  with  the  monosodic  and  disodic  salts  of  Geuther*s  ethyl>diacetic  acid  (to  which 
salts,  however,  they  assign  different  names  and  rational  formulae,  p.  591) ;  thus : 

4(?H"(C«H»)0«  +  Na«  -  2C«H»NaO«    +  2C«H«0  +  H« 
and 

2C»H"(C«H»)0«  +  Na«  «    C^«Na«0*  +    C»H*0  +  H«. 

(2)  The  sodium  simply  displaces  an  equivalent  quantity  of  hydrogen  in  one  or  in 
two  molecules  of  acetic  ether,  producing  the  ethylic  ethers  of  sodacetic  and  disodacetic 
acids  * 

2(0«H»0«.C«H»)  +  Na«  «  2(C«H«NaO«.C«H»)  +  H« 
and 

C?H«0«.C«H»     +  Na«  =    C«HNa«0«.C«H»     +  H«. 

These  several  sodium-compounds  when  heated  with  ethyl-iodide  are  converted  into 
ethers  in  which  the  sodium  is  replaced  by  an  equivalent  quantity  of  ethvL  The 
sodium  compounds,  in  fact,  were  not  separated  and  analvsed,  but  their  composition  was 
inferred  from  that  of  the  several  ethylic  compounds,  C'H*(CH*)0^ .  CH*,  &c.,  obtained 
by  treating  the  crude  product  of  the  action  of  sodium  with  ethylic  iodide,  and  frac- 
tionating the  resulting  distillate. 

The  action  of  sodium  on  ethyl  acetate  and  other  compound  ethers  has  also  beon 
studied  by  Wanklyn  (Chem,  News,  1868,  pp.  121,  143 ;  ZeUsckr.f,  Chem.  [2]  iv.  673  ; 
further,  Chem.  News,  1 870,  p.  7)t  who  obtains  the  same  products  as  Geuther,  with 
exception  of  the  free  hydrogen.  Wanklyn  finds  indeed,  in  accordance  with  Lowig 
a.  Weidmann,  that  when  sodium  acts  upon  perfectly  pure  ethyl-acetate,  no  hydrogen 
(S  evolved  as  a  direct  result  of  the  reaction,  the  only  products  being  sodium  ethylate 
and  sodium  triacetyl,  (C*H'0)'Na,  identical  with  Geuther*s  sodium-ethyl-diacetate : 

A  secondary  reaction,  however,  takes  place  at  the  same  time  between  the  sodium 
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ethylate  and  the  excess  of  ethyl  acctAte,  resolting  in  the  fomiatioii  of  ethjlene-flodhun 
acelHte  and  alcohol : 

C«Hm"  +      Naj"         C*H»0>      +       Hi"' 

and  the  sodium  acting  on  the  alcohol  thus  produced  ooiiTerts  it  into  sodiam  ethjlate, 
with  elimination  of  hydrogen  ;  but  the  quantity  of  hydrogen  thns  evolved  is  Always 
much  less  than  the  equivalent  of  the  quantity  of  sodium  dissolved.  When  only  a 
tiW^ht  excess  of  pure  ethyl  acetate  is  used,  no  hydrogen  is  evolved.  If  the  ethyl 
acetate  originally  contains  alcohol,  the  qu^intity  of  hydrogen  evolved  ie  of  oonrse 
greater.  {&o  further,  Acetic  Ethuu,  p.  15.)  Wanklyn  also  finds  that  amyl  acetate, 
ethyl  butyrate,  ethyl  valerate,  and  ethyl  benzoate  when  acted  upon  by  sodium  do  not 
yield  a  trace  of  gas. 

Frankland  a.  Duppa,  in  a  recent  communication  to  the  Boyal  Society  (Proe.  Soy, 
8oc.  xviii.  228),  attribute  the  difference  between  their  own  lesulte  and  those  of 
Wanklyn  to  the  fact  that  their  experiments  were  made  in  open  vessels,  whereas 
Wanklyn  operated  in  sealed  tubes.  They  however  confirm  Wanklyn's  observation 
that  sodium  dissolves  in  valeric  ether  under  ordinary  pressure  without  evolution  of 
gA8,  and  suggest  that  in  the  case  of  acetic  ether,  the  two  reactions — viz.  the  one 
observed  by  themselves,  attended  with  elimination  of  hydrogen,  the  other  observed  by 
Wanklyn,  unattended  by  evolution  of  gas — may  go  on  together,  the  one  or  the  other 
predominating  according  as  the  experiment  is  made  under  the  ordinary  pressure  or 
in  8eale<l  tubes.  In  corroboration  of  these  views,  they  point  to  the  recent  observation 
of  Caillotot,  to  the  effect  that  the  evolution  of  hydrogen  from  sine  and  hydrochloric 
acid,  or  from  water  and  sodium-amalgam,  is  gradually  diminished  and  finally  stopped 
under  increasing  pressure.  (See  Cuxmical  Action,  p.  428.)  Lastly,  they  point  out 
that,  even  in  most  of  Wanklyn's  experiments  with  perfectly  pure  acetic  ether,  a  certain 
amount,  and  sometimes  a  considerable  amount,  of  nydrogen  was  evolved.  In  reply  to 
these  observations,  Wanklyn  {Chem.  NetM,  1870,  xxi.  113)  refers  to  the  explanation 
which  he  had  previously  given  of  the  elimination  of  hydrogen  in  this  process — namely, 
that  it  is  due  to  the  action  of  the  sodium  on  alcohol  resulting  from  a  secondary 
decomposition ;  he  regards  the  conditions  under  which  Frankland  and  Duppa's 
experiments  were  made — namely,  the  high  temperature  (130^)  and  the  great 
length  of  time  (several  davs)  occupied  in  the  process — as  peculiarly  favourable  to  the 
occurrence  of  this  secondary  action.  Finally,  he  observes  that  potassium  dissolves 
without  effervescence  in  pure  acetic  ether  contained  in  an  open  Tessel  at  oidinaiy 
atmospheric  pressure. 


rCH«CH« 
CH»       ,  is 
IH« 


CH»(CH») 
in  the  free  state,  or  BZBTBT&,  C*W  -   I  or  C 

CH«(CH«) 
identical  with  butane,  butyl  hydride,  or  tetryl  hydride  (v.  735),  and  isomeric  with 

trimethyl-methane  or  trimethylformene,  C  j  W      ',  produced  by  the  action  of  cine  and 

water  on  tertiary  butyl  iodide  (p.  874).  These  are  in  fiict  the  only  two  possible 
modifications  of  the  saturated  hydrocarbon  C^H'*,  the  one  having  an  atom  of  carbon 
directly  united  with  three  other  carbon-atoms,  whereas  in  the  other  no  carbon-atom  is 
associated  with  more  than  two  others : 

CH« 


I  CH» 

CH«  I 

I  H»C— C— CH" 


i  * 

CH« 

DiethyL  Trimetbyl-methane. 

According  to  Schoyen  (Ann,  Ch,  Pharm.  cxxz.  233),  pure  ethyl  or  diethyl  is  easily 
obtained  by  heating  a  mixture  of  ethyl  iodide  and  an  equal  volume  of  anhydrous 
ether  with  thin  strips  of  zinc,  in  sealed  tubes  filled  to  about  three-fourths,  first  to 
100°,  afterwards  to  130^-140°,  for  several  hours.  On  cooling  the  tubes  in  iced  water 
and  opening  them,  the  ethyl  gas  is  evolved  and  may  be  collected  in  a  gas-holder. 

A  mixture  of  ethyl  gas  and  chlorine  exposed  to  diffiised  daylight  yields  an  oily 
strong-smelling    liquid,    consisting    chiefiy    of    chlorodiethyl    or    butyl    chloride, 

C<H»C1  "   I  ,  which  may  be  converted  by  saponification  into  primary  butyl 

»i<.n»,oi  ^Schoyen,  p.  872), 
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Ethyl  gaB  heated  to  100^  with  excess  of  bromiDo  in  sealed  tubes  is  concerted  into 
butylene  bromide  and  hydiobromic  acid:  C*H'*  +  2Bi*  -  C^H*Br>  +  2HBr  (Carius, 
Ann,  Ch.  Pharm,  cxxxi.  195). 


LTBlIt  SAXiXB  OF.  Acetylinated  ethyl,  or  Acetethyl, 
as  its  name  implies,  is  ethyl  with  some  of  its  )\ydTogen  replaced  by  acetyl,  CK^O. 
Wanklyn  attributes  such  a  structure  to  some  compounds  derived  from  acetic  ether. 
Thus  Uie  oily  liquid  obtained  by  acting  on  acetic  ether  with  metallic  sodium,  and 
subsequently  treating  the  solid  product  with  any  dilute  acid,  is  acetate  of  acetylinated 
ethyl.  Treatment  of  the  same  solid  product  with  methyl  iodide  gives  propionate  of 
acetylinated  ethyl;  similarly,  treatment  with  ethyl  iodide  gives  butyrate  of  acetylinated 
ethyl.  Another  method  of  obtaining  the  salts  of  acetylinated  ethyl  is  by  the  sue- 
cessiye  action  of  acetic  ether  and  an  iodide  of  an  alcohol-radicle  on  ethylate  of 
sodium :  thus  by  acting  on  ethjlate  of  sodium,  first  with  acetic  ether,  and  then  with 
ethyl  iodide,  there  is  produced  isocaproate  of  acetylinated  ethyl. 

These  compounds,  which  Wanklyn  regards  as  salts  of  acetylinated  ethyl,  were 
originally  discoTered  by  Geuther  and  by  Erankland  and  Buppa,  by  whom  they  were 
looked  upon  in  a  totally  different  light  (p.  689). 

The  following  table  exhibits  the  several  formuUs  assigned  to  these  compounds^ 
togetiier  with  their  specific  gravities  and  boiling  points : 


Wanklyn. 


^^'(^^•^io     -    H(C.W    = 


Acetate. 


Hydrogen- 
triacetyL 


Formuhe  according  to : 

Fnuikland  and 
I>nppa. 

C«H»O.CO«C«H» 

Stbyllo  Acetone 
carbonate. 


BoOlng   BpecUlo 
point.     gxBTity. 

181*»     1030  at    6» 


^^*(^^|0    -  CH"(C«HK))«  -  C«H*(CH»)O.CO«C»H»    187°    1009  at   6^ 


FroptonatB. 


KeChyl. 
tiiacfltyL 


Butyrate.  Ifebyl-tziaoetyL 

Xsolmtyrate. 


SthyUo  Methocetone 
carbonate. 


C»H*{CH»)0 .  CO»C»H»   I960    0*998  at  12« 

Bthyllc  Btbacetone- 
carbonate. 

C»H«(CH»)«O.CO»C«H»    I84<»    0-991  at  16*» 

Bthylio  Dtmettaaoetone 
carbonate. 


Iwvalflrate. 

C«H*(C«H»0)(o 

OH"0r 
Iwcapreafce. 


-  C«H'(C«HH))"  =  C»H«(C*H')0 . CO*C»H»   201*»    09806 at  0» 


triaoetyl. 


Etbylio  laopropaoetone 
carbonate. 


-  C»H»(C«H»)«O.CO«C«H»  210®    0-974  at  20O 


Bthylio  Dlefehacetone 
carbonate. 


Geuther^s  ethyl-diacetic  acid  is  identical  with  the  acetate  of  acetethyl,  and  his 
ethyl-divaleric  add,  C'«H«0«,  with  the  capiylate,  C«H\C«H«0).OC«H"0. 

The  formulae  in  the  first  column  afford  perhaps  the  most  intelligible  explanation  of  the 
formation  and  principal  reactions  of  these  compounds.  The  reactions  in  question  are : 
1.  Exchange  of  acetyl  for  hydrogen  by  treatment  with  sodium  ethylate,  resulting  in 
the  formation  of  a  compound  ether  and  a  salt  of  ethylene-sodium :  e^., 


Butyrate.  Bodinm 

Sthylate. 


Ethyl 
Butyrate. 


+  C«H«(C«H»0)NaO 


Ethylene- 
aodium  acetate. 


3.  Exchange  of  the  two  acid-forming  radicles  for  2  at  hydrogen  under  the  influence 
of  an  alkali :  0.^., 


C«HXCOCH»)>Q        2«^Q, 


Butyrate. 


C«H*H 
Alcohol. 


!» 


CO  J™' 

Ketone. 


CO 
Ba 


Ic. 
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A  RAlt  of  acctylinated  ethyl  may  obvioiusly  be  regarded  as  ethylene  half  satimted  with 
acetyl  and  half  with  acetyl-ozide ;  as  a  sort  of  half  ketone  and  half  acetic  ether  of 
ethyleue.  x  J.  A.  W, 

IITKIJL   A&OOBO&.     C*H"0  =   C*HK)H  »    I  Formo^um.— Erlen- 

CH«OH 
meyer  a.  Tscheppe  {ZeiUchr.  /.  Chem.  [21  iv.  343)  have  obtained  alcohol  from  ether 
by  heating  the  latter  to  1A0°-180^  witn  water  slightly  acidulated  with  sulphuric 
acid: 

C5»H» 

I)  +  HOH  -  5^*2^. 

C«H*OH 


C«H» 


Linnemann  {Ann.  Ch.  Pharm.  czlyiii.  249)  has  produced  the  same  alcohol  by 
reduction  of  acetic  anhydride  with  sodium-amalgam.  Acetic  anhydride  is  gmdually 
poured  upon  an  amalgam  containing  4  p.  c.  sooUum,  thn  vessel  being  kept  cool,  and 
care  being  taken  that  the  mass  does  not  liarden.  When  the  mixture  no  longer 
becomes  hot  on  agitation,  but  appears  dry  and  dusty,  it  is  agitated  with  snow,  which 
melts,  with  considerable  reduction  of  temperature,  the  amalgam  at  the  same  time 
deliquescing,  almost  without  evolution  of  gas.  Water  is  then  added,  together  with  a 
little  fresh  amalgam ;  the  mixture  is  left  to  itself  for  a  while,  then  freed  from  an  oily 
substance  by  filtration,  and  neutralised  with  potassium  carbonate ;  and  the  docanterl 
liquid  is  dehydrated  with  solid  potassium  carbonate.  The  liquid  thus  obtained  is 
oixUnary  alcohol.    Its  formation  may  be  represented  by  the  following  equations : 


and 


C«H»0>  rt  C*HK)) 

C«H»OJ      -      U     -     C«H«Oi 


Reactions. — 1.  By  oxidation  with  chromic  acid  mixture  (p.  loO),  alcohol  is  completely 
converted  into  acetic  acid :  C«H«0  +  0«  -  CH^O*  +  H*0  (Chapman  a.  Thorp). 
With  potauium  permanganate  and  dilute  sulphnrie  acid  it  yields  acetic  acid  and 
aldehyde ;  with  the  permanganate  alone,  oxalic  acid  and  other  products,  including 
qnly  small  quantities  of  aldehyde  and  acetic  acid ;  with  the  permanganate  in  alkaline 
solution,  neither  aldehyde  nor  acetic  acid,  but  either  oxalic  acid  (at  ordinary  tempera- 
tures)  or  various  other  acids  (at  higher  temperatures)  (Chapman  a.  &nith,  Vhem. 
Soc.  J.  [2]  V.  301). 

2.  Absolute  alcohol  mixed  in  a  well-cooled  retort  with  1  mol.  phosphorus  trichloride, 
is  strongly  attacked,  yielding  liquid  ethyl-phosphorous  chloride,  PC1'(0C*H*),  which 
distils  at  90°-l 26®: 

PC1«   +  CJ«H»OH  =  HCl  +  PCl«(OC«H»). 

Similar  reactions  take  place  with  butylic  and  amylic  alcohols  (Menschutldn,  Ann.  Ch, 
Pharm.  cxzxix.  343). 

3.  Phosphorus  suphochloride  likewise  nets  very  strongly  upon  alcohol,  producing 
ethyl  chloride  and  ethyl-sulphoxyphosphoric  acid,  (CH*)H*FSO*,  an  oily,  fetid,  non- 
distillable  liquid,  heavier  than  water  and  insoluble  therein  : 

PSC1«  +  3C«H»0H  -  (C«H»)H«PSO«  +  2C«H»C1  +  HCl. 

A  small  quantity  of  ethylphoephoric  acid  is  however  formed  at  the  same  time,  with 
separation  of  sulphur  (Chevrier,  Zeitsckr.  f.  Chem.  [2}  v.  413). 

4.  Sulphuric  chiorMirate,  (SO')"Ci(OH),  forms  with  1  mol.  absolute  alcohol,  a 
black  tarry  mass  which  in  contact  with  water  becomes  hot  and  gives  off  an  irritating 
gas.  With  1  mol.  sulphuric  chlorhydrate  and  2  mol.  alcohol,  the  residue  consists  of  a 
thick  brownish  liquid,  resolved  by  water  into  oily  neutral  ethyl  sulphate,  S(CH')*0*, 
and  soluble  ethyl-sulphuric  acid,  S(C^H*)HO*  (Baumstark,  Ann.  Ch.  Pharm.  cxl.  76). 

5.  Stannic  chloride  etherifies  alcohol  even  more  readily  than  sulphuric  acid,  and 
may  be  advantageously  substituted  for  the  latter  in  Uie  preparation  of  compound 
ethers.  It  first  unites  with  the  alcohol,  forming  the  compound  2C*H*0.SnCl*  [or, 
according  to  Lewy,  2(C'H*Cl.HCl).SnO'],  which,  when  in  presence  of  an  acid,  forms 
the  compound'  ether ;  thus  with  ben^ic  acid : 

2C*H«0.SnCl*  +  2C'H«0«  «  2C'H»(C'H»)0«  +  SnCl<.2n»0. 
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•  The  oomipouBd  2t?RH) .  SnCl*  is  reMlved  by  alkalis  into  alcohol  and  stannic  made ; 
by  ethyl  aioohol  into  ethylic  ether  and  hrdiated  stannic  chloride ;  with  methyl  or 
amyl  aioohol  in  like  manner  it  yields  mixea  ethers : 

2C«H«0.8nCl«  +     2HK)     -        2C»H«0  +  SnO«  +  4HC1 

2C«H«0.SnCl«  +  2C«H«0    -        2C*H»»0  +   SnCl«.2H«0 

2C«H«0.Sna«  +  2C»H»«0  -  2(C»H»)(C»H»»)0  +  SnCl*.2H«0 

(Girard  a.  Chapoteant,  Bull.  8oe,  Chim.  [2]  viii.  349). 

6.  Dilate  aioohol  fermented  with  Mntanm^  or  washed  meat  and  chalk  from  Sens 
(which  contains  a  peculiar  ferment,  Micirozyma  creta)^  is  conTerted  into  oaproio  acid 
and  hexyl  alcohol,  with  evolution  of  marsh  gas  and  hydrogen : 

7C5«H«0  «     2C^»K)«  +  2CH«      +  2H«     +  8H«0 
and 

7C»H«0  «    C»H«W     +  C«H»0  +  2CH»  +  4H»0. 

these  two  reactions  appearing  to  go  on  together  (B^champ,  Com^,  rend,  Ixvii.  658, 
660 ;  Zniaehr,  /.  CAm.  [2]  ir.  702). 

Lieben  (Ann,  CMm.  mea.  September  1869,  p.  136)  has  discovered  a  new  and  very 
delicate  test  for  the  presence  of  alcohol,  depending  upon  its  conversion  into  iodoform. 
The  liquid  under  examination  is  heated  in  a  test-tube,  into  which  are  then  introduced 
a  few  grains  of  iodine  and  a  few  drops  of  potash-solution,  whereupon,  if  alcohol  is 
present,  a  yellow  crystalline  precipitate  of  iodoform  is  produced,  immediately  or  after 
some  time,  according  to  the  degree  of  solution  of  the  liquid.  This  test  is  said  to  be 
capable  of  detecting  1  part  of  alcohol  in  12,000  parts  of  water.  For  greater  certainty, 
it  is  best  to  examine  the  precipitate  with  the  microscope,  iodoform  exhibiting  the 
appearance  of  hexagonal  plates  or  Six-rayed  stars.  The  test  just  described  has  been 
successfully  applied  to  the  detection  of  alcohol  .in  urine. 

Sodium  Alcohol. — ^Wanklyn  finds  that  the  cxystalline  compound  obtained  by 
saturating  absolute  alcohol  with  sodium  has  the  composition  CH'^NaO^  or 
CH*NaO.'8C*H*0,  and  bears  a  tempeiatnre  of  100®  without  giving  off  alcohol.  It 
melts  completely  at  100*^,  and  remains  perfectly  colourless  so  long  as  it  is  kept  from 
contact  with  the  air ;  but  the  slightest  access  of  air  turns  it  brown.  The  crystals 
dissolve  with  some  difficulty  in  ether,  more  easily  in  a  mixture  of  ethyl  oxide  and 
acetate.  When  heated  above  100®  they  give  off  alcohol,  and  when  kept  for  some  timo 
at  200®,  give  off  the  whole  of  their  3  mol.. alcohol,  leaving  absolute  sodium 
ethylate,  CH^NaO,  as  a  whit«  amorphous  mass,  infusible  and  very  light,  so  that  it 
floats  on  ether.  .  It  is  insoluble  in  ether,  turns  brown  in  the  air,  like  the  cr^-stals,  and 
may  be  heated  to  276^  or  even  higher,  without  alteration.  Heated  to  100®-200^  with 
ethyl  acetate,  it  yields  alcohol  and  ethylene-sodium  acetate,  isomeric  with  sodium 
butyrate.  In  like  manner,  with  ethyl  valerate  it  yields  alcohol  and  ethylene -sodium 
valerate,  isomeric  with  sodium  oenanthylate  (v.  688). 

Sodium  ethylate  unites  with  hydrogen  smphidif  forming  the  body  CH'NaO .  SH', 
which  has  considerable  stability,  but  breaks  up  slowly  at  100®  into  alcohol 
Cfl'O,  and  sodium  sulphydrate  NaHS ;  and  in  like  manner  with  1  mol.  hydrogen 
chloride^  acetyl  chloride^  ethyl  acetate^  ethyl  valerate^  and  ethyl  benzoate.  All  these 
compounds  nave  considerable  stability,  but  when  heated  to  100®  or  150®  they  decom- 
pose, the  second  for  example  into  sodium  chloride  and  ethyl  acetate : 

CTB[»NaO .  C^'Oa  -  NaCl  +  C«H».C«H»0« 

{Chem.  8oe.  J.  [2]  vii.  199).  For  Wanklyn's  views  of  the  constitution  of  these  bodies, 
see  ATOiacrrr  (p.  244^ ;  also  SoniTTir. 

Geuther  a.  Scheitz  {ZeUachr.f.  Chem.  [2]  iv.  878),  by  dissolving  1  pt.  of  sodium 
in  8  pts.  of  absolute  alcohol,  then  sealing  tne  tube,  quickly  separating  the  mother- 
liquor  from  the  crystals  when  cold,  and  drying  these  crystals  with  filter-paper,  either 
immediately  or  after  washing  with  ether  (which  however  dissolves  them  in  consideiable 
quantity),  have  obtained  crystals  containing  CH^NaO .  2C*H'0.  They  dissolve  in 
absolute  alcohol  even  more  freely  than  in  ether,  and  when  left  over  sulphuric  acid  in 
a  vacuum,  give  off  the  whole  of  the  2  mol.  alcohol  (57*2  p.  c). 

Dry  chlorine  acts  slowly  on  sodium  ethylate  mixed  to  a  pulp  with  absolute  alcohol, 
producing  ethyl  chloride,  sodium  chloride,  and  oxygen,  which  oxidises  a  portion  of  the 
alcohol  to  aldehyde  and  acetic  acid : 

C«H»NaO  -h   CI*  -  C*H»a  +  KaCl  +  O. 

Bromine  acts  in  the  same  manner,  but  more  quickly.    Iodine  and  sodium  ethylate 
yield  iodoform  (Maly,  Zeitechr.  /.  Chem.  [2]  v.  345). 
Sup,  CtQ  * 
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L  C*H*Br. — ^Penonne  (Obmjrf.  rend.  lii.  469)  TMOBUDendg 
ibr  tlie  pi^epAration  of  this  compound  the  use  of  ftmorphoiu  insteiid  of  ordinaiy 
phosphoruB :  40  gnns.  amorphous  phosphorus  are  mixed  in  a  retort  with  160^160  giBUk 
absolute  alcohol,  and  100  grms.  bromine  are  slowly  ponred  in  through  a  nairow  tube 
passing  through  a  cork  fitted  into  the  neck,  the  retort  being  kent  cool.  The  mixtnm 
IS  then  distilled  into  a  cooled  receiver ;  the  distillate  is  treatea  with  water ;  and  the 
ethyl  bromide  thereby  separated  is  dried  orer  calcium  chloride  and  rectified.  Ethyl 
bromide  is  also  produced  by  heating  amyl  bromide  with  ethyl  alcohol ;  and  this 
reaction,  as  well  as  the  corresponding  one  with  methyl  alcohol,  may  be  made  arailable 
for  obtaining  the  bromides  of  ethyl  and  methyl  for  the  preparation  of  aniline-green 
(Hofinann  a.  Girard,  p.  168). 

Braminated  deriwUivts  of  Ei^l  bromide  are  produced  by  headng  ethyl  bromide 
with  bromine  to  170°  in  sealed  tubes.  The  product  submitted  to  fractional  distilla- 
tion yields  monobromethyl  bromide,  OH^Br.Br,  which  boils  at  110^-112*', 
has  a  sp.  gr.  of  2*135  at  0°,  and  is  isomeric  with  ethylene  bromide,  CH^Br*;  and 
dibromethyl  bromide,  C*H*Br'.Br,  boilmg  at  187°*  baring  asp.gr.  of  3*659 
at  0^,  and  identical  with  monobromethylene  bromide,  C'H'Br.Br'  (OaTenton,  Compi, 
rend.  lii.  1330). 

Monobromethyl  bromide  is  probably  identical  with  ethylidene  bromide,  produced 
by  the  action  of  phosphorus  pentachloride  on  aldehyde  (ii«  599) ;  its  relation  to 
ethylene  bromide  is  represented  by  the  following  formuue : 


CH«Br 

0H« 

CH«Br 

CHBr* 

Xfhylene  bromide. 

Bromothyl  bromlile  or 

XthylideiM  bromide. 

Reboul  has  observed  that  monobromethylene  heated  in  sealed  tubes  with  hydrobromie 
acid  yields  the  latter  compound,  instead  of  reprodnoing  ethylene  bromide,  a  result 
easily  accounted  for  if  we  suppose  that^  in  the  formation  of  bromethylene  from 
ethylene  bromide,  the  elements  of  hydrobromie  acid  are  abstracted  f3y>m  both  of  the 
semimolecules  CH'Br,  and  that  in  the  conversion  of  the  bromethylene  into  bromethyl 
bromide  or  ethylidene  bromide,  the  same  element*  are  added  on  in  the  reTsrae  order ; 
thus: 

CHHBr  TBr  CHH 

H  GHBr 

Ethylene  Bromethylene. 


CHHBr  (. 

CHBrH  ""     i 


bromide. 


CHH  fH  CH» 

CHBr  (Br  CHBr« 

BromethylsBe.  Bitmiethyl 


DCQQXldSb 


According  to  Caventou,  bromethyl  bromide  treated  with  alcoholic  solution  of  potassium 
acetate,  yields  a  small  quantity  of  ethylene  diacetate,  a  result  most  probably  due  to  the 
previous  conversion  of  a  portion  of  the  bromethyl  bromide  into  the  isomeric  compound 
ethylene  bromide  (Dictionnaire  de  Chimie,  i.  1314). 


CH^Cl,  is  formed:  a.  By  the  action  of  chlorine  on 

'ethane,  CH*  (whether  produced  ftoim  a  methyl-compound,  e.ff.  by  the  electrolysis  of 

acetic  acid,  or  from  an  ethyl-compound,  e.g.  by  the  action  of  sulphuric  acid  on  mercuric 

ethide),  the  two  gases  being  mixed  in  the  shade  and  at  the  temperature  of  6^ 

(Schorlemmer,  Oon^t  rend.  Iviii.  70S ;  Ann,  Ch.  Pkarm.  czzxv.  284 ;  Jahretb.  1864, 

p.  467). 

B.  By  the  action  of  phosphorus  pentachloride  on  potassium  ethylsulphato,  sulphmyl 
chloride  being  formed  at  the  same  time  (Naquet,  Dictionnaire  de  CJUmie,  i.  1315) : 

®^ioK^*  +  2Pa»  -  c«H«ci  +  so«a«  +  spoci*  +  kci. 

£thyl  chloride  heated  in  sealed  tubes  for  five  hours  to  130^  with  three  or  four  times 
ito  weight  of  aqueous  hydriodic  aoidt  sp.  gr.  1*9,  is  for  the  most  part  converted  into 
ethyl  iodide  (Lieben,  see  p.  437). 

Ethyl  chloride  is  absorbed  by  euiphurie  anlwdride^  forming  chlorethyl-sulphuric 

^  '^  (R.  Williamson,  ii.  529 ;  v.  576).    This  compound  has  lately  been 
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ftuther  inTwtigated  byPiugold  {ZeUmskr,/,  Ckem.  [21  ir.  669),  who,  however,  makes  no 
reference  to  Williameon's  raulta.  He  finds  that  it  boils  in  a  yacuam  at  80^-82°,  has 
a  sp.  n.  of  1*879  at  0^ ;  1*8656  at  27^ ;  1*324  at  dV*,  It  is  insolnble  in  water,  and 
when  heated  with  water  in  sealed  tubes,  yields  eth^l  oxide,  ethyl  chloride,  hydrochlorio 
acid,  and  snlphnrie  acid ;  alcohol  decomposes  it  m  a  similar  manner.  When  ethyl 
chloride  is  agitated  in  a  sealed  tnbe  with  a  laige  excess  of  sulphuric  anhydride,  a 
yellowish  acid  liquid  is  fanned,  which  dissolves  completely  in  water  and  yields  a 

!SO*OK 
SO*OK'   ^^  '^'"'^^  ^^  ^  fonned 
in  small  quantity  in  the  prspazation  of  chlorethylsulphurie  acid  (Puxgold). 

MonoehlorinaUd  Eik^  Chlonde^  G^^Cl.Gl,  is  identical  with  ethylidene  chloride, 
CH* — GHCl',  having  verv  nearly  the  same  boiling  point  and  specific  gravity  (ii.  581, 
699),  and  being  eonvertea  by  sodium  ethylate  and  by  alcoholic  potash  under  pressure, 
into  vinyl  chloride,  O'H'Ol  ffieilstein,  Ammi.  Ch.  Pharm,  cziii.  110). 

Chlorethyl  chloride  heatea  to  140^  in  sealed  tubes  with  a  solution  of  neutral  sodium 
sulphite  is  converted  into  sodium  ehlorethylsulphate : 

C«H*ClSO»Na    or    SO'j^^^'*^*^* 

(Kind,  ZeiUekr,  /.  Ciem,  [2]  v.  166).  On  the  other  hand,  Stadel  (ibid,  iv.  272),  by 
heating  ethvlidene  chloride  with  solution  of  neutral  potassium  sulphite  in  a  retort 
with  upright  condensing  tube,  has  obtained  two  acids  free  from  chlorine,  via.  ethyli- 

dene-sulphuric  acid,  CH"CH|qq    i  ftnd  ethylidene-disolphuric  acid,  GE'CHJaQsu. 


lOBma,  C*H*I,  is  produced  by  heating  the  chloride  with  hydriodie 
acid  in  sealed  tubes  (p.  437).  In  preparing  it  by  the  action  of  iodine  and  phosphorus 
upon  alcohol,  Personne  {Campt.  rend.  Hi.  468)  recommends  the  use  of  amorphous 
phosphorus :  80  grms.  of  pulverised  amorphous  phottphorus"  and  120  grms.  absolute 
alcohol  are  introduced  into  a  tubulated  retort ;  100  grms.  of  iodine  are  added  in  two 
portions,  with  an  interval  of  a  few  minutes,  and  the  mixture  is  distilled  till  water  no 
longer  separates  anything  ftt)m  the  liquid  which  passes  over.  The  product  is 
decolorised  with  a  few  £ops  of  ^tash  solution,  and  washed  with  water.  Bieth 
a.  Beilstein  (Ann,  Ch,  Pharm,  cxxvi.  250)  recommend  10  pts.  amorphous  phosphorus, 
50  pts.  alcohol  of  90  p.  c  (sp.  gr.  0*83),  and  100  pts.  dry  iodine,  added  by  small 
portions,  these  proportions  being  founded  on  the  equation : 

6C«H«0  +  51  +  P  -  5(?H»I  +  PH«0«  +  HH). 

They  also  recommend  that  the  mixture  be  left  to  itself  for  24  hours  before  distillaticn, 

Beactions. — 1.  !Ethyl  iodide  oxidised  with  chromic  acid  mixture  (p.  150)  yields 
acetic  acid,  water,  and  free  iodine,  2C«H>I  +  0*  «  2C«H*0«  +  H*0  +  I«  (Chapman 
a.  Thorp). — 2.  Heated  with  silver  potoder  to  120**,  it  yields  a  combustible  sas  consisting 
chiefly  of  diethyl  or  butane,  C*W  (Wislicenus,  ZeUschr,  f.  Chem,  [2]  iv.  681).-- 
8.  Bromine  converts  it  completely  in  ethyl  bromide,  without  formation  of  hydrobromic 
acid  (Friedel,  Jahreab,  1865,  p.  491). — 4.  Iodine  monochioride  gradually  added  in 
equivalent  quantity  converts  it  into  ethyl  chloride,  with  separation  of  iodine :  CH*I 
+  ICl  «  I»  +  C«H*C1  (Geuther,  Ann.  Ch.  Pharm.  cxxiii.  123).— 5.  Heated  for  several 
hours  to  160^  with  concentrated  hydriodie  acidt  it  is  partly  converted  into  ethane 
(ethyl  hydride),  with  separation  of  hydrogen  [?  iodine :  C«H*I  +  HI  «  C«H«  +  I*] 
(Butlerow,  Ann.  Ch,  Pharm,  cxliv.  86).~6.  Heated  with  mercuric  chloride,  it  yields 
ethyl  chloride  and  mercuric  iodide  (Oppenheim,  Compt,  rend,  Ixii.  1085). — 7.  When 
ethyl  iodide,  phosphorus  trichloride,  and  zinc  are  heated  together  to  100°  for  eight  or 
nine  hours,  the  sine  becomes  covered  with  a  brown  film,  and  the  liquid  on  cooling 
deposits  crystals  of  phosphorus  di -iodide.  The  liquid  product  mixed  with  water  gives 
ofi*  ethane,  and  deposits  a  brown  substance  which  contains  zinc  and  gives  off  hydj^ogen 
phosphide  when  boiled  with  potash  ^Chapman  a.  Smith,  Laboratory,  p.  22).— 8.  Heated 
with  nenxtsel  potassium  sulphttCf  it  yields  ethylsulphite  and  iodide  of  potassium : 

C«H*I  +  KSO'.OK  =  KI  +  0«H».SO«.OK 

(Strecker,  Zeitsckr.  /.  Chem,  [2]  iv.  213). — 9.  It  is  strongly  attached  by  sulphuric 
cMorhydraiCt  SO'HCl,  yielding  ethylsulphuric  add  (Wroblevsky,  ZcUsehr,  f.  Chem. 
[2]  V.  280). — 10.  Heated  with  amyl  alcohol^  it  yields  hydriodie  acid  and  ethyl-amyl 
oxide: 

C»H»I  +  C»H".H.O  =  HI  +  C«H».C»H".0 

(Friedel  a.  Crafts,  p.  587). 

Qa2 
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OZZBB.  C^H^^O  >=  (C<H*)'0.— The  presence  of  smAll  qnantitiefl  of 
water  in  common  ether  may  be  detected  by  means  of  potassium  phosphate^  which  is 
insoluble  in  anhydrous  ether,  but  dissolyes  partially  in  ether  containing  water,  a  brown 
residue  beine  left  (Romei,  Zeitschr,  anal,  Chem.  1869,  p.  390). 

Ethyl  oxide  unites  with  certain  metallic  bromkUs  and  chlorides,  forming  oystal- 
lisable  compounds,  which  are  decomposed  by  water  and  by  heat,  and  decompose 
ctirbonates  with  effervescence  (Nicklie,  Compt,  rend.  lii.  396 ;  Iriii.  537 ;  Iz.  479, 
800). 

Bromo-aluminio  Ether^  Al*Br* .  2OH'*0,  is  obtained  b^  treating  ethyl  oxide  with 
bromine  and  aluminium-filings,  whereby  two  layers  of  liquid  are  formed,  the  lower 
containing  the  bromo-aluminic  ether.  This  compound  is  Tolatile  without  decomposi- 
tion, and  forms  a  yellow,  very  fusible,  and  deliquescent  sublimate,  imperfectly  soluble 
in  water.    An  iodo-aluminio  ether  may  be  obtained  in  the  same  manner. 

Bromo-antimonious  Ether,  SbBr'-OH'^O,  formed  by  the  action  of  bromine  on 
pulverised  antimony  in  contact  with  ether,  is  an  oily  deep  yellow  liquid,  which  begins 
to  boil  at  91°,  giving  off  bromine,  ether,  and  hydrobromic  acid,  and  leaving  a  residue 
of  antimonious  bromide ;  part  of  it  however  distils  without  decomposition.  Ethyl 
oxide  combines  in  like  manner  with  antimonious  chloride,  but  not  with  the  iodide. 

Bromo-arsenious  Ether,  AsBr*.  OH'*0,  prepared  like  the  preceding,  is  more  volatile, 
but  decomposes  even  at  ordinary  temperatures.  Evaporated  over  sulphuric  acid,  it 
leaves  a  residue  of  arsenious  bromide  crystallised  in  long  shining  prisms.  Volatilises 
when  heated,  but  is  in  great  part  decomposed ;  is  not  attacked  by  sine,  jbrsemious 
chloride  forms  a  similar  compound. 

Bromobismuthic  Ether  is  obtained  by  direct  combination  of  bismuth  bromide  with 
ether  under  pressure,  or  by  the  action  of  bromine  on  pulverised  bismuth  in  presence 
of  ether.  Over  sulphuric  acid  in  a  vacuum  it  crystallises  in  very  deliquescent  rhombic 
prisms  containing  BiBr*.C*H'*0  +  2H'0.  A  similar  compound  is  formed  with 
oiamuth  chloride,  but  not  with  the  iodide. 

With  the  bromides  of  cadmium  and  sine,  ethyl  oxide  forms  unstable  compounds 
which  fume  in  the  air  and  dissolve  in  water,  apparently  decomposing  at  the  same 
time ;  with/0rrt0  bromide  it  forms  a  compound  of  a  deep  red  colour,  decomposible  by 
heat. 

Bromomercurio  Ether,  HgBr*.3C*H'*0,  is  produced  by  the  action  of  bromine  on 
mercury  under  ether ;  the  lower  layer  of  liquid  then  formed  deposits  mercuric  bromide, 
and  the  mother- liquor  consists  of  the  ethereal  compound. 

Chloroboric  Ether,  2BCl*.5C<Hi*0  +  9aq.(?),  is  a  volatile  liquid  obtained  by 
heating  an  alcoholic  solution  of  boric  acid  saturated  with  hydrochloric  acid. 

CMoromanganio  Ether. — ^By  passing  hydrochloric  acid  gas  into  a  mixture  of  ether 
and  manganese  dioxide  in  a  vessel  cooled  with  ice,  Nickl&s  has  obtained  a  compound 
to  which  he  assigns  the  formula  MnCl* .  12C^H**0  +  2aq.  It  is  a  green,  very  unstable 
substance,  soluble  in  ether,  insoluble  in  carbon  bisulphide,  easily  reduced  by  metals, 
metallic  sulphides,  &c.,  yielding  manganous  chloride. 

Chlorothallic  Ether,  T1C1'.C«H»0.HC1  +  aq.  (v.  748).  Chlorostannie  Ether, 
SnCl*.2C^H»»0(v.  809). 

SubsHtuOon-derivatives  of  Ethyl  Oxide, 

BlolUoriaated  BtHyl  Oxide,  C'H«C1*0  -  ^^h*|^  (formerly  called  Mono^ 

chlorinated  ether,  ii.  640).— Lieben  a.  Bauer  (Ann.  Ch.  Pharm.  cxxiv.  130.  Lieben, 
ibid,  cxxxiii.  287 ;  cxli.  236  ;  cxlvi.  180 ;  d.  87  ;  Jahresb.  1864,  p.  471 ;  1866,  p.  486; 
1867,  p.  644). — This  compound  is  best  prepared  by  passing  washed  and  dried  cnlorine 
into  anhydrous  ether  cooled  to  0°  in  a  flask  with  upright  condensing  tube,  and  after 
some  time  (about  10  hours  when  a  kilogram  of  ether  is  used)  distilling  the  product 
in  the  water-bath,  whereby  a  colourless  distillate  and  a  brown  residue  aro  obtained. 
The  distillate  is  again  treated  in  the  same  manner  with  chlorine,  the  product  redistilled 
from  the  water-bath,  and  this  treatment  repeated  till  the  portion  volatile  at  100^  has 
disappeared.  The  united  dark-coloured  residues  are  then  heated  in  an  oil-bath  till  a 
thermometer  immersed  in  the  vapour  rises  to  136° ;  the  portion  which  has  passed  over 
is  again  treated  with  chlorine ;  and  finally,  after  another  ropetition  of  this  treatment, 
the  brown-black  residues  not  volatile  at  136°  are  subjected  to  fractional  distillation. 
The  portion  which  then  distils  between  140°  and  147°  consists  for  the  most  part  of 
dichlorinated  ethyl  oxide.  It  is  a  limpid  colourless  liquid,  having  an  acrid  taste,  and 
burning  with  a  groen-edged  fiame  ;  sp.  gr.  1*174  at  23°.  It  dissolves  for  the  most 
mrt  in  water  at  ordinary  temperatures,  with  evolution  of  heat  and  formation  of 
hydrochloric  acid,  alcohol,  and  a  body  which  exhibits  the  reactions  of  aldehyde. 
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F^rom  the  following  reactions  it  appears  most  probable  that  the  two  ehlorine-atoms  in 
the  molecule  of  this  ether  are  situated  unsymmetrically,  as  represented  by  the 

fonnula       Q,n»  [  0,  not  symmetrically  as  in  the  formula  nsQ4(ii  [  O. 

The  dichlorinated  ether  added  by  drops  to  an  ethereal  solution  of  eine-ethyl  cooled 
to  —16®,  iscouTerted  into  ethylochlorinated  ethyl  oxide,  C*H*'C10: 

This  compound  is  a  liquid  having  a  pleasant  ethereal  odour,  and  boiling  at  137^. 
Sp.  gr.  of  0*9735  at  0^.  Vapour-aensity  -■  69*3,  referred  to  hydrogen  as  unity 
(calc.  68'26).  It  is  insoluble  in  water,  but  mixes  in  all  proportions  with  alcohol  and 
ether. 

By  heating  ethylochlorinated  ethyl  oxide  with  dnc-ethyl,  the  remaining  atom  of 

chlorine  is  remored,  and  diethyUted  ethyl  oxide.  CH'H)  -  ^^*'^^*'^!|o, 
isomeric  with  butyl  oxide,  (C^H*)^),  is  produced.  Dichlorinated  ethyl  oxide  treated 
with  Wnc-me^Ay/ yields  methylochlorinated  ethyl  oxide,  *     *c>R*[^'  ^  colour- 

less aromatic  liquid  miscible  with  alcohol  and  ether,  having  a  sp.  gr.  of  0*9842  at  0^, 
and  rapour^ensity  —  63  (calc  »  62*25). 

Ethylochlorinated  ethyl  oxide  treated  with  fuming  hydriodic  add  yields,  as  principal 
products,  ethylated  ethyl  iodide  (or  butyl  iodide),  ethyl  iodide,  hydrochloric  acid, 
and  free  iodine,  together  with  butyl  chloride  and  secondary  products.  The  reaction 
appears  to  take  place  as  shown  by  the  following  equations : 

C«H».a.gH»|Q  ^  2HI  -  C«H>.C1.C«HM  +  C«H»I  +  H«0. 

Xthylooblorlnsted  Bthylochlorinatad 

ett^l  oxide,  ethyl  iodide. 

C«H».C1.C«HM  +  HI  =  C«H».a.C"H».H  +  I». 
Btliyloehloriiiated  Batyl  ohlocide. 

ethyl  iodide. 

C«H«.C1.C«H».H  +  HI  -  C«HM.C«H».H  +  Ha 

BotylGhloride,  Batyl  iodide. 

/C«H» 

CH* 
This  butyl  iodide  has  the  constitution  of  ethyl-methyl  carbinyl  iodide,  C  -  -n-     ,  and 

I 
when  heated  with  silver  acetate  yields  the  corresponding  acetic  ether,  which,  when 
saponified   by    potash,    yieldb  secondary  butyl  alcohol  or   ethyl-methyl  carbinol* 
C«H» 
CH» 
H     • 
VOH 

Diethylated  ethyl  oxide  treated  with  hydriodio  acid  yields  in  like  manner  diethyl*, 
ated  ethyl  iodide,  C*H*(C*H»)U  »  C*H"I,  fiom  which,  by  saponification,  a 
secondaiy  or  tertiary  hexyl  alcohol  might  probably  be  obtained. 

Action  of  Sodium  Alcohol  and  Alcoholic  Potash  on  Dichlonnaled  Ethyl  Oxide,  fc. — 
Dichlorinated  ethyl  oxide  treated  with  alcoholic  potash,  or  better  with  sodium 
ethylate,  is  converted  intooxethylochlorinated  ethyl  oxide,  C*H"CIO*: 

C»H"Cl«?r.    .   r^TT^nT.       -iT.-n,   .   C«H«a.(?H»0 


^g!J0  +  C«HH)Na  -  Naa  +  ^"^'^'^^^.jo, 

a  limpid  colourless  liquid  having  an  agreeable  refreshing  odour,  boiling  at  157^-158®, 
heavier  than  water,  and  not  attacked  by  aqueous  potash,  even  at  the  boiling  heat. 

TVhen  1  mol.  dichlorinated  ethyl  oxide  is  treated  with  2  mol.  sodium  ethylate,  the 
second  atom  of  chlorine  is  ^so,  though  slowly,  replaced  by  oxethyl,  CHK),  yielding 

dioxethylated  ethyl  oxide,  ^      CH*!^'    This  compound  is  best  prepared 

by  heating  oxethylochlorinated  ethyl  oxide  with  a  slight  excess  of  sodium  ethylate  to 
140^-160^  for  80  hours,  separating  the  product  by  water,  submitting  it  to  fractional 
distillation,  and  heating  the  portion  which  goes  over  between  162^  and  171°  with 
sodium.  It  is  a  colourless  fragrant  liquid,  not  misicible  with'  water,  having  a  sp.  gr. 
of  0*8924  at  21°,  and  boiling  at  168^.  Heated  with  concentrated  hydriodic  acid  to 
130°,  it  yields  ethyl  iodide,  alcohol,  charcoal,  and  a  small  quantity  of  another  iodised 
eompoand : 
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^^"t^^^llo  +  2HI  «  2C«H»I  +  Cm*0  +  2H*0  +  C. 

Ethylochlorinsted  ethyl  oxide  heated  to  140^  for  twenty  or  thirty  hours  with 
sodium  eihylate  or  with  ffistyalcoholic  potash^  is  conyerted  into  ethyloxethylated 

ethyl  oxide,  C»H"0«  -  ^^'•^^*-^^^|o,  a  liquid  having  a  pka«uit  etherwi 

odour,  floating  on  water,  and  boiling  at  147°. 

Oxymethyl  chlorinated   Ethyl   oxide,  C»H"Cia«  -    ^^*^*^'^h»[^' 

produced,  like  the  corresponding  ethyl  compound,  by  the  action  of  sodium  methylate 
on  dichlorinated  ethyl  oxide,  boils  at  137^  and  has  a  sp.  gr.  of  1*056  at  13*6^ 

Action  of  the  Chlorides  and  Bromidee  qf  Phosphorus  on  Dichlorinated  ^Etkyl  Oxide, 
§•0. — Phosphorus  tribromide  acts  upon  dichlorinated  ethyl  oxide  at  200°  in  the 
manner  shown  by  the  equation : 

^[^C»H«|^1  ■**  ^^^^  "  3C«H»Br  +  3HBr  +  6HC1  +  6C  +  P«0«. 

On  ethylochlorinated  ethyl  oxide,  phosphorus  tribromide  acts  at  180°,  forming 
phosphorous  acid,  ethyl  bromide,  and  a  chlorobromide,  probably  consisting  of  OH*ClBr 
or  C^" .  C"H» .  ClBr,  which  however  has  not  been  obtained  pure.  Methylochlorinaled 
ethyl  oxide  yields  similar  products. 

Phosphorus  pentachloride  decomposes  dichlorinated  ethyl  oxide,  forming  hydro- 
chloric acid  and  a  black  liquid  containing  phosphorus  trichloride,  together  with 
chlorinated  substitution-products  of  dichlorinated  ethyl  oxide  and  their  products  of 
decomposition  by  heat.  Ethylochlorinated  ethyl  oxide  reacts  with  phosphorus  pentar 
chloriae  in  a  similar  manner. 


(C'H*)*S,  is  produced  by  passing  the  vapour  of  sulphurous 
chloride,  SO'Cl*,  together  with  a  current  of  carbon  dioxide,  over  jnac-ethyl.  On 
distilling  the  resulting  viscid  mass  with  water,  line  oxide  separates,  and  ethyl 
sulphide  boiling  at  91°  passes  over  (F.  Gauhe,  Jahresb,  1867,  p.  542). 

Ethyl  sulphide  dissolves  in  fuming  nitric  acid,  with  evolution  of  red  vapours,  and 
without  formation  of  sulphuric  acid.  The  acid  solution  when  left  to  evaporate 
solidifies    to' diethylsulphone,    (CH*)'80*,  or   sulphuric  dioxydiethide, 

^^1  O*       *  ^^^^  crystallises  from  hot  water  or  alcohol  in  long  thin  tables,  melts  at 

70°,  boils  at  248^,  and  is  reduced  by  nascent  hydrogen  to  ethyl  sulphide. 

Nitric  acid  of  sp.  gr.  1'2  dissolves  ethyl  sulphide  without  much  evolution  of  gas, 
forming  an  acid  unciystallisable  liquid,  which  is  converted  by  potassium  ferric3f|anide 
and  free  alkali,  by  potassium  chiomate,  and  by  ferric  chloride,  into  several  crystallisable 
compounds  whose  composition  has  not  yet  been  determined  (A.  v.  Oefele,  Ann,  Ch, 
Phtann.  cxxvii.  870). 

Ethvl  sulphide  unites  directly  with  chloride,  bromide,  and  iodide  of  ethyl,  forming 
trietnylsulphurous  compounds  (v.  881)  in  which  the  sulphur  maybe  regarded 
ai  quadrivalent :  #.^.y 

((?H")«S  +  C«H»I  -  S"|(^'^* 

Sthvl  inlphidei      Bthyl  Sulpharoiu 

iodide.         trielhiodide. 

This  triethiodide  is  also  fonned  by  heating  ethyl  sulphide  with  acetjrl  iodide  in  sealed 
tubes.  On  dissolving  the  resulting  crystals  in  water,  removing  the  iodine  with  silver 
oxide,  neutralising  with  hydrochloric  acid,  and  adding  platinic  chloride  to  the  filtrate, 
crystals  of  a  platinum  salt  are  obtained  exhibiting  the  composition  2[S(CH*)'C1] .  PtCl* 
(Lokaschewicz,  Zeitschr,  /.  Chem,  [2]  iv.  643). 

Eihyl'msthyl  Sulphide,   C*H*S  -  ^q!!s  (Carius,  Ann,  Ch.  Pharm.  cxix. 

818 ;  cxx.  61). — Produced  by  heating  ethyl  disulphophosphate  with  2  vol.  anhydrous 
methyl  alcohol  to  150°  for  an  hour  or  two,  and  distilling  the  product: 


0« 


BthTl.di0aIpbo-         Kethyl         Stbyl-methyl       Dlethyl-snlpho- 
phoq>hat«.  aloohoL  salphide.  phoaphoriG  add. 


Ethyl-methyl  sulphide  is  a  colourless  liquid  having  a  disagreeable  odour,  boiling  at 
68'8°-69'5°  (corr.)  with  the  barometer  at  757  mm.,  and  having  a  vapour-daiuntj  oL 
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2*625  (calc  2'6~2'6).  By  oxidation  with  nitric  acid  of  ip.  gr.  1*1,  it  yields  ethjl- 
sulphnroiu  acid.  Mixed  in  alcoholic  solution  with  mermrio  ehloridet  it  forms  shining 
lamins  of  the  compound  (C''H^)(CH')S.HgCl*.  A  compound  with  mercurie  iodide 
containing  2(C'H*)(CH')S.HgP  is  produced  by  boiling  a  solution  of  mercuric 
sulphethylate  (mercaptide)  in  absolute  alcohol  with  methyl  iodide.  It  b  a  sulphur- 
yellow  crystalline  powder,  which  melts  under  boiling  alcohol,  and  solidifies  on  cooling 
to  a  mass  baring  the  aspect  of  porcelain.  It  is  sparingly  soluble  in  alcohol,  and 
when  boiled  with  a  quantity  of  that  liquid  not  suiBcient  to  dissolre  it,  is  decomposed, 
with  separation  of  mercury  and  mercuric  sulphide. 

Ethyl-amyl  Bulpkide,  fyk^\\\^  (Oarius,  loo.  cit.;  Saytzeff,  Ann,  Ck.  PharvL 

«*rg-g''g  864;  further,  Zeitsekr.f.  Ckem.  [2]  yi.  104). — Carius  prepares  this  compound, 
like  the  preceding,  by  the  action  of  amyl  alcohol  on  ethyl  disulphophosphate. 
Saytceff  prepares  it  by  the  action  of  ethyl  iodide  on  sodium-amyl  sulphide ;  also  by  the 
action  of  amyl  iodide  on  a  solution  of  potassium  monosulphide  in  absolute  alcohol 
(potassium-ethyl  sulphide),  or  of  amyl  cnloride  on  sodium-ethyl  sulphids : 

C*H»NaS  +  C»H'«a  -  NaOl  +  (C«H*XOH")S. 

On  heating  the  last-mentioned  materials  together  in  a  eealed  tube  for  6  to  8  hours, 
washing  the  product  with  water,  drying  and  rectifying,  an  oily  bodv  was  obtained, 
distilling  for  the  most  part  between  150®  and  160**,  and  after  repeated  treatment  with 
sodium  passing  over  completely  at  157^-169^.  It  is  a  colourless  liquid  haying  an 
alliaceous  odour,  insdlnble  in  water,  boiling  at  182®-188'6®  (coir.)  under  a  prossure  of 
758  mm.  (Carius) ;  at  IdS^'  (Saytaeff).  8p.  gr.  -  0-852  at  0<»  (Saytseil).  Vapour- 
density  referred  to  air  b  4*4954  (Oarius^ ;  calc.  -•  4*5606.  By  ozitlation  with  nitric 
acid,  it  yields,  according  to  Carius,  nothing  but  ethyl-sulphurous  acid ;  acorading  to 
Saytxeff,  on  the  other  hand,  the  chief  product  of  the  oxidation  is  ethyl-amyl 
oxysulphide,  with  only  a  trace  of  ethyl-sulphurous  acid.  The  compound  of  ethyl- 
amyl  sulphide  with  mereurie  iodide,  2(C*H*XC?H")8.HgI\  prepared  like  the  ooiro- 
sponding  methyl  compound,  is  more  easily  fusible  and  more  soluble  in  alcohol  than 
tne  latter.    It  is  decomposed  by  heat* 

Ethyl-amyl  Oxysulphide,  (C*H«)(C*H")SO,  is  a  yiscid  liquid  insoluble  in 
water,  soluble  in  alcohol  and  ether,  soli<ufying  to  a  crystalline  mass  at  — 16^,  and 
decomposing  when  distilled.  It  is  not  susceptible  of  Airther  oxidation.  Nascent 
hydrogen  rwiuces  it  to  ethyl-amyl  sulphide  (Saytaeff). 

Ethyl'hentyl  Sulphide,  (C*H*)(^'H')S,  prepand  by  the  action  of  ethyl  iodide 
on  sodium  bencyl-mercaptide,  C'H'NalS,  is  a  limpid,  colourless,  very  pungent  liquid 
distilling  at  214'>-216'»  (Miirker,  Ann,  Ch,  Pharm,  cxl.  86). 

Ethyl  Bieulphide,  (C*H*)*8'.— This  compound  heated  in  a  sealed  tube  with 
4  moL  ethyl  iodide  yields  sulphurous  triethiodide,  with  separation  of  iodine : 

(C«H»)^  +  4C«H»I  -  2»'(C«H»)»I  +  I« 

(Saytseff,  Zdtechr,  /.  Chem.  r2]vi.  109). 

Ethyl  Bieulphoxide,  (d^*)'S'0*,  is  produced  by  treating  ethyl  bisulphide 
with  nitric  acid  of  8p.gr.  1*2  diluted  with  an  equal  yolume  of  water.  After  washinff 
with  water  and  drying  oyer  calcium  chloride,  it  forms  a  colourless  transparent  liquid, 
haying  an  alliaceous,  somewhat  biting  odour;  it  is  easily  soluble  in  alcohol  and 
ether,  does  not  crystallise  at  low  temperatures,  and  is  decomposed  by  boiling  even  in 
a  yacnum.  Strong  nitric  acid  diseolyes  it  without  alteration  at  ordinary  temperatures, 
but  oxidises  it  at  the  boiling  heat  to  ethylsulphuric  acid.  By  zinc  and  dilute 
sulphuric  acid  it  is  reduced  to  bisulphide  and  ultimately  to  mercaptan  (Lukaschewicz, 
Zeitechr.  f.  Chem.  [2]  iy.  641).  The  same  compound  appears  to  naye  been  obtained 
by  Kopp  and  by  Lowig  a.  Weidmann  (Ann,  Ch,  Pharm.  xxxy.  843)  by  the  action  of 
nitric  acid  on  mercaptan. 

iOMVOMMm    See  K«tox». 


Wanklyn  a.  Chapman  (Proe.  Soy.  8oe.  xy.  218)  prepare 

ethylamine  by  heating  equal  yolumes  of  ethyl  iodide,  strong  alcohol,  and  ammonia  for 
half  an  hour  and  with  constant  agitation  to  a  temperature  somewhat  below  100**. 
After  the  firee  ammonia  has  been  removed  by  evaporation,  the  product  is  distilled 
with  potash;  the  distillate  is  receiyed  in  dilute  sulphuric  acid;  the  ammonium 
sulphate  is  separated  by  alcohol ;  and  the  alcoholic  solution  of  the  remaining  sulphate 
is  distilled  with  a  quantity  of  potash  sufficient  to  liberate  about  ^  of  the  bases 
present  The  distillate  then  contains  no  base  except  ethylamine,  together  with 
alcohol  and  water. 


600         ETHYL-BEXZOIC—ETSYL-CBOTONIC  ACID. 

By  ozidiitioii  with  chromic  acid  miztiiM,  ethylanuoe  is  etmrated  into 
waUr,  acetic  acid,  and    aldehyde,  witbont  formation    of   ammonia  (Wankljn   a^ 
Chapman,  Chem.  800,  J.  [2]  ir.  328). 

Hydriodic  add  conTeita  ethvUmine  into  ammonia  and  ethane  (Bevthelot). 

On  the  eonyenion  of  ethylamine  into  alec^l  by  the  action  of  mtzooa  acid, 
Alcohoi^  (p.  68).  ^^ 

Kthylamine  heated  in  sealed  tabes  with  eth$fl  orthoformaU^  CH(OC'H*)',  eouverta 
thiit  ether  into  ordinary  ethyl  formate,  CHO(OC*H*}  (Wicfaelhans,  ZtiUAr.  J.  Ckewu 
[2]  V.  284). 

Dieihylamine.  (C*H*)'HN.~The  hydrochloride  of  this  base  distilled  witk 
pr)tAH8ium  nitrite  yields  nitrosethylin  or  nitrosodiethylin,  (0'H*)*(NO)N  (ir.  114). 
iHethiflamine  hydrochloride  mixed  with  a  moderately  ooncentxated  solution  of 
potosdium  nitrite  is  not  decomposed  in  the  cold,  but  yielciB  nitrosodiethylin  <m  boiling 
the  mixture  till  potassium  chloride  separates  out  (Geuther,  Zeiltekr.  j.  Ckem,  [21  iL 
618).  Accoxdingf  to  Heintx  {Und.  671)f  the  triethylamine  salt  is  not  decomposed,  or 
but  yery  sli^tly,  in  dilute  aqueous  solution,  whereas  with  the  diethylamine  salt  tha 
decomposition  takes  place  mors  easily ;  the  reaction  may  thenfoxB  be  applied  to  tha 
soiMration  of  di-  and  tri-ethylamine. 

Tetrethylammonium, — On  the  salts  of  this  base  with  metallic  acids,  see 
yol.  y.  p.  781. 

(T&ATB  or  SOBXITMU    See  Btetl  Axxsohox.  (p.  692). 

^ZO  AOZB.  C*H>«0>  c-  C^«(C*H*).CO*H  (Keknl^  jbm.  Ck 
Pkarm,  cxxxyii.  178.  Fittig  a.  Konig,  ibid,  cxliy.  277.  Keknl^  a.  Thorpe,  Ckem. 
80c.  J.  [2]  yii.  866). — This  acid,  isomeric  with  zylic  acid,  was  first  obtained  by 
Kokul^,  by  the  action  of  sodium  and  carbon  dioxide  on  bromethyl-bensene: 

C«H«Br.C«H»  +  Na«  +  C0»  «  NaBr  +  C«H\C»H»).C0«Na. 

Fitttg  a.  Kdnig  produced  it  by  oxidising  diethyl-benzene  with  boiling  dilute  nitric 
acid: 

C^*(C«H»)«  +  0«  -  CO*  +  2H«0  +  C^*(C«H»).CO»H; 

and  Eekul^  a.  Thorpe  haye  farther  examined  it  and  demonstrated  the  identity  of  the 
acids  obtained  by  the  two  processes. 

Ethylbenaoic  acid  crystallises  from  boiling  water  in  small  lamine,  less  soluble  in 
water  than  bensoic  acid ;  ftom  alcohol  in  small  prisms.  It  melts  at  110^-111^  and 
solidifies  on  cooling  to  a  radio-crystalline  mass ;  melts  also  when  heated  with  a  small 
quantity  of  water  not  sufficient  to  dissolye  it ;  sublimes  without  decomposition  below 
its-melting  point.    Easily  soluble  in  ether  and  in  alcohol. 

Barium  ethyl^bmeoate,  (C*H*0^)Ba  +  H*0,  crystallises  in  oonoentrically  united 
efBorescent  lamina,  soluble  in  46  pts.  of  cold  water.  The  calcium  tali  (C*H*0')*Ca 
•f  2H*0  crystollises  in  feathery  tufts  of  needles.  The  copper  salt  (C*H*0*)*Ca  is  a 
light  blue  precipitate  quite  insolubls  in  water.  The  silver  salt  CH*0'Ag  is  a  white 
precipitate  ciystallising  in  needles  from  hot  water  (Fittig  a.  Konig). 

By  further  oxidation  with  nitric  acid  of  greater  concentration  than  that  used  in  its 
preparation,  ethyl-bensoic  acid  is  oonyerted  into  terephthalic  acid,  CH^CCH)*  (Fittig 
a.  Aonig). 

C^>»0»  «  CUC«Hn".— This   add,  isomeric 


(  C«H» 

«  c](C«Hn".— 

(  CO«H 


with  pyroterebic  add,  is  produced  by  decomposition  of  diethoxalie  add  (iy.  273). 
FranUand  a.  Duppa  (^Chem.  Sac.  J.  [2]  iii.  133)  obtain  the  ethylic  ether  by  treating 
ethylic  diethoxalate  with  phosphorous  chloride : 

8C^'>(C«H»)0«  +  Pa«  =  8C«H»(C«H*)0«  +  PH»0»  +  8HC1. 

Geuther  (Bull.  80c.  CUm.  [2]  x.  34 ;  Jahresb.  1867,  p.  ^66)  prepares  the  acid  by 
heating  etJiylic  diethoxalate  wiui  hydrochloric  add  to  160^ : 

8C«H"(C«H»)0»  +  8HC1  +  H«0  »  2C«H"0»  +  8C»H»K)  +  8C«H»a 
Bthyllc  diethozaUte.  Bthyl-  PropUme,  Ethyl 

crotonio  sdcL  chloride. 

+  8C«H«0  +  6C0«. 
AlodhdL 

By  treating  diethoxalto  add  with  phosphorus  pentachloride,  and  distilling  the 
product,  Geuther  obtained  an  oil^  liquid  which  when  treated  with  water  yielded 
hydrochloric  and  ethylcrotonic  acids,  and  therefore  consisted  of  ethylcrotonic 
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chloride.    The  diethoiAlie  add  is flist  eonrerted  bj the  pentachloiride  into  diethoxalie 
chloride: 

C^»«0»  +  Pa»  -  POa»  4-  HCl  +  C«H'«0«C1; 
and  this  chloride  is  zesolTed  by  distillation  into  water  and  ethylcrotonic  chloride : 

c»H«»o«a  -  H«o  +  cmnycL 

Ethylcrotonic  add  ciTStaUises  reiy  easily  from  fomon  m  laige  fbor-nded  prisms 
having  a  peculiar  odour,  recalling  those  of  pyrogallic  and  benxoic  adds.  It  melts  at 
89*6^  (Fnnkland  a.  Duppa) ;  at  41*6°  (Geuther) ;  sublimes  at  (xrdinair  tempera- 
tures ;  dissolTSB  sparingly  in  water,  veiy  easily  in  alcohol  and  ether.  The  aqueous 
solution  reddens  litmus  and  neutralises  the  strongest  bases.  Its  salts  easily  give  up 
part  of  their  acid  when  their  solutions  are  eyaporated ;  the  barium,  poUunum,  and 
sodimm  aaltt  are  soapy.  The  sparingly  soluble  iilver  salt  CH'O'Ag  crystallises  from 
water  in  scales  which  are  not  much  ^Olected  by  light ;  the  euprie  mU  (C*H*0')*Cu  is 
a  greenish-blue  precipitate ;  the  lead  soli  (C'H*0')*Pb  is  a  white  predpitate  quite 
insoluble  in  water.  The  ethtUo  ether  C*H*0'.C*H*  is  a  very  mobile  liquid  haying  a 
burning  taste  and  pungent  odour,  recalling  that  of  peppermint  oil  and  that  of  fungi ; 
it  is  nearly  insoluble  in  water,  mixes  in  all  proportions  with  alcohol  and  ether,  boils 
without  decomposition  at  165°,  and  has  a  sp.  gr.  of  0*9208  at  18°.  It  does  not 
oxidise  in  the  air,  and  is  not  altered  by  contact  with  water,  but  is  resolyed  by  boiling 
with  alooholic  potash  into  alcohol  and  ethyi-cxotonio  acid  (Erankland  a.  Duppa). 


C*H'*0'. — ^This  compound,  the  sodium  salt  of 
which  is  produced  by  the  action  of  sodium  on  ethyl  acetate,  was  regarded  by  Geuther, 
who  discoyered  it,  as  diacetic  acid,  C^H*0'  (i.e,  acetic  anhydride),  haying  1  at. 
hydrogen  replaced  by  ethyl ;  and  by  Wanklyn  at  first  as  hydrogen  triacetyl,  H(<^H"0)», 
afterwards  as  the  acetate  of  acetethyl,  C*H<(C*H»0) .  OC*H*0  (pp.  16,  688-590). 
Its  methylic  ether,  (7H"0*,  is  the  propionate,  and  its  ethylic  ether,  C"H'*0',  the 
butyrate  of  acetethyl.  The  latter  treatea  with  ammonia  forms  the  amides  C*H"NO* 
or  C«H»(NH«)0",  and  C»H"NO"  or  C«H»(NH«)0»,  the  former  soluble  in  water, 
alcohol,  and  ether,  melting  at  90°  and  Subliming  in  long  needles  at  100° ;  the  latter 
forming  monodinic  crystals,  which  melt  at  69*5°,  dissolye  in  alcohol  and  ether,  but 
are  insoluble  in  water  (Geuther,  Jahreab,  1868,  p.  824). 


CH**0',    or     Caprylate    rf    AoetetM/l, 
C«H*(gH«0)>Q  jp  gg^j  (Geuther  a.  Greiner,  Bua.  8oe.  Chim,  [2]  yi.  218;  Jahreeb. 

1866,  p.  819.  Greiner,  ibid.  yiii.  604;  Jahreeb.  1866,  p.  820).— This  compound,, 
homologous  with  the  preceding,  is  formed  by  the  action  of  sodium  on  ethyl-yalerate, 
together  with  another  body  called  divaiervlene-divaleric  aeid.^  The  crude  product  is 
a  semifluid  mass,  which,  when  mixed  with  water,  separates  into  an  oily  h^uid,  and 
the  aqueous  solution  of  sodium  diraleiylene  diyalerate.  On  removing  the  oily  liquid 
by  agitation  with  ether,  and  mixing  the  aqueous  solution  with  acetic  acid,  an  oil 
separates  which  quickly  solidifies,  and  by  solution  in  ether,  evaporation,  and  ciystal- 
lisation  of  the  residue  from  warm  alcohol,  yidds  crystallisable  divalerylene-divaleric 
acid. 

Ethyldivaleric  add  is  scarcely  fluid  at  ordinary  temperatures ;  it  has  a  yellowish 
colour,  a  disagreeable  odour  of  valeric  acid,  is  insoluble  in  water,  soluble  in  alcohol 
and  ether.    Its  sodium  salt  is  a  yellow  rednous  mass  soluble  in  alcohol. 

JHeaienfiene-divalerie  acid,  CH'^O",  crystallises  in  transparent  rhomboidal  plates 
melting  between  125*6°  and  128*6°  and  distilling  at  296°.  It  is  insoluble  in  water, 
sparinsly  soluble  in  cold  alcohol,  soluble  in  boiling  alcohol  and  in  ether ;  does  not 
crystalnse  from  Axdon,  but  solidifies  to  an  amorphous  mass.  Its  barium  salt  is 
unciystallisable ;  the  eodium  ealt  is  soluble  in  water  and  in  alcohol,  and  is  decomposed 
by  carbonic  acid.  The  ethylic  ether ,  obtained  by  the  action  of  ethyl  iodide  at  180°  on 
the  sodium  salt^  boils  between  260^  and  280^ 

The  action  of  sodium  on  ethyl  valerate  likewise  gives  rise  to  several  other  products. 
(See  Valxuc  ISimxaa,) 

MTHIIifln.  CH*. — ^Formed :  a.  By  electrolysis  of  a  concentrated  solution  of 
sodium  succinate  (Kekul^,  Ann.  Ch,  Pharm.  cxxxi.  79) : 

C*H«Na*0«  +  H«0  «  C«H*  +  2C0«  +  Na«0  +  H«. 

/9.  Together  with  benzene,  by  heating  cinnamene  with  hydrogen  in  sealed  tubes 
(Berthdot,  Jahreeb,  1866,  p.  644)  : 


002  ETHYLENE. 

Reaeiiom. — 1.  Ethylene  heated  in  a  glue  tube  is  deeonpoMd  Kimewhat  man  mmlf 

than  marah  gna,  yielding  chiefly  ethane,  together  with  small  quantities  of  aeeiTleoe 
iind  tarry  hy«lrocarbon«:  2C^H«  =  C'E*  +  C«H«  (BertheloC  Jnhretb,  1866.  p. 
618).  By  paetfing  it  through  a  porcelain  tube  heated  to  not  very  bright  redness,  and 
omdenfling  the  liquefiable  products  in  a  U-tube  cooled  to  a  lov  tempentnre,  Berthelot 
has  obtained  benzene,  cinnamene,  and  crystallisable  hydrocarbons  distilling  at  and 
above  200",  probably  naphthalene  and  naphthalene  hydride  {ibid.  1867,  p.  332). — 
2.  Heated  in  a  glass  tube  to  dull  redness  with  an  equal  Tolmne  of  acetylene,  it  yields 
several  products,  the  chief  of  which  is  a  very  volatile  liquid  ooosisting  of 
i/W  »  C>H«  +  C>H*,  isomericor  identical  with  crotonylene  (Berthelot,  t&tf.  1866, 
p.  619). 

8.  It  unites  with  hydriodic  acid  at  ordinary  tempsratnvea,  and  man  qnicUy  at  100^, 
forming  ethyl  iodide.  C<U»I  (Berthelot,  ibid,  1867,  p.  344). 

4.  tSuphuric  ehlorhydrate^  SO'HCl,  absorbs  dir  ethylene  at  ordinary  temperatures, 
with  great  evolution  of  heat  and  formation  of  hydrochlorie  aeid ;  and  if  the  action 
be  ultimately  assisted  by  heating  to  88^  there  remains  a  brawn  oil  oontaining 
isethionic  anhydride,  C*H*SO",  together  with  another  anhydride,  CH«SO*,  and 
tlie  corresponding  acids.  When  ethylene  is  passed  for  some  time  into  cooled  sulphuric 
chlorhydrate,  a  pungent  non-distillable  oil  is  formed,  which  is  deeomposed  by  water 
into  sulphuric  acid,  hydrochloric  acid,  ethyl  chloridsi  and  an  oil,  CH'SO'Cl,  haring  an 
odour  of  mustard-oil,  and  boiling  at  154^.  This  oil,  when  exposed  to  the  air,  forms 
two  lavers,  the  upper  oontaining  sulphuric  aeid  and  chlorine,  the  lower  eonsisting  of 
a  viscid  non-distillable  oil,  C^U'*SO*,  which  is  converted  by  water  at  100^  into 
isethionic  acid.  The  oil  CH*S0"C1  is  converted  by  dry  ammonia  into  a  solid  mass 
of  Mil-ammoniac,  mixed  with  lai^  deliquescent  tabular  crystals  of  the  compound 
CIl'NHO*,  which  is  decomposed  by  potash,  yielding  ammonia,  ethylamine,  and 
ethionic  acid  (Bnumstiirk,  Zeitwkr.f.  Cktm,  1867,  p.  666). 

6.  Ethylene  oxidised  with  chromic  acid  mixture  (p.  160)  is  converted  into  carbon 
dioxide  and  water :  C*H*  +  0*  -  2C0«  +  2H«0  (Chapman  a.  Thorp).  Heated 
to  120°  with  a  solution  of  crystallised  chromic  acid  in  a  small  quantity  of  water,  it  is 
oxidised  to  aldehyde  (Berthelot,  Compt.  rend,  Ixviii.  334). — 6.  When  a  solution  of 
potasaium  permanganate  is  poured  into  a  vessel  containing  ethylene  gas  (12  to  14 
grms.  of  the  crystallised  salt  to  1  litre  of  the  gas)  the  solution  becomes  colourless, 
and  the  ethylene  is  oxidised  to  formic  and  carbonic  acids  (Truchot,  Compt.  rend.  bdii. 
274) ;  but  on  agitating  the  gas  with  a  strongly  alkaline  solution  of  the  permanganate, 
added  by  small  portions  in  a  well-cooled  vessel,  oxalic  acid  is  formed,  as  well  as  the 
two  producU  just  mentioned :  C*H«  -f  O*  »  C*H*0«  +  HK)  (Berthelot,  ibid. 
Ixiv.  86). 

Campotmds  and  DerttfoHvea  qf  EthyUn^ 

ETHTLBifB  BROKIDB,  C*H^Br*,  heated  with  water  to  160^-160^,  in  a  sealed 
tube,  is  completely  resolved  into  aldehyde  (partly  changing  into  aldehyde  resin)  and 
hydrobrumic  acid : 

C»H«Br*  +  HK)  -  2HBr  +   C«H*0. 

Heated  for  several  hours  with  2  or  8  vol.  absolute  alcohol  to  160^-170®,  it  forms  two 
layers,  the  upper  oontaining  water,  aldehyde,  and  traces  of  hvdxobromic  acid,  while  the 
lower  is  a  mixture  of  ethyl  bromide,  aldehyde,  ether,  and  aloohoL  If  a  laiger  proportion 
of  alcohol  is  used,  part  of  the  aldehyde  is  converted  into  acetal.  MonobromeUiylene 
bromide  heated  with  water  or  alcohol  yields  exactly  the  same  products  (Carius,  Aam, 
Ch.  Pharm.  exzxi.  172). 

Ethylene  bromide  treated  with  fuming  sulphuric  acid  or  sulphuric  anhydride,  or 
heated  to  100°  with  sulphuric  chlorhydrate,  is  converted,  with  evolution  of  hydro- 
bromic  acid,  into  b  ro  me  thy Isnl  pkuri  c  ac  i  d,  C*H*BrSO*,  the  barium  salt  of  which, 
(CH*BrSO^)'Ba,  crystallises  in  anhydrous  shining  scales  very  soluble  in  water.  The 
UadsaU  (C*H«Bi60«)>Pb  +  8HH)  oystaUises  in  beautiful  scales  easily  soluble  in 
water ;  it  is  very  unstable,  its  solution  being  decomposed  by  boiling,  with  fonnation  of 
lead  sulphide,  and  probably  of  glycol  or  of  ethylene  oxide ;  perhaps  thus : 

(C«H«BrSO*)«Pb   +  4H«0  «  PbSO*  +   2HBr  +  H^SO*  +  2C«HK)«. 

The  calcium,  magnesium,  anc,  and  copper  salts  also  cxystallise  very  beautifully,  but 
are  likewise  decomposed  on  boiling  (Wroblevsky,  Zeitechr.  f,  Chem.  [2]  iv.  663 ; 
V.  281). 

MoKOBBOMBTHTLBifB  or  ViKTL  BBoviDB,  C'H'Br,  heated  for  Several  hours 
with  mtrcuric  aoetatt,  glacial  acetic  acid,  and  water,  is  decomposed,  with  formation  of 
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■Micuric  bromide,  partial  reduelion  of  the  mercnrie  salt  to  meroaxooB  salt  or  metallio 
mercttiy,  end  fommtioii  of  aldehyde  and  acetic  acid  (LinDeooann,  Ann,  Ck.  Pkarm, 
cxliii.  347).  Aooording  to  Saytseff  a.  Glinsky  (ZeiUchr,  f.  Ckem.  [2]  iii.  675),  the 
products  of  this  reaction  (at  100®)  are  acetic  acid  and  a  compound  of  aldehyde  with 
mereuroQB  bromide,  which  is  deposited  as  a  white  amorphous  precipitate,  turning 
brown  in  the  air,  with  sepafation  of  aldehyde : 

2Cra«Br  +  «(C«H"0»)«Hg^  +  8H»0  -  6C«H«0«  +  C«H«O.Hg^r«. 

Biomethylene  dissolres  in  well-cooled  k^pockiorwts  aeidt  forming  a  product  yery 
soluble  in  water,  and  not  Tohitile  without  decomposition,  which  appears  to  be  a  mix- 
ture of  chlorinated  and  brominated  aldehyde.  CkloretkyUne  and  nypochlorous  acid 
form  monochloraldehyde,  CH'CIO,  a  neutral,  oily,  easily  decomposible  liquid,  converted 
by  atmospheric  oxidation  into  chloracetic  acid  (SaytzeJTa.  Glinsky). 

BronuihyUne  Bromide,  CH'Br*  =  C«H«Br.Br«(G16ckuer,  Ann.  Ch,  Pharm.  Supnl. 
TJi.  107). — This  eompouttd  is  most  readily  prepared  by  passing  vinyl  bromiae, 
(?H*Br,  into  bromine:  46  pts.  ethylene  bromiae  are  addeid  to  a  solution  of  16  pts. 
potassium  hydrate  in  80  pts.  alcohol  cooled  to  0°;  the  cooling  mixture  is  tnen 
removed ;  and  the  gradually  evolved  vinyl  bromide  is  passed  into  80  pts.  of  bromine 
under  water.  The  product,  after  washing  with,  aqueous  potash  and  distillation, 
consists  of  pure  bromethvlene  bromide  boiling  at  188®. 

This  compound  heated  with  water  in  sealed  tubes  is  very  slowly  attacked ;  much 
more  readily  by  alcohol  under  the  same  circumstances  (at  160®-180®),  yielding  eihyl 
bromide,  ethyl  oxide,  hydrogen  bromide,  and  a  liquid  which  boils  at  27®,  forms  a 
crystalline  compound  with  acid  ammonium  sulphite,  and  appears  to  consist  of  mono* 
bromaldehyde,  CH^BrO : 

C«H»Br»  +  C«H».HO  =  HBr  +  C«H»Br  +  0«H«BrO; 

the  ethyl  oxide  results  from  the  action  of  tha  ethyl  bromide  on  the  exoess  of  alcohol 
used : 

C«H»Br  +  C«H*.HO  -  HBr  +  (C«H»)K). 

Bromethylene  bromide  heated  to  160^  in  a  sealed  tube  with  barium  hydrate  in  the 
proportion  of  20'H"Br*  to  BoH'O*,  yields  a  mixture  of  acetylene,  C*H*,  and  bromacety- 
lene,  CHBr.  Mixed  with  potassium  hydrate,  (C*H*Br':KHO),  dissolved  in  ten  times 
its  weight  of  alcohol  in  a  flask  filled  with  hydrogen,  the  mixture  being  cooled  at  first 
by  a  f^neezing  mixture,  but  afterwards  exposed  to  the  ordinary  atmospheric  tempera- 
ture, it  gives  off  bromacetylene  with  a  small  quantity  of  acetylene ;  and  if  the  flask 
be  connected  with  two  receivers,  the  first  being  empty  and  the  second  filled  with 
absolute  alcohol,  the  greater  part  of  the  bromacetylene  dissolves  in  this  liquid,  and 
the  first  receiver  becomes  partly  filled  with  a  solution  of  bromacetylene,  C*HBr,  and 
dibromethylene,  OH^r*.  Part  of  the  liquid  dibromethylene  is,  however,  converted 
into  a  solid  body  of  the  same  composition,  first  noticed  by  Sawitsch :  this  body  is 
not  altered  by  heating  with  water  to  180®. 

If  in  the  preceding  reaction  the  air  be  not  completely  excluded,  monobromacetic 
acid  is  formed,  together  with  bromide  of  potassium  or  barium ;  hence  it  appears  that  the 
first  product  of  the  action  of  the  alkaline  hydrate  on  bromethylene  bromide  is  mono- 
broBialdehyde: 

0«H»Br.Br«  +  H«0  «  2HBr  +  C«H«BrO. 

this  aldehyde  being  afterwards  converted  into  bromacetic  acid  by  oxidation.  Brom- 
acetic  acid  is  also  formed  when  a  solution  of  bromacetylene  in  absolute  alcohol  is 

exposed  to  the  air :  

0*HBr  +  H«0  +  O  =  C*H«BrO«. 

EthtlbkbChlobibb,  0"H*C1',  is  decomposed  hy  potauium,  forming  potassium 
chloride  and  a  mixture  of  ethylene,  chlorothylene,  and  hydrogen  gases : 

SCm*Ci*  +  7K«  -  6C»H*  +  2C«H«C1  +  H«  +  14KC1. 

If  excess  of  ethylene  chloride  is  used,  the  chlorethylene  remains  dissolved  therein 
(Maumen^,  Compt.  rend.  Ixviii.  931). 

Tbicrlobbtbtlbkb,  CHCl',  is  produced  by  treating  carbon  trichloride  with 
sine  and  sulphuric  acid  (as  in  (Jeuthei^s  process  for  preparing  carbon  dichloride, 
i.  767).  It  is  contained  in  the  portion  of  the  product  which  boils  between  87®  and 
90^,  and,  after  repeated  rectification,  is  an  oily  substance  smelling  like  carbon 
dichloride,  and  quicxly  decomposing  in  contact  with  the  air,  with  formation  of  hydro- 
chloric acid  (E.  Fischer,  ZeiUchr.  Chem.  Pharm.  1864,  p.  268). 

Gblobobbovbtrtlbkb,  CH*ClBr,  is  formed,  together  with  hydrocyanic  acid, 
by   distilling   an  alcoholic  solutioD  of  chlorethylene  bromide,  CH^Cl.Bt^,  with 
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potaflsinm  cjanide.  It  in  a  heavy  liquid,  boiling  in  eontaet  witli  water  at  55^-'68^;  iti 
vapoor  iiritoifcefl  the  ejee  and  has  a  pungent  odour,  like  that  of  benao^l  diloiide.  It 
ifl  converted  partially  on  standing,  completely  by  repeated  diatillation  with  witcr, 
into  a  solid  modifieation  (H.  Mnller,  Okem,  Soe.  J.  [2]  ii.  420). 

Etrtlvkb  Iodidb,  CH^I*,  is  easily  obtained  in  laige  quantity  by  satuBtiBg  s 
pasty  mixture  of  iodine  and  absolute  alcohol  with  ethylene  gas,  agitating,  and  repeat- 
edly addinff  fresh  portions  of  iodine ;  the  iodine*solutJon  decanted  from  the  cxyitab 
first  formed  is  again  mixed  with  iodine  and  treated  with  ethylene.  The  ethrleiM 
iodide,  after  washing  with  oold  alcohol,  is  quite  pure  (Semenof^  ZeiUekr,  Ck.  pUrm. 
1864,  p.  678). 

Ethylene  iodide  heated  with  waier  in  an  exhausted  tube  to  276^  for  fifteen  honn, 
is  decomposed  into  ethane,  carbon  dioxide,  and  free  iodine : 

7C*H<I«  +  4H«0  -  6C«H«  +  2C0«  +  7P. 

The  hydrogen  liberated  from  the  water  by  the  carbon  of  the  ethylene  iodide,  (CH'P 
•f  4H'0  B  6H*  +  2C0*  +  I*),  decomposes  the  ethylene  iodide,  according  to  the 
equation  C*H«P  +  H*  -.  C*H«  +  I*  (Berthelot,  Ann.  Ck.  Pk^8.  [4]  iii.  211). 

Ethylene  iodide  is  decomposed  by  mercurie  eUoride  according  to  the  foUowiag 
equations : 

16HgCl«  +  6C«H<P  =  6C*H«C1I  +  8(2HgCl«.HgP)  +  7Hga«. 

«  6C«H*Cl«  +  6(2HgCl«.HgI«)  +  Hgl«. 
-  6C«H«a«  +  4(^«a«.H^«)  +  2Bfe*l«  +  6Ha 

Decomposition  according  to  equation  1,  takes  place  at  ordinary  tempenttuie^  the 
equation  then  becoming 

3HgCI*  -I-  2C*H«P  »  2(?R*Ca  -h  2HgGl*.HgP. 

In  &ct,  when  an  intimate  mixture  of  1  moL  C*H*I*  and  8  moL  HgCl*  is  left  to  itsalf 
for  some  days,  it  becomes  saturated  with  a  red  oil  consisting  of  ethylene  chloriodids^ 
C*H*C1I  (ii.  674).  The  decomposition  represented  by  the  second  equation  takes  ptsee 
when  the  mixture  of  16HgCl*  and  6(?H*I'  is  heated  to  100^  Ethylene  chloride  is 
then  obtained,  mixed  with  a  certain  quantity  of  the  chloriodide,  the  quantity  of  whidi 
may  be  diminished  by  rapid  heating,  but  is  always  considerable  (Maumen^  Cow^* 
rend,  bnriii.  727  ;  ZeU*chr.  /  Chem,  [2J  v.  366). 

lodethylene^  CH'I,  heated  in  alcoholic  solution  to  100^  with  silver  oxalate,  yidds 
silver  iodide  and  a  liquid  decomposible  by  water,  with  formation  of  oxalic  aeid, 
probably  an  oxalic  ether  of  vinyl  alcohol,  C*H'OH  (Semenoff,  ZeiUckr.  Ckem.  Plena. 
1864,  p.  673). 

Ethtlbmi  Chlobiodidx,  CH^CU,  heated  to  100^-200^  in  a  sealed  flask  with 
1  mol.  moist  silver  oxide  is  converted  in  great  part  into  ethylene  alcohol,  CH*(OH)', 
both  the  chlorine  and  the  iodine  being  replaced  by  hydroxvL  The  same  results  are 
obtained  with  2  mol.  silver  oxide.  IHie  chloriodide  heated  with  water  to  160^-220' 
is  also  converted  into  ethylene  alcohol,  hydrochloric  acid,  and  hydriodic  add,  which 
latter  converts  part  of  the  eth;fl6ne  alcohol  into  iodide.  It  appean  from  these 
results  that  the  dilorine  and  iodine  in  the  chloriodide  are  combined  with  the  carboa 
in  the  same  manner,  and  that  it  is  not  possible  to  replace  one  of  them  with  hydxoxyl 
without  the  other  (Maxwell  Simpson,  PM.  Mag.  [4]  xxxv.  282). 

Ethtlbnb  Oxidb,  C^H^O,  heated  to  100^  in  a  sealed  tube  with  add  aodium 
sulphite  is  converted  into  the  sodium  salt  of  isethionic  add  (Erlenmeyer,  ZntecAr./. 
Chem.  [2]  iv.  842) : 

H«Cx^  H*COH 

>0  +  HSO«ONa  -       I 
H«C-^  H»CSO>ONa. 

Ethtlbitb  Htdboztchlobidb,  or  Gltcolio  Chz.obbtdbik,  C^«]^, 

is  produced  by  direct  oombination  of  ethylene  with  hypochlorous  add,  ClOH  (Carius, 
Ann.  Ch.  Pharm.  cxxvi.  196).  The  following  mode  of  preparation  is  reeommesded  by 
Butlerow  {ibid,  cxliv.  40).  Glass  flasks  of  the  capacity  of  80  litres  or  mass  an  filled 
over  water  with  ethylene  gas.  To  prepare  the  hypochlorous  add,  moiat  recently 
precipitated  mercuric  oxide  (10  pts.,  containing  about  4  pts.  of  the  dry  oxide,  being 
taken  for  every  litre  of  ethylene)  is  mixed  with  so  much  ice  and  water  that  the 
mixture  shall  contain  1  pt  oxide  to  16  pts.  water,  and  into  this  mixtu«,  ia  a 
vessel  standing  in  ice-water  and  in  the  duk,  chlorine  gas  is  slowly  pssBed  till  the 
mercuric  oxide  has  nearly  disappeared.  Half  the  origiiud  quantity  of  ozida  is  then 
added,  and  the  whole  is  quickly  poured  into  the  &sks  oontainiog  tlie  athyleDei 
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Hr^iich  must  then  be  Memrely  closed.  The  mixture,  after  standing  for  70  or  80 
faoiin  in  the  dark,  is  diluted  with  water  and  filtered ;  a  quantity  of  concentrated 
aqneona  eodinm  hyposnlphite  is  added  imfficieDt  to  decompose  the  excess  of  hypo- 
chlorous  acid  ;  and  the  mixture  is  distilled  as  long  as  the  distillate  exhibits  a  sweet 
taste.  By  saturating  this  distillate  with  common  salt^  agitating  with  ether,  decanting 
the  ethereal  solution,  and  evaporating  the  ether,  the  glyeolic  chlorhydrin  is  obtained 
pure. 

Glyoolte  chlorhydrin  unites  directly  with  trimetkglanwne,  fonning  4he  chloride  of 
OKethyl-trimethylanunonium,  which  is  identical  with  the  hydrochloride  of  choline  or 
neurine  (Wurts,  p.  448) : 

CTH^CIOH  +  (CH»)»N  -  JhS'^I^^* 

Glyeolic  chlorhydrin  does  not  act  upon  fnonotodie  glycol  at  ordinary  temperatnres ; 
but  on  heating  the  mixture  to  130^,  ethylene  oxide  is  given  off,  and  on  increasing  the 
heat  to  250^,  a  yellow  oily  liquid  passes  over,  separable  by  fractional  distillation  into 
monoethylenie  alcohol  (glycol)  passing  over  at  194^-196^,  and  a  small  quantity  of 
diethylenie  alcohol  at  236^-245^    The  reaction  is : 

Na   0«  +  C^*|^^=  NaCl  +  (^^^I|o», 

Ifonoaodlo  GlyooHe  Diethylenie 

fgijcfA  ohiorhydria  alcohol 

the  greater  part  of  the  diethylenie  alcohol  however  rolitting  up  into  glycol  and  ethylene 
oxide  (E.  Scheiz,  ZeiUehr,  f.  Chem.  [2]  iv.  379).  ethylene  monoacetate  heated  with 
monosodic  glycol  to  130^-140°  for  twelve  hours,  yields  chiefly  diethylenie  aleohc^ 
(R.  Mohs,  ibid,  ii.  495 ;  Jakresb,  1866,  p.  605) : 


C«H*1 

C«HM 

Ka 

0«  -  C»H»0 

hJ 

hJ 

0«  -  C«H«NaO«  +  ^^^^I|0» 


nJOH 


Ethtlbhb  Htdroxtiooids,  or  Oltcolic  Iodbtdbik,  CHM  j    ,  was 

first  obtained,  though  not  in  the  pure  state,  by  Maxwell  Simpson  (ii.  578)  by  passing 
hydriodic  add  gas  into  glycol  contained  in  a  cooled  vessel.  According  to  Butlerow  a. 
Ossokin  (Ann,  Ch,  P^rm.  cxlv.  257),  it  is  more  easily  prepared  by  heating  the 
chlorhydrin,  CH^CIOH,  with  a  large  excess  of  finely  pulverised  potassium  iodide  to 
100°  for  24  hours.  On  treating  the  resulting  mass  with  the  exact  quantity  of  water 
required  to  dissolve  the  chloride  and  iodide  of  potassium,  a  heavy  oil  separates, 
coloured  black  by  iodine,  from  which  it  may  be  freed  by  washing  with  an  alkaline 
carbonate  or  sulphite,  and  if  then  dried  over  dehydrated  Glauber  salt,  and  distilled 
in  a  vacuum,  gives  off  first  water,  then  pure  glyeolic  iodfaydrin.  This  compound  is 
a  heavy  liquid,  not  volatile  without  decomposition,  moderately  soluble  in  water,  and 
separable  for  the  most  part  from  the  solution  by  potassium  carbonate ;  it  has  a  peculiar 
odour,  like  that  of  methylene  iodide,  and  a  burning  sweet  taste.  With  zine  methyl  (or 
zinc-ethyl)  it  reacts  in  the  manner  shown  by  the  equations : 

^'l\0  +  ZnCCH')*  -   (z„^;jJ0  +  CH-H 

The  reaction  represented  by  the  first  equation  is  very  violent,  and  is  best  performed 
under  a  layer  of  benzol.  The  solid  white  product  treated  with  water  gives  off  gas  and 
reproduces  the  iodhydrin : 


^,*I|0  +  2H»0  -  ^^*^\0  +  CH«  +  ZnHW. 


(ZnCH 

The  product  of  the  second  reaction,  formed  under  peculiar  circumstances,  yields  when 
decomposed  by. water,  an  alcoholic  liquid,  which,  when  zinc-methyl  has  been  used, 
consists  of  isopropyl  alcohol,  C*H'0,  and  in  the  case  of  zinc-ethyl,  of  secondary 
butyl  alcohol  or  methyl-ethyl  carbinol,  C^H"0  (Butlerow  a.  Ossokin). 

Etrtlsks  NiTBiTB.  (?H*(NO»)*.— Produced  by  passing  dry  ethylene  gns 
through  liquid  nitrogen  tetroxide,  or  by  heating  the  gaseous  mixture  of  the  two  bodies 
to  60°  or  70°,  an  cnly  liquid  being  formed  at  the  same  time ;  more  abundantly  and 
in  the  pure  state  by  passing  ethylene  into  anhydrous  ether,  to  which  liquid  nitrogen 
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tetroxide  is  at  the  same  time  added  by  drops,  then  cooling  the  liquid,  pnwing  the 
cryatals  which  separate  between  bibulous  paper,  and  drying  them  over  sulphorie  add. 
The  compound  is  insoluble  in  water,  easily  soluble  in  alcohol  or  ether,  and  czjstaUises 
in  white  four-sided  prisms  or  tables  which  melt  at  37*5°,  and  sublime  with  partial 
decomposition  at  a  higher  temperature.  In  a  stream  of  ethylene  gaa,  the  com^nnd 
sublimes  at  a  gentle  heat  The  fased  compound,  when  oooled  to  0®,  remains  liquid  till 
it  is  touched  with  a  solid  body. 

The  heary  oily  liquid  formed,  as  above  mentioned,  together  with  ethylene  nitrite,  is 
also  yery  volatile,  has  a  pungent  odour,  and  possesses  poisonons  properties  (Semenoff, 
ZeiUehr.  Ck.  Fkarm,  1864,  p.  129). 

EthtlbmbNitroso-kitbatb.  C«H«NH)*-C«H*J^q1.— When  ethylene  gas 

is  continually  passed  through  a  cooled  mtxture  of  niirie  and  sulphuric  adds,  an  oil 
collects  on  the  surface,  which  after  washing  with  water  and  alkaline  carbonatA,  distilla- 
tion with  aqueous  vapour,  and  dehydration  with  calcium  chloride,  eizfaibits  the  compo- 
sition above  given.  It  is  a  colourless  liquid,  of  sp.  gr.  1*47S,  having  an  odour  spiiitnous 
at  first,  afterwards  pungent ;  its  vapour  attacks  the  e^  strongly  and  produces  transient 
headache.  In  the  dry  state  it  does  not  volatilise  without  decomposition,  but  gives  off 
red  fumes  even  below  its  boiling  point.  When  distilled  with  squeous  vapour,  it 
decomposes  in  great  part,  with  evolution  of  nitrogen  dioxide  and  triozide,  and  forma- 
tion of  oxalic,  glycollic,  and  glyoxylic  acids.  It  is  decomposed  in  like  manner  by 
boiling  with  bases,  excepting  that  the  oxidation  is  less  energetic  and  the  proportion 
of  glycollic  acid  formed  is  larger.  Treated  with  caustic  soda  and  sodium-amalgam,  or 
with  hydriodic  acid,  it  is  converted  into  ethylene  alcohol,  the  whole  of  the  nitrogen 
being  evolved,  in  the  first  case  as  ammonia,  m  the  second  chiefly  as  nitrogen  dioxide. 
The  compound  C*H*N'0^  is  likewise  formed  by  passing  ethylene  into  fuming  nitric 
acid ;  but  a  certain  portion  of  the  ethylene  then  undergoes  oxidation  (Kekul^  Zatackr, 
/.  Ckem.  [2]  V.  601). 

BiBTHTLBKB  BisvLPHiDB.  (C*H*)'S*  (Husemauu,  Ann.  Ch,  Pharm.  cxxvi. 
269;  Jahreab.  1862,  p.  430). — Produced:  1.  By  heating  ethylene  trisulphocarbonate 
(v.  602)  with  ethylene  bromide  for  a  long  time  (finally  to  150°)  in  a  retort  fitted  with 
a  long  upri^t  condenser : 

C«H*.CS«  +  C«H<Br«  -  (C«H*)«S«  +  CSBi*. 

It  collects  in  the  receiver  and  may  be  purified  by  reciystallisation  from  ether-alcohol. — 
2.  By  heating  mercuric  sulphethylenate  (prepared  by  precipitating  an  alcoholic  solution 
of  ethylene-mercaptan  with  mercuric  cnloride)  with  ethylene  bromide  to  150°  for 
about  six  honiv,  the  diethylene  bisulphide  then  subliming : 

0«H«Hg8«  +  C«H*Br«  -  HgBr*  +  (C*H«)«8«. 

8.  The  white  amorphous  ethylene  sulphide  CH*S  (ii.  582),  obtained  by  the  action 
of  potassium  monosulphide  on  ethylene  chloride  (much  more  easily  with  the  bromide) 
when  heated  to  160°-170^  for  several  days  with  carbon  bisulphide,  is  almost  wholly 
converted  into  diethylene  bisulphide.  The  same  compound  heated  by  itself  also  yields 
diethylene  bisulphide,  together  with  a  black  residue  and  a  yellow  liquid  having  a 
disagreeable  odour. 

Diethvlene  bisulphide  is  slightly  soluble  in  water,  easily  soluble  in  hot  alcohol, 
ether,  chloroform,  benrol,  and  carbon  bisulphide,  and  crystallises  from  alcohol  in 
white  needles  and  laminae  grouped  like  fir-branches ;  from  ether  in  thick  hard 
monoclinic  prisms,  mostly  combinations  of  aoP.oP.(Pao ) ;  it  sublimes  undecompoeed 
at  56^,  melts  at  111°,  boils  at  200°,  and  has  a  strong,  not  altogether  unpleasant 
odour. 

Its  observed  vapour-density  4*28  agrees  veiy  nearly  with  the  number  4*155  oakQlated 
from  the  formula  (C*H*^%*,  showing  that  this  compound  is  polymeric  with  the  non- 
volatile ethylene  sulphide  C*H*S,  and  is  related  to  it  in  the  same  manner  as  diethylene 
dioxide  (C«H«)*0«  to  ethjrlene  oxide  C«H*0. 

Diethylene  bisulphide  is  not  attacked  by  hydrochloric  acid,  ammonia,  or  alcoholic 
potash,  and  crystallises  unaltered  from  its  colourless  solution  in  strong  sulphuric  add. 
Fuming  nitric  acid  dissolves  it,  forming  a  blood-red  solution  which  sohdifies  to  a 
crystalline  mass  of  diethvlene  oxysulphide.  It  unites  directly  with  chlorine,  bromine, 
and  iodine,  but  not  with  cyanogen.  In  alcoholic  solution  it  forms  with  mercuric, 
auric,  and  platinic  chlorides,  crystalline  compounds  containing  1  mol.  of  the  bisulphide 
to  1  mol.  HgOl'  and  PtCl\  and  2  mol.  AuCl* ;  these  compounds  are  nearly  insoluble 
in  water,  but  dissolve  in  hot  alcohol,  and  separate  therefrom  in  microscopic  crystals. 
With  silver  nitrate  in  like  manner  it  forms  the  compound  3(C'H^)^.4AgN0* 
(polymeric  with  the  ethylidene-oompound  obtained  by  Weidenbuschi  p.  607)»  which 
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eryBtalliMS  in  monodinio  prisms  d^  tables,  blackens  on  expomm  to  ligbt,  and  decom- 
poses at  140^ 

Diahflens  SuipkobrwmtU,  (CH«)*8*Br«  »  (8*)^   (C*H')*,  is  formed  on  adding  dry 

(  Br* 
bromine  to  a  solution  of  the  bisnlphide  in  anhydions  carbon  bisnlphide  or  ether,  as  a 
lemon-yellow  amorphous  precipitate,  which  decomposes  in  moist  air,  move  qnickly  in 
contact  with  water  or  alcohol,  into  hydrobiomic  acid  (or  ethyl  bromide)  and 
diethylene  oirsnJphide.  It  gives  off  bromine  at  70^,  and  melts  at  96^  with  copious 
erolution  of  hydrobromic  acid.  This  compound  may  be  represented  by  the  structural 
formula 

Br  Br 


C«H*=rS=fc:C«H« 

I 
{r  Br 


Dieihyffne  Sufphochlcride,  (C'H*)'S*C1*,  analogous  in  structure  to  the  preceding,  is 
deposited  on  passing  dry  chlorine  into  a  solution  of  the  bisulphide  in  carbon 
bisulphide,  as  a  white  amorphous  rery  unstable  substance;  it  is  polymeric  with 
Guthrie's  ethylene  dichlorosulphide  (ii.  684). 

Diethylene  Sulpkiodide,  (CH*)'S'P,  separates  on  adding  iodine  to  a  saturated 
solution  of  diethylene  bisulphide  in  ether,  alcohol,  or  carbon  bisulphide,  in  monoclinie 
needles,  iron-black  by  reflected,  red  by  transmitted  light,  which  are  not  decomposed 
by  water  or  by  boiling  alcohol,  but  give  off  iodine  at  100^  and  melt  at  182^-133^. 

IHethylene  Oxysulphide,  (C-H^ySH)'*,  In  produced,  either  by  decomposing  the  sulpho- 
chloride  or  sulMobromide  with  water,  or  by  oxidising  diethylene  bisulphide  with 
strong  nitric  acid.  It  is  slightly  soluble  in  alcohol  and  ether,  easily  soluble  in  wat«r, 
and  crystallises  in  long  white  prisms  or  in  rhombohedrons,  neutral,  inodorous,  and 
infusible.  Chlorine  pasiBed  into  its  solution  forms  a  crystalline  precipitate  of  dichlor- 
ethylene  oxysulphide,  (C*H*C1)*SK)«. 

STRT&ZSSn.  This  diatomic  radicle,  isomeric  with  ethylene,  has  not  yefc 
been  isolated.  Tollens  (Ann,  Ch.  Pkarm.  crxxrii.  311),  b^  heating  ethyUdene  chloride 
with  sodium  to  180^-200''  in  sealed  tubes,  obtained  a  mixture  of  acetylene,  ethylene, 
chlorethylene,  ethane,  and  probably  hydrogen. 

The  difference  of  structure  between  the  radicles  ethylene  and  ethylidene  ia 
represented  by  the  formulae : 

-CH»  CH» 

-CH«  =CH 

Stbylene.  Bttaylidene. 

In  the  ethylene-oompounds  the  chlorine,  oxygen,  &c,  are  placed  symmetrically  with 
regard  to  l^e  two  carbon-atoms,  whereas  in  the  ethylidene-compounds  their  poution 
is  unsymmetrical ;  thus : 

aCH«  CH«  ^(SB?  CH« 

ICH«  a*CH  ""^^CBP  OC] 


C1CH«  a*CH  ^^CBP  OCH 

Ethylene  Bthrlldene 

chloride.  chloride. 


Ethylene         Bthylldene  Ethylene  Aldehyde. 


Ethylidene   chloride,  produced  by  the    action  of  phosphorus  pentachloride  on 

aldehyde,  is    identical  with    monochlorethyl  chloride,   CH*C1.C1,  and    ethylidene 

I  bromide  with  monobromethyl  bromide  (p.  594).    Ethylidene  chloride  heated  with 

I  aldehyde  in  sealed  tubes,  yields  crotonic  aldehyde,  C*H*0,  together  with  other  products 

(p.  613). 

Ethylene  in  the  free  state  most  probably  has  its  carbon-atoms  united  by  two  units 

CH* 

of  affinity:  thus  It     ;  and  under  the  influence  of  chlorine,  bromine,  &c.,  the  bands 

CH« 
are  loosened  as  in  bensene  (p.  196).    In  ethylidene,  on  the  other  hand,  this  double 
union  of  the  carbon-atoms  is  clearly  impossibls ;  and  consequently  ethylidene  cannot 
exist  in  the  free  state. 

Ethylidene  Sulphide,  CH^S  -  CH«.CHS.  Sidphacetyl  Hydride  (Weidenbusch, 
Ann,  Ch.  Pharm,  Ixri.  846.  Cmfts,  Compt.  rend,  lir.  1279).— Produced  by  the  action 
of  hydrogen  sulphide  upon  aldehyde.  When  a  current  of  the  gas  is  passed  into  a 
mixture  of  aldehyde  and  water,  the  liquid  ultimately  deposits  a  thick  limpid  oil. 
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which  IB  a  compound  of  efchylidene  sulphide  and  hydrogen  sulphide.  This  eompoond 
dried  in  a  vacuum  has  the  composition  6CH*S.H'S  (i.  107).  It  ha#  a  8p.gr.  of 
1-134  ;  is  slightly  soluble  in  water,  very  soluble  in  alcohol  ana  ether ;  boils  at  180°, 
decomposing  at  the  same  time,  and  leaving  an  unctaons  mass  of  ethylidene  solphide. 
At  or^naiy  temperatures  it  volatilises  rapidly,  giving  off  a  very  strong  and  persistent 
alliaceous  odour.  Treated  with  hydrochloric  or  sulphuric  acid,  it  gives  off  nydrogea 
sulphide,  and  solidifies  to  a  crystalline  mass  of  etnylidene  snlphida.  The  latter  is 
also  formed  on  merely  exposing  the  sulphydric  compound  to  the  air. 

Ethylidene  sulphicle  is  lighter  than  water,  slightly  soluble  therein,  mora  soluble  in 
alcohol,  ether,  and  carbon  bisulphide,  and  crystallises  from  the  latter  in  long  needle- 
shiiped  rhombic  prisms  of  959.  It  distils  at  205°,  but  the  boiling  point  of  the  fused 
mass  rises  with  partial  decomposition  to  260°.  As  the  Aised  mass  cools,  the  temperature 
remains  stationary  for  some  time  at  96°,  whilst  crystalline  lamin»  form ;  then  the  whole 
mass  becomes  soft,  and  solidifies  completelyat  70°  (Crafts,  Jaireab,  1862,  p.  431). 
With  silver  nitrate  it  forms  the  compound  3i>H'S.2AgNO'  (Weidenbusch). 

aTMnxBBva-flinbVBinuo    or    bv&v Hwra  i  juniavio    acxmm 

(Staedel,  Zeitschr,  /.  Chem.  [2]  iv.  272). — ^When  ethylidene  chloride  is  continuously 
boiled  with  solution  of  neutral  potassium  sulphite  in  a  flask  with  upright  condenser, 
two  acids  are  formed  which  may  be  senarated  by  the  different  solubilities  of  their 
barium  salts.  The  least  soluble  of  tnese  salts  is  the  ethyHdene-monomtlpkaU  or 
moftosulphetkylidenate^  CH^SO'Ba  +  H*0,  which  forms  hard  shining  transparent 
crystals,  quite  different  in  appearance  from  the  isethionate,  with  which  they  are 
isomeric  The  sine  salt  of  the  same  acid  crystallises  in  white  shining  laminie ;  the 
silver  salt  in  needles,  the  copper  salt  in  thin  light  green  lamiuA.  The  free  acid  has 
not  been  obtained  pure. 

The  more  soluble  of  the  two  barium  salts  above  mentioned  is  the  etJ^fUdtne-' 
diaulphate  or  di$ulphethylidmaU,  C'H«SO*Ba,  which  crystallises  with  difficulty.  All 
the  salts  of  these  two  acids,  excepting  the  copper  salts,  are  insoluble  in  alcohol. 

Monosulphethylidenic  and  Disulphethylidenic  acids  are  related  to  isethionic  and 
disulphetholic  acids  respectively,  in  the  same  manner  as  ordinary  lactic  to  paralactio 
acid,  or  as  isosuccinic  to  ordinary  succinic  acid,  as  may  be  seen  from  the  following 
formuUB: 

EihflidenB-^xnnpounds,  Et^leM'Compounda, 

Lactic.  Paralactto. 


ch".ch| 


COOH  }  CHKJOOH 

COOH  }CH«COOH 


Isotacclnic.  Snocinio. 

,Q„  CHK)H 

CH«,CH  "^„  I 

HonosalpheChylldenic  Isethionic. 

PTTi  ptt5S0«H  ch«so»h 

Disolphethylidenlc.  DisulphethoUo. 

C"H'«N.— One  of  the  higher  bases  of  the  series  OH*-"N, 
produced  by  distilling  dnchonine  with  potassium  hydrate  (C.  Or.  Williams,  I(aboratory, 
p.  109). 

XVOaviA.  The  red  juice  of  the  fruit  of  the  Australian  myrtle  {Buffmia 
australiit)  is  similar  in  its  properties  to  that  of  red  grapes.  It  contains  f^  tartaric 
acid,  cream  of  tartar,  sugar,  and  a  red  colouring  matter  very  sensitive  to  the  action 
of  acids  and  alkalis.  By  fermentation  it  yields  wine  possessing  a  bouquet.  The 
colouring  matter,  which  is  soluble  in  alcohol  and  in  ether-alcohol,  but  not  in  pure 
ether,  is  precipitated  by  lead  acetate,  decolorised  by  reducing  agents,  and  recovers  its 
red  colour  on  exposure  to  the  air,  just  like  litmus  and  the  red  colouring  matter  of 
wine  (De  Luca  a.  Ubaldini,  J,  Phiu^n,  [4]  iii.  44). 


Biroairzo  JkOZO  or  avoawoft.  C>«H"0*.— This  add  exists  in  oil  of  bay 
(Laurus  nobilU),  together  with  a  hydrocarbon,  C**H*',  boiling  at  171°.  The  eugenie 
add  from  this  source  boils  at  252°,  has  a  sp.  gr.  of  1*066  at  20°,  and  a  nfractave  index 
of  1-5402  for  the  line  D,  and  1*5539  for  F  at  18°  (GhMlstone,  Ckem,  Soo,  J,  [2]  ii.  6). 
Eugenic  acid  possessing  the  same  properties  (sp.  gr.  1*08  at  8°,  boiling  point  261°)  is 
obtained  by  the  action  of  potash  on  oil  of  pimento  (iv.  647). 
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Eugenic  acid  distilled  with  hydiiodic  acid  is  resolyed  into  methyl  iodide  and  a 
residual  resinous  mass  havinff  nearly  the  composition  C*H'*0'  TErlenmeyer,  Zeitsehr, 
f.  Ckem,  [2]  ii.  430).  By  fusion  with  potassium  hydrate  it  yields  protocatechuic  and 
acetic  acids,  the  latter  being  probably  due  to  the  decomposition  of  propionic  acid 
formed  in  the  first  instance  (Hlasiwetz  a.  Grabowski,  Ann.  CK  Pharm,  czxxiz.  96) : 

C»«H»K)«  +  O'  =  C'H«0*  +  C«H«0«  +  CO^  +  H*0. 

Bngonio  Protocote-         Acetic 

acid.  chnJc  acUL  add. 

Phosphoric  anhydride  converts  eugenic  acid  into  a  resin  intermediate  in  composition 
between  C'*H'*0*  and  C'*H"0*,  inodorous,  haring  a  bitter  and  aromatic  taste, 
exhibiting  violet-blue  dichroism  in  alcoholic  solution ;  by  distillation  this  resin  yields 
a  liquid  analogous  to  creosote,  which  colours  ferric  salts  green  (Hlasiwets  a.  Barth, 
ibid.  83). 

When  eugenic  add  is  gently  heated  with  phosphorus  triMoride,  a  large  quantity  of 
hydrochloric  acid  is  evolved,  together  with  a  small  quantity  of  gas  burning  wiUi  a 
green-edged  flame;  and  on  distilling  off  the  excess  of  phosphorous  chloride,  the 
residual  liquid  solidifies  at  130°  to  a  porous  straw-yellow  mass,  from  which  ether 
extracts  eugenic  anhydride,  (C**H*'0)K),  in  the  form  of  a  viscid  dark-coloured 
oil,  reconvertible  by  aqueous  potash  into  eugenic  acid.  The  portion  of  the  product 
insoluble  in  ether  has  thecomposition  of  eugenyl-phosphorous  acid,  C*®H**PO^  -a 

C*'H'*0  -  0^    Hence  the  reaction  of  phosphorous  chloride  on  eugenic  acid  may  be 

H«     ) 
represented  by  the  equation 


6 


P"*    ) 
|-C"H'»0|q-j  ^  p(^  ^  32QJ  ^  2(C'«H»»0)«0  +  C"H"o[o«. 


Eugenyi-phosphorous  acid  is  an  amorphous  yellow  powder,  nearly  insoluble  in 
alcohol,  and  dissolving  with  difficulty  in  hot  water.  The  aqueous  solution  is  acid  and 
exhibits  the  reducing  proxwrties  of  phosphorous  acid.  Alkalis  dissolve  it,  forming  a 
light  brown  liquid  which  quickly  becomes  darker,  and  when  distilled  with  sulphuric 
acid  yields  eugenic  acid«  When  heated,  it  swells  up,  gives  off  combustible  phos- 
phorotted  gases,  and  leaves  a  bulky  cinder,  from  which  water  extracts  phosphoric  acid 
(Oeser,  Ann.  Ch.  Pharm.  cxxxi.  277). 

avOBTXO  AOZO.  C'*H"0*. — ^Formed,  as  a  sodium  salt,  by  passing  carbon 
dioxide  into  eugenic  acid  holding  sodium  in  solution.  (See  Appendix  to  vol.  ii, 
p.  968.) 

MUO/LMMIL  BJkMOfUTtnULm  This  plant,  which  often  forms  brick-red  layers  on 
the  surface  of  ponds,  contains  a  colouring  matter  insoluble  in  water,  but  soluble  with 
gamet-red  colour  in  ether.  The  solution  evaporated  on  a  glass  plate  leaves  an 
iridescent  ring  of  oetohedral  crystals,  rod  by  transmitted  light.  The  colouring  matter 
is  precipitated  by  alcohol  from  its  eUiereal  solution,  but  dissolves  in  hot  alcohol  and 
separates  in  gamet-red  octohedrons,  which  melt  between  70°  and  1 20°,  are  decolorised 
by  chlorine-water  without  change  of  form,  and  are  turned  blue  by  sulphuric  acid,  but 
recover  their  original  colour  when  washed  with  water.  These  crystals  dissolve  veiy 
easily  in  turpentine-oil,  and  form  with  potash-ley  a  blood-red  liquid,  from  which  acids 
separate  red  drops  possessing  the  properties  of  the  crystals  (Wittich,  Chem.  Cenir, 
1864,  p.  676). 

mosmra.  A  fossil  resin  found  in  the  lignite  of  Thumsenreuth  in  the 
Bavarian  Oberpfalz.  It  occurs  sometimes  in  brownish-yellow  pulverulent  masses, 
sometimes  in  compact  lumps  having  the  aspect  of  pitch.  Sp.  gr.  r2-l'd.  Has  an 
agreeable  odour  of  rosemary  and  camphor ;  melts  at  77°  ;  bums  with  a  bright  flame 
emitting  an  aromatic  odour ;  dissolves  completely  in  alcohol  and  ether.  According  to 
an  analysis  by  Wittstein,  it  appears  to  consist  of  C*«H**0'  (C.  W.  Giimbel,  Jahresb. 
1864,  p.  867). 

BWSOHBOn.  C^'H^. — ^A  substance  obtained  from  euphorbium  (ii.  607), 
by  precipitating  the  aqueous  extract  with  tannin,  triturating  the  washed  flocculent 
precipitate  with  white  lead,  then  boiling  it  with  alcohol,  distilling  off  the  alcohol,  and 
dissolving  the  brownish-yellow  deposit  in  a  small  quantity  of  boiling  alcohol  of 
70-76  p.  c.  On  cooling  it  crystallises  in  nodules,  which  may  be  obtained  colourless  by 
recrystallisation.  It  dissolves  verv  easily  in  ether,  benzol,  amyl  alcohol,  chloroform, 
and  acetic  acid ;  is  nearly  insoluble  in  water ;  dissolves  in  69  pts.  of  alcohol  (of  87 
vol.  p.  c.)  at  17*6°,  very  abundantly  in  boiling  alcohol ;  melts  between  106°  and  116^* 

Sup.  B  R 
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It  IB  neutral,  and  is  not  dissolved  by  acids  or  bases  more  abundantly  than  bj  mtm. 
l^itric  acid  oxidises  it  to  oxalic  acia  and  a  non-crystallisable  acid.  Strong  Bulphniie 
acid  dissolyes  it  somewhat  sparingly,  forming  a  yellowish -brown  solution  which  is 
coloured  violet  by  nitric  acid  and  by  chlorate  or  chromate  of  potassium.  It  acts  as  a 
drastic  puigative  (Fliickiger,  ZeiUehr.f.  Chem,  [2]  iy.  221). 

HUBTWCBXra.     See  Yanasatss. 

aUTBIOCBSOVZC  ACZB.     See  Deriyatives  of  Tetrachloroquinone,  under 

QUINOMB. 

auXAVTROn.  This  substance^roduced  by  the  decomposition  of  euzanthic 
acid,  has  hitherto  been  regarded  as  C^W^Q*  or  C'*fi*0^,  its  formation  being  repre- 
sented by  the  equation 

CsiQitQii  «  C^H'K)*  -f  C0«  +  8H«0. 

But  according  to  Baeyer  {Zeitschr.f.  Chem.  v.  669),  \Xa  analysis  is  more  nearly  repre- 
sented by  the  formula  C**H*0*,  which,  moreover,  agrees  better  than  the  older  formula 
with  the  substitution-products  obtained  by  Erdmann  (ii.  610).  When  the  vapour  of 
emzanthone  is  passed  over  heated  zinc-dust,  a  small  quantity  of  a  semi-solid  hydro- 
carbon is  formed  resembling  diphenyl.  Euxanthone  fused  with  potassium  hydrate  is 
first  converted,  by  assumption  of  water,  into  euxanthonic  acid,  and  then  at  a  higher 
temperature  into  hydroquinone. 

Euxanthonic  acid,  C"H**0',  possesses  but  feeble  acid  properties;  forms  a 
reddish-yellow  precipitate  with  basic  lead  acetate ;  oxidises  quickly  when  dissolved  in 
potash,  and  is  altogether  more  easily  oxidisable  than  euxanthone.  Ferric  chloride 
colours  it  red,  whereas  euxanthone  is  coloured  green  by  the  same  reagent.  "When 
heated,  it  is  resolved  into  water  and  euxanthone,  which  sublimes.  The  same  decom- 
position takes  place  also  on  boiling  an  aqueous  solution  of  the  acid  containing  ammonia, 
the  euxanthone  separating  in  bulky  yellow  needles.  Euxanthonic  acid  is  much  more 
soluble  in  water  than  euxanthone,  and  crystallises  from  a  hot  solution  wi  eooling,  in 
nodules,  by  evaporation  in  long  yellow  needles  (Baeyer). 

MOMMHTVM,  A  specimen  of  this  mineral  from  Arendal  in  Norway  (sp.  gr.  4*96) 
was  found  by  Chydenius  (BuU,  8oc.  Ckim,  [2]  vi.  483)  to  contain  64-28  Nb*0*  and 
TiO*,  84-68  YO  and  EbO,  6*28  ThO,  and  2*60  volatile  matter  (-  9774). 

WAirSZTB.  A  hydrated aluminium  phosphate,  8 Al'O'.PK)* -I-  18aq.,  occnxring 
in  Hungary  as  an  incrustation  in  the  cavities  of  brown  hiematito.  It  is  amorphous, 
kidney-shaped  to  botiyoidal,  colourless  or  milk-white,  sometimes  witih  a  Unge  of 
yellow  or  blue,  transparent  to  translucent.  Fractore  Bemi-«oncholdal,  shining. 
Hardness,  8*6  to  4.  Sp.  gr.  (mean),  1*989.  Perfectly  soluble  in  acids  (D.  Forbes, 
PkU,  Mag,  [4]  xxviii.  841). 

mvmaanxm.  C*H^K)'  (Stude,  Amn,  Ch,  Pkarm.  caaad.  241).— A  substance 
related  to  the  sugars,  extracted  from  Evernia  prunasirf.  The  plant  is  macerated  with 
cold  dilute  soda-ley  till  the  liquid  acquires  a  dark  green  colour ;  the  filtrate  is  mixed 
with  alcohol ;  and  the  brown  nocks  thereby  precipitated  are  redissolved  in  water  and 
purified  by  repeated  precipitation  and  boiling  with  animal  charcoal. 

Evemiin  is  an  amorphous,  yellowish,  tasteless  powder,  whwh.  sivells  up  in  cold  water 
and  dissolves  easily  in  hot  water.  It«  aqueous  solution  gives  with  lead  acetate  and 
ammonia  a  precipitate  soluble  in  acetic  acid.  It  is  precipitated  by  a  laige  excess  of 
glacial  acetic  acid.  It  prevents  the  precipitation  of  lead  by  sulphydric  or  sulphuric 
acid,  a  property  likewise  possessed  by  glycogen,  inulin,  lichenin,  and  gum.  Evemiin 
is  not  coloured  by  iodine.    Dilute  acids  easily  convert  it  into  glucose. 

A  substance  closely  related  to,  or  perhaps  identical  with  evemiin,  is  obtained  from 
Borrera  ciiiariB, 
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FATS.    See  Oltcuudbb  and  Oils. 

TMXfBMMTSMm  A  n&tiTe  miignesio-maiigsnotiB  sulphate,  80^Mig*.2S0*Mn  + 
16HK),  ocemriiig  in  orthorbombic  prisms  of  88^  42^,  modified  by  the  faces  of  P,  ooj^oo , 
»I^  (a  M"*  89')  and  od^  (»  107^  60').  Hardness  »  2*5  to  2*76  ;  Bp.gr.  »  1*88. 
Beddish  and  yellowish  wmte,  or  transparent  and  colourless  (Breithaupt,  Jahreab, 
1865,  p.  900). 

TMBMMMTTtL  A  variety  of  wolfram  fh>m  the  Sierra  Almagrera  in  southern 
Spain,  haying,  according  to  laebe  {Jahreab,  1863,  p.  825^  and  Rammelsberg  (ihid.  p. 
854),  the  composition  4M0 .  SWO*.  The  specimen  examined  by  Bammelsberg  had  a 
sp. gr.  of  7169  and  contained  69-88  p.  c  WO*,  016  SnO*,  26*34  FeO,  300 MnO,  and 
1 62  CaO. 

.  WMM  M  HMTATgoy,  The  main  results  of  Ftateur^s  researches  on  alcoholic 
fennentation  are  given  in  vol.  ii.  pp.  628-680.  According  to  these  researches,  it 
tppesrs  that  the  development  of  the  yeast-plant  is  an  essential  part  of  the  process ; 
that  the  yesfet^ells  grow  both  in  pure  sugar-water  and  in  sugar-water  containing 
albuminous  substances ;  but  that  in  the  former  case,  the  whole  of  the  nitrogen  which, 
in  the  original  yeast,  was  partly  present  in  the  soluble  form,  is  found,  at  the  end  of 
the  fermentation,  to  have  passed  into  the  insoluble  form  in  the  newly  formed  yeast- 
cells ;  whereas  in  the  latter  ease  most  of  the  new  yeast-ceUs  are  found,  at  the  end  of 
the  fermentation,  to  be  filled  with  soluble  nitrogenous  and  mineral  substances,  which, 
when  introduced  into  a  fresh  quantity  of  sugar-water,  are  capable  of  giving  rise  to 
the  formation  and  development  of  new  yeast-cells.  Yeast  added  to  pure  sugar-water 
lives,  in  &ct,  at  the  expense  of  the  sugar  and  of  the  nitrogenoas  and  mineral  sub- 
atanoes  contained  within  itself ;  and  in  the  process  of  alcoholic  fermentation,  part  of 
the  sogar  is  assimilated  by  the  yeast  in  the  form  of  cellulose  and  fat. 

In  a  subsequent  paper  {BnU,  8oc,  Ckim,  1861,  pp.  61,  79),  relating  to  the  influence 
of  oxygen  on  the  development  of  yeast  in  alcoholic  fermentation,  Pasteur  observes  that 
ready-formed  yeast  can  genninate  and  grow  in  a  liquid  containing  sugar  and  albumi- 
nous matters,  even  when  oxygen  is  completely  excluded.  The  quantity  of  yeast 
formed  in  this  case  is,  however,  but  small,  and  the  fermentation  goes  on  slowlv :  never- 
theless, a  large  quantity  of  sugar  disappears  (60-80  pts.  to  1  pt.  of  yeast).  If  the  air  has 
access  to  a  large  surface,  the  fermentation  goes  on  quickly,  and  a  much  larger  quantity 
of  yeast  is  formed  in  proportion  to  the  quantity  of  sugar  which  disappears.  In  this 
case  also  oxygen  is  absorbed  by  the  yeast,  which  grows  quickly,  but  does  not  act  so 
decidedly  as  a  ferment,  inasmuch  as  only  4  to  10  pt^.  of  sugar  disappear  for  1  pt.  of 
yeast  produced.  When  the  air  is  excluded,  the  same  yeast  again  acts  as  a  powerful 
ferment.  Pasteur  therefore  infers  that  yeast  which  acts  as  a  ferment  in  the  absence 
of  air,  abetracts  oxygen  from  the  sugar,  and  that  upon  this  deoxidising  power  its 
action  as  a  ferment  depends.  The  violent  activity  of  the  yeast  at  the  commencement  of 
the  fermentation  is  due  to  oxygen  dissolved  in  the  liquid.  In  liquids  containing 
albumin  (yeast,  water,  &c),  yeast  likewise  grows,  though  sparingly,  even  if  the  solution 
does  not  contain  a' trace  of  sugar,  provided  there  is  sufficient  access  of  air.  But  if  the 
air  is  excluded,  this  does  not  t^e  place,  even  though  the  liquid  may  contain,  besides 
albumin*  a  nonfermentable  sugar,  such  as  milk-sugar.  The  yeast  farmed  in  a  liquid 
not  containing  sugar  possesses  all  the  properties  of  a  ferment,  and  excites  fermentation 
in  a  eolation  of  sugar  excluded  from  the  air. 

According  to  B&hamp,  the  mould  developed  in  sugar-water  (both  microphytes  and 
microooa)  contains  a  peculiar  soluble  ferment,  which  at  low  temperatures  gives  rise  to  the 
inverwioH  of  cane-sugar,  but  loses  its  activity  at  60^-80°.  This  ferment,  called  inmost 
by  BAchamp,  does  not  act  on  starch  or  glucosides.  Similar  ferments  are  found  in  the 
petals  of  certain  flowers,  and  in  mulbeny  juice.  In  the  action  of  beer-yeast  on  cane- 
sugar,  the  latter  is  first  converted  by  the  symase  into  inverted  sugar,  which  is 
consumed  by  the  yeast  and  contributes  to  its  growth,  and  is  afterwards  eliminated  in 
the  form  of  the  compounds  which  constitute  the  products  of  alcoholic  fermentation 
{Campi.  rend.  Iviii.  601,  723;  lix.  496;  Jahretib,  1864,  pp.  674-^578). 

On  tlie  nature  and  development  of  yeast,  see  further  Joly  a.  Musset  (Compt,  rend, 
hi  96S;  Jckrub.  1861,  p.  725),  Pasteur  {BvU,  Soo.  Chim.  1862,  p.  66;  Jahntb,  1862, 
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p.  473),  Millon  {Compt  rend.  Ivii.  235;  lix.  144;  Jahreth.  1863,  p.  588;  1864, 
p.  679),  Duclaux  {Compt,  rend.  Iviii.  1114  ;  Jakresb.  1864,  p.  578). 

Liebig,  who  has  always  been  opposed  to  the  theoiy  which  attributM  fermentation 
to  the  action  of  living  organisms,  has  renewed  his  objections  to  it  in  a  zecentlj  published 
memoir  (Ann.  Ch.  Pharm.  cliii.  1).  He  points  oat  that  the  amount  of  growth  of  the 
yeast-plant  in  a  solution  of  pure  sugar  is  utterly  inadequate  to  aoconntfor  the  quantity 
of  sugar  transformed  at  the  same  time  into  alcohol  and  carbon  dioxide,  if  the  gxowtn 
of  the  yeast  be  regarded  as  an  essential  condition  of  that  transformation.  In  proof 
of  this  he  quotes  one  of  Pasteur's  experiments,  in  which  9899  milligrams  of  sugar 
were  folly  decomposed  by  a  very  small  quantity  of  yeast,  and  at  the  end  of  the 
fermentation  the  quantity  of  the  yeast^plant  produced  was  found  to  be  only  152 
milligrams,  the  cellulose  in  it  amounting  to  less  than  80  milligrams.  Liebig  asks 
then :  Are  we  to  regard  the  assimilation  of  30  milligrams  of  celluloee  as  the  cause  of 
the  conversion  of  9899  milligrams  of  sugar  into  carbon  dioxide  and  alcohol  ?  Hon- 
OTer,  yeast  is  capable  of  inducing  the  resolution  of  calcium  malate  into  carbon  dioxide 
and  calcium  carbonate,  acetate,  and  succinate,  and  of  bringing  about  a  variety  of 
transformations  upon  various  organic  substances.  All  these  phenomena  are,  in 
Liebig's  opinion,  most  readily  explained  by  regarding  fermentation  as  a  purely 
chemical  or  physico-chemical  pi'ocess.  The  breaking  up  of  sugar  into  carbon  dioxido 
and  alcohol  he  places  side  by  side  with  the  decomposition  of  anhydrous  acetic  acid 
into  acetone  and  carbon  dioxide  (a  change  brought  about  by  heat),  and  with  the 
change  of  an  aqueous  solution  of  cyanogen  gas  into  oxamide,  which  is  brought  about 
bv  the  action  of  the  merest  trace  of  aldehyde.  Just  as  the  vibration  produced  by  the 
aldehyde  determines  the  rearrangement  of  the  atoms  of  cyanogen  and  water  so  as  to 
conetitute  oxamide,  so  Liebig  regards  the  rearrangement  of  the  atoms  of  sugar  as  the 
result  of  a  vibration  produced  by  the  chemical  changes  which  take  place  in  some 
unstable  substance  produced  by  the  yeast-plant.  The  growth  of  the  yeast-plant  is, 
according  to  this  idea,  only  remotely  connected  with  the  process  of  fermentation.  *  It 
is  possible,'  he  says,  *  that  the  physiological  process  stands  in  no  other  relation  to  the 
process  of  fermentation  than  that,  by  means  of  it,  a  substance  is  formed  in  the  living 
cell,  which,  by  an  action  peculiar  to  it— -resembling  that  of  emulsin  on  saliein  or 
amygdalin — determines  the  decomposition  of  sugar  and  other  organic  molecules.  In 
sucn  a  case  the  physiological  action  would  be  necessary  for  the  production  of  this 
substance,  but  would  be  otherwise  unconnected  with  the  fermentation  properly  so  called.* 

In  harmony  with  this  view,  Liebig  finds  that  the  '  washings '  of  yeast  (which  contain 
no  yeast-plant)  have  the  property  of  instantly  converting  cane-sugar  into  grape-sugar ; 
and  he  anticipates  that  other  very  alterable  complex  substances,  besides  products  of 
the  yeast-plant,  will  be  found  to  possess  the  property  of  setting  up  that  vibration  which 
rearranges  grape-sogar  into  alcohol  and  carbon  dioxide,  and  is  known  as  the  process 
of  alcoholic  fermentation. 

Pasteur  has  extended  his  researches  on  the  action  of  ferments  to  the  phenomena  of 
putrefaction  and  decay  (Compt  rend.  Ivi.  734,  1189  ;  Jakreeb.  1868,  p.  579).  Putre- 
faction he  defines  as  a  kind  of  fermentAtion  which  is  induced  and  maintained  by 
animal  ferments  of  the  genus  Kibrio  (the  six  Bypciea  of  which  perhaps  also  act  as 
peculiar  ferments),  and  in  contact  with  the  air  is  always  accompanied  by  decay  or 
eremacausis.  In  a  putrefying  liquid  containing  air  left  to  itself  in  closed  vessels, 
infusoria  {Monas  crepueculum  and  Bacterium  termo\  are  first  developed,  which  absorb 
the  oxygen  of  the  air  and  replace  it  by  carbon  aioxide,  after  which  they  die,  and 
collect  as  a  precipitate  at  the  bottom  of  the  vessel.  After  this  begins  the  development 
of  vibrios,  if  the  liquid  contains  their  germs,  and  at  the  same  time  pntrefaotion  is  set 
up.  If  no  such  germs  are  present,  or  if  the  oxygen  has  not  been  completely  absorbed, 
no  putrefaction  takes  place  (in  the  latter  case  b^use  the  vibrios  can  live  only  in  an 
atmosphere  free  from  oxygen).  Under  all  circumstances,  however,  if  the  air  is 
excluded,  the  products  of  the  putrefaction  undergo  no  farther  alteration.  If  the 
putrefiable  liquid  is  freely  exposed  to  the  air,  the  oxygen-consuming  infusoria  are 
developed  ^s  in  the  former  case,  but  in  a  continuous  manner ;  their  successive  genera- 
tions cover  the  surface  of  the  liquid  with  a  film  which  is  continually  renewed  and 
completely  prevents  the  access  of  oxygen  to  the  interior  of  the  liquid.  The  process 
then  goes  on  as  before,  but  the  products  of  the  putrefaction  are  completely  rennlved, 
under  the  influence  of  the  superficial  layer  of  infusoria,  into  water,  carbon  dioxide, 
and  ammonia.  The  last  phase  is  therefore  a  process  of  decay  (in  very  thin  layers  of 
liquid  it  may  take  place  alone),  to  which  the  products  of  putrefaction,  as  well  as  the 
dead  infusoria  and  vibrios,  are  subject  under  the  influence  of  the  several  species  of 
Bacteria  and  Mucor.  An  example  of  the  diflbrent  results  obtained  accordingly  as  the 
air  is  admitted  or  excluded,  is  afforded  by  the  putrefaction  of  calcium  lactate,  which, 
frhen  the  air  is  excluded,  terminates  with  the  formation  of  calcium  butyrato  and  other 
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products,  whereas  if  the  air  has  access  to  the  liquid,  the  butyrate  likewise  nltimately 
disappears.  The  putrefaction  of  solid  substances  (animal  carcases)  begins  in  those 
parts  (such  as  the  surface  of  the  body  and  the  intestinal  canal)  where  vibrios  or  their 
germs  are  present,  the  activity  of  the  former  having  hitherto  been  checked  by  the 
normal  nutrition  of  the  organs.  If  no  vibrios  are  present,  or  if  their  development  is 
checked  (as  in  a  piece  of  meat  wrapped  in  a  cloth  soaked  in  spirit,  and  placed  in  a 
close  vessel),  true  putrefaction  or  decomposition  by  vibrios  does  not  take  place ;  but 
as  the  solid  and  liquid  constituents  of  the  meat  nevertheless  react  upon  each  other  in 
a  certain  way,  a  change  takes  place,  which  with  small  quantities  is  indicated  by  the 
peculiar  odour  of  game  ;  in  larger  quantities  the  phenomena  of  gangrene  are  developed. 
This  latter  change  is  regarded  by  Pasteur  as  essentially  distinct  ftom  putrefaction, 
and  as  analogous  to  the  ripening  of  fruits  after  separation  from  the  plant  on  which 
they  grow. 

With  regard  to  decay  or  eremacausis,  Pasteur  adduces  a  number  of  experi- 
ments which  he  regards  as  affording  decisive  proof  that  organic  substances  are  not 
oxidised  by  perfectly  pure  air.  Aqueous  infiision  of  yeast  mixed  with  sugar  and 
heated  to  the  boiling  point  was  enclosed  for  three  years  in  a  sealed  glass  flask  with 
twice  its  volume  of  previously  ignited  air,  for  part  of  the  time  at  a  temperature  of 
25^-30°.  At  the  end  of  this  time,  the  liquid  was  still  transparent,  and  the  air  in  the 
flask  contained  18*1  vol.  oxygen,  80*5  vol.  nitrogen,  and  1'4  carbon  dioxide.  Urine 
and  milk,  whether  fresh  or  previously  boiled,  exhibited,  when  similarly  treated  and 
kept  for  the  same  time,  only  traces  of  oxidation ;  the  urine  had  become  somewhat 
darker  and  had  deposited  crystals  of  uric  acid  and  phosphates ;  the  milk  was  not 
curdled  and  still  exhibited  alkaline  reaction.  But  when  the  same  liquids  were 
enclosed  with  air  in  its  ordinary  state,  the  whole  of  the  oxygen  of  the  air  was 
absorbed  in  a  few  days,  with  simultaneous  formation  of  variable  quantities  of  carbon 
dioxide.  Oak  sawdust  which  had  been  boiled  with  a  small  quantity  of  water  absorbed 
from  perfectly  pure  air  only  a  few  cubic  centimetres  of  oxygen  in  a  month  ;  whereas 
the  same  quantity  moistened  but  not  heated,  and  left  in  contact  for  fourteen  days  with 
ordinary  air,  absorbed  nearly  140  c.c.  oxygen.  The  sawdust  in  thiq  latter  case  had 
become  coated  with  a  microscopic  film  of  Mycelia  and  spores  of  Mucidineie.  These 
results  are  regarded  by  Pasteur  as  affording  decisive  proof  that  the  decay  or  slow 
combustion  of  animal  and  vegetable  substances  depends  essentially,  like  fermentation 
and  putrefaction,  on  the  influence  of  certain  lower  organisms  (Mucedineie,  Monads, 
Bacterias,  and  Mucors),  without  whose  intervention  dead  organised  matter  would  be 
almost  indestructible. 

J.  Lemaire  (Compt  rend.  Ivii.  968 ;  Jahresb.  1863,  p.  682)  regards  Pasteur's  views 
on  fermentation  and  putrefaction  as  inadmissible.  According  to  his  observations,  the 
most  various  processes  of  fermentation  may  be  induced  by  one  and  the  same  ferment, 
and  special  ferments  have  no  existence,  the  development  of  one  or  another  kind 
of  ferment  in  a  liquid  depending  on  the  chemical  constitution  and  the  neutral  or  acid 
reaction  of  that  liquid ;  atmospheric  dust  may,  howexer,  exert  an  essential  influence,  as 
affording  nutriment  for  infusoria.  In  a  neutral  oiganic  liquid,  the  decomposition  is 
always  begun  by  animal  organisms,  the  vegetable  forms  (mycoderms)  not  appearing 
till  the  liquid  becomes  acid.  In  acid  solutions  (fruit-juices)  mycoderms  are  flrst 
developed,  and  subsequently,  when  the  add  reaction  has  disappeared  under  their 
influence,  infusoria  are  produced.  Solutions  containing  only  a  few  thousandths  of  an 
organic  add  (acetic,  tartaric,  lactic,  malic,  &c.)  quickly  kill  infusoria;  moreover, 
carbon  dioxide  is  not  essential  to  the  existence  of  these  organisms,  and  vibrios 
especially  cannot  long  exist  in  liquids  containing  carbonic  acid,  if  excluded  from  access 
of  oxygen.  Infusoria  and  mycoderms  are  developed  in  meat  accordingly  as  it  is 
immexved  in  pure  water  or  in  a  solution  containing  organic  acids.  Lemaire  also  finds, 
contrary  to  Pasteur,  that  putrefaction  does  not  take  place  when  oxygen  is  excluded, 
and  that  gangrene  is  essentially  the  same  process.  He  distinguishes  in  the  process 
of  putrefaction  a  stage  of  fetid  odour  (pihriode  /Hide),  in  which  he  has  observed 
30  different  species  of  infusoria,  and  a  subsequent  stage  of  purification  (piriode 
d'Spuration),  in  which  these  infusoria  disappear,  and  in  the  light  are  replaced  by 
green  matter  {EuglefkB,  Vorticella,  and  species  of  Protocoecus) ;  this  purification 
process  may  also  take  place  in  the  dark,  but  in  that  case  the  green  matter  is  not 
produced.  From  further  experiments,  Lemaire  condudes  that  the  unrestricted  access 
of  air  is  essential  to  the  pix)gress  and  completion  of  the  process  of  putrefaction. 
Organic  substances  (flour  and  meat)  kept  in  closed  vessels  with  water  and  a  small 
quantity  of  air  at  varying  temperatures,  exhibited  a  commencement  of  putrefaction, 
but  this  soon  ceased,  so  that  at  the  end  of  a  year  the  substances  were  not  found  to  be 
much  altered.    Similar  results  were  obtained  with  juicy  fruits  kept  in  closed  vessels 
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filled  with  air  or  with  charcoal  powder.     The  fruits,  howerer,  became  nneatabto 
(Compt.  rend.  hz.  696). 

For  an  abstract  of  variouB  researches  on  the  sapposed  spontaneous  generation  of 
minute  organisms,  and  the  di£Eusion  of  their  germs  in  the  air,  see  Jakrmb,  1864, 
p.  580;  1867,  p.  743. 

Acetous  Fermentation. — See  Acetic  Acid  (p.  6). 

Bviyroue  Fermentation, — The  ferment  to  which  this  kind  of  fermentation  is  due  is 
according  to  Pasteur  (Comvt.  rend.  Hi.  344)  an  infusorium.  The  individuals  are  small 
cylindrical  stems  roundea  at  the  ends,  usually  straight,  and  occurring  singly  or  in 
chains  of  two,  three,  or  more ;  their  medium  thickness  is  0*002  mm. ;  the  length  of 
a  single  stem  varies  from  0*002  to  0*016  or  0*02  mm.  They  increase  by  division, 
may  be  sown  like  beer-yeast,  and  propagate  in  any  medium  adapted  to  their  nutrition, 
even  in  a  liquid  containing  only  sugar,  ammonia,  and  phosphates,  and  increase  as  the 
butyric  fermentation  progresses.  It  is  remarkable  that  these  infusoria  live  and 
multiply  without  requiring  the  smallest  quantity  of  air  or  oxygen ;  air  indeed  Idlls 
them.  Carbonic  acid  gas  passed  into  the  liquid  does  not  interfere  with  their  life  or 
their  reproduction  ;  but  on  passing  air  through  it  for  an  hour  or  two,  the  whole  of 
the  animalcules  sink  to  the  bottom,  and  the  butyric  fermentation  ceases  altogether. 
Pasteur  has  also  observed  an  infusorium  which  excites  the  fermentation  of  calcium 
tartrate,  and,  like  the  true  butyric  acid  ferment,  belongs  to  the  vibrios,  and  is  capable 
of  growing  without  access  of  oxygen  (Compt.  rend.  Ivi.  416 ;  Jahreah.  1863,  p.  882). 

In  the  conversion  of  calcium  lactate  into  butyrate,  carbon  dioxide  and  hydrogen 
are  not  evolved  in  the  proportion  indicated  by  the  equation  2CH'0'  8  OH*0*  + 
2C0''  4-  2H'  (ii.  631).  The  proportion  of  hydrogen  is  always  smaller;  but  the 
ratio  of  the  two  gases  varies  both  in  one  and  the  same,  and  in  difierent  fermentations ; 
sometimes  even  pure  carbon  dioxide  is  evolved.  Butylic  alcohol  is  probably  an 
ordinary  product  of  the  butyrous  fermentation.  The  animalcules  which  induce  this 
kind  of  fermentation  can  develop  themselves  without  any  other  nutriment  than  a 
carbohydrate  (such  as  lactic  acid),  ammonia,  and  phosphates  (Pasteur,  BuU.  8oe.  Ckim. 
1862,  p.  62). 

According  to  B^hamp  (Bull.  8oe.  Ckim.  [2]  vi.  484),  the  fanction  of  chalk  in 
lactous  and  butyrous  fermentation  is  not  limited  to  the  neutralisation  of  the  resulting 
acid,  but  the  chalk  is  itself  capable  of  acting  as  a  ferment  A  mixture  of  starch-paste 
and  powdered  chalk  with  a  few  drops  of  creosote  becomes  liquid  after  a  few  days, 
soluble  starch  being  formed,  with  traces  of  dextrin,  and  tne  liquid  afterwards 
passing  successively  into  alcoholic,  lactous,  and  butyrous  fermentation.  A  solution 
of  cane-sugar  treated  in  like  manner  undergoes  the  same  succession  of  dianges. 
Now  pure  precipitated  calcium  carbonate  does  not  exhibit  this  reaction  in  the 
slightest  degree  when  the  air  is  carefully  excluded,  and  the  chalk  itself  loses  the 

S»wer  of  exciting  fermentation  if  heated  in  the  moist  state  to  about  300^. 
ence  B^hamp  attributes  the  action  in  question  to  a  ferment  existing  in  the 
chalk,  and  by  microscopic  examination  he  has  actually  discovered  in  it  extremely 
small  pointed  corpuscles  having  a  tremulous  motion;  these  he  regards  as  living 
organisms,  and  designates  as  Mieroeyma  creta.  The  chalk  with  which  the  above- 
mentioned  experiments  were  made  was  taken  from  a  block  fh>m  the  cretaceous  forma- 
tion of  Sens.  Tertiary  fresh-water  chalk  from  Pontil  (H^rault)  exhibited  the  same 
fermentative  power.  B^hamp  is  of  opinion  that  the  Microsyma  is  very  widely  difiVised, 
especially  in  cultivated  soils. 

The  vibratory  corpuscles  (p^brine)  generated  in  the  silkworm  disease  also  act  as  a 
ferment,  a  solution  of  cane-sugar  containing  creosote  being  converted  by  prolonged 
contact  with  them,  partly  into  inverted  sugar,  partly  into  alcohol,  acetic  acid,  and  a 
non-volatile  acid,  probably  lactic  acid.  These  vibratory  corpuscles  contain  cellulose 
(B^hamp,  Compt.  rend.  Ixiv.  231  ;  Ixv.  42). 

Gallotts  Fermentation. — According  to  Ph.  van  Tieghem  (Compt.  rend.  Ixv.  1091), 
tannic  acid  does  not  decompose  either  with  or  without  access  of  air,  unless  the  mycelium 
of  a  mucidinea  is  developed  within  it.  The  formation  of  gallic  acid  in  a  solution  of 
tannic  acid  is  especially  promoted  by  the  development  of  the  spores  of  two  fimgi, 
PeniaiUium gtaucum  ana  Asperulus  niger^  with  simultaneous  access  of  air.  Under  these 
circumstances,  and  when  the  fungus  is  developed  in  the  interior  of  the  solution,  gallic 
acid  is  produced  (together  with  small  quantities  of  sugar),  amounting  in  a  few  days 
to  nearly  the  theoretical  quantity.  If,  on  the  other  hand,  the  fungus  is  developed  on 
the  surface  as  a  thick  fructifying  layer,  the  tannic  acid  is  completely  oxidised,  with 
formation  of  carbon  dioxide,  so  that,  after  some  days,  the  solution  contains  only  small 
quantities  of  gallic  acid  and  sugar.  On  the  other  hand,  tannic  acid  remains  quite 
unaltered,  when  its  solution,  freed  from  dissolved  oxygen  by  exhaustion  with  the 
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air-pump,  is  left,  either  alone  or  in  oontact  with  a  laigo  quantity  of  the  mycelium,  in 
botuee  filled  with  o&rbonic  acid« 

It^uence  rf  AnHseptic  Substances  on  Fermentation  and  Putrefaction, — According  to 
B^hamp  (Ann^  Ck,  Phys.  [4]  vi.  248)*  a  drop  or  two  of  creosote  added  to  100  co. 
of  any  liquid  ia  Bu£Gicient  to  arrest  the  deyelopment  of  the  spores  of  fungi  and  germs 
of  innisoria,  but  without  interfering  with  the  action  of  ferments ;  to  kill  previously 
developed  organisms,  much  larger  quantities  are  re(^uired«    Bucholz  found  that  no 
fungi  or  infusoria  could  be  detected  in  milk  mixed  with  a  small  quantity  of  phenol ; 
nevertheless  the  milk  slowly  turned  sour:  hence  he  infers  that  the  [lactous]  fermentation 
is  due,  not  to  the  action  of  living  organisms,  but  to  a  chemical  ferment  existing  or 
simultaneously  formed  in  the  milk,  and  acted  u|x>n  by  the  phenol  less  quickly  than 
the  organisms  {^Jakresb,  1867,  p.  742).    According  to  Naunyn  (ibid.  1865,  p.  606), 
benaol  likewise  interferes  with  the  action  of  yeast  on  sugar  solutions.  Pienkowsky  {ibid. 
606)  has  examined  the  antiseptic  action  of  a  considerable  number  of  salts  and  of  a  few 
aciiu.    Raw  meat  (50  grms.)  impregnated  with  10  grms.  of  either  of  the  following 
compounds,  and  left  in  a  cellar  for  a  month,  neither  underwent  putrefaction  nor 
became  covered  with  inAisoria  or  mycoderms :  potassium,  sodium,  ammoniumi,  barium, 
calcium,  or  lead  acetate ;  sodium,  ammonium,  calcium,  or  stannic  chloride ;  aniline 
nitrate ;  phenol ;  acetic  acid ;  cupric  chloride  or  sulphate ;  mercuric  chloride ;  potassium 
dichromate ;  manganous   chloride,  zinc   chloride,  sine  sulphate,  ferrous    sulphate, 
potassium  sulphite,  and  lead  nitrate.    After  six  months,  however,  superficial  decomposi- 
tion showed  itself,  accompanied  by  development  of  infusoria  and  mycoderms,  excepting 
in  the  samples   which  were  impregnated  with  the  following   eleven  substances: 
ammonium  acetate,  barium  acetate,  calcium  chloride,  cupric  chloride,  mercuric  chloride, 
cupric  sulphate,  lead   acetate,  aniline    nitrate,  phenol,  acetic  acid,  and   potassium 
dichromate.    Meat  soaked  in  solution  of  sodium  acetate  preserved  its  agreeable  odour, 
was  easily  dried,  and  more  easily  desalinated  than  meat  preserved  with  common  salt. 
Sodium  and  potassium  alum,  aluminium  sulphate,  sodium  phosphate,  strontium  and 
barium  nitrates,  ammonium  and  sodium  oxalates,  barium  chloride,  sodium  sulphite 
and    hyposulphite,   ammonium    nitrate,    potassium    chlorate,    sodium,    potassium, 
magnesium,  and  ammonium  sulphates,  manganous  acetate,  and  arsenious  acid,  exerted 
no  antiseptic  action*:  meat  impregnated  with  them  passed  into  putrid  decomposition, 
and  became  covered  with  fiingx  or  infusoria,  even  in  the  course  of  a  week  (Pienkowsky). 
A  solution  of  formic  acid  or  a  metallic  formate  may  be  kept  for  six  months  without 
exhibiting  any  development  of  mycoderms.    But  if  the  solution  of  a  metallic  formate 
likewise  contains  sugar,  fungi  quickly  form  in  it,  part  of  the  formic  acid  at  the  same 
time  disappearing.    On  the  other  hand,  the  presence  of  free  formic  acid,  even  to  the 
amount  of  only  0*1  p.  c,  is  a  hindrance  to  the  development  of  these  organisms,  whereas 
in  solutions  containing  from  0*5  to  0-6  p.  c.  hydrochloric  acid,  ftmgi  can  grow,  though 
not  so  quickly  as  in  neutral  liquids.    Formic  acid  is  in  this  respect  a  more  powerful 
antiseptic  for  sugar  solutions  even  than  phenol ;  meat  on  the  other  hand  keeps  longer 
in  water  containing  phenol  than  in  water  containing  formic  acid,  and  in  tne  latter 
longer  than  in  pure  water.    In  water  acidulated  with  formic  acid,  meat  becomes 
covered  with  a  thick  layer  of  mycoderms  (Jodin,  Compt.  rend,  Ixi.  1179). 

According  to  Severi  (Med.-ckem,  Unters,  i.  267 ;  Zeitschr,  /.  Chem.  [2]  iv.  285), 
alcoholic  fermentation  is  not  retarded  by  pepsin,  either  alone  or  in  presence  of  free 
hydrochloric  acid ;  but  natural  gastric  juice  in  large  quantity  arrests  the  process,  and 
in  smaller  quantity  retards  it,  mis  action  being  exerted  on  the  ferment,  not  on  the 
fermentable  substance.  Lactous  fermentation  is  neither  arrested  nor  retarded  by 
pepsin  (either  alone  or  with  hydrochloric  acid)  or  by  natural  gastric  juice.  Putre- 
factive fermentation,  on  the  contrary,  is  arrested  by  natural  gastric  juice,  although  the 
animalcules  which  Pasteur  regards  as  the  excitjng  cause  of  this  change  continue  to 
exist  in  full  health  and  vigour. 

On  Fermentation  in  general,  see  also  Williamson  (Chem,  News,  xxii.  234,  247,  258, 
268,  292,  804,  316;  xxiii.  18,  27,  66.  90,  102,  114);  Weinberg  (Bayerisckes 
Industrie-  und  Oetoerbeblatt,  August  1870;  Chem.  News,  xxii.  263).  On  the  Germ- 
theory  of  Fermentation:  Sansom  (Chem.  News,  xxii.  241.  254).  On  Fungi  and 
Fermentation:  J.  Bell  {Chem.  Soe.  J.  [2]  viii.  887).  On  Organic  Matter  in  Water: 
Heisch  (ibid.  viii.  371).  On  the  Development  of  Fungi  in  Potable  Water :  Frankland 
{ibid.  ix.  66).  On  the  Carbonic  and  Alcoholic  Fermentation  of  Sodium  Acetate  and 
Ammonium  Oxalate:  B^champ  {Compt.  rend.  July  4,  1870;  Chem.  News,  xxii.  34). 

ynHBHOUU  The  resin  of  Ferreira  spectahUis,  a  leguminous  plant  growing  in 
Brazil,  contains  an  alkaloid  which  has  been  examined  by  Gintl  {Zeitschr.f.  Chem.  [2] 
V.  284),  who  regards  it  as  a  distinct  body,  and  calls  it  angeUne  (the  pharmaceu* 
tical  name  of  the  resin  being  Resina  d^angelim  pedra).  The  base  appears  however  to 
be  identical  with  ratanhine  (v.  77). 
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TBS.    See  Tantaiatss. 

C"H»»0»  (Hlasiwetz  ft.  Barth,  Ann.  Ck.  Phanm.  czxxriii. 
61  ;  Jakretb.  1866,  p.  627). — An  acid  existing  in  asafcctida,  and  obtained  by  pre- 
cipitating the  alcoholtc  tincture  of  the  resin  with  an  alcoholic  solution  of  nentral  lead 
acetate  ;  freeing  the  light  yellow  precipitate  as  completely  as  possible  from  adhering 
resin  by  repeated  washing  with  alcohol,  and  pressure  ;  and  decomposing  it,  suspended 
in  water,  with  dilute  sulphnric  acid.  The  filtered  liquid  duly  concentrated,  yields 
crystals  of  crude  ferulic  acid,  which  when  purified  by  reerystallisation  from  alcohol, 
and  then  from  boiling  water,  form  long  colourless  four-sided  needles  belonging  to  the 
rhombic  system.  Femlic  acid  is  tasteless ;  has  an  acid  reaction  ;  dissolres  easily  in 
cold  alcohol,  not  very  readily  in  ether ;  is  nearly  insoluble  in  cold,  but  very  soluble  in 
boiling  water ;  dissolves  yery  easily  and  with  yellow  colour  in  alkalis.  The  aqueous 
solution  is  precipitated  by  lead  acetate  and  ferric  chloride ;  the  ammoniacal  solution 
forms  with  silver  nitrate  an  egg-yellow  precipitate,  quickly  becoming  darker  when 
exposed  to  light.  Strong  sulphuric  acid  ^ssolves  the  crystals  with  yellow,  or  when 
warm  with  brownish-red  colour,  and  the  solution  exhibits  a  green  fluorsecence,  which 
disappears  on  dilution  with  water.  The  acid  melts  at  153^-154^,  and  solidifies  in  the 
crystalline  form. 

Ferulic  acid  is  related  to  eugenic  add,  C^*H'K>',  in  the  same  manner  as  oxalic  acid 
to  acetic  acid,  and,  like  eugenic  acid,  is  resolved  by  fusion  with  potash  into  protocate- 
chuic  acid,  acetic  acid,  and  carbon  dioxide,  together  with  a  small  quantity  of  oxalic 
acid: 

C'«H>*0«  +  0«  =  CrH«0*  +  (?H<0«  +  CO*. 
Femlic  add.  Frotocatachoie    Acetic 

acdd.  acid. 

C"H'K)»  +  0»  «  (THH)*  +  C«H*0«  +  C0«  +  H«0. 
'Bngenio  add. 

The  acetic  add  may  be  supposed  to  arise  in  the  first  case  as  a  secondaiy  product  from 
malonic  acid,  and  in  the  second  from  propionic  add. 

Femlic  acid  is  monobasic  Its  ammonium  salt,  C'*H*OXNH')  •!•  HH),  is  obtained 
by  spontaneous  evaporation  in  laminar  crystals,  which  give  off  part  of  their  ammonia 
at  100°.  The  potasHum  salt  C'*H*0^  is  straw-yellow,  deliquescent,  and  sparingly 
soluble  in  aloohoL  The  tiiver  salt  C'*H*0*Ag  is  a  lemon-ooloured  predpitate,  some- 
times turning  grey. 

y^"*"-*-^^  The  seeds  of  Feuillaaeordifolia^  a  Brazilian  climbing  plant,  contain 
in  4,000  pts. :  1301 '5  pts.  of  a  drying  fatty  oil,  95*5  feuillin,  a  brownish,  uncrystallisable, 
bitter  substance  precipi table  by  basic  lead  acetate  and  tannin,  2*1  of  a  substance 
crystallising  in  colourless  plates,  57*0  crystallisable  fatty  acid,  62-0  red  resin,  20*4 
brown  resin,  22*1  gummy  substance  and  iron-greening  tannin,  and  10*7  glucose 
(Peckolt,  Arch.  Pharm.  [2]  dx.  212). 

See  pROTiMDS. 

SeeSiuc 


This  acid,  discovered  by  Luck  in  the  root  of  Aspidium  Filix 
mas  (ii.  645),  has,  according  to  Grabowski  (Ann.  Ch.  Pharm.  cxliii.  279),  thecomposi- 
tion  C'*H'"0^  When  heated  with  4  pts.  j^tassium  hydrate  and  a  little  water  till  the 
mass  begins  to  melt  and  turn  red-brown,  it  yields  as  chief  products  butyric  acid  and 
phlorogludn.  If,  on  the  other  hand,  the  solution  of  the  add  in  strong  caustic  potash 
be  evaporated  only  till  it  becomes  pasty,  and  the  mass  be  then  supersatuiatea  with 
sulphuric  acid  and  treated  with  ether,  the  ethereal  solution  is  found  to  contain, 
together  with  phlorogludn,  another  ciystallisable,  slightly  soluble  substance,  C'*H"0\ 
which  may  be  regarded  as  monobutyryl-phloroglucm,  C*H*(C'H'0)0*.  Filicic  acid 
has  therefore  the  composition  of  dibutyryl-phlorogludn,  and  its  decomposition  by 
potash  may  be  represented  by  the  equation 

C«H*(C<H'0)«0>  +  2H«0  -  2(C«H'0)H0  +  C«H«0" 
Filidc  add.  Bntyrio  add.     Fhloroglndn. 

Phlorogludn  treated  with  butyryl  chloride  yields,  however,  not  filicic  acid,  but  an 
oily  substance  which  crystallises  only  after  long  standing,  is  insoluble  in  water  and 
in  alkalis,  but  soluble  in  alcohol  and  ether  (Grabowski). 

nXATAnZO  AOZn  and  VXUOB-SBB  (G.  Malin,  Ann.  Ch.  Pharm.  cxliii. 
276). — The  aqueous  decoction  of  the  root  of  Aspidium  Filix  mas  vields  to  ether  a 
small  quantity  of  brown  greasy  resin,  and  then  forms  with  neutml  and  basic  lead 
acetate,  predpitates  containing  filitannic  acid,  which,  when  separated  by  decomposing 
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the  washed  precipitates  with  hydrogen  snlphide,  and  erapoiating  the  filtrate,  fonns  a 
brownish  extract,  purifiable  by  partial  precipitation  with  neutral  lead  acetate  and 
decomposition  of  the  lighter  portion  of  the  precipitate.  It  is  very  mnch  like  cinchona- 
tannic  acid ;  hygroscopic ;  forms  a  somewhat  tnrbid  solution  ;  is  sparingly  dissolved  by 
strong  aloohol,  more  freely  by  ordinary  spirit ;  forms  with  feme  chloride  an  olive- 
green  solation«  turning  violet  on  addition  of  sodium  carbonate ;  reduces  alkaline  cupric 
solutions ;  and  is  precipitated  by  gelatin.  On  boiling  it  with  dilute  sulphuric  acid, 
dark  brick-red  flocks  of  f  i  liz-red,  C'*H>*0",  are  deposited,  whilst  an  uncrystallis- 
able  sugar,  CH^O*,  remains  in  solution.  Filix-red,  perhaps  identical  with  Luck's 
tannaspidic  acid,  is  resolved  by  oxidation  with  potassium  hydrate  into  protoeatechuic 
acid  and  phloroglucin. 


r«  Bunsen  has  contrived  a  method  of  filtering  under  pressure,  by 
which  the  time  occupied  in  washing  precipitates,  and  the  quantity  of  water  required 
for  the  purpose,  are  verv  greatly  reduced.  The  neck  of  the  funnel  containing  the 
filter  is  passed  through  the  caoutchouc  stopper  of  a  wide-mouthed  flask  of  thick  glass, 
and  through  the  same  stopper  there  also  passes  a  bent  tube  connected  with  a  glass 
water-pump  constructed  on  the  principle  of  SprengeVs  mercury-pump ;  any  other 
exhausting  apparatus  might,  however,  be  used.  By  this  means  a  partial  vacuum  is 
made  within  the  flask,  and  the  pressure  of  the  external  air  on  the  water  in  the  funnel 
forces  it  rapidly  through  the  filter.  To  prevent  the  paper  filter  from  being  broken  by 
the  pressure,  it  is  placed  within  a  funnel  of  thin  platinum  foil,  made  to  fit  exactly  the 
inside  of  the  glass  funnel.  A  filter  thus  supported  will  bear  the  pressure  of  an 
atmosphere  without  tearing.  For  filtering  liquids  which  contain  corroding  gases  or 
vapours,  a  cylindrical  tube  naving  a  conical  lower  termination  is  used  inst^id  of  the 
funnel,  a  disc  of  art^icial  pumice  (such  as  is  used  for  polishing),  1  or  2  mm.  thick,  being 
placed  in  the  conical  neck  and  fixed  water-tight  by  means  of  long-fibred  flexible 
asbestos.  For  details  and  figures  of  the  apparatus,  see  the  original  memoir  (Ann, 
Ch.  Pharm,  cxlviii.  269;  also  Zeitschr.  f,  Chem,  [2]  v.  118;  Chemical  Newa,  1869, 
zxi.  128). 

I.    See  CovBTTsnoN. 


l^bVOSHTBUC  ACXB,  BTBft01>XiV0SZ0  AOXD*  or  BTBSOCmV 
V&VOBZBB.  This  acid,  both  in  the  anhydrous  state  and  in  aqueous  solution,  has 
recently  been  submitted  to  veiy  careful  examination  by  G.  Goro  (Phil,  Trans,  1869, 
p.  173 ;  Chem,  Soc.  J.  [2]  vii.  368 ;  abstr.  Proc.  Boy,  Soc.  xvii.  256 ;  Chem,  News, 
1869,  p.  74). 

The  anhydrous  acid,  HF,  was  prepared  by  heating  dry  hydrogen-potassium  fluoride 
to  redness  in  a  suitable  platinum  apparatus.  It  is  a  highly  dangerous  substance, 
requiring  the  most  extreme  care  in  its  manipulation.  At  ordinary  temperatures  it  is 
a  perfectly  colourless,  transparent,  mobile  liquid,  and  has  a  sp.  gr.  of  0*9879  at  12*8°. 
It  is  extremely  volatile,  boils  at  19'4°,  fumes  densely  at  ordinary  temperatures,  and 
greedily  absorbs  water  f^m  the  air.  Its  vapour-tension  at  15°  is  equal  to  about  7*58 
pounds  per  square  inch.  On  loosening  the  lid  of  a  bottle  containing  it  at  that  tempe* 
rature,  the  acid  vapour  is  expelled  in  a  jet  like  steam  from  a  boiler;  it  may  however 
bo  perfectly  retained  in  a  platinum  bottle  having  a  flanged  mouth,  with  a  platinum 
plate  secured  by  clamp-screws  and  a  washer  of  parafiin.  It  does  not  solidify  at  34-5°. 
The  gaseous  acid  does  not  attack  glass,  even  when  left  in  contact  with  it  for  weeks, 
provided  all  moisture  be  excluded.  The  acid  prepared  as  above  was  inferred  to  bo 
free  from  oxygen  :  (1)  because  the  double  fluoride  from  which  it  was  prepared,  when 
fused  and  electrolysed  with  platinum  poles,  evolved  abundance  of  inflammable  gas  at 
the  negative  pole,  but  no  gas  at  the  positive  pole,  although  oxides  are  decomposed  by 
electrolysis  before  fluorides ;  (2)  because  in  the  electrolysis  of  the  acid  with  platinum 
poles,  no  odour  of  ozone  was  evolved,  whereas  the  aqueous  acid  of  various  strengths 
evolves  this  odour  very  strongly  where  electrolysed ;  and  (3)  because  the  acid  obtained 
by  heating  pure  silver  fluoride  in  dry  hydrogen  exhibited  the  same  properties  as  that 
prepared  from  the  hydropotassic  fluoride. 

Careful  determinations  of  the  molecular  volume  of  the  add  prepared  by  heating 
silver  fluoride  in  hydrogen  showed  that  it  is  analogous  in  constitution  to  hydrochloric 
acid,  not  to  water,  the  results  indicating  that  one  volume  of  hydrogen  in  uniting  with 
fluorine  produces  two  volumes  of  gas,  just  as  it  does  in  uniting  with  chlorine. 

Numerous  experiments  were  made  to  electrolyse  the  anhydrous  acid  with  positive 
poles  of  gas-carbon,  charcoal  of  lignum  vitse,  and  many  other  kinds  of  wood,  also  of 
palladium,  platinum,  and  gold.  The  gas-carbon  disintegrated  rapidly  ;  all  the  kinds 
of  charcoal  flew  to  pieces  quickly ;  the  palladium,  gold,  and  platinum  poles  were 
corroded  without  evolution  of  gas.     With  platinum  as  the  positive  pole,  the  acid 
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conducted  inach  more  mdily  than  pore  irater ;  but  with  gM  it  conducted  scarcely 
at  all. 

AnhydioQB  hydrofluoric  acid  tcareely  exerts  any  action  on  the  metalloids  or  the 
noble  metals,  and  eren  the  other  metaJs  in  the  finely  dirided  state  do  not  eliminate 
hydrogen  from  it  at  temperatnres  between  0^  and  20^.  Potsssinm  and  sodium  react 
with  it  as  with  water.  With  strong  hydrochloric  acid  it  prodnoes  an  actire 
effervescence.  Basic  oxides  unite  readily  with  it,  some  of  them  dissolving;  on 
peroxides  it  has  no  effect.  Some  nitrates  are  not  attacked  by  it,  while  others  (lead, 
barium,  potassium^  aro  decomposed.  Fluorides  for  the  most  part  remain  unaltered, 
but  those  of  the  alkali-metals  and  thallium  produce  various  degrees  of  chemical  action, 
those  of  ammonium,  potassium,  and  rubidium  uniting  powerfully  with  the  add. 
Numerous  chlorides  were  also  unaffected,  but  the  pentachlorides  of  phosphorus  and 
antimony,  titanic  chloride,  and  the  chlorides  of  the  alkali-metals  and  alkaline-earth- 
roetals,  were  decomposed  with  strong  action,  and  generally  with  eifervesoence.  The 
chlorates  of  potassium  and  sodium  were  also  decomposed,  with  evolution  of  chloric 
acid.  The  bromides  of  the  alkaline-earth  and  alkali  metals  behaved  like  the  chlorides. 
Potassium  bromate  rapidly  evolved  bromine.  Numerous  iodides  remained  unaffected, 
but  those  of  the  alkalme-eaith  and  alkali  metali  were  strongly  decomposed,  in  some 
cases  with  liberation  of  iodine.  The  anhydrous  acid  decomposes  all  carbonates  with 
effervescence,  and  those  of  the  alkaline-earth  and  alkali  metals  with  violent  action. 
Alkaline  borates  also  produce  veir  violent  action.  Silico-fluorides  of  alkali-metal 
dissolve  with  effervescence.  Sulphides  remain  unchanged,  except  those  of  the  alkaline- 
earth  and  alkali  metals,  which  rapidly  eliminate  hydrogen  sulphide.  Acid  sodium 
sulphite  dissolves  with  effervescence.  Sulphates  are  variously  affected.  The  acid 
chromates  of  the  alkali-metals  dissolve,  with  violent  action,  to  blood-red  liquids,  with 
evolution  of  chromium  fluoride.  Potassium  cyanide  is  violently  decomposed,  with 
evolution  of  hydrogen  cyanide.  Solid  organic  bodies  immersed  in  the  acid  are  for  the 
most  part  quickly  disintegrated.  CKitta-percha,  caoutchouc,  and  numerous  gums  and 
resins  dissolve  to  red  liquids.  Gun-cotton,  silk,  paper,  cotton-wool,  calico,  gelatin,  and 
parehment  aro  instantly  converted  into  glutinous  substances  and  generally  dissolved. 
Pine-wood  is  instantly  blackened.  Sponge  is  but  little  changed.  The  anhydi6us 
acid  mixes  with  wood-spirit,  alcohol,  ether,  but  not  with  bensol ;  with  oil  of  turpentine 
it  explodes,  forming  a  blood-red  liquid. 

Aqueous  Hydrofluoric  Acid, — The  commercial  aqueous  add  is  often  very 
impure ;  but  a  pure  acid  may  be  prepared  from  it  by  passing  an  excess  of  hydrogen 
sulphide  through  the  liquid,  neutralising  the  sulphuric  and  silico-fluoric  acids  present 
with  potassium  carbonate,  decanting  from  the  resulting  predpitate,  removing  the  excess 
of  hydrogen  sulphide  with  silver  carbonate,  filtering,  distilling  the  filtrate  from  a 
leadeYi  retort  connected  with  a  platinum  condenser,  and  finally  rectif^ng. 

A  very  small  quantity  of  hydrofiuoric  add  lowers  the  freezing  point  of  water  very 
considerably.  When  the  aqueous  acid  was  electrolysed  with  platinum  for  the  positive 
pole,  ozone  was  evolved,  and  with  acid  of  30  p.  c.  (not  with  that  of  10  p.  c)  the 
platinum  was  attacked. 

The  chemico-electric  series  of  metals,  &c.,  in  acid  of  30  p.  c.  is  as  follows :  zinc, 
magnesium,  aluminium,  thallium,  indium,  cadmium,  tin,  lead,  silicon,  iron,  nickel, 
cobalt,  antimony,  binmuth,  mercury,  silver,  copper,  arsenic,  osmium,  ruthenium,  gas- 
carbon,  platinum,  rhodium,  palladium,  tellurium,  osmiridium,  gold,  iridium. 

VSLVOBm*  According  to  Prat  {Compt.  rend.  bar.  845,  511 ;  Jakresh.  1867,  p. 
175),  the  ordinary  metallic  fluorides  are  oxyfluorides,  fluor-spar,  for  example,  having  the 
composition  CaflO  (the  atomic  weight  of  fluorine  being  29*6) ;  and  by  heating  an 
ordinary  fluoride  (oxyfluoride)  with  potassium  chlorate  or  perehlorate,  a  mixture  of 
oxygen  and  fluorine  is  evolved,  from  which  the  fluorine  may  be  removed  by  metallic 
silver.  By  passing  the  same  gaseous  mixture  over  heated  baryta,  the  oxygen  is  said 
to  be  absorbed  and  pure  fluorine  left.  Fluorine  thus  obtained  is  described  by  Prat  as 
a  gas  heavier  than  air,  nearly  colourless,  fuming  in  the  air,  and  smellinff  like  chlorine ; 
combining  in  diffused  daylight  with  hydrogen,  decomposing  water,  hydrochloric  add, 
bromides,  and  iodides  at  ordinary  temperatures,  bleaching  indigo  and  litmus,  uniting 
with  bromine,  silicon,  and  most  metals.  By  mixing  dilute  aqueous  hjrdrofluoric  acid 
with  aqueous  hypnchlorous  acid,  Prat  obtained  a  gas  which  he  regarded  as  a  compound 
of  chlorine  and  fluorine ;  it  was  darker  than  chlorine,  and  formed  with  silver  a 
mixture  of  silver  chloride  and  fluoride. 

P.  Cillis,  however,  in  repeating  Prat's  experiments,  flnds  that  a  mixture  of  calcium 
fluoride  and  potassium  chlorate  yields  by  ignition  nothing  but  pure  oxygen,  which 
exerts  no  action  on  metallic  silver,  and  that  this  oxvgen  is  derived  solely  from  the 
chlorate,  the  fluor-spar  remaining   unaltered,  and   tno   residue   after  washing  with 
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mtar  exhibition  exactly  the  weight  of  the  original  fluoride.  Hence  he  oondndes 
that  Prat'i  statemente  an  enoneone,  and  that  his  sappoaed  fluorine  has  no  existence 
(Znttckr.f.  dm.  [2]  it.  660). 

EdinuUum  o/Flitorine, — Fresenios  has  described  a  modification  of  Wohler's  method 
of  estimating  fluorine,  by  the  quantity  of  silicon  fluoride  evolved  on  heating  a  fluoride 
with  solphuric  acid  and  silica,  which  oonsists  in  determining  the  quantity  of  silicon 
thus  evolred  by  the  inczease  in  weight  of  an  absorption  apparatus  containing,  in  different 
parts,  pomioe  moistened  with  water,  soda-lime,  and  Aued  calcium  chloride  {Zeittekr, 
and.  Ckem.  v.  190 ;  Jakrtsb.  1866,  p.  1791). 

For  Kobell  and  Zalesky's  methods  of  estimating  fluorine  in  phosphates  by  the 
quantity  of  silica  which  it  can  remove  from  glass  when  evolved  in  contact  therewith, 
see  BuU.  8oe.  Ckim,  [2]  iii.  70;  ZeiUckr.  amd.  Chem.  y.  205 ;  Jakresb.  1864,  p.  696 ; 
1866,  p.  792). 

T9MMAmam,  CH>N0    »  ^^JN^flist  obtained  by  Hofmann  (ii.  681)  by 

beating  ethyl  formate  with  dry  ammonia,  is  likewise  produced :  a.  By  heating  a  dry 
mixtnie  of  2  pts.  diy  ammonium  formate  and  1  pt.  urea  to  140®,  as  long  as  ammonium 
orbonate  is  given  off  (Berend,  Jam.  Ch.  Pharm,  czxviii.  356). — fi.  "Biy  heating  ammo- 
niaffl  formate  by  itself  to  between  160®  and  200°,  and  leaving  the  distillate  over 
ralphnric  acid,  till  its  weight  becomes  nearly  permanent ;  formamide  then  remains  as 
a  ooloorless  liquid.  A  solution  of  ammonii^ra  formate  in  4  or  5  pts.  water  also  yields 
a  noall  quantity  of  formamide  when  distilled  (Lorin,  Compt.  rend.  lix.  51). — y.  By 
beating  a  miztnre  of  1  mol.  sodium  formate  and  1  mol.  sal-ammoniac,  carbon  mon- 
oxide being  then  also  evolved.  If  calcium  formate  be  substituted  for  the  sodium  salt, 
a  higher  temperature  is  required,  less  formamide  is  produced,  and  the  gas  evolved 
contains  2  voL  carbon  monoxide  to  3  vol.  hydrogen,  with  small  quantities  of  hydro- 
orbons,  hydrocyanic  acid,  and  ammonium  carbonate  (Lorin,  ibid.  788). 

Fomiamide  mixes  with  ether  containing  alcohol,  but  not  with  pure  ether.  With 
Mdinm  it  decomposes,  producing  explosion  and  ignition.  Heated  with  sine-sodium  or 
aodinm-amalgara,  it  emits  the  odour  of  methylamine,  and  yields  a  residue  containing 
cyanidee ;  with  sine-sodium  in  the  cold,  only  ammonia  is  given  off,  and  the  residue  does 
not  contain  cyanides.  Strong  potash  solution  eliminates  ammonia  from  it  at  ordinary 
temperatures.  With  alcohol  and  hydrochloric  acid,  it  yields  sal-ammoniac  and  ethyl- 
formate. 


C»H*NO  «  (CHO.CH».H)N  (Linnemann,  Wim.  Akad. 
Ser.]x.i4;  Ckem.  Cmtr.  1870,  138). — ^This  compound,  isomeric  with  acetamide,  is 
produced  by  evaporating  the  aqueous  solution  of  methylamine  formate  to  a  syrap, 
distilling,  evaporating  ue  aqueous  distillate  on  the  water-bath,  and  redistilling  with 
potaanom  carbonate,  which  does  not  decompose  this  amide  or  its  homologues.  It  is  a 
thickiah,  scentless  liquid,  of  sp.  gr.  1*011  at  190^,  boiling  at  190°  (under  a  pressure  of 
O'U  met),  burning  with  a  faintly  violet-edged  flame,  soluble  in  all  proportions  of 
water  and  alcohol,  insoluble  in  ether ;  resolv^l  by  boilinff  with  strong  aqueous  potash 
into  methylamine  and  formic  acid,  and  by  boiling  with  dilute  sulphuric  acid  into 
carbon  monoxide  and  methylamine:  (CHO.CH«.H)N  «  CO  +  CH«.H«.N.  •  This 
lut  decomposition  is  also  produced  by  phosphoric  anhydride  at  ordinary  temperatures, 
hydrocyanic  add  being  al«>  found  amongst  the  volatile  products. 

BOijiNfoniMunlde.  (CHO.G'H*.H)N. — Prepaied  like  the  preceding.  Colourless, 
thickish,  nearly  scentless  b'quid,  burning  with  a  bright  flame.  Sp.  gr.  0*952  at  -21°. 
Boils  at  196^-197°.  Soluble  in  all  proportions  of  water,  alcohol,  and  ether;  easily 
Mpamted  from  aqueous  solution  by  potassium  carbonate.  At  —  30^  it  becomes  thicker, 
bnt  does  not  solidify.  By  prolonged  boiling  it  is  for  the  most  part  resolved  into  carbon 
monoxide  and  ethylamine.  By  strong  potash-solution  it  is  resolved  slowly  in  the  cold, 
qniddy  at  the  boiling  heat,  into  ethylamine  and  formic  acid ;  similarly  by  sodium- 
amalnm.  Phosphoric  anhydride  acts  upon  it  in  the  same  way  as  on  methyl-formamido. 
Fused  and  pulverised  sine  chloride  decomposes  it  at  incipient  boiling  heat  into  carbon 
iDonoxide,  ethylene,  and  ammonia  (Linnemann,  loo.  cU.). 

Btotliji^onBAiiildAv  CHO.(C*H*)'.N,  is  prepared  by  heating  a  mixture  of 
diethylamine  and  formic  acid.  Colourless,  scentless,  thickish  liquid,  of  sp.  gr.  0908 
»t  19®,  not  solidifying  at  -20®,  boiling  at  175°-178®,  easily  soluble  in  alcohol,  ether, 
and  water;  separated  fh)m  aqueous  solution  by  potassium  carbonate,  as  a  light  layer  of 
liquid  (Linnemann,  loc.  cit.). 

VOBMxra.    Syn.  with  Mjethanb. 

VOSMXO  ACZB.  CH*0«  -  H—COOH.— Produced,  accordijig  to  Maly  (Jahresh. 
1866,  p.  297),  by  the  action  of  sodium-amalgiim  on  aqueous  ammonium  carbonate ; 
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also,  though  in  sinallcr  quftntity,  by  boiling  finely  granulated  zinc  and  sine  carbonate 
with  potash-ley.  It  is  likewise  formed  by  exposing  carbon  bisulphide  to  sunshine  in 
sealed  tubes  containing  a  little  water  (Loew,  Zeitsckr,/,  Chem,  [2]  iv.  622) : 

CS«  +  2H»0  -  CH«0«  +  H«S  +  a 

Thirdly,  it  is  formed,  together  with  aldehyde,  by  boiling  ordinary  lactic  acid  for  sereral 
hours  with  dilute  sulphuric  acid,  the  reaction  appearing  to  take  place  by  two  stages, 
and  ethylidene  dihydrate,  CU*.CH(OH)\  isomeric  with  glycol,  being  formed  as  an 
intermediate  product ;  thus : 

CH«  CH« 


:<i. ' 


HCOH  +  HOH  -  HCOH  +  HCOOH 
COOH         6h 

Lactic  sold.  Bthylidene     Fonnlc  add. 

dihydrate. 
CH« 

I  CH" 

HCOH  =        I        +  HOH 

in       =^" 

Ethylidene       Aldehyde, 
dihydrate. 


(Erlenmeyer,  Zeitsekr,/,  Chem.  [2]  iy.  843). 

Preparation. — Lorin  (Bull.  Soc.  Chim.  [2]  r.  7.  12)  obtains  aqneous  formic  acid  of 
75  p.  c.  by  distilling  dehydrated  oxalic  acid  with  glycerin ;  the  decomposition  begins 
below  50°,  and  the  temperature  must  be  carefully  regulated,  on  account  of  the  frothing 
which  takes  place. 

Crystallisable  formic  acid  is  more  easily  obtained  from  the  copper  salt  than  fbom 
the  lead  salt  by  decomposition  with  hydrogen  sulphide.  A  better  method  of  preparing 
it  is  however  to  dissolve  dehydrated  oxalic  acid  at  a  gentle  heat  in  aqueous  formic  acid 
of  70  p.  c,  decant  the  liquid  when  cold  from  the  crystallised  oxalic  acid,  and  distil  the 
portion  which  remains  liquid.  The  nearly  anhydrous  distillate  when  well  cooled 
deposits  crystallisable  formic  acid.  Cupric  formate  heated  by  itself  yields  formic  acid 
of  87  p.  c  When  formic  acid  of  about  57  p.  c.  is  left  over  concentrated  sulphuric  acid, 
there  ultimately  remains  an  acid  of  68  p.  c,  corresponding  in  composition  with  the 
hydrate  2CHH)«.8HH)  (Lorin). 

Decompositions. — A  mixture  of  formic  acid,  CH*0*,  with  an  equal  volume  of  water, 
electrolysed  with  a  battery  of  moderate  power  (4  fiunsen's  elements),  gives  off  at  the 
positive  pole  a  mixture  of  carbon  dioxide  and  oxygen ;  so  likewise  does  a  solution  of 
37  pts.  sodium  formate  in  63  pts.  water ;  potassium  formate  mixed  with  potash  gives 
off  only  carbon  dioxide  (Burgoin,  Ann.  Ch.  Phys.  [4]  xiv.  157).  By  chromic  acid, 
formic  acid  is  completely  oxidised  to  water  and  carbon  dioxide  (Chapman,  Chem.  Soc. 
J.  [2]  V.  289) ;  also  by  potassium  permanganate,  either  in  alkaline  or  in  acid  solution 
(BerUielot,  Jahresb.  1867,  p-  335).  With  strong  aqueous  hydriodic  acid,  it  yields  water 
and  carbon  monoxide.  Methyl-formate  similarly  treated  is  converted  into  carbon 
monoxide,  water,  and  methane  (Berthelot,  ibid.  p.  345). 

On  the  antiseptic  properties  of  formic  acid,  see  p.  615. 

BCetalUo  Vormate*.  Iron  Formate s.— Ferrous  formaie,  (CHO')*Fe  +  4H*0, 
forms  green  crystals  only  slightly  soluble  in  cold  water,  more  easily  in  formic  acid, 
insoluble  in  alcohol.  Ferric  formate,  (CHO*)*Fe' +  H*0,  is  deposited  from  a  solution 
of  recently  precipitated  ferric  hydrate  in  formic  acid,  in  yellow  shining  crystals,  easily 
soluble  in  hot  water ;  when  ignited  it  leaves  ferric  oxide  still  in  the  form  of  the  crystals. 
The  neutral  ferrous  salt,  when  exposed  to  the  air,  deposits  ferric  hydrate,  while  a  more 
or  less  basic  ferric  formate  remains  dissolved.    On  boiling  the  solution  of  the  ferrous 

iCHO* 

r(CHO»)« 

Ferric  if\formonitrate^  Fe'j     NO'      +  8H'0,  is  deposited,  on  evaporating  in  a 

vacuum  a  solution  of  ferrous  formate  oxidised  by  nitric  acid,  in  red,  iridescent,  very 
easily  decomposible  crystals,  while  the  mother-liquor  retains  neutral  ferric  formate. 
Ferric  dichlorotetrqfortMte,  Fe«(CHO*)*Cl*  +  3H*0,  separates  gradually  from  a  solution 
of  ferrous  chloride  in  formic  acid  oxidised  by  nitric  acid  in  reddish-yellow  Uiklules 
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slightly  soluble  in  alcohol.    Ferric  dtformodiacetamtrate,  Fe'. 


(CHO*) 


I* 


(C»H«0«)«  ^    ,„^ 


N0»     "^   ""  "^^  ^ 
HO 

formed  by  oxidising  a  mixture  of  eqaivaleiit  quantities  of  ferrous  formate  and  acetate 
with  nitric  acid,  and  separatee  from  the  solution,  by  eraporation  over  sulphuric  acid, 
as  a  red,  crystalline,  yerir  deliquescent  mass  which  gradually  loses  3  moL  water 
(Scheurer-Kastner,  Ann.  Ch,  Phy»,  [3]  IxTiii.  472). 

Lead  Format ee  (Barfoed,  J,  pr.  Ckem,  cviii.  1 ;  Chem.  Centr,  1870,  171). — 
Normal  lead  formate,  (CHO')'I*b,  is  usually  said  to  dissolre  in  36  pts.  of  cold 
and  5*5  pts.  of  boiling  water. 

Basic  salts.— The  biplumbie  salt  (CHO«)*Pb.PbO  or  2PbO.C^»0«  is  produced 
by  briskly  agitating  a  solution  of  the  normal  salt  saturated  at  ordinary  temperatures 
with  an  equivalent  quantity  of  finely  pulverised  lead  oxide,  or  by  treating  a  boiling 
solution  of  the  nonnal  salt,  three  or  four  times  as  strong,  with  lead  oxide,  heating  the 
liquid  to  100^  in  a  closed  flask  till  it  becomes  quite  clear,  and  leaving  it  to  cool  slowly. 
It  then  separates  in  colourless,  transparent,  shining,  heavy,  needle-shaped  crystals, 
somewhat  more  soluble  in  cold  water,  and  somewhat  less  soluble  in  hot  water  than 
the  normal  salt ;  distinguished,  moreover,  from  the  latter  by  the  property  that  its 
solution  is  strongly  alkaline  and  gives  a  copious  precipitate  witn  carbonic  acid. 
Soluble  in  58'7  pts.  of  cold  and  10  pts.  of  boiling  water ;  insoluble  in  alcohol ;  the 
aqueous  solution  is  completely  precipitated  in  12  to  24  hours,  when  mixed  with 
about  six  times  its  volume  of  alcohoL  Biplumbie  formate  is  likewise  precipitated  on 
mixing  a  solution  of  2  eq.  of  the  normal  salt  with  1  eq.  of  alkali.  Its  aqueous 
solution  added  to  a  warm  solution  of  sodium  sulphate  in  excess  forms  a  crystalline 
precipitate  of  biplumbie  sulphate,  SO*Pb .  PbO. 

IHplumbie  Formate,  (CHO«)»Pb.2PbO  or  3PbO.C«H«0«,  produced  by  boiling  a 
solution  of  the  normal  salt  with  2  mol.  lead  oxide,  or  by  mixing  the  solution  of  the 
normal  salt  with  {  mol.  soda,  or  with  rather  more  than  |  mol.  anmionia,  forms  colour- 
less, silky,  slender,  needle-shaped  crystals,  having  a  silky  lustre,  and  a  beautiful  zeolitic 
aspect  while  immersed  in  the  liquid,  but  falling  to  pieces  when  it  is  poured  off. 
Soluble  in  26*6  pts.  cold  and  7*6  pts.  boiling  water,  forming  a  strongly  alkaline 
solution  which  gives  a  copious  precipitate  with  carbonic  acid.  By  prolonged  boiling 
it  loses  formic  acid,  as  do  likewise  the  solutions  of  the  preceding  salts. 

Quadriplumbie  Formate,  (CHO>)*Pb . 8PbO  or  4PbO.C*HH)*,  is  produced  by 
boiling  a  strong  solution  of  the  tribasic  salt  with  a  large  quantity  of  lead  oxide,  or  by 
digesting  a  solution  of  the  same  salt  saturated  at  ordinaiy  temperatures  with  lead 
oxide  at  100^  for  a  week.  It  is  thus  obtained  as  a  bulky,  dirty  yollow  precipitate, 
appearing  under  the  microscope  as  a  mixture  of  slender  needles  and  unaltered  lead 
oxide.    Soluble  in  about  90  pts.  of  cold  water ;  insoluble  in  alcohol  (Barfoed). 

Ale^rtioUc  Vormmtes.  Formic  Ethers. — ^These  ethers  are  easily  prepared  in 
considerable  quantity  by  distilling  equivalent  quantities  of  oxalic  acid  and  the 
corresponding  alcohols  with  dehydnited  glycerin.  The  vapours  are  allowed  for  some 
time  to  fall  back  into  tbe  retort^  the  ether  not  being  distilled  off  till  the  oxalic  acid  is 
completely  decomposed :  500  grms.  amyl  alcohol  thus  treated  yield  an  equal  weight  of 
amyl  formate  (Lorin,  Bull.  Soc.  Chim.  [2]  v.  7,  12). 

Allyl  Formate,  C*li*0*  =  CHO«.C«H\  is  obtained  as  a  secondary  product,  in 
the  preparation  of  formic  acid  by  distilling  oxalic  acid  with  glycerin.  On  rectifying 
the  crude  product,  this  ether  passes  over  first,  and  fioats  as  an  oil  on  the  first  portions 
of  the  disullate.  When  purified  by  wushing  with  water  and  sodium  carbonate,  and 
dried  with  calcium  chloride,  it  forms  a  light  yellow  ethereal  liquid  having  an  extremely 
irritating  odour,  like  allyl  compounds  in  general,  boiling  at  S2°-Sd^,  and  having  a  sp. 
gr.  of  0*9322  at  17*6^.  Caustic  potash  resolves  it  into  allyl  alcohol  and  formic  acid. 
The  mode  of  its  formation  in  the  process  just  mentioned  is  not  yet  understood: 
perhaps  a  glyceryl  formate  is  produced  in  the  first  instance,  and  afterwards  decom- 
posed  as  the  temperature  rises  (ToUens,  Zeitschr,  /.  Chem,  [2]  ii.  618 ;  Tollens  a. 
Weber,  ibid.  iv.  441). 

Ethyl  Formate.  C«H*0«  -  CnO«.C«H».— Lowiga.  Weidmann  observed  that 
this  ether  when  treated  with  sodium  gives  off  pure  carbon  monoxide,  without  admixture 
of  hydrogen,  and  likewise  yields  sodium  ethylate,  alcohol,  and  sodium  formate.  According 
to  Wanklyn  (ZeiUehr.  f.  Chem.  [2]  iv.  674),  the  reaction  is  in  the  first  instance 
analogous  to  that  which  takes  place  with  ethyl  acetate,  yielding  sodium-triformyl  and 
sodium  ethylate : 

8^.}0    +  Na*    *=   (CHO)*Na  +   3C*H»NaO, 
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the  sodium  trifonnjl  being  then  resolred  into  sodium  methjlate  and  carbon  monoxide: 

(CHO)«Na  «  2C0  +  CH'NaO. 

The  greater  part  of  the  carbon  monoxide  hovever  is  doe  to  the  decomposition  of  the 
excess  of  ethyl-formate  under  the  influence  of  the  sodium  ethylate,  the  products  being 
Ciirbon  monoxide  and  alcohol:  C'H*0'  »  CO  +  CH'O.  Direct  experiments  by 
Geuther  {Zeiixhr.  f.  Chem,  [2]  iy.  655)  hare  indeed  shovn  that  ethjl  formate  is 
decomposed  in  this  manner  when  heated  in  sealed  tubes  with  sodium  ethjlate,  the 
latter  remaining  unchanged. 

Ethyl  Orthoformate.  C'H»K)«  =  (CHy(OC»H»)».— This  ether,  discorered  by 
Williamson  a.  Kay  {Proc.  Boy.  Soe.  rii.  135),  is  produced  by  the  action  of  chloroform  on 
sodium  elhylate,  or  by  heating  chloroform  with  a  solution  of  potash  in  absolute  alcohol : 

CHC1«  +  3C«H»NaO  -  BNaQ  +  CH(OC*fl«)». 

Ladenburg  a.  Wichelhaus  (BtiU.  Boc.  Ckim.  [2]  ix.  356)  prepare  it  by  dropping  a 
mixture  of  absolute  alcohol  and  chloroform  on  sodium  (1  mol.  ehlorofonn  to  8  at. 
sodium),  under  a  layer  of  ether.  A  brisk  reaction  takes  place  at  first,  after  which  the 
mixture  is  distilled,  first  over  a  water-bath,  then  orer  an  oil-bath,  and  the  portion 
which  distils  aboye  110°  is  washed,  dried,  and  rectified  :  170  grms.  sodium  treated  in 
this  manner  with  about  300  grms.  chloroform  and  350  grma.  absolute  aleohol  yielded 
50  grms.  ethyl  orthoformate. 

Ethyl  orthoformate  is  a  colourless,  aromatic,  easily  inflammable  liquid  haying  a  sp.  gr. 
of  0-8694,  remaining  liquid  at  -18^  and  boiling  at  146®-146*»  (Kay),  at  146^-148« 
(Ladenburg  a.  Wichelhaus).  Bromine  decomposes  it  at  ordinaiy  temperatures,  yielding 
ethyl  bromide,  ethyl  carbonate,  ordinaiy  ethyl  formate,  and  alcohol  (L.  a.  W.) : 

2CH(0C»H»)'  +  Br*  =  2C«H»Br  +   CO(OC«H»)«  -i-   CHO(OC»H»)  +  C*HH). 

Heated  in  sealed  tubes  with  aqueous  ammonia  or  ethylamine,  it  yields  czystals  of 
ammonium  or  ethylammonium  formate.  With  perfectly  anhydrous  alcoholic  ammonia 
a  base  is  obtained  which  yields  a  well-crystallised  platinnm  salt.  With  aniline  it 
yields  mcthenyl-diphenyl-diamine,  (CH)'"(CH*)*HN>  (Wichelhaus,  ZeUaekr.  /.  Ckem. 
[2]  y.  284). 

The  relation  between  orthoformic  ether  and  ordinaiy  fonnic  ether  may  be  repre- 
sented by  the  following  fonnnlft: 

Fiomiic.  Orthofomio. 


rommo  AXBWmmm.  CH*0  «  H.GOH.  MeH^ie  MdehwU  (HofrntJin, 
Proc.  Boy.  8oc.  xyi.  156). — This  compound,  which  may  also  be  regarded  as  the  ketone 
of  formic  acid,  is  produced  when  a  current  of  air  charged  with  yapour  of  methyl 
alcohol  is  passed  oyer  a  glowing  spiral  of  platinum  wire.  A  three-necked  bottle 
haying  a  capacity  of  2  litres  is  filled  to  about  2  centim.  with  gently  warmed  methyl 
alcohol.  Through  one  of  the  necks  passes  a  tube  reaching  to  the  surface  of  the  Uquia ; 
the  second  is  fitted  with  a  cork  carrying  a  spiral  of  platinum  wire,  also  reaching  to  the 
surface  of  the  liquid ;  and  the  third  is  connected  with  a  Liebig's  condenser,  the  lower 
extremity  of  which  is  fitted  into  a  two-necked  receiyer.  The  second  tnbulus  of  this 
receiyer  is  connected  with  a  series  of  wash-bottles,  the  last  of  which  is  connected  with 
an  aspirator.  The  apparatus  being  thus  prepared,  the  platinum  spiral  is  lieated  to 
whiteness  and  introduc<>d  into  the  three-nocked  bottle.  In  a  few  seconds  the  slow 
combustion  of  the  methyl  alcohol  is  made  eyideAt  by  the  irritating  odour  emitted,  the 
whole  apparatus  at  the  same  time  becoming  heated,  and  drops  of  liquid  collecting  in 
the  receiyer.  The  apparatus  is  now  in  good  working  order,  and  if  the  stream  of  air 
be  properly  regulated,  the  platinum  wire  may  be  kept  glowing  uninterruptedly  for 
hours,  or  eyen  days. 

The  liquid  which  collects  in  the  receiyer  is  a  solution  of  formic  aldehyde  in  methyl 
alcohol.  When  rendered  slightly  alkaline  by  ammonia  and  gently  warmed  with 
silyer  nitrate,  it  yields  a  beautiful  specular  de^it  of  silyer,  with  greater  ease  eyen 
than  common  acetic  aldehyde.  The  same  solution  heated  with  a  few  drops  of  caustic 
potash,  deposits  drons  of  a  brownish  oil  haying  the  odour  of  the  resin  of  acetic  aldehyde. 

Formic  aldehyde  nas  not  yet  been  obtained  in  the  pure  state  ;  but  on  treating  its 
solution  with  hydrogen  sulphide,  and  heating  the  resulting  liquid  with  strong  hydro- 
chloric acid,  it  solidifies  on  cooling  to  a  dassling  white  mass  of  felted  needles,  consisting 
of  the  corresponding  sulphur-compound  CH*S. 

According  to  £.  Mulder  {Zeitschr.f,  Chem,  [2]  iy.  265),  formic  aldehyde  is  also 
produced  by  the  dry  distillation  of  calcium  formate.    Formic  sulphaldehyde  is  one  of 
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the  products  of  the  action  of  nascent  hydrogen  on  sulphocjanic  acid :  8CNH  +  2H* 
«  NH*  +   CH*S  (Hofmann,  ZeiUckr,/.  Cheat.  [2]  iv.  689). 


rOBMOaSMSOIO  AOIS.    Syn.  with  MiOiOBLio  Acid  (iii.  799). 


rOVXXO  AOZB  and  WMMMOrlTLSMm  Frangulin,  the  yellow  colouring 
matter  of  the  bark  of  the  beny-bearing  alder  {Rhamntu  Franaula),  has  lately  been 
examined  by  A.  Faust  (ZtiUchr,/.  Chem.  [2]  v.  17)«  who  finds  that  in  the  pure  state, 
as  prepared  by  Casselmann's  process  (ii.  706),  it  has  the  composition  C^H^'O'*,  and 
that  it  is  a  glucoside,  being  resolved  by  acids  into  sugar  and  fi^ngulic  acid : 

C»H»0»«  +  H«0  -  C»H"0«  +   C»*H»»0*. 

FrangvUe  acid,  C**H>*0*  +  HK),  may  also  be  prepared  directly  from  the  bark  by 
boiling  it  with  water  containing  soda  instead  of  ammonia,  as  in  the  preparation  of 
frangulin.  It  is  an  orange-yellow,  loosely  coherent,  crystalline  mass,  appearing  under 
the  microscope  to  be  composed  of  long  prisms.  It  melts  between  246^  and  248®,  and 
gires  off  its  water  of  crystallisation  at  120^;  dissolres  slightly  in  water,  chloroform, 
and  benaol,  easily  in  alcohol  and  ethers.  Alkalis  dissolve  it,  forming  solutions  of 
a  fine  red  colour,  ftom  which  acids  precipitate  it  unaltered.  Ftom  its  slightly 
ammoniacal  solution,  it  is  precipitated  by  alkaline  earths  and  bv  many  metallic  salts. 
It  dissolves  in  fuming  nitric  acid,  and  the  solution  when  diluted  and  evaporated, 
leaves  a  red  mass,  probably  identical  with  the  nitrofrangulic  acid  which  Casselmann 
obtained,  together  with  oxalic  acid,  by  the  action  of  fuming  nitric  acid  upon  frangulin. 
IHbromo-Jranmdie  acid,  C'^H'Br^*,  is  precipitated  on  mixing  an  alcoholic  solution  of 
frangnlic  acid  with  excess  of  bromine.  It  is  a  light-red  crystidline  mass  composed  of 
short  slender  microscopic  needles,  sparingly  soluble  in  cold  alcohol. 

Difrangulie  acid,  C"H»K)»  *  2C"H"0»  -  H"0,  is  formed  in  small  quantity  in 
the  preparation  of  frangulic  acid  from  the  bark  of  Nhamnus  Prangula  by  boiling  with 
water  containing  soda,  and  may  be  separated  from  the  lead  precipitates  obtained  in 
the  course  of  the  prepamtion.  It  is  very  much  like  frangulic  acid,  bat  has  a  darker 
colour;  crystallises  with  2  mol.  water,  which  are  given  off  at  120®  ;  melts  at  248^-250°, 
that  is  to  say  nearly  at  the  same  temperature  as  frangulic  acid.  This  coincidence 
of  melting  point  appears  to  be  due  to  the  circumstance  that  franeulic  acid,  at  or  a 
little  below  its  melting  point,  gives  off  water  and  is  converted  into  difrangulie  acid. 


From  an  analysis  by  v.  Kobell  {Jakre^.  1866,  p.  922),  and  a 
new  analysis  by  Rammelsbeig  (ilrid,  1867t  p>  979),  this  mineral  appears  to  have  the 
general  formula  of  the  spinels,  MO.M*0*.  The  mean  of  Bammelsberg's  analyses 
gave  6605  p.  c  Fe*0*,  12'23  MnK)',  and  21*88  ZnO,  agreeing  with  the  formukk 
(|MnO.|ZnO).Fe«0>. 

nJiXXV  or  VAITRV.  From  a  renewed  examination  of  this  substance,  obtained 
from  horse-chestnut  bark,  Rochleder  («7.  pr.  Chem.  xc.  433  ;  Jahresb.  1863,  p.  688) 
concludes  that  it  has  the  composition  2C"H*'0** .  H*0,  and  that  when  heated  in  a 
stream  of  carbon  dioxide  to  150°  (more  quickly  at  200®)  it  gives  off  its  water,  and  then 
contains  C'*H**0'*.  After  crystallisation  from  hot  alcohol,  it  is  puro  white,  and  gives 
off  its  water  at  1 10®-1 1 3®.  Its  decomposition  into  f  r  axe  t  i  n  and  glucose  is  represented 
by  the  equation : 

C"H>K)"  +  H*0  -  C"H«0*  +  C«H>«0« 
Fnzin.  Fraxetln.         Glaooee. 


The  leaves  of  the  ash-tree  (Fraxiniu  esceUior)  contain,  according 
to  W.  Gintl  {Zeitschr.  /.  Chem.  [2]  iv.  731 ;  v.  377)»  fSftt,  pectin,  a  resinous  body, 
optically  inactive  malic  acid  (partly  firee,  partly  as  calcium  salt),  inosite,  mannite, 
dextroglucooe,  and  a  gummy  substance  not  yet  examined. 


lUlT*  A.  Dupri  {Ckem.  8oc.  J.  [2]  v.  878)  has  examined  the  variations  in  the 
proportions  of  acid  and  sugar  which  take  place  in  the  ripening  of  grapes.  He  finds 
that  a  considerable  increase  in  the  quantity  of  sugar  is  not  attended  witn  any  essential 
alteration  in  the  amount  of  acid :  whence  it  seems  to  follow  that  the  sugar  is  not  formed 
from  the  acid,  but  that  the  acid  determines  the  formation  of  sugar  from  some  other 
constituents  of  the  fruit. 

Sestini  (Bull.  Soc,  Chim,  [2]  vii.  236)  has  determined  the  Quantities  of  water,  su|;ar 
(glucose),  and  acid  in  various  dried  fVuits.  The  numbers  in  the  column  headed  '  Acid ' 
indicate  the  volume  in  cub.  cent,  of  a  normal  alkaline  solution  (oontaining  20  grams 
soda  in  a  litre)  which  is  neutralised  by  100  grams  of  the  fruits. 
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FRUIT. 


I 


Ordinary  dry  figs . 
Figs  a  piece  .         • 

Marseilles  figs      ... 
Dat<«  (stoned) 

Dried  currants  (Corinth  grapes) 
Dry  grapes  (Zibibbo)    . 
Dry  pears  ♦  (from  Farli) 
Black  Marseilles  plums 
White  Italian  plums     . 


p.c 


34-38 
43*36 
82-67 
3918 
34-64 
37-83 
3286 
31-95 
33-09 


Glucose 
p.c. 


42-00 
45-50 
48-35 
43-40 
53-97 
54-08 
23-93 
23*28 
31-95 


Add 
ex. 


105 

52 

5-3 

2-8 

36-3 

17-8 

16-4 

359 

56*2 


Boussingault  {Ann.  Ch,  Pkys.  [4]  Tiii.  210)  has  examined  the  products  of  fermenta- 
tion of  saiccharine  fruits.  Having  observed  that  the  quantity  of  alcohol  obtained  by 
distilling  fermented  cherry  or  plum  juice,  is  only  a  firaction  of  that  which  corresponds 
to  the  sugar  contained  in  the  substances  subjected  to  fermentation,  he  endeavoured  to 
ascertain  the  cause  of  this  loss  by  a  comparative  estimation  of  the  amount  of  sugar  in 
the  fruit,  and  of  the  quantities  of  sugar  and  alcohol  in  the  products  of  the  fermentation. 
In  the  following  table  (p.  625)  the  numbers  marked  a  in  the  column  headed  *  Glucose ' 
denote  the  sugar  which  directly  reduces  cupric  oxide ;  b  that  which  is  formed  by  heating 
with  acids.  The  '  calculated '  numbers  denote  the  quantity  of  alcohol  corresponding  to 
the  glucose  which  disappears  in  fermentation.  The  quantity  of  acid  is  expressed  by 
its  equivalent  in  hydrogen  sulphate,  SO^H*.    All  weights  are  given  in  grams. 

Out  of  100  pts.  glucose  and  other  kinds  of  sugar  contained  in  the  fresh  juice  there 
remained  undecomposed  by  the  fermentation : 

OrOrapei  Andes  Damflons         Mtrahrtlw  Charioi 

1-9  to  3*4        2-8  to  16-7        7*7  to  8        5*9  to  18        86*2  to  38*4  pts. 

The  fermented  juice  (1  litre)  still  contained  the  following  quantities  of  sugar  or 
saccharine  substances : 


In  Wine 


CUer 


Damson 
wine 

6to7 


IdrabeUfl 

wine 
12  to  19 


Cbeny 
wine 
4to8        4to8        6to7        12  to  19        40  to  46  grams. 

Boussingault  surmises  that  the  sugar  in  wine  and  cider  may  gradually  disappear  in 
consequence  of  a  slow  fermentation,  although  it  had  not  sensibly  diminished  after  the 
samples  had  been  kept  for  a  year  or  two. 

Grapes  contain  only  glucose ;  apples  only  glucose,  with  sometimes  an  invertible 
sugar  (cane-sugar  ?) ;  but  the  pulp  of  stone-firuits  contains  also  non-fermentable  sub- 
stances. Cherries  contain,  besides  glucose,  a  considerable  quantity  of  a  ciystallisablo 
substance,  which  reduces  potassio-cupric  tartrate,  and  after  treatment  with  acids  is  not 
fermented  by  yeast :  hence  it  is  found  in  the  fermented  juice.  Damsons  and  mirabelles 
contain  a  substance  (gum  ?)  which  is  converted  by  acids  into  fermentable  glucose 
(galactose  ?),  and  appears  also  to  undergo  this  change  daring  the  fermentation  of  the 
juice,  as  it  disappears,  partly  at  least,  during  that  process.  Hence  it  follows  that  the 
estimation  of  glucose  by  means  of  potassio-cupric  tartrate  before  fermentation  may 
lead  to  totally  erroneous  results  regarding  the  quantity  of  alcohol  that  may  be  expected, 
unless  it  has  been  previously  ascertained  that  the  directly  reducing  substance  is  really 
fermentable  sugar,  and  that  the  substance  which  reduces  after  treatment  with  acids  is 
cane-sugar  or  an  analogous  body. 

The  amount  of  acid  in  wine  from  the  grape  is  greater  than  that  in  must,  whether 
the  fermentation  takes  place  with  or  without  access  of  air;  in  other  fruits,  the  quantity 
of  acid  diminishes  in  fermentation  without  access  of  air.  The  quantity  of  alcohol  of 
the  fermented  product  is  in  all  cases  less — probably  in  consequence  of  evaporation — 
than  that  whidi  is  calculated  from  the  glucose  which  disappears  ;  a  further  loss  (about 
10  p.  c.  of  the  alcohol  formed)  takes  place  in  the  distillation  of  cherry-  and  damson- 
brandy.  Black  cherries  and  the  variety  known  as  mMsea  contain  in  their  saroocaro 
the  substances  required  for  the  formation  of  prussic  acid,  and  therefore  yield  must  and 
fermented  products  containing  that  acid,  even  if  the  kernels  have  been  previously 
removed.  Damsons  and  mirabelles,  on  the  other  hand  (unless  mixed  with  braised 
kernels),  always  yield  a  distillate  free  from  prussic  acid.  In  a  litre  of  cherry-brandy 
Boussingault  found  from  0-120  to  0*183  grm.  prussic  acid. 


•  The  peara.  for  better  preaerration,  had  been  dipped  in  boiling  water  befora  dxring :  hence  the 
small  amount  of  sugar. 


FRUIT. 
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Fermeniaiion-producU  of  Saecharim  FruUs, 


IfntortAl  aad  Prodncl  of  Fennntatioii 

Glpoooe 

Alcohol ; 
found,      cak. 

Add 

Grapes, 

L  Must  with  Lees 
Wine 

13-6  UU 
12*06   „ 

2472*22 
47*50 

1118-5    1239-3 
=  90  p.  c. 

94*23 

101*43 

n.  Must  vithont  Leee 
Wine 

2  lit. 
1-933  ,, 

446*94 
15-81 

201*26    220*61 
-91  p.  c 

7*06 
8*36 

JppU$. 

TIT.  Must      . 
Wine     • 

19037  grm. 
17077     „ 

1836*28 
135*05 

781*23    869-50 
-89*8  p.  c 

77-48 
71-44 

IV.  Must  with  72  cc. 
yeast  . 
Wino 

2072  lit. 
1-810  „ 

20116 
6*66 

86-30      90-9 
-86  p.  c. 

814 
0-86 

Ckerriet. 

V.  Chernr-pulp  ♦ 
without  stones 
After  fennentation  . 

11-5  Ut 
10*694   „ 

312409 
119012 

902-40    983*80 
-92  p.  c. 

78-55 
76*29 

VI.  Cheiries  with  kernels 
After  fennentation . 

8520  grm. 
8117     „ 

1349-23 
476*20 

394-14    446-72 
-88  p.  c 

26-0 
36*98 

Mirab€Ues,f 

VII.  Fnlp  without  kernels  2419-8  grm. 
After  fermentation  .   2251*6    „ 

137*93    178-97 
—  76  p.  c 

19-21 
13-60 

Ikimaotu.f 

VITT.  Pulp  without  kernels  6639*6  grm. 

(a)604*5>«22.g 
(6)  3781  r^^® 

(a)42*20Kg.og 

(6)  23*89 1*^"* 

— 

4701 

After  fermentation  . 

6220-5    ,, 

351-85    387*11 
-91  p.  c. 

36*71 

Bamion-juice, 

IX,  Before  fermentation 

854-40  grm. 

(a)61'3nj.-2i 
(6)  46*90  p"'^* 

— 

6-22 

After  fennentation  . 

808*25    „ 

ra)4-69L.2- 
(6)  3-58  r^' 

47-64      50*67 
-94  p.  c 

.   3-95 

*  The  number  for  glnooM  incladei  the  non-fermeDtable  sweet  Babstance  (ivf/Wi).  V.  Small  black 
sweet  ofaeiries  (purita) ;  VI.  Ordinary  black  cberriea. 

t  In  the  fermentation  of  mirabdles  and  damaona,  a  white  pnlTemlent  nbstanoe  like  Inolin  settled 
to  the  bottom ;  the  yeast  formed  remained  endoiea  in  the  fralt-pnlp. 


8lipt 
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Seo  ANii.mB-i>TBs. 

TJrcUBm  The  ash  of  rarious  species  of  fncus  hafi  been  analysed  by  E.  Marchand 
(J.  Pharm.  [4]  ii.  276  ;  Ann.  Ck.  Phya.  [4]  viii.  320;  Jahresb.  1866,  p.  640;  1866,  p. 
703). 

nr&MZVOBB.  A  modification  of  cellulose  supposed  by  Blonde&n  to  exist 
in  gnn-cotton,  and  produced  by  the  action  of  acids  or  of  heat  on  ordinary  cellulose 
(p.  419). 

nXABZO  AOZB.  C*H^O*. — This  is  an  unsaturated  acid  containing  2  at. 
hydrogen  less  than  succinic  acid.  Respecting  its  constitution,  and  that  of  the  isomeric 
compound,  maleic  acid,  see  Acros,  Oboanic  (p.  47). 

Fumaric  acid  treated  with  water  and  sodium-amalgam,  or  with  hydriodie  add,  takes 
up  2  atoms  of  hydrogen  and  is  converted  into  succinic  acid  (ii.  748).  According  to 
Kekul^,  however  {Ann.  Ch.  Pkarm.  Snjfpl.  ii.  108)»  sine  dissolves  in.  aqueous  fumaric 
acid,  with  evolution  of  hydrogen,  forming  zinc  Aunarate ;  but  when  fumaric  acid  is 
gently  heated  with  zinc  and  excess  of  potash-solution,  the  hydrogen,  instead  of  escaping, 
attaches  itself  to  the  fumaric  acid,  and  cnnveits  it  into  succinic  acid.  According  to 
V.  Victor  {ZeUachr.  /.  Chem.  [21  iv.  454),  when  zinc  and  fumaric  acid  are  placed  together 
in  cold  water,  the  zinc  is  rapidly  attacked,  without  evolution  of  hydrdgen,  the  fumaric 
acid  gradually  dissolves,  and  the  liquid  deposits  four-sided  prisms  of  zinc  fVunarate, 
while  succinic  acid  remains  in  solution : 

2C*HH)*  +  Zn  -  C^H^Zn'O*  +  C*H«0«. 

rUMAXZWa.  This  base,  obtained  by  Peschier  and  afterwards  by  Hennon  from 
Ftimaria  officinalis^  has  been  fuKher  examined  by  Freuss  {Zrittchr,  f.  Chem.  [2]  ii. 
414  ;  Bull.  8oc.  Chim.  [2]  vii.  453),  who,  however,  has  not  determined  its  composition. 
It  is  described  as  crystallising  in  irregular,  six-sided,  monoclinic  prisms,  soluble  in 
alcohol,  chloroform,  benzol,  carbon  bisulphide,  and  amyl  alcohol,  sparingly  soluble  in 
water,  insoluble  in  ether.  The  solution  nas  a  bitter  taste  and  alkaline  reaction.  It  is 
not  coloured  by  strong  nitric  acid.  With  strong  sulphuric  acid  it  forms  a  dark  violet 
liquid,  which  turns  brown  on  addition  of  non-oxidising  agents.  The  easily  soluble 
acetate  crystallises  in  silky  tufts  of  needles ;  the  sparingly  soluble  hydrochloride  and 
sulphate  in  prisms  ;  the  platinum  and  gold  salts  in  octohedrons. 

nmvintOX^  OH^O*,  is  evolved  in  considerable  ouanti^  in  the  preparation  of 
munjistin  by  boiling  munjeet  with  aluminium  sulphate  (iii.  1061);  alsa  in  the 
preparation  of  garancin  by  boiling  ordinary  madder  with  sulphuric  add  (Stenhonse, 
11.  751). 

Furfurol  is  the  aldehyde  of  pyromudc  acid,  C*H*0',  and  is  oonvarted  into  that  acid 
by  oxidation  with  silver-oxide  (ii.  752),  or  better  by  boiling  with  concentrated  alcoholic 
potash  (Ulrich,  Jahresb.  1860,  p.  269).  According  to  Limprieht  {ZmUokr.  /.  Chem. 
[2]  V.  599),  furfuric  alcohol  is  |nx)duoed  at  the  same  time : 

2C»HW  +  KHO  »  C»H»KO«  +  C»H^» 
Fnrfund.  Fyromucate.      Farfurlo 

^oohol. 

The  furfuric  alcohol  may  be  extracted  from  the  product  by  agitation  with  ether ;  and 
the  residue  decomposed  by  sulphuric  acid  yields  pyromueic  add,  which  may  then  also 
be  extracted  by  agitation  with  ether. 

According  to  Stalman  (Jahresb.  1867,  p.  686),  Airfurie  alcohol  may  be  obtained  by 
the  action  of  sodium-amalgam  on  Airforic  (?  pyromudc)  add,  in  the  form  of  a  light 
brown  visdd  liquid,  insoluble  in  water  and  decomposed  by  distillation. 
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This  mineral  hus  been  regaided  by  aome  erystallogmpheTs  as 
orthorhombic  (NoidenBkjdld,  Jakresb.  1869,  p.  779;  Scheerer,  iiid,  1861,  p.  988; 
V.  T.  Lang,  Phil.  Mac.  [4]  zxriii.  146),  bj  others  as  monodinie.  Waage  {Jahreth, 
1867,  p.  986)  found  large  well-defined  cijiBtals  from  Hitteroe  to  be  oombinations  of 
the  monoclinie  prism  ooP  with  the  pyramidal  face  P  and  several  secondary  &ces,  and 
having  the  dinodiaffonal,  othodiagonal,  and  principal  axis  in  the  r^tio  0*6249 : 1 : 1  *3 1 7 1 3. 
Descloizeanx  and  Damonr  showed  in  1860  (Ann,  Ch,  Phys,  [3]  lix.  867)  that  some 
varieties  of  gadolinite  are  monorefractive,  some  birefractive,  ana  others  mixtures  of  the 
two  kinds.  In  a  recent  paper  {Ann,  Ch,  Phya.  [4]  xviii.  306)  Bescloiseanx  reports  : 
(1)  That  the  crvstals  of  gsbdolinite  from  Hitteroe,  measored  by  himself  and  Waage,  and 
analysed  by  Scheerer,  have  an  energetic  bi-axial  refraction  on  two  optic  axes ;  the 
orientation  of  these  axes,  that  of  their  bisectrix,  and  their  indined  dispersion,  prove 
that  the  primitive  form  is  an  oblique  rhombo'idal  prism  (?  tridinic)  whose  plane  of 
symmetry  is  the  same  as  that  of  the  axis :  this  variety  contains  from  10  to  12  p.  c.  of 
glucina.  (2)  The  most  homogeneous  of  the  Ytterbv  ciystals  measured  by  von  Lang, 
and  analysed  by  Berlin,  are  monorefractive ;  they  exnibit  a  certain  number  of  peculiar 
modifications,  in  addition  to  those  shown  in  the  Hitteroe  crystals,  of  which  they  are 
the  pseudomorphs,  and  they  do  not  contain  glucina.  (3)  The  heterogeneous  specimens 
are  forms  in  transition  from  the  first  to  the  second  variety ;  they  contain  from  2  to  6 
p.  c.  of  glucina.  These  three  kinds  of  gadolinite  difier  entirely  in  their  symbolic 
chemical  relations.  The  birefractive  kind  has  the  formula  SM'O.SiO';  the  mono- 
refractive  is  a  sort  of  peridote  2M*0 .  SiO*  or  Sf^iO* ;  and  the  tiansition-forms  give  an 
undecided  result,  the  ratio  between  the  oxygen  of  the  silica  and  that  of  the  bases  vary- 
ing between  3  :  4  and  4  :  6.  These  differences  of  constitution  probably  originate  in 
local  circumstances.  The  Hitteroe  mineral  appears  to  be  associated  with  malacone 
and  polycrase  in  a  granitic  vein  composed  of  quartz,  orthoclase,  and  oligoclase  (with  a 
little  mica),  and  crossing  the  gabbro  of  which  the  ^[reater  part  of  the  island  of  Hitteroe 
is  formed  ;  but  that  of  Ytterby  is  chiefly  accompanied  byyttrotantalite  and  fergusonite, 
and  is  imbedded  over  a  red  lamellar  orthoclase,  divided,  bv  large  plates  of  black  mica. 
On  the  behaviour  of  gadolinite  when  heated,  see  Church  {Chem,  Soe,  J.  [2j  ii.  416). 

See  Htpooaic  Atm. 


This  resin  fused  with  potash  yields  resorcin,  C*H*0*  (iv.  216). 

U  C'H*0*,  occurs,  according  to  Phipson  (Chem,  Newit  xx.  116), 
together  with  ellagic  and  nucitannic  acids,  in  the  epi sperm  of  walnuts.  Accoiti- 
ing  to  von  Tieghem  (Compt,  rend,  Ixv.  1091),  the  formation  of  gallic  acid  in  a  solution 
of  tannic  acid  is  esjwcially  promoted  by  the  development  of  the  spores  of  PenicUlium 
gUmeum  and  AtpergiUua  nigtr,  the  solution  being  exposed  to  the  air  (p.  614). 
According  to  Boltey  and  Bahr  (ZeiUehr.  f.  Chem.  [2j  iv.  601),  gallic  acid  is  produced 
frY>m  the  tannin  of  the  sumach  by  warming  it  with  sulphuric  acid. 

A  solution  of  barium  gallate  treated  with  excess  of  silver  nitrate  yields  a  black 
precipitate  containing  metallic  silver,  and  the  filtrate  contains  an  add  which  when 
separated  by  hydrogen  sulphide  fr^m  its  lead  salt,  exhibits  all  the  properties  of  querci- 
tannic  add  (J.  Lowe,  J.pr.  Chem.  cii.  Ill ;  Jahreeb.  1867,  p.  446  ;  see  also  Barfoed, 
ibtd.  p.  447).  A  certain  portion  of  the  gallic  acid  is  at  the  same  time  converted  into 
dlagic  acid,  the  greater  part  of  which  however  undergoes  further  oxidation ;  but  by 
using  arsenic  ada  as  the  oxidising  agent,  ellagic  acid  may  be  obtained  in  considerable 
quantity.    Its  formation  from  gallic  acid  is  represented  by  the  equation : 

C»*H»0'»  +  O  -  C^H-O*  +  3H«0 

(Lowe,  Zeitsehr,/.  Chem,  [21  iv.  603). 

When  the  solution  of  ada  barium  gallate,  (C'H'0')'6a  (ii.  761),  is  saturated  with 
baryta-water,  a  white  precipitate  is  formed  which  quickly  turns  blue  in  contact  with 
the  air ;  but  if  the  predpitation  and  washing  with  de-aerated  water  be  performed  in 
an  atmosphere  of  hydrog^nf  and   the  precipitate  quickly  dried   in  a  vacuum  over 
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sulphuric  acid,  it  exhibits  (at  150°)  the  composition  C^K^hkH)* ;  hence  gallic  acid 
appears  tobequadribasic.  In  the  air-dried  state  this  barium  salt  oontaina  5  mol. 
or  17  p.  c.  water  (Hlasiwetz,  J.  pr.  Ckem.  ci.  113). 

Bromoffallio  Aotd.  When  gallic  acid  is  triturated  with  bromine,  a  brisk  action 
takes  place,  hydrobromic  acid  is  evolved,  and  mono-  or  di-bromogallic  acid  is  formed, 
according  to  the  proportion  of  bromine  used  (Grimaux,  BuU,  Soc,  Chim,  [2]  vii. 
479). 

Monobromogallio  a c t c?,  C'H^BrO*,  crystallises  by  spontaneous  evaporation  of 
the  aqueous  solution,  in  small,  transparent,  yellow,  hexagonal  plates,  becoming  white 
and  opaque  at  100° ;  from  a  hot-saturated  solution  it  crystallises  in  needles.  It  is 
easily  soluble  in  boiling,  sparingly  in  cold  water,  soluble  also  in  alcohol  and  in  ether ; 
melts  above  200°  without  decomposition  ;  oxidises  easily  in  the  air,  and  is  coloured 
successively  rose-red,  greenish,  and  orange-yellow  by  lune-  or  baryta-water,  orange- 
yellow  by  ammonia  or  potash,  black  by  ferric  chloride. 

Dibromogallic  acid,  C'H^Br^O^  (at  135°),  is  obtained  by  triturating  gallic  acid 
with  excess  of  bromine  (2  or  3  pts.)  and  dissolving  the  product  in  Uiree  times  it« 
weight  of  boiling  water  ;•  it  is  formed  also  in  the  preparation  of  the  monobrominated 
acid  and  crystallises  out  after  the  latter.  It  forms  long  brittle  needles  or  prismatic 
lamintt,  which  retain  1  mol.  water  at  100°.  Dissolves  slightly  in  cold,  more  easily  in 
boiling  water,  in  ether  and  in  alcohol,  is  coloured  rose-red,  light  green,  and  dark  red 
by  lime-  or  bauryta- water,  indigo-blue  in  ethereal  solution  by  baryta- water,  and  then 
red  by  water.  Ammonia  and  potash  form  with  the  acid  an  orange-yeUow  solution 
becoming  rose-red  on  dilution ;  with  ferric  chloride  it  forms  a  black-blue  liquid 
(G-rimaux).  According  to  Hlasiwets  {Buli,  Soc.  Ckim.  ix.  601),  dibromogallic  acid 
forms  with  ferric  chloride  a  splendid  violet-blue  solution,  with  ammonia  a  fiery-red 
solution  afterwards  turning  brown,  and  with  baryta-water  a  precipitate  which  turns 
blue  on  agitation. 

CUkMBOn  (Hlasiwetz  a.  Barth,  Ann.  Ch.  Phnrm.  cxxxviii.  61 ;  Jakrah.  1866, 
p.  628). — This  gum-resin,  purified  by  solution  in  alcohol,  filtration,  distillation,  and 
precipitation  of  the  residual  liquid  with  water,  froths  strongly  when  fused  with  potash, 
giving  off  vapours  smelling  like  lemon  and  balm.  The  fused  mass,  almost  wholly 
soluble  in  dilute  sulphuric  acid,  contains  (besides  much  acetic  and  apparently  also 
butyric  acid)  four  products  soluble  in  ether — viz.  phloroglucin;  a  crystallised  acid  not 
precipitated  by  neutral  lead  acetate ;  a  crystallisable  and  an  uncrystallisable  acid,  both 
of  which  are  precipitated  by  lead  acetate.  To  separate  these  products :  a.  The  aqueous 
solution  of  the  residue  from  the  ether-distillation  is  neutralised  with  sodium  carbonate 
and  then  agitated  with  ether,  which  dissolves  the  phloroglucin  (6  to  8  grm.  from  a 
pound  of  gamboge). — 3.  The  liquid  filtered  therefrom  is  warmed,  acidulated  with 
sulphuric  acid,  and  then  exhausted  five  or  six  times  with  ether.  The  zesidue  of  this 
ethereal  extract  is  dissolved  in  water  and  precipitated  by  neutral  lead  acetate.  The 
white  bulky  precipitate  A  contains  the  two  precipitable  acids ;  the  liquid  B  filtered 
therefrom  contains  the  third  non-precipitable  acid.  The  lead  precipitate  A  and  the 
liquid  B  are  decomposed  with  hydrogen  sulphide,  the  lead  sulphide  is  washed  with 
boiling  water,  and  the  filtered  liquids  are  evaporated.  The  filtrate  thus  obtained  from 
the  liquid  B  still  contains,  however,  a  small  quantity  of  the  acids  precipitable  by  lead 
acetate,  inasmuch  as  part  of  the  precipitated  lead  salt  is  redissolved  by  the  liberated 
acetic  acid. 

The  liquid  from  the  lead  salt  A,  evaporated  to  a  syrup  and  left  to  itself  for  several 
days,  3rields  granular  crystals,  whilst  the  other  amorphous  syrupy  acid  (not  obtained 
pure)  remains  in  the  mother-liquid.  The  crystallised  acid  is  isomeric  with  uvitic  acid, 
C'H'O^  (v.  971).  and  is  therefore  called  iso-uvitic  acid.  After  recrystallisation 
from  boiliz\g  water  with  aid  of  animal  charcoal,  it  forms  rather  thick,  short,  prismatic 
crystals  belonging  to  the  rhombic  system,  often  with  saddle-shaped  faces.  It  has  a 
strong  acid  taste  and  reaction,  melts  without  loss  of  water  at  180°,  and  solidifies  again 
in  the  ciystalline  form.  Its  ammonium  salt  forms  very  deliquescent  laminae ;  the 
calcium  toll  crystallises  from  a  solution  of  the  ammonium  salt  mixed  with  calcium 
chloride  in  spherical  aggregates ;  another  (probably  acid)  calcium  salt  is  formed  by 
saturating  the  acid  with  calcium  carbonate.  The  barium  salt  C*H*BaO'  crystallises  in 
shining  scales ;  the  cadmium  salt  (C*H'0^)'Gd  +  5H'0  in  warty  groups  of  short 
prisms ;  the  silver  salt  C*H'AgO^  is  a  bulky  precipitate  sparingly  soluble  in  cold  water, 
not  altered  by  light. 

The  acid  not  precipitable  by  lead  acetate  obtained  from  the  liquid  B,  is  pyrotar- 
taricacid,  C*HK)*. 

CkAMW,  ABSOaVTZOV  OV.  1.  My  Uqulds.— Khanikoff  a.  Louguinine 
{A»u.  Ch,  Pkys.  [4]  xi.  412)  have  shown  that  the  absorption  of  carbon  dioxide 
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bj  ▼ater  at  a  oonataiit  temperature  is  not  exactly  proportional  to  the  pressure 
(see  p.  404).  On  the  absorption  of  carbon  dioxide  by  solution  of  sodium  phosphate, 
see  Heidenhain  a.  Meyer  (Ann,  Ch,  Pharm.  Suppl.  ii.  157  ;  Jakresb.  1863,  p.  92). 

H.  Deicke  (Pogff.  Ann.  cxix.  156)  has  determined  the  absorption-coefficient  of 
hydrogen  chloride  for  water  at  different  temperatures.  The  results,  calculated 
for  a  barometric  prMsure  of  760  mm.,  are  given  in  the  following  table : 


Tempentnre 

Abtorption- 
ooefflctout 

Peioentago  of  HCl 
in  aolation 

Bpeciflc  gravity 
of  ■olution 

o 
0 

4 

8 
12 
14 
18 

18-25 
23 

525-702 
494-722 
480-288 
471-336 
462-375 
451-222 
450-660 
485034 

45-148 

44-301 

43-828 

48-277    • 

42-829 

42-344 

42-283 

41-536 

1-2257 
1-2265 
1-2185 
1-2147 
1-2074 
1-2064 
1-2055 
1-2013 

The  experiments  of  Koacoe  (Chem.  Soe,  Qu,  J,  riii.  14)  have  shown  that  the 
constituents  of  a  gaseous  mixture  are  not  always  absorbed  by  water  in  the  proportions 
required  by  Dalton*s  law  of  partial  pressures  (ii.  800).  This  subject  has  been  fiirther 
examined  by  W.  M.  Watts  (Chem,  Soe.  J.  [2]  ii.  88),  who  finds  that  the  quantity  of 
ammonia  absorbed  by  water  from  a  mixture  of  ammonia  and  air,  and  that  of 
sulphurous  oxide  absorbed  from  a  mixture  of  that  gas  with  carbon  dioxide,  agree 
witn  the  law  of  partial  pressures.  The  same  chemist  has  confirmed  the  fact, 
preriously  observed  by  Roecoe  and  others,  that  the  quantities  of  ammonia  and 
sulphurous  oxide  absorbed  by  water  under  different  pressures  do  not  vaxy  directly  as 
the  pressure. 

Berthelot  has  made  the  following  observations  on  the  absorption  of  gases  by 
solutions  of  metallic  salts:  1.  Ammoniacal  cuprous  chloride  directly  absorbs 
oxygen,  carbon  monoxide,  acetylene,  ethylene,  allylene,  propylene  (slightly) ;  it  does 
not  act  immediately  on  nitrogen  dioxide. — 2.  A  solution  of  ferrous  sulphate  in 
sal-ammoniac  and  ammonia  rapidly  absorbs,  as  is  well  known,  oxygen  and  nitrogen 
dioxide,  but  does  not  act  upon  acetylene,  allylene,  ethylene,  propylene,  or  carbon 
monoxide. — 8.  A  solution  of  chromous  sulphate  in  sal-ammoniac  and  ammonia 
absorbs  oxygen,  nitrogen  dioxide,  acetylene,  and  allylene,  but  does  not  act  upon  carbon 
monoxide,  ethylene,  or  propylene. 

2.  iLbsorptlOB  of  Ckwes  mud  VapoiurB  bgr  Oliaroottl.  J.  Hunter  (PkU.  Mag, 
[4]  xxT.  364 ;  xxix.  166)  finds  that  different  kinds  of  charcoal,  absorb  gases  in  different 
proportions,  cocoa-nut  charcoal  being  the  most  absorbent  of  all.  In  the  following 
table  the  numbers  placed  opposite  the  names  of  the  several  gases  indicate  the  volumes 
of  gas  (reduced  to  0°  and  760  mm.)  absorbed  at  ordinary  temperatures  by  1  volume 
of  charcoal  ignited  and  quenched  under  mercury,  the  numbers  in  the  first  column 
relating  to  cocoa-nut  charcoal,  those  in  the  second  to  Campeachy-wood  charcoal,  those 
in  the  third  to  charcoal  from  vegetable  ivoiy : 
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Ammonia    .    .    .  171' 

Cyanogen    .    .    .  107*5    —  —  Hydrogen  phosphide .    .  69-1  27-5  — 

Kitrogen  dioxide  .  86-3    —  —  Carbon  dioxide      .     .    .  67*7  —  — 

Methyl  chloride    .  76-4    —  —  Carbon  monoxide  ...  21-2  —  — 

Methyl  oxide  .     .  762   398  647  ■   Oxygen    ......  179  1007  — • 

Ethylene     .    .    ,  74-7    —  — 

The  experiments  with  hydrogen  phosphide  and  with  oxygen  did  not  give  very 
accordant  results;  in  the  case  of  oxygen  the  discordance  probably  arose  from 
fonnation  of  carbon  dioxide. 

Hunter  has  also  determined  the  absorptive  power  of  cocoa-nut  charcoal  for  a 
considerable  number  of  vapours  (Chem,  Soe.  J.  [2]  iii.  285 ;  v.  160 ;  vi.  186).  The 
substance  to  be  converted  into  vapour  was  enclosed  in  glass  bulbs,  which  were 
introduced  into  a  graduated  tube  filled  with  warm  mercury.  This  tube  stood  in  a 
mercuiy  trough,  and  its  upper  part  was  surrounded  by  a  glass  vessel,  into  which  the 
vapour  of  amyl  alcohol  (boiling  at  127*»-131°),  or  of  turpentine  oil  (at  158°-16lo), 
was  introduced  for  the  purpose  of  heating  the  vapours.    For  higher  temperatures,  the 
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glass  Tessel  was  replaced  by  a  copper  baUi  containing  pAraffin,  the  tipper  pait  of  the 
absorption-tube  passing  through  an  aperture  in  its  base.  When  the  liqiiid  in  Ute 
bulb  was  completely  converted  into  vapour,  the  pressure  and  volume  of  the  Tiponr 
were  read  off;  and  the  charcoal  heated  to  redness  out  of  contact  with  the  air  was  pluoged 
into  the  mercury  and  then  introduced  into  the  absorption-tube.  At  the  end  of  tJM 
absorption,  which  takes  place  much  more  quickly  tliuui  with  pomiaiient  gsMi,  tha 
temperature  and  pressure  were  again  determined. 

In  Table  I.,  V  denotes  the  number  of  volumes  of  vapour  absorbed  by  1  vol  of 
cocoa-nut  charcoal ;  T  the  mean  of  the  temperatures  at  the  beginning  and  end  of  tbe 
experiment ;  P  the  pressure  at  the  beginning ;  and  F  that  at  the  end  S  theabflOipdoiL 
In  Tables  IL  and  III.,  T  denotes  &e  mean  of  the  temperatures  at  the  beginning 
of  the  several  experiments ;  T*  that  of  the  temperatures  at  the  end  of  the  abeoiptios; 
y,  P,  and  P'  have  the  same  significations  as  before. 

A  comparison  of  the  numbers  found  in  the  case  of  mixed  alcohol  and  water  Tspoare  at 
different  temperatures  (Tabje  III.)  shows  that  the  absorption  is  greatly  increased  vben 
one  of  the  vapours  is  at  a  temperature  near  to  its  point  of  condensation.  Thiu  at  100° 
one  volume  of  cocoa-nut  charcoal  absorbs  187*2  vol.  of  a  mixture  of  aloobol  sod  vnt«r, 
vapour  in  equal  volumes,  and  266*4  vol.  of  a  mixture  of  1  vol.  aloohol-Tapoor  and  3toI 
water-vapour ;  at  160^,  on  the  other  hand,  the  absorption  diminishes  with  the  iDeraacd 
proportion  of  water,  from  68*1  to  87*6.    At  the  higher  temperature,  in  fact,  both  tiw 
alcohol  and  the  water  are  absorbed  as  vapours,  and  the  alcohol  is  abscnbed  in  larger 
proportion  than  the  water:  hence  the  diminished  absorption  of  the  mixed  Tapoor 
with  the  increase  in  the  proportion  of  water;  but  at  100°  a  portion  of  thevat«^ 
vapour  absorbed  by  the  charcoal  becomes  liquefied,  and  the  water  thus  formed  irithia 
the  pores  of  the  charcoal  absorbs  a  considerable  quantity  of  the  alcohol-vapour,  thii 
effect  of  course  increasing  with  the  proportion  of  water-vapour  in  the  mixture.   Tbe 
alcohol-vapour  in  this  case  is  absorbed  partly  by  the  charcoal,  partly  by  the  vater 
condensed  within  its  pores.     In  accordance  with  this  view,  it  is  found  that  vaponi  of 
water  mixed  with  gaseous  ammonia  (as  obtained  by  heating  aqueous  ammonia)  is 
much  more  largely  absorbed  than  either  ammonia  gas  or  water-vapour  separatdj 
(Chem.  8oe.  J,  [2]  viii.  73). 

In  a  recent  ^per  (ibid.  iz.  76)  Hunter  has  further  examined  the  effects  of  pressure 
on  the  absorption  of  gases  by  charcoaL 


Tablb  I. — Abaorptian  of  Vapoum  by  Chareotd, 


V 

T 

P 

P 

yHiit- 

Water         •        ■        •        •        . 

48-8 

127-6 

629*1 

623-5 

„     •        «        ■ 

28-7 

168-8 

692-3 

694-3 

Carbon  bisulphide 

91-2 

167-8 

6681 

6686 

n                    ft 

117-2 

100-0 

6710 

6712 

Methyl  alcohol     . 

60-6 

168*8 

6860 

683-8 

If          If         • 

126-6 

127-7 

681*8 

662-9 

»»          If         • 

1607 

1000 

663*3 

651-6 

ft          If         •        < 

163-4 

90-6 

707-6 

708^ 

Amyl  alcohol 

27-8 

169-1 

688*9 

6904 

Ethyl  alcohol 

83-4 

168-7 

666-2 

6631 

ff          i>           •        < 

110-8 

126-6 

664*6 

644-3 

»          i»           •        < 

1411 

1000 

6638 

662-3 

If          11           •        • 

145-8 

89-6 

707-2 

710-2 

Benzene       •        • 

68-7 

129*0 

660*6 

645*6 

Ether. 

64-3 

1690 

686-6 

683-6 

If     •        •        •        • 

68-3 

127-8 

664-4 

6606 

f»     •        •        •        • 

870 

100-0 

648-1 

6434 

Chloroform 

20-8 

168-6 

667-6 

660-2 

It          •        •        < 

29-6 

100-0 

646-7 

6607 

Acetic  acid  .        .        . 

S8-1 

168-7 

684-4 

6759 

Ammonia     . 

21-9 

126-2 

6610 

6654 

Carbon  dioxide    .        . 

16-6 

126*6 

683*0 

686-9 
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Tablb  II. — Abtorpiion  of  Vapours  by  Coooa-nut  Chareoal, 


V 

T 

r 

P 

V 

• 

o 

o 

mm. 

Aniline       •        •        .        .        . 

110-7 

196-8 

1991 

603-8 

692-0 

Phenol 

102-0 

196-8 

194-0 

6971 

686-0 

Bitter  Almond  oil 

101*1 

196-7 

196-6 

670-8 

661-6 

Butyric  add 

84-8 

197*3 

197-6 

688-1 

670-0 

Krhyl  butyrate    . 

74-9 

197-2 

196-8 

600-6 

694-1 

Oil  of  turpentine 
Valerie  acid 

480 

196-3 

1930 

688-3 

681-2 

412 

197-8 

197-3 

681-6 

674-6 

Aldehyde    . 

66-6 

164-3 

166-0 

683-9 

686-8 

It          •        •        « 

138-7 

1000 

1000 

6871 

680-8 

Ethyl  acetate      . 

71-6 

1641 

163-6 

691-7 

6787 

tf         t*           *        < 

116-0 

100-0 

100-0 

676-4 

666-2 

Acetone 

680 

1660 

166-8 

6911 

671-4 

»f            •        • 

104-6 

1000 

100-0 

664-6 

641-9 

Ethyl  nitrite 

63-6 

1000 

100-0 

660-8 

660-6 

Ethyl  chloride     . 

60-4 

1000 

100-0 

672-6 

668-4 

Formic  acid        . 

80-7 

166-4 

168-3 

6967 

6891 

Amylene     . 

18-4 

166-3 

166-6 

662*6 

662-4 

Carbon  tetrachloride 

8-7 

164-6 

164-6 

698-3 

694-6 

tf               tf 

3-9 

1000 

1000 

682-4 

636-8 

Ethylamine 

66-7 

186*3  . 

184-4 

611-8 

690-8 

n                        * 

01-7 

147-9 

146-8 

674-2 

660-9 

t»                        • 

124-6 

100-0 

100-0 

704-6 

688-3 

Triethylamine     . 

84-6 

182-4 

182-7 

681-2 

674-9 

Ethyl  iodide 

36-2 

1000 

1000 

6977 

691-8 

Methyl  acetate    . 

96-9 

1000 

1000 

686-2 

661-0 

Ethyl  oxalate     . 

66-2 

194-6 

196-6 

680-8 

676-4 

Salicylol     . 

38-3 

1970 

197-6 

688-7 

685-4 

Salicylic  acid 

42-9 

230-1 

229-9 

690-7 

670-6 

Amyl  iodide 

12-2 

161-4 

162-8 

678-2 

676-6 

Naphthalene 

80-2 

230-2 

2307 

696-6 

672-3 

Camphor    . 

25-3 

226-1 

226-4 

621-6 

614-9 

Nitrobenzene 

46-6 

2263 

226-6 

686-3 

6630 

Carbon  bisulphide 

81-7 

191-7 

191-3 

690-3 

664-4 

Acetone 

62-4 

1900 

190-9 

6620 

660-2 

Ethyl  alcohol      . 

870 

166-2 

167-6 

711-2 

699-7 

>t         It           ■        * 

72-0 

191-6 

191-1 

679-1 

644-9 

Methyl  alcohol    . 

47-3 

191-6 

192-3 

616-3 

6877 

Tablb  lll.—AUorptvm  of  Mixed  Vapours  by  Cocoa-nut  Charcoal, 


Y 

T 

T 

P 

P* 

10  c.c.  Alcohol  +  4  C.C.  Water      . 

182-2 

100-0 

1000 

696-3 

666-9 

10  C.C  Alcohol  +10  C.C.  Water    . 

187-2 

1000 

lOO'O 

723*2 

686-2 

n                tf                       It               ft            •            •            • 

68-1 

168-2 

168*9 

7021 

691-9 

10  C.C  Alcohol  +  20  C.C.  Water    . 

2461 

100-0 

100-0 

720-6 

676-5 

ft           II                tf          If        •        •        • 

47-8 

168*6 

169-1 

704-8 

6940 

10  C.C.  Alcohol  +  80  cc  Water 

266-4 

1000 

100-0 

700-4 

672-4 

It          ft                f»          ft        •        •         • 

37-6 

169-4 

160-2 

706-9 

7009 

10  c.e.  Methyl  alcohol  +  10  cc.  Water 

226-1 

1000 

100-0 

696-0 

680-3 

M                                 tf                                          It                      ft         •                • 

63-6 

169-8 

160-4 

718-8 

7090 

10  cc.  Methyl  alcohol  -i-  90  c.e.  Water . 

261-3 

100-0 

100-0 

708-9 

688-2 

ft                ft                     ft           ft     *        * 

48-4 

160-2 

162-0 

7196 

708-7 

10  cc.  Alcohol  +  10  cc  Acetone 

73-9 

169-6 

160-8 

7034 

688-3 

10  cc  Alcohol  +  30  cc.  Acetone  . 

72-4 

160-6 

162-2 

704-8 

6890 

10  cc  GC1«  +  10  cc.  Alcohol 

73-6 

1601 

161-4 

699-2 

6871 

30  cc  CCl*  -^  10  cc  Alcohol 

434 

169-8 

160-7 

714-0 

7080 

10  cc  CS*  •«•  20  cc  Alcohol 

88-6 

160-3 

162-8 

697-9 

6790 

632 
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Keichardt  a.  Blamtritt  (J.  pr.  Chem.  xcviii.  418 ;  Jahreth.  18G6,  p.  53)  hare 
detennined  the  quantity  and  composition  of  the  gas  absorbed  by  variooB  diy 
substances  on  exposure  to  the  air,  and  expelled  from  tbem  by  heating.  The  resulta 
show  that  the  quantity  of  the  absorbed  gases  which  can  be  expelled  by  heat  is  veiy 
different  for  different  substances,  and  varies  in  the  same  substance  according  to  the 
degree  of  moisture.  The  expelled  gases  rarely  exhibit  the  proportions  existing  in 
atmospheric  air  (as  in  the  case  of  gypsum),  the  nitrogen  being  m  almost  all  cases 
greatly  in  excels,  whereas  oxygen  appears  to  be  but  sparingly  absorbed  by  the  greater 
number  of  bodies.  [It  is  probably  in  many  cases  absorbed  by  the  solid  body,  and 
enters  into  combination  with  some  of  its  constituents  :  charcoal  and  yegetable  mould, 
for  example,  may  absorb  oxygen  from  the  air  and  afterwards  gire  it  out  in  the  form  of 
carbon  dioxide.]  Carbon  dioxide,  on  the  other  hand,  appears  to  be  an  almost  invariable 
constituent  of  the  absorbed  gases,  and  is  taken  up  in  especial  abundance  by  ferric 
oxide,  alumina,  and  clay.  Ammonia  was  found  only  in  very  small  quantities ;  carbon 
monoxide  only  in  oiganic  detritus  and  in  charcoal.  Nitric  acid  also  was  but  rarely 
found,  and  when  present  appeared  to  be  in  the  form  of.  salts.  The  following  table 
exhibits  the  mean  results  of  numerous  experiments : 


T 

Gaara 

100  vol.  of  the  Gaee 

• 

from 

from 

contained                    1 

100  gnn. 
In  CO. 

li!0  vol. 
in  vol. 

1 

N 

0 

oo* 

00 
0 

Charcoal  from  Pine-wood 

164-21 

» 

100 

0 

0 

„          „    Populus  pyramidalis 

46606 

196-4 

83-60 

0 

16  60 

0 

„          „    Fraxinus  excelsior    . 

43700 

169-0 

76-03 

14-87 

9  10 

0 

„           „    Alnus  glutinosa 

28707 

109-9 

88-27 

0 

6-42 

6-31 

Animal  charcoal      .... 

84-43 

91-3 

6419 

0 

46-81 

0 

„        „        purified  with  hydro- 

chloric acid 

17801 

102-3 

93-66 

0 

6-34 

0 

Peat 

162-/)8 

44-44 

4-60 

60-96 

0 

Moist  Garden  soil   .        •        .        . 

13-70 

19-9 

64-34 

2-86 

24-06 

8-76 

Air-dried  Garden  soil 

38-28 

•63-6 

64-70 

2-04 

83  26 

0 

Air-dried  Ferric  Hydrate 

376-64 

308-6 

26-29 

3-86 

6986 

0 

The  same  gently  ignited  . 

39-88 

bb'b 

64-86 

11-69 

23-66 

0 

Alumina,  air-dried 

69-02 

82-0 

40-60 

0 

69-40 

— 

„      dried  at  100^    . 

10-83 

13-6 

8309 

16-91 

0 

Manganese  dioxide 

10-59 

26-9 

69-86 

10-00 

3014 

Lead  oxide 

7-88 

24-4 

9017 

9-83 

0 

Clay 

32-89 

64  72 

20-83 

14-46 

• 

„    aiter  prolonged  exposure  to  air 

26-68 

3906 

7017 

4-71 

26-12 

— 

Air-dried  room-dust 

40-63 

48-07 

67-69 

0 

18-61 

13-70 

Precipitated  Calcium  Carbonate 

6609 

— 

80-81 

1919 

0 

— 

Barium  Carbonate  .... 

16-77 

30-8 

86-66 

13-44 

0 

— 

Strontium     „           .        ■        •         . 

64  09 

68-6 

83-68 

13-30 

3-03 

— 

Magnesium  „           .        .        •        . 

729-21 

124-9 

63-92 

6-72 

29-36 

_ 

Finely  pounded  Gypsum 

17-26 

80-96 

1906 

0 

8.  AbflorptloB  and  BlAljtle  Boimratlon  of 

mad  lij"  Metato. 


by  OoUoIdal  Septa 


1 .  By  C  a  o  u  t  c h b Q  c :  The  experiments  of  Mitchell  in  1 83 1  showed  that  different  gases 
are  absorbed  by  caoutchouc,  and  capable  of  passing  through  it  with  different  degrees 
of  facility  (ii.  818).  These  phenomena  have  recently  been  investigated  with  great 
care  by  Graham  {PhU,  TVana.  1866,  p.  399;  Chem.  Soc,  J.  [2]  v.  236).  The  per- 
meability of  thin  membranes  of  caoutchouc  by  different  gases,  passing  through  it 
either  into  a  vacuum  or  into  other  gases,  was  measured  by  means  of  a  difiusiometer 
consisting  of  a  glass  tube  1  metre  long  and  22  mm.  in  diameter,  open  at  the  lower  end 
and  doad  at  top  by  a  thin  plate  of  gypsum,  over  which  the  caoutdiouc  membrane  was 
fastened  with  copper  wire  and  cemented  to  the  glass  with  fused  gutta-percha.  If  such 
a  tube  be  filled  with  mercury  and  inverted,  a  Torricellian  vacuum  is  formed  in  the 
apper  part,  into  which  the  atmospheric  air  gradually  penetrates,  passing  through  the 

*  The  mark  —  aignUki  Mndittrmined, 
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CAontchouc  film,  And  depressing  the  mercurial  column.  To  compare  the  penetrating 
power  of  different  gases,  a  hood  of  thick  vulcanised  caoutchouc,  provided  with  a  small 
entrance-  and  exit^tube  for  gas,  is  placed  over  the  upper  end  of  the  diffusiometer,  and 
cemented  to  it  with  fused  gutta-percha.  The  gas  to  be  operated  on  can  thus  be  con- 
Yeyefl  from  the  generating  apparatus  or  from  the  gas-holder  into  the  hood  or  upper 
chamber  of  the  difiusiometer,  and  the  excess  of  gas  may  be  allowed  to  escape  by  the 
rx it- tube.  The  stucco-plate  used  as  a  support  to  the  film  of  caoutchouc,  being  very 
porous,  and  having  no  absorbing  power  for  gases,  does  not  add  sensibly  to  the  resistance 
experienced  by  the  gases  in  passing  through  the  caoutchouc  By  means  of  this  apparatus 
oquHl  volumes  of  different  gases  were  found  to  pass  through  the  caoutchouc  membrane 
in  the  times  indicated  in  the  following  table : 

C0«        H  0        CH«        Air         CO  N 

Times  .        .     1         2470     5*316     6*326     11*850     12*203    13*585 

The  volumes  which  pass  through  in  equal  times — ^that  is  to  say,  the  velocities — are 
therefore  as  follows : 

C0«         H  O        CH«        Air         CO  N 

VelociUes    .         13*685    6'600    2*556    2148      1149      1113         1 

These  numbers  do  not  exhibit  the  relation  of  the  coefficients  of  gas-difiusinn,  and 
therefore  show  that  dialytic  penetration  is  a  process  essentially  different  from  diffusion, 
in  which  nitrogen,  for  example,  penetrates  a  septum  less  quickly  than  the  heavier 
ox^en.  They  therefore  show  also  that  thin  membranes  of  caoutchouc  do  not  possess 
the  porosity  of  paper,  plates  of  gypsum,  or  artificial  graphite  (ii.  813),  earthenware 
tubes,  or  even  gutta-percha,  and  that  they  consequently  completely  arrest  the  molecular 
diffiision  of  gases.  The  permeation  of  caoutchouc  and  other  colloidal  membranes  by 
gases  appears  to  takes  place  in  this  way :  the  gas  is  first  absorbed  by  the  colloidal 
substance,  passes  into  the  liquid  state,  as  when  it  is  absorbed  by  water,  and  in  that 
state  penetrates  the  membrane,  and  volatilises  into  the  vacuum  or  the  gaseous 
atmosphere  on  the  other  side.  A  lump  of  caoutchouc  immersed  for  several  days  in 
pure  oxygen  was  actually  found  to  absorb  6*82  p.  c  of  its  volume  of  that  gas.  The 
permeability  of  caoutchouc  by  gases  increases  with  rise  of  temperature.  Thus  the 
quantity  of  atmospheric  air  which  passed  in  a  minute  through  a  square  metre  of  silk 
cloth  coated  on  one  side  with  caoutchouc,  into  a  vacuum,  was  0*56  c.c.  at  4°,  2*25  c.c. 
at  14®,  and  6*63  c.c.  at  60®  (all  the  volumes  being  reduced  to  20®  and  760  mm.). 
These  values  appear  however  to  vary  to  some  extent  with  the  time  during  which  the 
particular  temperature  is  kept  up,  the  change  in  degree  of  softness  of  the  caoutchouc 
with  change  of  temperature  requiring  hours  or  even  days  to  complete  it.  The  retentive 
power  of  caoutchouc  for  gases  appears  also  to  be  modified  by  its  softening  by  heat. 
Caoutchouc  saturated  with  a  gas,  and  then  made  rigid  by  cold,  gives  up  the  gas,  but 
very  slowly,  when  subsequently  warmed  in  contact  with  the  air. 

When  a  very  thin  caoutchouc  balloon  filled  with  hydrogen  or  carbon  dioxide  is 
exposed  to  the  air,  it  contracts,  because  the  gas  which  escapes  outwards  is  replaced  by 
a  smaller  volume  of  air ;  and  as  oxygen  passes  through  the  caoutchouc  more  quickly 
than  nitrogen,  the  air  which  has  entered  the  balloon  is  found  after  a  certain  time  to 
be  richer  in  oxygen  than  atmospheric  air.  Thus  when  a  balloon  filled  with  hydrogen 
was  exposed  to  the  air  for  three  hours,  the  gas  within  it  was  found  to  consist  of  8*98 
oxygen,  12*60  nitrogen,  and  78*42  hydrogen,  giving  a  proportion  of  41*6  vol.  oxygen 
to  58*4  vol.  nitrogen  ;  a  balloon  filled  with  carbon  dioxide  and  exposed  to  the  air  for 
four  hours  was  found  to  contain  (after  absorption  of  the  residual  carbon  dioxide) 
37*1  vol.  O  to  62*9  vol.  N.  Similar  results  were  obtained  by  dialysis  into  the  vacuum 
of  the  difiusiometer.  When  the  balloon  is  left  exposed  to  the  air  for  a  considerable 
time,  the  proportion  of  the  oxygen  to  the  nitrogen  within  it  diminishes  and  ultimately 
sinks  to  the  normal  value. 

The  process  of  dialytic  separation  by  caoutchouc  may  be  varied  in  three  points : 
(1)  in  toe  condition  of  the  septum,  whidi  may  consist  of  a  film  of  caoutchouc  formed 
from  caoutchouc  varnish,  or  of  distended  sheet  caoutchouc ;  (2)  in  the  nature  of  the 
support  given  to  the  septum,  which  may  be  a  backing  of  cotton  cloth  or  of  silk,  as  well 
as  a  plate  of  stucco,  earthenware,  or  woNnd ;  and  (3)  in  the  means  employed  for  sus- 
taining a  vacuum,  or  at  least  a  considerable  degree  of  exhaustion,  on  one  side  of  the 
dialytic  septum,  while  atmospheric  air  or  any  other  gaseous  mixture  to  be  dialysed  has 
access  to  the  other  side.  A  very  convenient  exhauster  for  the  purpofe  is  Sprengel's 
mercury -pump,  having  its  vertical  tube  turned  up  at  the  end  for  the  purpose  of  trans- 
ferring the  gases  from  one  vessel  to  another,  as  in  the  apparatus  for  water-analysis 
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fifirured  in  voL  r.  p.  1030.  The  air  to  be  dialvsed  maj  also  be  nmi[iiwfw1  on  one  ride 
of  the  M^ptum,  and  left  of  the  nsnal  tension  on  the  other  side. 

A  lar^e  numWr  of  experiments  made  under  these  sereral  eonditions  showed  that, 
under  given  circumstances,  the  dialytic  transfer  is  accelerated  bj  rise  of  tMnperature, 
and  retarded  by  increased  thickness  of  the  membrane. 

The  quantity  of  air  which  passed  through  a  squara  metre  of  svr&oe  of  a  caoutchcfuc 
balloon  01 14  mm.  thick  was  16'9  cc.  in  a  minute;  through  an  equal  surface  1  mm. 
thick,  19*2  cc  in  an  hour,  or  0*32  mm.  per  minute ;  and  through  an  elastic  air-cushion 
(vulcanised  caoutchouc  between  two  sheets  of  cotton),  44*95  cc  in  an  hour,*or  0*749 
cc.  per  minute. 

The  usual  proportion  of  oxygen  in  air  once  dialjsed  bj  caoutchouc  is  about  41*6  p.  c: 
it  may  be  described  as  air  deprived  of  one-half  its  usual  proportion  of  nitrogen ;  but  a 
second  and  a  third  dialysis  would  not  inczease  the  amount  of  oxygen  in  the  same  pro- 
pr>rtion,  inasmuch  as  only  half  the  residual  nitrogen  would  be  remored  at  each  opera- 
tion. The  practical  problem  suggested  by  the  air-dialyser  is  to  attain  the  means,  on  a 
large  soile,  of  reducing  to  one-half  or  so  the  proportion  of  nitrogen  in  atmospheric 
acid.  Such  air  will  rekindle  a  glowing  slip  of  wood,  and  might  be  applied  to  many 
uheful  purposes. 

On  the  permeability  of  caoutchouc  for  gases,  see  also  Azonstein  a.  Sirks  {ZeUsckr.f, 
Chem.  [2]  ii.  260 ;  Jahresb.  1866,  p.  52). 

2.  Aeiian  of  Metallic  Septa  at  a  Bed  i^eo/;— Berille  and  Trooet  in  1863  {Compt,  rend. 
h-i.  977  :  Ivii.  894,  965 ;  Jahresb.  1863,  pp.  23,  26)  showed  that  platinum  and  iron  at 
a  red  heat  are  permeable  to  hydrogen  gas.  Graham  has  confirmed  this  result  and  finds 
that  red-hot  platinum  is  very  much  more  permeable  to  hydrogen  than  caoutchouc  at 
ordinary  temperatures.  A  square  metre  of  sheet  caoutchouc  0*014  mm.  thick  allowed 
127*2  cc.  hydrogen  gas  to  pass  through  it  at  20°  in  a  minute,  whereas  through  an 
equal  surface  of  platinum  tube  I'l  mm.  thick  at  a  bright  red  heat,  489*2  cc  hydrogen 
passed  in  the  same  time.  Oxygen,  nitrogen,  chlorine,  hydrochloric  acid,  carbon  dioxide, 
carbon  monoxide,  marsh  gas,  and  ethylene,  as  well  as  aqueous  vapour,  hydrogen  sul- 
phide, and  ammonia,  are  not  capable  of  passing  through  rod-hot  platinum,  the  last  two 
perhaps  because  they  aro  decomposed  at  that  temperaturo,  and  only  hydrogen  passes 
through  the  metal.  For  nitrogen,  in  presence  of  hydrqgen,  platinum  appears  to  be 
permeable  to  a  slight  extent. 

This  peculiar  action  of  platinum  maybe  explained  to  a  certain  extent  by  its 
pro|)erty  of  absorbing  hydrogen  at  a  red  heat  and  retaining  it  for  an  indefinite  length 
of  time  at  lower  temperatures.  To  demonstrate  this  property,  designated  by  Graham 
as'occlusion,'  the  metal  to  be  examined,  in  the  form  of  wiro  or  fngments,  is  placed 
within  a  porcelain  tube  glazed  inside  and  out,  connected  at  one  end  with  a  SprengeVs 
vacuum  apparatus  (as  in  fig.  823,  vol.  y.  p.  1030),  and  at  the  other  with  a  gas- 
generator  or  gas-holder.  The  tube,  having  been  exhausted,  is  gradually  heated  to  red- 
ness, while  a  copious  stream  of  hydrogen  (or  other  gas)  is  passed  through  it,  and  after 
prolonged  ignition,  is  left  to  cool  slowly.  Finally  the  unabsorbed  gas  is  expelled  by  a 
stream  of  air ;  the  tube  is  again  exhausted  and  heated  to  redness ;  and  the  gas  thereby 
expelled  from  the  metal  is  collected  and  measured. 

Platinum  wire  (drawn  from  fused  platinum  and  cleansed  by  washing  with  caustic 
alkali  and  water)  gave  off,  after  an  hour's  agitation  in  a  vacuum,  0*17  Yol.  hydrogen  to 
1  vol.  platinum  (mean  of  4  experiments) ;  platinum-sponge  similarly  treated  yielded 
1*48  vol.;  old  wrought  pUtinum  (not  originally  fusod),  3*83  to  6*58  voL  hydrogen; 
platinum  foil  at  230°  took  up  1*45  vol.,  and  between  97®  and  100^  in  three  hours,  0*76 
vol.  hydrogen.  The  appearance  and  lustre  of  the  platinum  aro  not  altered  by  this 
absorption  of  hydrogen,  but  after  its  expulsion  the  metal  appean  white  and  blistered. 

Palladium  exhibits  a  much  higher  absorbing  power  for  hydrogen.  In  the  form 
of  foil,  after  recent  ignition  in  a  vacuum,  it  takes  up,  even  at  ordinary  temperatures, 
876  times  its  volume  of  hydrogen ;  at  90^  to  97®,  643  vol. ;  at  245 ^  626  vol.  The 
spongy  metal  obtained  by  igniting  palladious  cyanide  absorbs  686  times  its  volume  at 
200^ ;  foil  beaten  from  the  fused  metal,  only  68  vol. ;  and  an  alloy  of  5  pts.  palladium 
and  4  pts.  silver  absorbs  20*5  vol.  at  a  dull  red  heat  The  absorbed  hy^ogen  is  given 
off,  partly  at  ordinary  temperatures,  quickly  at  a  red  heat  In  this  absorbed  and  con- 
densed state  the  hydrogen  appean  to  possess  intensified  affinities,  inasmuch  as  the 
palladium  which  has  absorbed  it  roduces  ferric  to  ferrous  salts,  ferricyanides  to  ferro- 
cyanides,  and  in  contact  with  aqueous  chlorine  or  iodine,  forms  hydrochloric  or  hydri- 
odic  acid.  These  properties,  viewed  in  connection  with  the  power  which  palladium 
possesses  of  absorbing  perceptible  quantities  of  different  liquids,  wero  regarded  by 
Graham  as  tending  to  support  the  assumption  that  the  hydrogen  thus  absorbed  passes 
into  the  liquid  state.  The  absorptive  power  of  palladium  for  hydrogen  is  rolated  to 
its  permeability  by  that  gas,  though  the  two  properties  aro  not  exactly  proportional 
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one  to  the  other.  Fiilladium  foil  is  not  permeable  at  oxdinaiy  temperatures  to  hydro- 
gen, though  it  is  so  to  ether-yapour.  A  wrought  palladium  tube  having  its  sides  1  mm. 
thidk  began  to  give  passage  to  hydrogen  through  its  substance  at  240^ ;  at  265°,  the 
quantity  of  hydrogen  which  passed  in  a  minute  through  a  square  metre  of  its  surface 
amounted  to  327  c.c,  and  at  a  heat  near  redness  423  cc  When  the  tube  was 
surrounded  with  an  atmosphere  of  coal-gas,  nothing  but  pure  hydmgen  penetrated  the 
palladium,  the  other  constituents  of  the  gaseous  mixture  remaining  without. 

Granules  of  osmiridium  do  not  absorb  hydrogen.  Copper  at  a  red  heat,  in  the 
form  of  sponge  absorbs  0*6  vol.,  in  the  form  of  wire  0'806  vol.  (wrought  copper  ignited 
in  a  vacuum  gives  off,  together  with  the  hydrogen,  small  quantities  of  carbon  mon* 
oxide).  Gold  in  the  form  of  assay-comets,  which  had  been  recently  ignited,  took  up 
0*48  vol.  hydrogen,  0*29  vol.  carbon  monoxide,  0'16  vol.  carbon  dioxide,  when  heated 
in  these  gases ;  heated  in  atmospheric  air,  it  took  up  from  0*19  to  0*24  vol.  of  a 
gaseous  mixture  in  which  nitrogen  was  the  prevailing  constituent.  Pure  s  i  I  v  e  r  in  the 
form  of  wire  (which  when  heated  alone  gave  off  0*29  vol.  of  nearly  pure  carbon  dioxide) 
absorbed  at  a  red  heat  0*211  vol.  hydrogen,  0*746  oxygen,  and  in  atmospheric  air 
0*645  vol.  oxy^n.  Fritted  silver  obtained  by  reduction  of  the  oxide  exhibited  a 
greater  absorbing  power,  taking  up  from  6*15  to  7*47  voL  oxygen,  0*907  to  0*938  vol. 
hydrogen,  0*486  to  0*645  vol.  carbon  dioxide,  and  016  vol.  carbon  monoxide,  when 
heated  to  redness  in  these  gases.  Pure  thin  silver-leaf  ignited  in  air  absorbed  1*37 
vol.  oxygen,  0*20  vol.  nitrogen,  and  0*04  vol.  carbon  dioxide.  This  oxygenated  silver 
still  exhibits  the  colour  and  lustre  of  the  pure  metal,  and  retains  the  ox^n  firmly  at 
all  temperatures  below  redness.  Thin  iron  wire,  carefully  purified  with  potash-ley 
and  water,  yielded,  when  heated  in  a  vacuum  for  two  hours,  7*94  times  its  volume,  and 
after  seven  hours,  12*6  times  its  volume  of  a  gaseous  mixture  chiefly  consisting  of 
carbon  monoxide.  Such  iron  previously  heated  to  redness  in  a  vacuum  absorbed  at  a 
dull  red  heat  0*46  vol.  hydrogen  and  4*15  voL  carbon  monoxide.  Iron  saturated  with 
carbon  monoxide  remains  soft  and  appears  to  be  incapable  of  hardening  by  sudden 
cooling  from  red  heat ;  in  other  respects  it  does  not  differ  from  ordinary  iron.  The 
meteoric  iron  of  Lenarto,  containing  90*88  p.  c.  iron,  8*45  nickel,  and  0*66  cobalt, 
yields,  when  heated  in  the  vacuum  apparatus,  2*85  times  its  volume  of  a  gas  consisting 
almost  wholly  of  hydrogen,  with  small  quantities  of  carbon  monoxide  and  nitrogen. 
This  &ct,  viewed  in  connection  with  the  result  established  by  direct  experiment,  that 
wrought  iron  under  the  ordinary  atmospheric  nressure  does  not  absorb  more  than  its 
own  volume  of  hydrogen,  seems  to  show  that  tne  hydmgen  contained  in  the  Lenarto 
iron  has  been  absorb^  from  a  stellar  atmosphere  denser  than  that  of  the  earth  (Proc. 
Bojf.  8oc.  XV.  602). 

8.  Action  of  MetaU  at  Ordinary  Temperaiures, — ^Palladium,  platinum,  and 
iron  are  also  capable  of  absorbing  and  retaining  at  ordinary  temperatures  con* 
siderable  quantities  of  hydrogen,  when  that  element  is  presented  to  them  in  the 
nascent  state.  Zinc  immersed  in  dilute  sulphuric  acid  does  not  take  up  hydrogen ; 
but  thin  palladium  plate  placed  in  the  acid  liquid  in  metallic  contact  with  the 
sine  becomes  charged  with  hydrogen,  which  afterwards  shows  itself  on  the  sur- 
face. At  the  temperature  of  12®  a  palladium  plate  thus  treated  took  up  in  an 
hour  178  times  its  volume  of  hydrogen.  When  employed  as  the  negative  electrode 
of  a  battery  of  six  Bunsen's  elements,  it  exhibited  a  still  stronger  absorption,  the 
evolution  of  hydrogen  being  completely  suppressed  for  the  first  twenty  seconds,  and 
the  gas  absorbed  ultimately  amounting  to  200*4  times  the  volume  of  the  metal, 
whereas  the  same  plate  on  cooling  in  an  atmosphere  of  hydrogen  took  up  only 
90  times  its  volume.  Hydrogen  thus  absorbed  by  palladium  exhibits  no  perceptible 
tension  at  comparatively  low  temperatures,  and  is  given  off  only  in  traces  at  or^nary 
temperatures  even  in  a  vacuum,  but  easily  and  completely  at  100^  or  when  the  metal  is 
made  to  serve  as  the  positive  electrode  of  a  decomposing  cell ;  in  this  case  the  palladium 
does  not  take  up  any  oxygen.  Palladium  thus  cba^^  with  hydrogen  sometimes  becomes 
suddenly  heated  on  exposure  to  the  air,  and  then  loses  its  bvdrogen  by  oxidation. 
PiaHnum  under  similar  circumstances  (as  negative  electrode)  likewise  takes  up 
hydrogen  (2*19  times  its  volume  in  one  experiment),  and  is  thereby  brought  into  the 
well-knowp  polarised  state ;  it  gives  up  the  combined  hydrogen  when  heated  nearly 
to  redness  in  a  vacuum,  or  when  used  as  positive  electrode  in  a  decomposing  cell ; 
in  this  latter  case,  like  palladium,  it  does  not  absorb  oxygen.  Soft  iron  immened  in 
dilute  acid  takes  up  a  small  quantity  of  hydrogen  (0*57  vol.  in  one  experiment),  and 
gives  it  up  in  a  vacuum  at  a  red  heat. 

From  these  results  it  appears  that  at  comparatively  low  temperatures,  platinum, 
palladium,  and  iron  are  not  permeated  by  hydrogen,  though  at  higher  temperatures 
hydrogen  passes  through  them  with  facility.  Graham  supposed,  however,  that  even 
in  this  latter  case,  a  condensation  or  occlusion  of  the  hydrogen  by  the  metal  takes 
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the  suspending  wires  T,  multiplied  by  the  ang^le  of  deflection  of  the  eoiL  Hmm  the 
position  of  equilibrium  of  the  ooil,  when  the  eonent  is  passing,  is  diienniwd  bj  Um 
equation 

GH.Asin^  -  T  (90^-/9) 

A. Bin  p 
And  the  rimultaneons  observation  with  the  tangent-galranometer  gires 

The  combination  of  these  two  equations,  (a)  and  (b\  gives  both  C  and  H  in  tbiohto 
measure.    (For  ftuther  details,  see  F.  Kohlrausch,  Pioffff,  Ann,  [1869]  exzxriil  1.) 

AUolute  Meaturement  of  EUatromoHve  Force, — ^The  eleetzomotive  force  of  igahuDe 
battery,  or  other  equivalent  apparatus,  mav  be  defined  as  the  quality  in  virtue  ^vluch 
it  tends  to  do  work  by  the  transference  ox  electricity  from  one  noiot  to  aootlMr;  ul 
it  may  be  expressed  numerically  by  the  amount  of  work  done  auring  the  tnadm  of 
the  unit  quantity  of  electricity,  liam  if  W  be  the  work  done  by  the  chemieel  or  othff 
forces  of  the  battery,  during  the  transfer  of  the  quantity  of  electricity  Q  thieogli  tbe 
dicuit,  the  electromotive  force  of  the  battery  may  be  represented  by 

Q        & 

the  last  expression  being  applicable  when  the  electricity  is  transferred  in  the  ftni  of  > 
current  of  uniform  strength  C  lasting  for  the  time  t  fienoe  the  electromotife  foro  o( 
a  battery  may  also  be  sud  to  be  ue  work  done  when  a  current  of  unit  streogtlt  » 
maintained  for  unit  of  time.  The  work  may  of  course  be  of  various  kinds,  u,  ftr 
example,  production  of  heat ;  work  against  gravity,  as  when  woghts  are  raised  \ij  u 
electromagnetic  engine ;  work  of  acceleration  against  inertia ;  chemical  woik,  u  is  • 
voltameter ;  magnetic  and  electrical  work,  as  in  an  induction  coil ;  but  in  the  &bon 
formula  it  is  supposed  to  be  always  expressed  in  absolute  mechanical  units. 

But,  just  as  electromotiTe  force  does  work  in  a  conducting  circuit  through  the  ageuy 
of  the  current  which  it  produces,  so,  conversely,  work  done  upon  a  conductor  msj  gi^ 
rise  to  electiomotire  force,  and  therefore  to  a  current,  if  the  conductor  fomiB  pait  <* 
a  closed  circuit.  This  fa^  coupled  with  the  condition  that  the  electromotire  force 
developed  when  unit  of  work  is  expended  per  unit  of  time  is  to  be  taken  as  themjtof 
electromotive  force,  serves  as  the  basis  for  the  absolute  measurement  of  eledranotm 
force.  The  principles  of  the  measurement  will  be  easily  understood  from  the  foUoviqg 
considerations.  , 

If  a  current  of  the  strength  (T  circulate  in  a  rectilinear  conductor  of  length  I  ^^ 
at  right  angles  to  the  lines  of  force  in  a  uniform  magnetic  field  of  intensity  H,  ^nrf 
element  dl  of  the  current  is  subject  to  a  force  equal  to 

KCXdi 

in  a  direction  perpendicular  to  the  current  and  to  the  lines  of  force.  The  nsoHsf^ 
force  acting  upon  the  whole  length  I  is  therefore  the  sum  of  the  fosces  aotingupoa  w 
several  elements  of  it,  or 

F  -  HCr/; 

and  if  the  conductor  be  displaced  through  the  distance  D  perpendicularly  to  itntf  v^ 
to  the  lines  of  force,  and  in  opposition  to  the  force  F,  a  quantity  of  wo^  •  will  h»n 
been  expended  in  producing  the  displacement  which  is  expressed  l^ 

to  »  FD  -  ROD, 

or,  if  the  displacement  take  place  with  the  constant  velocity  v  and  occupy  unit  of  tioit 
we  may  write 

vj  i-  HCr/v. 

If  E  be  the  electromoUye  force  acting  in  the  conductor  when  at  rorti  tha  woik  (in  th\ 
case  simply  eyolution  of  heat)  done  in  unit  of  time  by  the  electrical  ibrees  whcs  the 
strength  of  the  current  is  C\  will  be 

W  «  EC. 

Bot  the  principle  of  the  Conservation  of  Energy  requires  that,  when  an  asMmnt  ci 
work  w  is  done  upon  the  conductor  by  external  forces,  the  equivalent  of  this  wo^m^ 


GLCJTARIC  ACID— GLYCERALS.  637 

the  portion  soluble  in  alcohol  (mucin  or  mucedin,  ii.  873),  for  20  to  24  hours  with 
2|  pts.  sulphuric  add  and  6  to  7  pts.  water,  supersaturating  with  milk  of  lime, 
removing  the  lime  with  oxalic  acid,  the  ezceas  of  the  latter  by  boiling  with  lead 
carbonate,  and  lastly  the  dissolved  lead  with  hydrogen  sulphide.  The  strongly  acid 
liquid  yields  by  evaporation  a  crystalline  mixture  of  tyrosine,  leucine,  and  glutamic 
acid,  from  which,  by  treatment  with  hot  water  (which  leaves  the  tyrosine  undissolved), 
and  then  with  alcohol  of  30  p.  <j.  (which  chieflv  dissolves  the  leucine),  and  recrystal- 
lisation  from  water  (with  addition  of  animal  charcoal),  and  from  alcohol  of  30  p.  c, 
the  glutamic  acid  is  obtained  pure.  The  portion  of  gluten  insoluble  in  alcohol  yields 
only  about  1^  p.  c.  glutamic  acid,  but  mucedin  yields  more  than  30  p.  c,  with  no 
tyrosine,  and  only  a  small  quantity  of  leucine. 

Glutamic  acid  is  likewise  obtained,  together  with  aspiirtic  acid  and  a  non-crystal- 
Usable  body,  by  treating  oonglutin  with  sulphuric  acid.  On  repeatedly  boiling  the 
resulting  knobby  ciystalline  masses  with  alcohol  of  50-60  p.  c,  the  greater  part  of 
the  aspartic  acid  remains  undissolved,  and  an  additional  quantity  of  that  acid 
separates  from  the  hot  alcoholic  solution,  while  the  glutamic  acid  remains  in  the 
mother-liquors,  and  may  be  obtained  by  distillation  and  concentration  over  sulphuric 
acid,  in  shining  tetrahedral  crystals. 

Glutamic  acid  dissolves  at  15°  in  100  pts.  water,  302  pts.  alcohol  of  30  p.  c,  and 
1,500  pts.  alcohol  of  80  p.  c ;  at  higher  temperatures  its  solubility  in  water  and  in 
dilute  alcohol  is  much  greater.  The  solutions  have  a  strong  acid  reaction,  an 
astringent  taste,  and  decompose  carbonates,  forming  soluble  salts.  From  hot-saturated 
solutions  the  acid  separates  in  white  crystalline  crusts  composed  of  shining  laminse, 
bv  slow  evaporation  in  crystals  having  a  bright  adamantine  lustre  and  the  form  of 
distorted  rhombic  octohedrons  with  basal  end-face.  Axes  a:b',e  s0'8059  :  1 :  0*8521. 
They  are  anhydrous,  melt  with  partial  decomposition  at  1 35^-140°,  then  solidify  very 
slowly  to  a  crystalline  mass,  which  decomposes  at  a  higher  temperature,  emitting  an 
odour  like  tliat  of  burnt  horn.  It  is  dextrograto  ;  but  when  heated  with  nitrous  acid 
it  yields  an  optically  inactive  acid  homologous  with  malic  acid.  The  glutamates  of 
the  alkali-metals  are  very  soluble,  and  crystallise  with  difficulty;  those  of  the 
alkaline-earth-metals  are  also  very  soluble  in  water  and  alcohol,  and  dry  up  to 
gummy  masses.  The  copper  salt  separates  from  aqueous  solution  in  well-defined  deep 
blue  crvstals,  consisting — according  to  Ritthausen's  latest  observations — of  C^H'NO^Cu 
+  2}H''0 ;  from  a  very  strong  solution  slightly  acidulated  with  nitric  acid,  it  crys- 
tallises in  small  prisms  containing  only  2H'0,  and  when  prec'pitateid  by  alcohol, 
it  has  the  composition  OH'NO^Cu  +  3H'0.  Lead  salts  do  not  precipitate  glutamic 
add  even  on  addition  of  ammonia. 


OIiUTAJUO  jBLCZB.  C*H*0*. — An  acid  homologous  with  malic  acid,  produced 
bv  the  action  of  nitrous  acid  on  glutamic  acid  dissolviid  in  dilute  nitric  acid.  It  is 
bibasic  The  calcium  salt  OH*CaO*  -I-  ^HK),  obtained  by  neutralisation  and  precipita^ 
tion  with  alcohol,  is  white,  non-crystalline,  and  flocculent.  Decomposed  with  lead 
acetate  it  yields  the  lead  salt  in  form  of  a  white  precipitate,  which  crystallises  from 
solution  in  hot  water  in  nodular  crystals  containing  C*H'PbO^ .+  }H*0.  In  presence 
of  ammonia  a  basic  salt  is  precipitated.  The  silver  salt  is  a  curdy  precipitate, 
having  when  dried  the  composition  C^H'AgH)*  +  ^H'O.  The  acid  itself  crystallises 
with  difficulty  from  its  solution  evaporated  to  a  syrup  (Kitthausen,  J.  pr.  Ckem.  ciii. 
239  ;  Zeitsckr.  /.  Chem.  [2]  iv.  529). 

O&UTBW.  For  a  continuation  of  Ritthausen's  investigation  of  the  constituents 
of  gluten  (ii.  873),  see  J.  pr,  Chem.  xcix.  462;  Jahresb.  1864,  p.  719. 

CUiTOXRAXJI*  Compounds  analogous  to  the  acetals  produced  by  heating 
glycerin  with  aldehydes  to  170^-200^  for  24  to  30  hours : 

C«H»0«  -I-  Aldehyde  -  H«0  -=  Glyceral. 

The  following  have  been  obtained : 

Sp.  gr.  Tap.  densi^ 
B.P.  at  V*  oba. 

Acetoglyceral,       H    lO«,     184«»-188<>     1081       4162 


C»H»  ) 
I,      H    [0«. 

cm* ) 

C»H»  ) 
1.     H 
C»H»»] 


Valeroglyceral,     H    VO*,    224^-228*     1027      5*626 
C»H" 

Benzoglyceral,       H    ^0. 

cm* ) 


O&TC] 
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Benzoglyceral  can  only  be  partially  distilled  under  ordinary  pressnn ;  at  20  mm. 
pressure  it  boils  between  190°  and  200^.  It  is  hearier  than  water.  All  the  glyoeraU  are 
insoluble  or  very  slightly  soluble  in  water,  inodonnu  when  recently  prepitfed,  but  are 
gradually  decomposed  by  moist  air,  with  separation  of  the  corresponding  aldehydea 
(Hamitz-Hamitzky  a.  Menachutkin,  Bull,  Soo,  Chim,  [2]  iii.  263). 

WUTCWBKEO  A€?IB,  CHH)*,  is  converted  by  dry  disttllation,  first  into  pyro- 
raccmic  acid :  C"H*0*  —  H*0  =»  C*H*0* ;  then,  with  CTolntion  of  carbon  dioxide, 
into  pyrotartaric  acid :  2C«H*0«  -  CO*  -  C»H"0»  (Moldenhaner,  Ann,  Ck,  Pkarm, 
cxxxi.  223). 

Concentrated  glyceric  acid  heated  for  several  hours  to  100^  with  satnnted  hydriodic 
acid  is  converted  into  iodopropionic  acid  (Moldenhauer) : 

C»H«0*  +  3HI  -  C»H»IO»  +  2H«0  +  P. 

Treated  with  3  mol.  phosphorus  pentachloride,  it  yields  chloropropionic  acid 
(Wichelhaus,  Ann,  Ch.  Pharm.  cxzxv.  v.  248). 

CH«OH 

r.    C«H«0«  =  (^'^*^]|0»  =    CHOH.    E.  J.  Mulder  (JflArM6.  1863, 

CHK)H 
p.  501)  has  determined  the  melting  points  of  frozen  aqueous  solutions  of  glycerin  of 
various  degrees  of  concentration : 

Glycerin  solution    .     lO'^B.        12®B.       14«B.        16^. 
Melting  point    .    .     -9°         -13<>        -18®       -21° 

The  freezing  point  is  very  close  to  the  melting  point,  perhaps  a  little  lower.  On 
mixing  snow  or  finely  pounded  ice  with  glycerin,  a  reduction  of  temperature  equal  to 
10°  or  more  is  produced. 

A  considerable  quantity  of  glycerin  having  been  sent  from  Germany  to  England 
during  a  very  cold  winter  ^Januaiy  1867),  was  found  to  be  solidified  to  a  ciystalline 
mass  resembling  sugar-candy,  and  composed  of  shining,  apparently  octohedral  crystals 
of  about  the  size  of  peas,  having  a  strong  refracting  power,  grating  between  the 
teeth,  and  exhibiting  the  reactions  of  chemically  pure  glycerin.  In  small  quantities 
they  melted  quickly,  the  mass  during  fusion  exhibiting  a  constant  temperature  of  7*2°. 
After  complete  fusion,  the  glycerin  did  not  resolidify  even  when  cooled  to  —18®  and 
agitated  (Gladstone,  Chem,  Soc,  J.  [2]  v.  384 ;  Crookcs,  Chem,  Netps^  xv.  26). 
According  to  Werner  {Zeitschr.  f.  Chem,  [2]  iv.  413),  commercial  glycerin  may  be 
made  to  crystallise  by  passing  a  few  bubbles  of  chlorine  into  it. 

Berthelot  found  that  glycerin  fermented  in  contact  with  chalk  and  animal 
substances  yields  alcohol  (ii.  888).  According  to  B^hamp,  the  process  is  more 
complex,  yielding  ethyl  alcohol  and  some  of  its  higher  homologues,  together  with 
acetic,  propionic,  butyric,  and  valeric  acids ;  the  evolved  gases  consisted  of  carbon 
dioxide,  water,  and  nitroj^n  (Zeittchr,  f.  Chem.  [2]  v.  663). 

Glycerin  oxidised  by  nitric  acid  of  sp.  gr.  1*6  yields — in  addition  to  glyceric  acid 
(ii.  875)— racemic,  formic,  glyooUic,  and  glyoxylic  add*  (Heints,  Ann^  Ch,  Pharm, 
dii.  326). 

Glycerin  treated  with  sulphur  chloride,  as  for  the  preparation  of  dichlorhydrin 
(ii.  890),  yields  also  a  viscid  liquid,  which  contains  chlorine  and  sulphur,  is  insoluble 
in  water,  sparingly  soluble  in  alcohol,  easily  in  ether,  and  decomposes,  especially  in 
contact  with  water  or  moist  air,  with  continued  evolution  of  sulphurous  acid  and 
separation  of  sulphur.  It  is  decomposed  by  sodium  ethylate,  yielding  ethyl  chloride, 
ethyl  oxide,  glycerin-mercaptan,  and  sodium  sulphite.  It  appears  to  be  a  mixture  or 
compound  of  equal  molecules  of  the  bodies  0*C1 .  SO .  (?H»  and  OSCl .  (C»H*)H»,  or  it 
perhaps  has  the  constitution  of  a  chlorinated  hyposulphuroos  ether,  0*01'.  (S'OXO^H*)* 
(Wolff,  Ann,  Ch,  Pharm,  d.  59). 

Glyceridee  containing  MontUomic  Alcohot-radidea. — ^The  ethers  of  this  class  con- 
taining 3  at.  ethyl,  &c.,  are  formed,  similarly  to  the  acetals,  by  heating  acrolein  with 
the  corresponding  alcohol  and  a  little  acetic  acid  (Alsberg,  Ann,  Ch.  Pharm.  cxxxi. 
123).  Trimethulin,  C«H'*0«  «  C«H*(CH«)»0»,  obtained  by  heating  1  vol.  acrolein, 
3  vol.  methyl  alcohol,  and  0*5  vol.  acetic  acid  to  100°  for  several  hours,  is  a  fhigrant 
ethereal  liquid,  moderately  soluble  in  water,  boiling  at  148^,  and  having  a  sp.  gr.  of 
0-9483  at  0<>.  Triethylin,  C»H»0«  «  C«H*(C»H*)"0",  which  Reboul  a.  Lonivn^o 
obtained  by  treating  diethyl-chlorhydrin  with  sodium-ethylate  (i.  884),  is  also 
produced  bv  heatinp;  1  vol.  acrolein,  1  vol.  alcohol,  and  0*6  vol.  acetic  acia.  It  is  a 
fragrant  ethereal  bquid,  moderately  soluble  in  water,  boiling  at  186°,  and  having  a 
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■p.  gr.  of  0-89M  at  15^  Tnofnplm,  C»«H«K)«  -  C»H»(C»H")»0«,  Appeaw  to  be 
formed  bj  heating  1  rol.  acrolein,  3  vol.  amyl  alcohol,  and  0*5  vol.  acetic  acid  to  1 10% 
but  18  decomposed  by  distiUatfon. 

Diethyl  cMorhydHn,  C*H«(OC*H*)*(OH)a,  is  formed  by  passing  hydrochloric  acid 
gas  into  a  mixture  of  acrolein  with  2  toI.  absolute  alcohol : 

C«H*0  +  2C«H»(0H)  +  HCl  =  C«H»(OC»H»)»a  +  H«0. 

It  is  a  heayy  oily  liquid,  having  a  sweetish  ethereal  odour,  and  sp.  gr.  1*03  at  10*6% 
By  sodium  ethylate  in  alcoholic  solution  it  is  conyerted  into  triethylin  (Alsberg, 
Jetuutcie  Zeitsehr,  i.  407). 

VttroffljOMia.  C^'(NO*)H)'. — This  compound,  related  to  glycerin  in  the  same 
mAnner  as  gun-cotton  to  cellulose,  is  violently  explosive,  but  nevertheless  requires  the 
fulfilment  of  special  conditions  for  the  development  of  its  explosive  force.  Its 
explosion  by  the  simple  application  of  heat  can  only  be  accomplished  if  the  source  of 
heat  be  applied  for  a  long  time  in  such  a  manner  that  chemical  decomposition  is 
established  in  some  part  of  the  mass,  and  is  favoured  by  the  continued  application  of 
heat  to  that  "part.  Under  these  circumstances,  the  chemical  change  proceeds  with 
rapidly  accelerating  violence,  and  eventually  the  heated  portion  is  suddenly  trans- 
formed  into  gaseous  products,  which  transformation  is  instantly  communicated 
throughout  the  whole  mass.  This  result  can  be  obtained  more  expeditiously  and 
with  greater  certainty  by  exposing  the  substance  to  the  concussive  action  of  a  detona- 
tion produced,  by  the  ignition  of  a  small  quantity  of  fulminating  powder,  closely 
confined  and  placed  in  contact  with  or  in  proximity  to  the  nitroglycerin  (Abel,  Chem. 
8oc.  J.  [2]  viii.  46).     See  Combustioit,  p.  487. 

Nitroglycerin  is  well  adapted  for  blasting,  its  destructive  action  being  estimated  at 
about  ten  times  that  of  an  equal  weight  of  gunpowder.  The  first  attempts  to  apply 
it  as  a  .mining  agent  were  made  by  A.  Nobel,  a  Swedish  engineer,  in  1864.  Some 
experiments  were  first  made  with  gunpowder  saturated  with  nitroglycerin.  This 
powder  burnt  much  as  usual  in  the  open  air,  but  when  confined  in  shells  or  blast- 
holes,  it  produced  greater  destructive  effects  than  ordinary  powder.  Nitroglycerin 
cannot  be  employed  as  a  blasting  agent  in  the  ordinary  way,  as  the  application  of 
flame  from  a  common  fuze  would  not  cause  it  to  explode  ;  but  when  it  is  introduce<^l 
in  a  suitable  case  into  a  blast-hole,  and  a  fuse  having  a  small  charge  of  gunpowder 
attached  to  its  extremity  is  fixed  immediately  above  it,  the  concussion  produced  by 
the  exploding  gunpowder  effects  the  explosion  of  the  nitroglycerin.  The  use  of  nitro- 
glycerin is,  however,  attended  with  very  great  danger,  on  account  of  its  great  liability 
to  explode  by  concussion  or  by  friction  during  transport.  Moreover,  it  solidifies  at  a 
temperature  probably  as  high  as  8*^  C.  (56°  F.),  and  the  friction  of  the  fro':en 
particles  is  very  apt  to  give  rise  to  explosion.  Nobel  has,  however,  found  that  the 
danger  of  accidental  explosion  of  nitroglycerin  may  be  obviated  by  mixing  it  with 
wood-spirit,  which  renders  it  non-explosiye  by  percussion  or  by  heat.  When  required 
for  use,  it  may  be  recovered  by  adding  water  to  the  mixture,  which  precipitates  the 
nitroglycerin.     (See  Richardson  and  Watts's  Chemical  Technology^  pt  v.  p.  395.) 

O&TCnBOCHUi  and  a&TOXBOS(l&«  Grahiun's  names  for  the  gelatinoua  and 
soluble  compounds  of  glycerin  and  silicic  acid  (v.  1089). 

O&TOOOIVBi    See  Gltcollahic  Acids. 


0IiT001MtU»08B.    See  Dbufosi  (p.  547). 

O&TOOCMV.  This  substance  exists  in  mollusca,  especially  in  oysters,  which 
yiold  9*5  p.  c  of  it  (reckoned  on  the  dry  weight).  Cardium  edule  contains  14  p.  c. 
The  glycogen  of  mollusks  is  very  quickly  converted  into  lactic  acid,  which,  when 
formed  in  considerable  quantity,  protects  the  animal  from  putrofaction  (Q.  Bizio, 
Compt.rend.  Ixii.  675;  Ixv.  175 ;  Jahresb.  1866,  p.  752  ;  1867,  p.  741). 

From  the  observations  of  Tichanowitsch  (On  the  Origin  oj  Carbohydrates  mthin 
and  without  the  Organiemy  Cracow,  1866,  Russian^,  it  appears  that  glycogen  may  be 
produced  in  four  modifications,  according  to  the  diet  of  the  animal  which  yields  it — 
viz.  A,  produced  by  exclusively  amylaceous  diet ;  B,  by  feeding  with  purified  white  of 
egg;  C,  with  purified  cheese  and  a  little  hogs'  lard;  D,  with  puriflwl  cheese  alone. 
These  four  modifications  differ  in  solubility  and  in  their  action  on  polarised  light : 

[a]j  100  C.C.  wsfeer  disaolTO  at  10(P  : 

A     •        ,        •        .        .     +  199*3  .        .        .        .        2'5  grams. 

B •»-  140  .    .    .    .  203-9   „ 

C   .    .    .    .    .  +  170*7  ....    0*328  „ 

D +  211  ....    2*7   „ 
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Stficherbakoff  (Zeitschr  f.  Chem.  [2]  vi.  240)  has  shown  that  glycogen  (prepared 
from  the  livers  of  dogs  fed  for  seveml  days  on  brown  bread  after  three  days  fasting) 
is  resolved  by  boiling  with  dilute  sulphuric  acid  into  glucose  and  a  body,  a  (together 
with  smaller  quantities  of  other  bodies,  /9,  7,  and  8,  to  be  presently  noticed),  which  is 
precipitated  by  alcohol  as  a  white  amorphous  viscid  mass,  drying  up  in  thin  layers  to 
a  membrane  resembling  collodion :  it  dissolves  completely  in  water  to  a  tasteless 
liquid ;  dissolves  cupric  oxide  in  presence  of  alkalis,  without  reducing  it ;  and  is 
coloured  red  by  iodine.  This  body  a  is  resolved  by  boiling  with  sulphuric  acid  for 
six  hours  into  glucose  and  another  body,  ^,  which  resembles  a  in  appearance  and 
solubility,  is  coloured  dark  red  by  iodine,  and  reduces  cupric  oxide  in  alkaline  solution. 
fi  i^.  resolved  by  boiling  with  sulphuric  acid  for  three  hours  into  glucose  and  a  third 
body,  7,  which  also  resembles  a  in  appearance,  but  is  not  reddened  by  iodine,  and 
dissolves  cupric  oxide  in  presence  of  potash  without  redudng  it.  This  body  7  is 
resolved  by  boiling  with  sulphuric  acid  for  two  hours  into  glucose,  and  a  fourth  body, 
8,  similar  in  external  character  to  a,  /3,  and  7,  not  coloured  by  iodine,  but  capable  of 
reducing  cupric  oxide  in  alkaline  solution,  a,  /3|  and  7  are  insoluble  in  strong  alcohol ; 
6  dissolves  easily  in  water,  sparingly  in  alcohol.  The  four  bodies  a,  ^,  7,  8  are  all 
dextrogyrate,  but  differ  in  the  amount  of  their  specific  rotatory  power.  Lastly, 
i  boiltnl  with  dilute  sulphuric  acid  is  completely  converted  into  glucose  without  the 
formation  of  any  other  body.  From  these  results,  Stscherbakoff  infers  that  8  contains 
at  least  6  atoms  of  carbon,  7  at  least  12,  /3  at  least  18,  a  at  least  24,  and  glycogen 
itself  at  least  30  carbon-atoms,  its  formula  being  C**H'*0''. 

caTOOUIOWOSB.  CMH«*0*i  (J.  Eidmann,  Ann.  Ch.  Pharm.  Suppl.  v.  223 ; 
Jahresb.  1867,  p.  738). — A  substance  remaining  after  exhausting  the  wood  of  the 
spruce  fir  {Abies  excelsa,  De  C. ;  Piniu  Abies^  L.)  with  dilute  acetic  acid,  alcohol,  and 
ether.  It  is  yellowish-white  and  insoluble  in  all  liquids,  yielding  only  traces  of 
cellulose  to  ammoniacal  copper  solution ;  this  behaviour  is  regarded  by  Erdmann  as 
showing  that  in  fir-wood,  as  in  the  stony  concretions  of  pears  (p.  547)i  the  primitive 
cellulose  is  associated  with  another  substance.  Fir-wood  is  decomposed  by  boiUug 
with  hydrochloric  acid,  yielding,  together  with  glucose,  from  60  to  65  p.  c.  of  an 
insoluble  body,  designated  by  Ei^imann  as  Ugnose : 

Ci«H««o«  +  2H«0  =  2C«H»K)«  +  C»»H"0" 
Olycolignoto.  Gluooae.  Lignooo. 

Lignose  is  reddish-yellow,  insoluble  in  ordinary  solvents,  and  likewise  yields  to 
ammoniacal  copper  solution  only  small  quantities  of  cellulose.  Boiled  with  dilute 
nitric  acid  it  leaves  a  residue  of  cellulose.  Glycolignose  fused  with  potash  yields, 
together  with  acetic  and  succinic  acids,  a  substance  which  appears  to  be  nearly 
related  to  pyrocatechin  and  protocatechnic  acid.  The  same  products  are  obtained 
with  liguose  or  with  glvcodrupose,  but  not  with  pure  cellulose  prepared  as  above. 
Cellulose  may  be  reguded  as  pure  when  the  residue  left  after  repeated  treatment 
with  nitric  acid,  dilute  ammonia,  and  water,  is  no  longer  coloured  by  further  boiling 
with  nitric  acid. 

Q/KWCOIbOKIO  AOZB*  C*HH)*.— a  monobasic  acid,  isomeric  with  glyoxylic  acid, 
formed,  according  to  Friedlander  {J.  fr.  Chem,  xciii.  65  ;  Jahresb.  1864,  p.  866),  by  the 
action  of  sodium-amalgam  on  ethyl  oxalate  mixed  with  3  pts.  of  absolute  alcohol  [pure 
ethyl  oxalate  treated  with  sodium-amalgam  yields  desoxalic  or  racemo-carbonic  acid,  v. 
40].  Sodium-glycolinate,  the  immediate  product  of  the  reaction,  crystallises  in  stellate 
groups  of  needles  or  prisms  containing  C^H'O'Na  -H  H*0,  which  are  easily  soluble  in 
water,  nearly  insoluble  in  absolute  alcohol,  and  give  off  their  water  at  100®.  The 
acid  may  be  separated  from  a  solution  of  the  sodium  salt  in  weak  spirit  by  an  alcoholic 
solution  of  oxalic  acid,  and  purified  by  recirstallisatiou  from  alcohol.  By  evaporation 
over  sulphuric  acid,  it  is  obtained  as  a  debquescent  radio-crystalline  mass,  containing 
2C>H'0*  +  9H'0,  and  giving  off  its  water  of  crystallisation  at  100°.  It  is  non-voladle, 
easily  soluble  in  water  and  in  alcohol,  has  a  strongly  acid  taste,  and  is  decomposed  by 
heating  with  strong  sulphuric  acid. 

CHK)H  H       ) 

amroOiaJLO  ACn^  CH^O*-  l  or  (CH'OyiO*.— This  acid  exists  in 

COOH  H       j 

the  juice  of  unripe  grapes,  but  disappears  as  the  fruit  ripens  (Erlenmeyer,  JaMresb. 
1864,  p.  859 ;  1866,  p.  372).  It  is  formed  by  the  action  of  hydriodic  acid,  not  in 
excess,  upon  diglycollic  acid  (p.  641),  and  is  found  among  the  products  of  the 
action  of  nitric  acid  upon  glycerin  (p.  637).  Heated  with  saturated  hydrobromic 
acid  to  100°  for  two  days,  it  is  converted  into  bromacetic  acid:  (?R*0*  +  BVr 
-  H«0  r  C'H'BrO*  (Kekul^,  Ann,  Ch.  Pharm.  cxzx.  360).    According  to  Krupsky 
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(Zeitaekr.  CL  Pkarm,[2]  ▼.  l77),gIycollic  acid  yidda  by  dry  di8tillat«»ii  chiefly  dioxy- 
metibylene,  C^H^*.  The  formation  of  this  body  in  small  quantity,  together  with 
^jooUide,  in  the  distillation  of  glycollic  acid,  had  prerioosly  been  observed  by 
Heintc  (ii.  919),  who  has  since  also  obtained  it,  together  with  glycollic  acid,  1^ 
heating  the  glyooUatea  of  copper  and  aluxnininm  (Ann,  Ck.  Pkarm,  oxl.  267) : 

2(C«HK)»)H)tt  -  C»H*0»  +  2C«H*0»  +  CO  +  C0«  +  Cu»0. 

Galdnm  glyoollate  and  ^iglycollate  heated  with  strong  sulphuric  ^eid  also  yield 
dkoymet^Iane,  together  with  other  products  (Heintc) ; 

(C«H«0»)«Ca  +  8H«Sa«  -  CWO»  +  SO«Ca  +  8S0*H«  +  2H«0  +  2C0 
OijooUsftB. 
•nd 

C«H«0»Ca  +  2S0*H«  ^  C«H*0»  +  SO*Ca  +  SO*H«  +  H«0  +  2C0, 
IHglyooUate. 

A  doable  salt  of  glyoollate  and  chloride  of  calcinm,  (C*HH)*)*Ca.  CaCl'  -f-  0H*O,  is 
formed  on  learing  a  highly  eonoentiated  mixed  solution  of  the  two  salts  to  itself, 
oi  by  boiling  benaoglycoUio  aoid  with  hydrochloric  acid,  neutralising  the  liquid 
filtered  from  benzoic  acid  with  lime,  and  cTaporating  to  a  syrup.  It  forms  laxge, 
transparent  oetohedml  crystals,  which  do  not  alter  in  the  ai^  or  over  sulphuric 
acid,  out  giro  off  6  mol:  water  at  70^,  the  ffreater  part  of  the  remainder  at  180^, 
and  decompose  at  200®  (Jazukowitsch,  Zeitsckr.  Ch,  Pkarm,  1864,  p.  62). 

ButurofffycoUie  Acid.  OH"0«  «  C»H"(C*H»0)0«.— The  ethylic  ether  of  this  acid, 
G*H'*0*.C*H*,  is  produced  by  heating  ethyl  monobromacetate  with  potassium  buty- 
rate.  It  is  a  liquid  insoluble  in  water,  boiling  at  20d°-207°,  and  resolved  by 
distillation  with  potassium  hydrate  into  ethyl  batyrate  and  potassium  glyoollate 
(Gal,  BuU.  8oe.  Ctim.  [2]  vii.  829). 

COOH 


i. 


9igijmomo  MaAA,    C*H«0*=0<r  or    (C«H»0) 


0"  or  (C*H*Ot|oh- 


i< 


JOOH 

The  oonstitntional  formula  of  this  acid  is  deduced  from  its  mode  of  formation,  ris. 
by  abstraction  of  H'O  from  two  molecules  of  glycollic  acid : 

COOH  COOH 

CH'OH    H        ^CH« 

-  O  =  oc 
CH«OH    H       ^^CH« 

COOH  COOH 

also  by  oxidation  of  diethylenic  alcohol,  ^    -at'  [O*. 

Kalie  acid,  with  which  it  is  isomeric,  is  formed  by  the  action  of  alkalis  on 

COOH  COOH 

CHBr  CHOH 

BKmobfomoaaoeinic  add,   I         ,  and  has  therefore  the  constitution   I 

CH»  CH« 

COOH  COOH. 

Biglycollie  acid  crystallises  in  imperfectly  developed  orthorhombic  prisma  of  ^07^  30\ 
having  their  acute  angles  truncated  by  two  faces,  one  of  which  makes  an  angle  of 
69®  68'  with  the  faces  of  the  prism.  The  plane  of  the  optic  axes  ia  parallel  to  the 
smaller  diagonal  of  the  base  of  the  prism  (Friedel,  Jahresb.  1868,  p.  362).  It  melts 
at  148®  and  distils  at  260®,  for  the  most  part  undecomposed,  a  smciU  portion  being 
however  resolved  into  glycollic  acid,  dioxymethyleno,  carbon  dioxide^  carbon  monoxide^ 
hydrogen,  and  carbon  (Heintz,  Ann.  Ch.  Pharm.  cxxviii.  129). 

Diglyoollic  acid  heated  with  hydriodic  acid  is  converted  into  glyeoUic  and  aeetiQ 
adds,  or  into  acetic  acid  alone,  according  to  the  proportion  of  hydnodic  add  U4ed ; 

C*H«0*  +  2HI  -  C«H^O»  +  C*H*0«  +  I« 
and 

C*H«0»  +   4HI  =  2C«H*0«  +   H«0   +  21*. 

Sup.  TT 
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With  fuming  hydrochloric  acid  at  180^-140^  it  ytclds  glyodlie  aeid  aa  chief  pieAad, 
with  traces  of  acetic  acid  (Heintc,  Jmh.  Ch,  Pharm.  czzz.  257). 

Neutral  ammonium  digiycoUaU^  obtained  by  boiling  the  cakamn  aalt  with  tTCW  of 
ammonium  carbonate,  ana  eraporating  the  filtrate,  ia  oonyerted,  by  heating  to  120^, 
into  the  acid  salt  C«H*0*(NH«) ;  and  this  latter  heated  to  260<>,  gireaoff  2moL  Wtttar, 
and  ia  converted  into  diglycollimide,  C'H^NO*,  which  melts  at  142^,  disaolTee  in 
about  57  ptfi.  water  at  14^,  more  easily  in  hot  water,  and  crystalliaea  from  alcohol  in 
splendid  colourless  needles  (Wuita,  Ann.  CK  PhfB.  [8]  Ixix.  848). 

For  the  preparation  of  adeium  di^ycoUate,  Heints  {ibid,  czlir.  91)  neommeiide  the 
following  process :  1  pt.  of  monocmoracetic  acid  ia  boiled  with  excess  of  oaicklime, 
8  pts.  calcium  chloride,  and  10  pte.  water,  for  ten  hours  in  a  flask  prorided  with  an 
upright  condenser ;  and  the  liquid,  diluted  with  boiling  water,  is  qoielLly  filtered,  freed 
from  excess  of  lime  by  carbon  dioxide,  eraporated  to  a  thin  svnp,  and  then  mixed 
with  3  vol.  alcohol.  The  liquid  filtered  from  the  calcium  salt  thus  sepanted  ia  again 
evaporated  to  dryness ;  the  residue  boiled  with  alcohol;  and  the  tolutioa  mixed  with 
absolute  alcohol  as  long  as  a  turbidity  is  thereby  produced.  The  calcium  salta  pre- 
cipitated by  alcohol  and  washed  therewith  are  then  dissolved  in  boiling  water,  ana  the 
calcium  diglycollate  whidi  first  ciystallise4  out  is  separated  from  the  mother-liquor, 
and  purifiMl  by  washing  with  cold  water.  If  the  mother-liquors  on  further  evaporation 
yield  slender  microscopic  needles  of  the  glyoollate,  together  with  trans|)eient  priama  of 
the  diglycollate,  the  two  salts  may  be  separated  by  washing  or  levigation  with  a  small 
quantity  of  hot  water,  which  dissolves  the  glycoUate  and  leaves  the  di^lyoollate : 
10  5  grms.  of  chlonicetic  acid  thus  treated  yi^d  more  than  8  grma.  of  ealaum  digly- 
collate and  nearly  5  grms.  of  glycollate. 

Eihi^l  digttfcollate,  C'H'0*.C'HS  is  prepared  by  heating  the  silver  salt  (obtained  by 
precipitating  the  hot  concentrated  solution  of  the  calcium  salt  with  silver  nitrate)  wi^ 
excess  of  ethyl  iodide  and  anhydrous  ether  in  a  sealed  tube  in  the  water-bath ;  waah- 
ing  the  silver  iodide  with  ether ;  distilling  off  the  ether  and  excess  of  ethyl  iodide ; 
volatilising  the  last  portions  of  these  ethers  by  heating  to  100^  in  a  stream  of  dry  air; 
and  finally  distilling.  It  is  a  colourless  liqmd,  boiling  at  240^,  heavier  than  water, 
having  a  faint  odour,  and  slightly  sweetish,  somewhat  burning  taste.  Boiling  water 
dissolves  and  slowly  decomposes -it  into  diglyooUic  acid   and  alcohol.    The 


doromposition  is  instantly  produced  by  boiling  with  alkalis  and  alkaline  earths.  ^Bj 
alcoholic  ammonia  it  is  converted  into  diglycoUodiamide^  N'(C*HK)*)  n* 
(Ileintz,  Ann.  Ch.  Pharm.  cxliv.  95). 

AmidoglycoUia  or  GlycoUando  Acids, 

By  the  action  of  ammonia  on  monochloracetic  acid,  three  amidated  adds  are  produced, 
via., 

H»    Ut  H« 

C«H«0 
H 
Amidoglycollio.  AmldodiglyoolUo.  AinidoM^tfeoUio. 

The  ethylic  ethers  of  the  same  acids  are  produced  by  heating  ethyl  chloraoetate 
with  ammonia  or  ammonium  carbonate  (Heintx,  ii.  905 ;  Ann.  Ch.  Tharm.  cxli.  Zb6). 

According  Xn  Ziegler  {Zeitschr.  f.  Chrm.  [2]  v.  659),  a  concentrated  solution  of 
amidoglycollio  aci  I  boiled  with  chloracetic  acid  yielda  the  hydrochloride  of  amido- 
diglycoUic  acid ;  and  in  like  manner,  amidodiglycollie  acid  boiled  with  chloracetic 
acid  yields  the  hydrochloride  of  amidotriglycollic  acid ;  whereas  by  boiling  glyoollie 
acid  with  ammonia,  neither  amidoglycollic,  amidodiglycnllic,  nor  amidotriglycollic  acid 
is  obtained.  Heuce  it  may  be  inferred  that  in  the  preparation  of  these  acids  f^m 
chloracetic  acid  and  ammonia,  they  are  formed  successively  one  from  the  other,  an 
atom  of  hydrogen  directly  connected  with  nitrogen  uniting  at  each  step  with  the 
chlorine  of  the  chloracetic  add,  while  the  residue  takes  the  place  of  the  chlorine ; 
thus, 

C»H«aO«  +       NH«      -  C»H»N0«.HC1 

C«H»aO«  +   C»H*NO«  -  C<H'NO«.Ha 

C»H«C10«  +   OH'NO*  -  C«H»NO«.Ha 

AmidogljreolUo   aeldf    aiyooUamle    aeid,    aijooolBe,   or    Oljoooollt 

€>H«NO''  »  NH>(CH*COOH),  is  also  formed  by  heating  uric  add  with  aatnzated 
hydriodic  add  to  160^-170^  in  sealed  tubes : 

OH^N^O*  +   5H«0  «  C»H*NO«  +   SCO«  +  8NH«. 
On  opening  the  tubes,  carbon  dioxide  escapes,  and  the  solution,  treated  with  lead 
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^rdnta  md  firaad  from  dinolTed  lead  by  snlpbydric  acid,  yieldfl  on  eraposation  oolour- 
Um  oyBtali  of  glTooeine  (Stzwker,  Zeitackr.  /  Ckem,  [2]  iy.  215). 

On  the  pzepnration  of  gljoocine  from  hippuric  acid,  aee  Krant  a.  Hartmann  (Ann, 
CJL  Pkatm,  acDdii.  99).  Aocoidiiig  to  toe  same  chemistB,  glycocine  decomposed  by 
bmyta^^DoUr  at  250®  gives  off  ammonia,  but  no  methylamine  (compare  ii.  908). 
Ammonia  ia  alao  fonned  on  heating  it  with  hydriodic  acid.  When  glycocine  is  heated 
with  had  dioaride  and  aulj^knric  acid,  the  hydrocyanic  acid  produced,  together  with 
carbon  dioxide  and  watar,  ia  ingreat  part  decomposed,  so  that  the  reaction  may  be 
represented  by  the  eonation,  C*H»NO«  +   0«  =  2C0*  +  NH«  +  H»0. 

Diglj^eoeme  kydrocldonde,  2CH*N0  .HCl,  is  depositwi  in  needles  on  passing  ammonia 
gas  into  the  alcoholic  solntion  of  the  neutral  salt  CH*NO''.HCL 

SUver-glycoeinM^  OK*AgN0*,  is  obtained  by  evaporating  a  solution  of  glycocine 
aatnrated  while  hot  with  silyer  oxide,  over  sulphuric  add :  if  the  solution  be  evaporated 
by  heat»  silver  is  reduced ;  alcohol  throws  down  from  the  solution  a  compound  con- 
taining 8  at.  silver  to  4  mol.  glycocine.  When  silver-glyoocine  is  heated  with  ethyl 
]odid%  1  aL  hydrogen  is  repU^ed  by  ethyl ;  but  the  product  is  decomposed  by  silver 
oxide,  with  rvprodnction  of  glycocine.  Silver-glycocine  distilled  with  barium  hydrate 
gives  off  ethvl-methylamine,  together  with  other  bases.  Boiled  in  excess  with  acetyl 
chloride  and  anhydrous  ether,  it  yields  silver  chloride  and  aceturic  acid,  C^H'NO' 
(p.  80)  (Kraut  a.  Hartmann,  loc.  cit.). 

Glycoeme  nUrtUef  CH*NO*.NO'H,  forms  vitreous  crystals  belon^ng  to  the  rhombic 
system,  and  having  the  axes  a  :  b  :  e  (principal  axis)  in  the  ratio  of  0*74972  :  1  : 
0-06865  (Loschmidt,  Jahresb,  1865,  p.  349). 

CH«NH(C»H») 

Etkyl^lyeoeine.    C*H"NO«  =     C«H*(C»H»)NO«     -      [ 

COOH 
H.C«H» 


;-)o" 


(C^H'O)''  j-^  (Heints,  Ann,  Ch.  Pharm,  cxxix.  27 ;  cxxxii.  1 ;  Jakreth,  1864,  p.  362).—' 
Produced  by  prolonged  boiling  of  chloracetic  acid  with  ethylamine : 


•  CH«C1 

N(C«H»)HH 

CH«N(C«H*)H 

COOH 

«     N(C«H»)H».C1     + 

COOH 

N(C«H*)HH 

Otaknoetio 

3  mol.  Bthyl- 

Echylammoninm 

Bttayl- 

acid. 

amine. 

chloride. 

glycocine. 

The  product  evaporated  to  dryness  with  excess  of  barium  hydrate,  and  treated  with 
boiling  water,  yields  a  solution  containing  ethylglycocine,  together  with  a  small 
quantity  of  the  lead  salt  of  ethylamidodigiycollic  acid,  and  an  insoluble  residue  B, 
consisting  chiefly  of  the  latter.  On  evaporating  the  solution  A,  and  treating  the 
residue  with  absolute  alcohol,  a  small  quantity  of  the  lead  salt  B  still  remains 
undissolved,  whilst  the  ethylglycocine  passes  into  solution,  together  with  other 
substances  which  interfere  wi&  the  crystallisation.  This  solution  is  warmed  with 
baryta-water  (after  the  lead  has  been  removed  by  hydrogen  sulphide) ;  the  baryta  is 
precipitated  by  cupric  sulphate ;  and  the  filtrate  is  boiled  with  cuprio  hydrate,  and 
mixea  after  evaporation  with  alcohol  and  ether.  The  cupric  salt  of  ethylglycocine 
is  thereby  precipitated,  and  this  when  reciystallised  from  water  and  mixed  in  boiling 
solution  with  hydrogen  sulphide,  yields  pure  ethylglycocine. 

Ethylglycocine  crystallises  from  alcohol  in  indistinct  laminae;  from  the  syrupy 
solution  by  evaporation  over  sulphuric  acid,  in  small  rectangular  tables  with  truncated 
edges  and  summits.  It  has  a  sweetish,  somewhat  sharp,  almost  metallic  taste,  melts 
with  decomposition  above  160^,  and  deliquesces  on  exposure  to  the  air.  Its  solution 
in  hvdiochloric  acid  evaporated  at  100^  leaves  the  hydrochloride  C^H'NO'.HCl, 
which  dissolves  easily  in  water  and  in  hot  absolute  alcohol,  and  crystallises  from  the 
aqueous  solution  by  spontaneous  evaporation  in  right  rhombic  prisms.  The 
ptatimoehloride  2(C«H«N0>.HCl).PtCl«  +  6H>0  crystallises  f^m  water  in  large 
orange-red  monoclinie  prisms.  On  mixing  the  solution  of  ethylglycocine  with 
merewie  eUoride,  the  compound  C^H*N0'.2HgCl'  is  formed  as  a  crystalline  preci- 
pitate, which  crystallises  from  water  in  small  rhombic  prisms  ;  and  on  dissolving  these 
m  hydrochloric  acid,  the  syrupy  compound  2(C^H'N0*.HCl).HgCl'  is  produced. 
Ouprie  ethflfflifooeme  or  ouprie  ethylamvioglyooUate,  (C^H"NO*)'Cu  +  4H«0,  crystal- 
lises in  oblique,  apparently  triclinic  prisms,  very  soluble  in  water  and  alcohol,  insoluble 
in  ether.  Etkyiffiyooeme  hydriodide  is  anhydrous,  deliquescent,  insoluble  in  ether,  and 
crystallises  like  the  hydrochloride. 
'  A  compound  isomeric  with  this  hydriodide  is  obtained  by  heating  glycocine  with 

T  T  2 


64i  GLTCOLLIC  ACID. 

1  mol.  ethyl  iodide  is  a  «ealed  tube  to  116°-*120^  (in  a  paraAn-lMth).  On  evaporating: 
the  solution  over  sulphurie  acid,  rhombic  crystals  are  obtained  consisting  of  the. 
compimBd  C*H'(C'H'')KO*.HI,  which  has  an  acid  reaction,  dissolves  easily  in  vater, 
alcohol,  and  ttkw,  and  when  treated  with  silver  oxide,  is  resolved,  like  a  oompoond 
ether,  into  alcohol  and  glycocioe  (Schilling,  Anm.  Ch.  Pharm.  cxxvii.  97);  hence,  as 
pointed  out  by  Kraut  and  Hartmann,  the  base  CH*(C*H*)NO*  contained  in  it  is. 
not  the  ethylglycocine,  or  ethylasudoglyeollic  acid*  obtained  by  Heints,  but  tho  ethyUc 
ether  of  amidoglycoUic  acid : 


CH«N(C»H»)H  £JH«NH« 

I  I 

COOH  COOC«H» 

Ethylglyoodne  or  Eth  jUc  Amido* 
BthyUmidoglycoUlo  glyoollate. 

add. 


CH*N(C^»)« 
DiBthylglyeocine^   C^*»NO*  -     |  ,  is  produced  by  boiling  ehlor- 

acetic  acid  with  diethylamine.  The  product  treated  wit^  bjdrated  lead  oxide,  ireed 
from  lead  by  hydn^gen  sulphide,  and  evaporated,  yields  diethylglyoocine  in  deliquescent, 
rhombohedral  crystals,  very  soluble  in  alcohol,  subliming  below  100°.  Boiled  with 
cupric  hydrate,  it  yields  the  copper-compound  (CH"NO*)H)u  +  4H*0,  in  small  blue 
prismatic  cryst^ils.  The  plaiinum-eowpound  2C*H"N0* .  PtCl*  +  HH)  forms  orange-red 
crystals  (Heintz.  Ann,  Ch,  Pharm,  cxli.  217  ;  Jahrtth,  1866,  p.  978;  Airther,  ZeiUehrJ 
f.  Chnn.  [2]  v.  162). 

Methy  Iff  fycocia  e.  CH*(CH*)NO*.— When  glycocine  is  heated  with  methyl  iodide 
to  100°  for  seven  hours,  sparingly  soluble  crystals  separate,  belonging  to  the  rhombic 
system :  they  contain  iodine,  but  their  composition  has  not  been  ascertained.  The 
mother-liquor  yields  transparent  rhombic  crystals  easily  soluble  in  water  and  alcohol, 
and  consisting  of  the  compound  OH'*N01,  regarded  by  Schilling  as  the  hvdriodi<Ie 
of  dimethylglycocine,  CH'(CH')*NO* .  HI.  Kraut  and  Hartmann,  on  the  otner  han  1,^ 
regard  it  as  the  methyl-iodide  of  monomethylglyoocine.  Its  formation  may  be 
represented  by  the  equation, 

3C«H*N0»  +   2CH«I  =  (C»H»NO«)«HI  +  C«H*(CH«)NO«.CH»I, 

inasmuch  as  only  one-third  of  the  glycocine  is  converted  into  the  methyl-compound, 
the  rest  being  separated  as  diglycocine  hydriodide,  insoluble  in  absolute  alcohol.  The< 
iodine-compound,  when  freed  from  alcohol  and  shaken  up  with  silver  chloride,  is 
converted  into  the  more  stable  chlorine-compound  C*H*(CH*)NO* .  CH"C1 ,  which 
crystjillises  in  white  needles,  and  is  not  decomposed  by  water,  but  is  resolved  by  silver 
oxide  into  glyoocine  and  methyl  alcohol,  like  the  ethylic  ether  of  glycoUamic  acid' 
(Kraut  a.  Hartmann). 

Phenylglycocine,  CH'(C*H*)NO',  is  produced,  tQgetiielr  with  aniline  hydro- 
bromida,  by  the  action  of  aniline  on  bromacetic  acid.  On  dissolving  the  product  in 
water,  and  evaporating,  the  phenylglycocine  crystallises  out  first,  and  may  be  purified 
by  pressure  between  paper  and  repeated  crystallisation.  It  forms  amall  indistinct 
ciystnls,  melting  at  110°,  moderately  soluble  in  water,  sparingly  in  ether.  The 
aqueous  solution  has  an  acid  reaction,  and  dissolves  the  oxides  of  silver,  lead,  and 
zinc  The  silver-compound  decomposes  partially  in  the  cold,  completely  at  the  boiling 
heat,  with  formation  of  a  silver  speculum  (Michaelson*.  Lippmann,  Z^Uckr,fn  Chem, 
1866,  p.  16). 
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This  acid  is  formed,  together  with  glyoocine  and  amidotriglvcoUic  acid,  by  the  action 
of  ammonia  on  monodaloracetic  acid  (ii.  906).  It  finrms  laiqge,  anhydrous,  strongly 
acid  crystals,  having  the  fom  of  rhombic  prisms  of  about  129°,  decomposes  above 
210",  disBoives  in  41  pts.  water  at  6°,  vexy  easily  in  boiling  water,  is  insoluble  in. 
alcohol  and  ether.  It  is  bibasic  l%e  acid  iimmtmium  sait  C*H'NO*(NH*),  polymeric 
with  gly^oeiae,  erystallises  in  large  rhombic  prisms  of  95°  42*.  The  Aver  salt 
OH^NG^Ag'  is  thrown  down  from  t£b  ammonium  salt  by  ammoniacal  silver  nitrate  as 
a  sandy  white  precipitate.  The  numebarie  mU  0*H'NO*Ba  and  the  bibarie  salt  are 
gummy  and  uncfyvtalliaable.  The  cmyric  salt  C^H*NO«Cu  +  2H*0,  formed  by 
decomposing  the  hariiun  salt  with  cupnc  sulphate,  is  a  blue  crystalline  powder,  very 
alightly  soluble  in  water.  The  sine  salt  C*H*N0*Zn,  which  is  also  very  slightlx 
ao£able«  is  formed  on  boiling  the  acid  with  recently  precipitated  jdnc  carbonate  (Hein^ 
4nf^.  Ck.  Pharm,  cxzil  276;  cxxir.  297). 


GLYCOLLIC  ACID.  645 

.  Amidodifflyoollic  acid  also  forms  salts  with  the  stronger  acids.  The  hydrochloride 
t^H'NO*.HUl  forms  large,  laminar,  right  rhombic  prisms  easily  soluble  in  wati-r. 
sparingly  in  alcohol.  The  nitrate  C^H'NO* .  NO*H  ia  a  crystalline  deliquescent  ma  8. 
A  solution  of  amidodiglycoUic  acid  in  2  mol.  sul]^huric  gradually  deposits  the  tifui  r;i! 
sulphate  of  amidodiglvcolUc  acid,  as  a  crystalhne  mass  which  is  re8<ilTeil  by  w.iti  r 
or  alcohol  into  the  acid  salt  and  free  amidodiglycoUic  acid  (Heintz,  Ann.  Ch.  Puurm. 
cxxxTi.  213). 

An  acid  isomeric  with  the  preceding,  which  for  distinction  may  be  called 
diglycoUamie  (lHgilycoUaminsaurt)y\s  produced  by  treating  diglycollimide  (p.  619), 
wiu  excess  of  warm  baiyta-water.  The  solution  treated  with  carbonic  acid,  filtereil, 
and  evaporated,  leaves  an  amorphous  residue,  from  which  hot  alcohol  extracts 
diglyooUamie  acid.  The  portion  insoluble  in  alcohol  is  bavium.  diglyeollamate, 
(C^H*NO*)'Ba  •(-  HH),  which,  by  oorering  the  evapoxated  solution  with  a  layer  of 
alcohol,  may  be  crystallised  in  small  apparently  oblique  rhombic  prisms  This  salt  is 
neutral,  moderate^  soluble  in  water,  insoluble  in  alcohol  and  ether,  decomposes  above 
146®,  and  is  decomposed  by  prolonged  boiling  of  its  aqueous  sohition  (mure  easily  in 
presence  of  excess  of  baryta),  giving  off  ammoni8^  and  forming  diglyeollic  acid,  which 
18  partly  precipitated  as  barium  salt.  Digtycollamfc  acid  separated  from  the  Imrium 
salt  by  sulphuric  acid  forms  unsymmetrical  rhombic  prisms  of  84^  15.  It  is  per- 
manent in  the  air,  moderately  sohible  in  hot  water,  less  in  cold  water  and  in  nlcohul^ 
nearly  insoluble  in  ether ;  meltB  abovB  126^  to  a  mass  which  slowly  solidifies  and 
becomes  opaque  on  cooling  (Hetntz,  Ann,  Ch,  Pharm,  cxxviii.  129 ;  Jahreeb.  1863,  p.  364). 

AmidodiglycoUic  and  IHglycoUamic  acids  are  respectively  isomeric  with  aspartic 
and  malamic  acids,  which  are  amidated  adds  derived  from  malic  acid.  Aspartic  aud 
amidodiglycoUic  acids  are  bibasic ;  malamic  and  diglyooUamie  acids  are  monobasic. 
The  constitutional  formuUo  of  these  acids,  and  their  mode  of  derivation  from  mali« 
and  diglyeollic  aeida»  are  indicated  by  the  following  fbrmufie : 

COOH  CDOH  CaNH» 

CHOH  CHNH*  CEOH 

CH«  CH«  CH« 

COOH  COOH  COOH 

COOH         COOH         CONH» 

v'CH*  ^CH«  /CH* 

OC  HNC  O-f 

^^CH»  \CH»  \CH» 

»  i     ^  I 

COOH  COOH  COOH 

DlglyooQio.  Amidodifl^yodUio.  t>i^cdllaiiii& 

Tb*  fbrmation  of  amidodiglycoUic  acid  by  the  action  of  ammonia  (3  moL)  OA 
cfaloneetie  add  (Sf  mol.)  is  represented  by  the  equation : 

COOH  COOH 

I  NHHH  I 

CK«C1  v'CH" 

+  IfHHH    »     2NH*C1     +     ANC 
GHKa  \CH* 

[  NHHH  I 

COOH  COOH. 


-may  evidently  be  regarded 
by  abstraction  of  i  pkL  H'O ;  thus : 

COONH*  CONH* 

^^CH«  ^Ah« 

O:^  -      H«0     «     OC 

\CH»  XCH» 

COOH  COOH. 
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Etkyl-amidodiglycoUic  Add.  OH>'N0«  -  NH  |  ^^(^*^^^.— Tlw  neutxal 
ethylic  ether  of  this  bibaAic  acid, 

is  obtained  by  henting  silver  amidodiglycollate  with  ethyl  iodide  to  100®.  Tt  is  a 
liquid  soluble  in  ether,  more  soluble  in  alcohol  than  amidodiglycollic  acid,  distilling 
slowly  in  a  stream  of  air  at  200°-220^.  By  boiling  with  barium  hydrate  it  yields  a 
Tery  sparingly  soluble  barium  salt,  from  which,  after  separation  of  the  barium  by 
sulphuric  acid,  cupric  ethyl-amidodiglycoUate,  CH'KO^Cu,  may  be  prepared.  It  foniiB 
very  soluble,  blue,  microscopic  tables,  whidi  do  not  lose  weight  at  100®  (HeiIltl^ 
Ann.  Ch.  Pharm.  cxlv.  214  ;  ZeiiscAr.  /.  Chem.  [2]  y.  153). 

I^HtrosamidodiglycoUio  Acid,  C*H«NK)»  -  C*H«(NO)NO«.— Formed,  together  with 
oxalic  acid,  by  passing  nitrous  acid  vapour  into  a  bolution  of  amidodiglyoollio  acid  in 
nitric  acid  ef  sp.  gr.  1*32.  Separated  from  its  barium  salt  by  sulphuric  add,  it 
crystallises  from  the  syrupy  solution  in  snuill  pale  yellow  rectangular  or  six-eided 
tables,  very  much  like  the  crystals  of  amidodiglycollic  acid,  but  more  soluble  in 
water ;  it  dissolves  also  in  alcohol  and  ether,  and  melts  without  decomposition  above 
100°.  Its  calcium  salt  may  be  prepared  by  mixing  a  cold  solution  of  amidodigly- 
collic acid  in  strong  nitric  acid  with  calcium  nitrite  till  the  liquid  turns  green, 
saturating  the  warm  diluted  solution  with  lime,  evaporating  to  dryness,  and  treating 
the  residue  with  alcohol.  Calcium  nitrosodiglycoUamate  then  remains  ondisBolved, 
which  after  reciystallisation  from  water  has  the  composition  C*H*N*0*Ca  -f  H*0 ; 
it  is  more  soluble  in  cold  than  in  hot  water,  nearly  insoluble  in  alcohol,  and 
crystallises  from  the  syrupy  aqueous  solution  in  crusts  which  do  not  give  off  any 
water  at  1 80® ;  the  salt  crystallised  in  a  vacuum  gives  off  4  p.  c  ((  mol.)  water  at 
100°,  and  has  then  the  composition  of  the  salt  £ied  at  160  .  By  treatment  with 
ammonia  and  ammonium  carbonate  it  is  converted  into  ammonium  nitroeamidodigly- 
collate;  and  this,  by  boiling  with  baryta-water,  is  converted  into  the  barium  salt, 
which  by  evaporation  at  the  boiling  heat  is  deposited  in  crystalline  crusts  containing 
2C*H*N*0*Ba  +  H*0,  and  giving  off  their  water  (2-9  p.  c.)  at  180®-190®.  The  nit 
crystallised  at  lower  temperatures  has  the  composition  OH^N'O'Ba  +  2HH),  and 
becomes  anhydrous  at  126®.  The  Mver  salt  C^H^N'O^Ag*  crystallises  from  the  warm 
dilute  solution  of  the  calcium  salt,  mixed  with  silver  nitrate  not  in  excess,  in 
colourless  sparingly  soluble  prisms,  which  detonate  slightly  when  heated  (Heinti, 
Ann.  Ch.  Pharm.  cxxviii.  300). 

fCH»COOH 
Amidotriffljoome  Aeitf.      CH'NO*  -   N|GH'CX)0H.     THaheoUanUdsSure 

lCH»COOH 
(Heintz,  Ann.  Ch.  Pharm.  cxxii.  269). — Formed,  together  with  amidoglyoollio  and 
amidodiglycollic  acids,  by  the  action  of  ammonia  on  odoraoetic  acid : 

CH«C1 
8  i  +   4NH»  «  8NH<a  +  N[CH«COOH]«. 

COOH 

For  the  mode  of  separating  it  from  the  other  two  acidS)  see  ii.  904.  It  fomna  small 
anhydrous  crystals,  of  prismatic  character,  colourless,  inodorous,  and  having  only  a 
faint  acid  reaction  ;  they  become  white  and  opaque  at  190® ;  fxise  and  decompose  at  a 
higher  temperature.  The  acid  dissolves  in  747  pts.  of  water  at  6®,  somewhat  more 
freely  in  boiling  water,  is  insoluble  in  alcohol  and  ether.  Hydrochloric  acid 
precipitates  it  from  the  concentrated  solution  of  its  salts.  The  slightly  ammoniacal 
solution  of  the  acid  gives  with  silver  nitrate  a  white  crystalline  precipitate ;  with 
mercuric  nitxate  a  precipitate  which  turns  grey ;  cupric  sulphate  forms  in  the  sUghtly 
acid  solution  of  the  ammonium  salt  an  amorphous  blue  precipitate ;  lead  acetate  a 
white  crystalline  precipitate.  The  precipitate  formed  by  barium  ^oride  consists  of 
regular  six-sided  microscopic  tables,  very  soluble  in  hot  water.  Calcium  chloride 
forms  a  precipitate  only  at  the  boiling  heat  (Heints). 

Amidotriglycollic  acid  is  tribasic,  but  its  monometallic  salts  have  not  been  obtained. 
The  diammonio  salt  C*H'NO'(NH*)'  +  H*0  crystallises  from  an  aqueous  solution 
covered  with  a  layer  of  alcohol,  in  needles  very  soluble  in  water ;  the  triargmtic  aaU 
C*H'NO*Ag*  is  a  white  crystalline  powder  which  detonates  when  heated  (Heints). 
The  dipotassie  salt  C«HT^O«K«  +  H«0  crystallises  slowly  from  a  solution  of  1  mol. 
amidotriglycollic  acid  and  1  mol.  potassium  carbonate  mind  with  adoohol,  in  long 
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needles  which  gire  off  their  w&ter  at  110^  The  barium  ioU  C*H'NO*Ba  -f  H*0, 
obtained  by  boUing  1  mol.  of  the  acid  with  the  coireepondinff  quantity  of  barium 
hydiate  or  carbonate,  forma  sparingly  solnble  needles  wnich  giye  off  their  water  at 
120^  and  decompose  between  200°  and  210^  The  ooiresponding  lead  saU  C*H'NO«Pb 
•f  2HH)  crystallises  in  monodinic  prisms  of  87^  80'  and  142°  80',  much  truncated 
in  the  lateral  direction,  and  with  sereral  hemidomes  ;  soluble  in  about  30  pts.  water ; 
becomes  anhydrous  at  110^-120^,  and  decomnoses  at  210°.  The  tribarie  salt 
(C*H*NO*)*Ba*  +  4HK),  produced  by  boiling  tne  acid  or  its  ammonium  salt  with 
excess  of  barium  hydrate,  forms  thin  nacreous  quadratic  plates,  which  give  off  their 
water  at  180<>.  The  tr^umbic  salt  (C*H*NO*)*Fb*,  obtained  by  adding  ammonium 
amidotfiglyoollate  to  an  excess  of  basic  lead  acetate  at  the  boiling  heat,  separates  in 
opaque  lamins,  which  do  not  lose  weight  at  180°  (W.  Liiddecke^  Jnn,  Ch.  Pharm, 
ezlTii.  272 ;  Zeitschr.  /.  Ckem,  [2]  r.  163). 

TrUthylieamidoindlffOollaU,  OH<N0*.(C*H*)',  is  obtained  by  heating  the  triaigentic 
salt  with  ethyl  iodide  to  100°  for  six  or  eight  hours;  at  higher  temperatures  it 
explodes.  The  ether  obtained  by  distilling  the  filtered  and  dehydrated  contents  of 
the  tube  is  a  yellowish  oily  liquid  haying  a  fruity  odour,  distilling,  with  fiarttal 
decomposition,  between  280°  and  290°,  somewhat  more  soluble  in  cold  than  m  hot 
water.  It  is  decomposed  by  hydrochloric  acid  and  by  alkalis,  with  formation  of 
amidotriglyoollic  acid.  Its  alcoholic  solution,  saturated  with  ammonia  gas,  gradaally 
deposits  crystals  of  amidotriglyoollotriamide,  N(CH'CONH')*  (Heintx,  Jaknsb.  1866, 
p.  897). 

Amidotriglyoollic  add  subjected  to  dry  distillation  giyes  off  water,  ammonia,, 
dimethylamine,  carbon  dioxide,  probably  mixed  with  carbon  monoxide  and  a  hydro- 
carbon, and  leayes  a  carbonaceous  residue.  Nearly  the  same  products  are  obtained 
by  distilling  the  acid  barium  salt.  Amidotri^lvcoUic  acid  treated  with  Hne  and 
dilute itilphurie  add  is  reduced  to  ethyl-amidodiglycollic  acid:  O'H'NO'  + 
8H'  -  2HH)  +  C^H"NO»  (Luddecke). 

On  the  oonstitntion  of  diglyoollic,  diglycollamic,  and  triglycollamic  acids,  see  also 
Heintc  {J,  pr.  Chem.  [2]  iii.  69,  120 ;  Chem.  8oe.  J.  [2]  ix.  286 ;  Kolbe,  J.  pr.  Ckem. 
[2]  iiL  78 ;  A.  CUus,  IbSd,  128). 

Qlyeollamidee.  

CH»OH 
CMjeoIIaiBSdet  isomeric  with  glycoeine,  is  represented  by  the  formula  I  or 

CONH* 
H 
(C«H«0) 
H« 

CH*OC*H» 

Ethvl-glyeollamide,  C*H*NO*  <>   I  .is  produced  by  leaying  an  alcoholia 

CONH« 
solution  of  ethylamine  and  ethyl  glycollate  to  eyaporate  oyer  sulphuric  add,  and  heat- 
ing the  syrupy  residue  to  120°  in  a  current  of  air.  It  is  syrupy,  boils  at  260°» 
becoming  red  at  the  same  time,  and  is  decomposed  by  alkalis,  eyen  in  the  cold,  into 
ethylamine  and  glycollic  add.  It  is  not  altered  by  boiling  with  water.  When 
eyaporated  with  hydrochloric  add,  it  leayes  a  syrupy  residue  not  containing  glycolUo 
acid  (Heintz,  Ann.  Ch,  Pharm,  exxix.  27). 

Aintdoglye€llaml4#»  lyoiMrtwinlde,  or  CNtjreocoIlmmlde.  CR'SH) 
"  Jv^  "  ^|^H»^^^^'^^  (Heinta,  Mm.  Ck.  Pharm,  cxlyiii.  177;  d.  67; 


is. 


lAr./  Ohem.  [2]  t.  161). — ^This  compound  is  formed,  together  with  amidodigl^- 
ooUodiamide  and  amidotriglyoollotriamide,  by  the  action  of  alcoholic  ammonia  in 
laige  excess  on  ethylio  monochloxaoetate,  this  ether  being  .first  eonyerted  into  chlor- 
acetamide: 

CH«a  CH'Cl 

J  +     NH»     -    HOC«H«    +      1 
COOC?H»  CONH« 

Ohlonoetlo  Aloobd  Chlor- 

•Omt  aoetamite; 

and  the  latter,  by  prolonged  action  of  the  ammonia,  into  the  three  amides  abore 
mentioned;  thus: 
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CH*C1 

I  + 

CONH« 

Clilor- 
aoetamide. 


2NH* 


NH»C1 


CH«C1 
2  I  +     3NH« 

CONH* 


CH«NH« 

CONH* 

Amidogly- 
coUamide. 

CH«CONH« 


=  2NH'C1     + 


KH 

CH«CONH« 

AmidodiglyooUo- 

dUunfale. 


CH«a 


8 


i> 


ONH« 


+     4NH»     =   3NH*a     +     N 


'CH«CONH« 
CH«CONH« 
CH*CONH« 

Amidotrlgljcollo- 
triamide. 


To  prepare  amidoglycollamide,  the  ethylic  chloracetate  is  left  in  contact  for  some 
days  with  eight  times  its  Tolume  of  saturated  alcoholic  ammonia ;  the  mixture  is 
then  heated  to  60°  or  70°  for  24  honrs  ;  the  sal-ammoniac  whidi  crystallises  out  on 
cooling  is  separated  by  filtration;  the  free  ammonia  is  left  to  eTaporate  over  snl- 
phuric  acid ;  the  solution  obtained  with  the  smallest  possible  quantity  of  water  is 
mixed  with  alcoholic  platinic  chloride  containing  free  l^ydrochloric  acid,  then  with 
a  quantity  of  ether  equal  to  twice  the  Tolume  of  t^e  liquid;  and  the  precipitate 
which  forms  after  standing  for  some  time  is  washed  on  a  filter  with  ether-alcokoL 
A  small  quantity  of  hikewarm  water  extracts  from  this  precipitate  the  pladnochloride 
of  amidoglycollamide,  whilst  ammonium  platinochloride  and  the  platmoehlorides  of 
amidodigiycollodiamide  and  amidotriglycoUotriamide  remain  undissolved.  The  solu- 
tion yields  by  spontaneous  evaporation  laige  crystals  of  the  platinochloride  of  amido- 
^lycoUamide,  wnich  may  be  freed  from  an  adhering  syrupy  mass  by  treatment  with 
dilute  alcohol,  and  from  any  remaining  portions  of  the  three  other  platinum  salts  by 
picking  out  the  crystals  ana  recrystallising  them  from  water. 

Amidoglyoollamide  is  also  formed  by  heating  glyoocine  with  a  large  excess  of 
alcoholic  anmionia  in  a  sealed  tube  to  155''~165°. 

The  ^inochloride  of  amiid^lyconamide,  ^(C*H*N*O.HCl).Pta«  4-  2H*0, 
crystallises  in  monodinic  prisms  witn  strongly  develqped  oblique  end-isfies  And  pre- 
dominant truncation  of  the  acute  prismatic  edge ;  it  is  easily  soluble  in  water,  sparingly 
soluble  in  weak  spirit,  insoluble  in  strong  alcohol  and  in  ether ;  gives  off  its  water  of 
crystallisation  at  105°,  intomesces  when  heated,  and  yields  a  sublimate  consisting 
chiefly  of  sal-ammoniac.  Heated  with  a  little  hydrochloric  acid  and  plaiinic  chloride 
dissolved  in  dilute  alcohol,  it  is  converted  into  another  platinum-compound,  yellowish- 
red  by  transmitted,  black-green  by  reflected  light,  easily  soluble  in  water,  insoluble  in 
water  mixed  with  an  equal  volume  of  albohol.  The  same  compound  is  formed  as  a 
secondary  product  in  the  preparation  of  theplatinochloride  of  amidoglyoollamide. 

HydrocUoride  of  Amidoplycottaimdty  CH*N*0.HC1,  is  obtained  l^  mixing  the 
solution  of  the  platinochloride  in  a  small  quantity  of  water  with  the  quantity  of  sal- 
ammoniac  required  to  convert  the  platinum  into  ammoniimi  platinochloride ;  evaporat- 
ing the  filtrate  in  a  vaicuum ;  {precipitating  the  filtered  aqueous  solution  of  the  residue 
with  alcohol  and  ether ;  washing  the  long  thin  needles  thereby  obtained  with  ether- 
alcohol;  redissolving  them  in  water;  and  leaving  the  solution  to  evaporate.  The 
hydrochloride  then  separates  partly  in  needles,  purUy  in  monodinic  pnsms  having 
their  acute  prismatic  edges  very  much  truncated.  It  is  easily  soluble  in  water, 
sparingly  in  alcohol,  insoluble  in  ether ;  does  not  lose  weight  at  105° ;  melts  when 
cautiously  heated  to  a  colourless  liquid,  which  solidifies  in  the  crystalline  fbtm  on 
cooling;  blackens  at  a  higher  temperature,  boiling  and  giving  off  il^hite  vapours,  and 
leaves  a  difficultly  combustible,  tumefied  cinder.  By  boiUngwith  barium  hydrate,  half 
the  nitrogen  is  given  off  as  ammonia,  glycocine  being  at  the  same  time  produced.  Its 
concentrated  aqueous  solution  yields  with  platinic  chloride  the  platinum  qedt  above 
described ;  and  with  aurio  chioritUt  yellow  microscopic  right  rhombic  prisms  with 
anglM  of  about  114*^,  and  sparingly  soluble  in  alcohol. 

Amidofflycollanxide  itself  lias  not  been  obtained  quite  pure,  because  its  aqueous 
solution  w  easily  decomposed  by.  evaporation,  or  by  boiling  with  aqueous  alcohol, 
into  glycocine  and  ammonia.  It  Is  separated  from  the  hydrmshloride  by  silver  oxide, 
and  the  solution,  freed  from  silver  by  hydrogen  sulphide,  leaves,  when  evaporated 
fa  a  vacuum,  a  strongly  alkaline  syrup,  which-  ultimately  solidifies ;  tlio  solid  residue 
dissolves  in  the   smallest  quantity  of  cold  water,  but  gives   off  ammonia  even  in 
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the  Bet  of  dissolution.  If  the  residue  be  exhausted  with  absolute  alcohol,  in  which 
glycocino  is  insoluble,  the  amidoglycoUamide  dissolves,  forming  an  alkaline  solution 
which  deposits  nothing  on  oooling,  but  when  evaporated  leaves  amidoglycoUamide, 
partly  in  microscopic  rhombic  tables,  partly  in  slender  needles,  which  deliquesce 
quicUy  on  exposure  to  the  air,  impart  a  strong  alkaline  reaction  to  water  and 
alcohol,  and  taste  like  a  yery  weak  alkaline-ley.  With  platinic  chloride  containing 
hydrochloric  acid  the  solution  yields  the  platinochloride  above  described.  Amidogly- 
coUamide absorbs  carbon  dioxide  from  the  air,  and  its  solution,  saturated  therewith, 
leaves  on  evaporation  in  a  vacuum,  a  strongly  alkaline  syrup  which  solidifies  in  the 
crystalline  form,  effervesces  with  acids,  and  yields  a  solution  which  renders  baryta- 
water  turbid. 

CH«(CONH«) 

IMclyooIlodlaiiilde,  C«H*N«0'  -  N'j(^']^|^')*  ^  0  ,  produced  by 

CH«(CONH«) 
the  action  of  ammonia  on  ethyl  diglycoUate,  crystaUises  from  warm  water  in  rhombio 
prisms  of  about  81^,  combined  with  the  end-face  and  two  brachydomes  (inclined  to  the 
principal  axis  at  64°  and  80°) ;  the  mrismatic  faces  *  are  striated,  and  sometimes 
replaced  by  curved  octohedral  faces.  Dissolves  easily  in  boiling  water  (not  quite 
without  decomposition),  less  essily  in  cold  water  and  in  boiling  alcohol,  and  is  nearly 
insoluble  in  cold  alcohoL  It  begins  to  give  off  ammonia  at  1 15°,  and  melts  at  a  stronger 
heat  to  a  transparent  colourless  liquid,  which  solidifies  in  the  crystalline  form  on 
cooling,  but  is  resolved  at  a  higher  temperature  into  ammonia  and  diglycoUimide ; 
C*H*N*0«  «  NH»  +  C*H»NO".  By  prolonged  boiling  of  its  aqueous  solution,  digly- 
oollodiamide  is  converted  into  ammonium  diglycoUamate.  It  dissolves  in  dilute 
hydrochloric  acid,  but  concentrated  hydrochloric  acid  added  to  the  solution  throws 
down  a  crystalline  precipitate  of  hydrochloride  of  diglyoollodiamide,  which  graduaUy 
decomposes  even  during  drying  in  a  vacuum,  leaving  the  pure  diamide.  The  hydro- 
chloric acid  solution  of  diglycollodiamide  leaves  on  evaporation  a  residue  of  sal- 
ammoniac  and  diglycoUic  acid  (Heintz,  Ann.  Ch,  Pharm.  cxliv.  95). 

SidyoolUiiiidet  C^H'NO'  »»  NJ(^']^^^')   ,    is    obtained    by    heating    acid 

ammonium  diglyoollate,  and  passes  over  as  a  crystalline  distillate,  which,  when  purified 
by  reciystallisation  from  hot  alcohol,  forms  long  silky  prismatic  crystals  sparingly 
soluble  in  ether,  easily  soluble  in  hot  water  or  alcohol,  melting  at  a  gentle  heat,  and 
subliming  slowly  at  100^.  It  crystallises  without  alteration  from  hot  hydrochloric 
acid,  is  not  precipitated  by  platinic  chloride,  but  immediately  gives  off  ammonia  when 
treated  with  strong  solution  of  potash.  A  crystalline  silyer-compound,  C^H^AgNO',  is 
obtained  by  precipitating  a  hot  concentrated  solution  of  diglycoUimide  with  silyer 
nitrate  mixed  with  a  little  ammonia.  When  diglycoUimide  is  supersaturated  with 
warm  baryta-water,  and  the  liquid  is  treated  with  carbonic  acid,  then  filtered  and 
evaporated,  an  amorphous  residue  is  lefb,  from  which  hot  alcohol  extracts  amidodigly- 
colhc  acid  (p.  644)  (Meintz,  Ann,  Ch.  Pharm.  cxxviii.  129 ;  Jahreab.  1863,  p.  364). 

CH«(CONH«) 

Amldotflflyoonodlamide.  C>H»N»0«  «  N'jf^j^l^^^^^^'l"  =   NH 

CH«(CONH«) 
(Heints,  ZeitKhr.  f.  Chem,  [2]  v.  161). — I^reparod,  together  with  amidotriglycollotri* 
amide,  by  heating  ethyl  chloracetate  to  60°-70°  with  ammonia  not  in  excess,  or  only 
in  slight  excess,  expelling  the  excess  of  amihonia  in  the  latter  case  by  evaporation  oyer 
sulphuric  acid,  and  digesting  the  residue  with  absolute  ether.  The  aqueous  solution  of 
the  portion  insoluble  in  ether  generally  deposits  a  certain  portion  of  sal-ammoniac 
when  evaporated  in  a  vacuum,  and  the  mother-liquor  mixed  with  absolute  alcohol 
yields  a  crystalline  precipitate  of  the  hydrochlorides  of  amtdodiglycoUodiamide  and 
amidotriglvcoUotriamide,  which  must  be  washed  with  alcohol,  r^issolved  in  water, 
again  precipitated  with  alcohol,  and  washed.  The  solution  of  these  two  hydrochlorides 
in  cola  water  is  mixed  with  silyer  oxide ;  the  liquid  filtered  from  the  silver  chloride  itf 
fipeed  from  silyer  by  hydrcgen  sulphide;  and  the  liquid  filtered  from  the  silver  sulphide 
is  evaporated  in  a  vacuum  over  sulphuric  acid.  FronI  the  residue  absolute  alcohol 
extracts  the  amidodiglycoUodiamide,  while  amidotriglycollotriamide  remains  undis- 
solved. The  two  compounds  may  be  purified  by  crystallisation  from  cold  aqueous 
solution  by  spontaneous  evaporation,  the  diamide  also  oy  recrjstallisation  from  boiling 
%loohol. 
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the  flmflpending  wires  T,  multiplied  by  the  angle  of  defleedon  of  the  eoiL  EeDce  the 
position  of  eqnilibrtum  of  the  eoil«  when  the  conent  ie  pMoing,  ie  dMoimhind  by  the 
equation 

CH.Asin^  -  T(»0O-3) 
or 


CH_T(«^ ^^^ 

A.flin^  ^  ' 


And  the  simnltaneoui  observation  with  the  tangent-galTanometer  giTM 

fi"S**""*  •  •  •  •  (*)• 

The  combination  of  these  two  equations,  (a)  and  (b),  gives  both  C  and  H  b  aknlvia 
measnre.    (For  ftirther  details,  see  E.  Kohlransch,  Pi^.  Asm.  [1869]  cnxniL  I.) 

AbtohUe  Meoiurement  </  EUotromative  Force, — ^The  electromotiTeforoe  of  agahuie 
battel^,  or  other  equivalent  apparatus,  mav  be  defined  as  the  quality  in  viitoe  ^  vhieh 
it  tends  to  do  work  by  the  transference  of  electricity  ftom  one  point  to  aaodMr;  aad 
it  may  be  expressed  numerically^  the  amount  of  work  done  anring  the  tnasfar  of 
the  unit  quantity  of  electricity.  'Aaan  if  W  be  the  wcric  dnoe  by  the  chemieBl  or  oUur 
forces  of  the  battery,  during  the  transfer  of  the  quantity  of  electricity  Q  thioo^  tbt 
circuit,  the  electromotiTe  force  of  the  battexy  may  be  represented  by 

EW        W 
Q        ^* 

the  last  expression  being  apclicable  when  the  electncihr  is  tzansfemd  in  the  liDcm  of  a 
current  of  uniform  strength  0  lasting  for  the  time  t.  Hence  the  electromotiTe  fbiee  of 
a  battery  may  also  be  said  to  be  ue  work  done  when  a  eorrent  of  unit  straigtii  ii 
maintained  for  unit  of  time.  The  work  may  of  course  be  of  Tarious  kinda,  as,  fcr 
example,  production  of  heat ;  work  against  gravity,  as  when  weights  are  raised  \tj  m 
electromagnetic  engine ;  work  of  acceleration  against  inertia ;  chemical  woik,  aa  in  a 
voltameter ;  magnetic  and  electrical  work,  as  in  an  induction  coil ;  but  in  tfae  abore 
formula  it  is  supposed  to  be  always  expressed  in  absolute  mechanical  units. 

But,  just  as  electromotiTe  force  does  work  in  a  conducting  circuit  throngh  the  ignej 
of  the  current  which  it  produces,  so,  conversely,  work  done  upon  a  conductor  may  gin 
rise  to  electromotive  force,  and  therefore  to  a  current,  if  the  conductor  forma  pait  tt 
a  closed  circuit.  This  fact,  coupled  with  the  condition  that  the  electcomotire  fom 
developed  when  unit  of  work  is  expended  per  unit  of  time  is  to  be  taken  as  the  imit  of 
electromotive  force,  serves  as  the  basis  for  the  absolute  measurement  of  electromotita 
force.  The  principles  of  the  measurement  will  be  easily  understood  from  the  foUoviig 
considerations. 

If  a  cuixent  of  the  strength  (7  drculate  in  a  rectilinear  conductor  of  length  /  pbffd 
at  right  angles  to  the  lines  of  force  in  a  uniform  magnetic  field  of  intensity  H,  emj 
element  dl  of  the  current  is  subject  to  a  force  equal  to 

Bxyn 

in  a  direction  perpendicular  to  the  cnirent  and  to  the  lines  of  force.  The  resaltiBt 
force  acting  upon  the  whole  length  I  is  therefore  the  sum  (tf  the  finoes  aotiogv^I^  ^ 
several  elements  of  it,  or 

F  -  HCr/; 

and  if  Uie  conductor  be  displaced  throogfa  the  distance  D  perpendicularly  to  itnlf  asd 
to  the  lines  of  force,  and  in  opposition  to  the  force  F,  a  quantity  of  woriL  w  will  han 
been  expended  in  producing  the  displacement  which  is  expressed  'by 

ID  -  FD  -  HCO), 

or,  if  the  displacement  take  place  with  the  constant  velocity  v  and  occupy  unit  of  tioii 
we  may  write 

to  -  HC/p. 

If  E  be  the  electromotiTe  force  acting  in  the  conductor  when  at  rest,  the  work  (in  thi 
case  simply  cTolution  of  heat)  done  in  unit  of  time  by  the  electrical  Ibrees  whes  the 
strength  of  the  cnrxent  is  C,  will  be 

W  -  EC. 

But  the  principle  of  the  Conservation  of  Enei^  requires  that,  when  an  anMot  of 
work  w  is  done  upon  the  conductor  by  external  forces,  the  equivalent  of  this  work  ahall 
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which  giTM  op  nothing  to  water,  but  when  treated  with  potash  or  baryta-water  ia 
oonveited  into  a  bromogl^oollate ;  hence  this  yellow  powder  appears  to  contain  bromo- 
glycollide,  formed  aocoiding  to  the  equation  : 

CHBi*  ^CHBf 

-     AgBr     +     O. 
>Ag 
saver  Ditaram-  Broinaglyoollide. 


COOi 


k 


This  reaction  renders  it  probable  that  silver  bromoglycollate  when  heated  will  also 
yield,  not  an  add,  bat  an  anhydride.  In  fact,  when  this  salt  is  heated  in  a  sealed  tube 
with  anhydrous  ether,  a  yellow  powder  is  formed  quite  insoluble  in  ether,  and  the 
ether  does  not  acquire  an^  acid  reaction,  whereas  if  ^lyoi^lio  acid  had  been  formed, 
it  would  hare  dissolyed  in  the  ether  and  rendered  it  acid.  The  yellow  powder  is 
likewise  insoluble  in  water,  but  when  heated  with  baryta,  it  immediately  yields  the 
decomposition-products  of  glyozylic  acid,  vis.  oxalate  and  glycollate.  These  results 
indicate  that  the  yellow  powder  contains  glyoxylide,  CHH)',  from  which  glyoxylio 
acid  is  afterwards  formed  by  addition  of  the  elemenlj  of  water.  The  formation  of 
the  glyoxylide  is  represented  by  the  equation, 

CHBrOH 

-    AgBr     -h     O: 

JOOAg 

BOtct  Broino> 
glycollate. 

"When  dry  silrer  bromoglycollate  is  heated  in  a  sealed  tube  for  seyeral  hours  in  the 
water-bath  with  aboolute  aJcohol,  a  yellow  powder  is  formed,  together  with  a  clear 
liquid  which  is  perfectly  neutral  to  dry  litmus-paper,  but  instantly  reddens  the  paper 
when  moistened.  On  eyaporating  the  alcohol,  a  neutral  liquid  is  left  perfectly  soluble 
in  water,  and  exhibiting  when  heated  with  lime-water  the  reactions  of  glyoxylic 
add.    This  liquid  is  ethyl  glyoxylate,  formed  according  to  the  equations, 

C»H«BrAgO»  «  AgBr  +  C«H«0« 

BilTier  Bromo-  Oloxylide. 
glyooUate. 
and 

C«H*0»     +  C«H»OH  «  C«H»0«.C«H» 

Olyozylide.  AloohoL                Bthyl 

glyoxylate. 

This  reaction  seems  to  show  that  the  body  C'H'O'  is  an  anhydride,  and  not  glyoxylic 
acid ;  for  in  the  latter  case  water  would  hayo  been  formed,  and  would  haye  imparted 
an  add  reaction  to  the  liquid : 

rC«H»0»  +   C«H»OH  -  C«H(C«H»)0«  +  H«0]. 

QlyoxyUo 

acld(?). 

A  further  argument  in  favour  of  the  formula  C*H^O*  for  glyoxylic  acid  is  afibrded 
by  the  behaviour  of  that  acid  with  the  pentachloride  or  pentabromide  of  phosphorus. 
Perfectly  dry  calcium  glyoxylate  distilled  with  phosphorus  pentabromide  yields 
hydrobromicacid,  phosphorus  oxybromide,  and  dibromacetyl  bromide,  which  when  dis- 
solved in  absolute  alcohol,  and  treated  with  excess  of  water,  yields  ethyl  dibromacetate : 

CH(OH)«  CHBr* 

I  +     8PBH     -      I  +     8PBr«0     +     3HBr. 

COOH  COBr 

The  compound  C'H(NH«)0',  from  which  Debus  deduced  the  formula  C*H>0'  for 
glyoxylic  add,  is  regarded  by  Perkin  a.  Buppa  as  an  amide  whidi  is  converted  into  an 
ammonium  salt  when  dissolved  in  water. 

Dry  sodium  bromoglycollate  heated  to  120^-130^  is  gradually  decomposed ;  and  on 
treating  the  product  with  cold  water,  sodium  bromide  dissolves,  and  a  white  powder 
remains  which  dissolves  in  boiling  water,  forming  a  solution  which  exhibits  the 
characters  of  glyos^lic  acid.  This  white  substance  appears  to  be  glyoxylide.  It 
dissolves  in  ammonia,  forming  ammonium  glyoxylate.  Glycollide  similarly  treated 
yields  glycollamide ;  and  it  mi^ht  be  expected  that  glyoxylide  would  also  yield  an 
amide ;  but  the  latter  appears  immediately  to  take  up  water,  which  converts  it  into 
an  ammonium  salt. 

The  following  is  a  very  characteristic  reaction  of  glyoinrlic  add :  When  a  solution 
of  caldum  glyoxalate  is  mixed  with  aniline  oxalate,  and  the  liquid  is  Altered  from 
calcium  oxalate,  a  colourless  solution  is  obtained,  which  when  boiled,  or  even  when  left  to 
itself  for  a  few  hours,  deposits  a  bright  orange-coloured  precipitate  (Perkin  a.  Duppa). 
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QOJU^M  For  analyses  of  native  gold  from  Siam,  see  Terreil  (JakreBb,  ISM,  p, 
826);  from  Bolivia:  D.  Forbes  {PhU.  Mag.  [4]  xziz.  122;  Jakresb.  1865,  p.  865); 
from  Wales :  D.  Forbes  (PhU.  Mag.  ||4]  xxxiv.  338 ;  Jakmb.  1867,  p.  972). 

For  the  refining  of  gold — which  is  nsuallv  effected  by  fusing  it  with  silver  and 
treating  the  alloy  with  nitric  or  sulphuric  acia  (ii.  925) — ^F.  B.  Miller  {Chem.  8oe.  Jl 
[2]  vi.  506)  recommends  the  use  of  chlorine  gas,  which  does  not  attack  the  gold 
even  at  high  temperatures,  but  converts  the  silver  and  the  other  metals  into  chlo- 
rides. The  gold  is  fused  with  borax  in  an  earthenware  crucible,  previously  dipped 
in  borax  solution  to  prevent  it  from  being  penetrated  by  the  silver  chloride.  The 
crucible  is  closed  by  a  well-fitting,  but  not  luted  cover,  through  which  a  small  hole  is 
bored.  As  soon  as  the  gold  is  melted,  a  tobacco-pipe  stem  is  inserted  through  this 
aperture  to  the  bottom  of  the  crucible,  and  chlorine  gas,  which  need  not  be  dried,  is 
passed  into  the  fused  metaL  By  this  simple  method,  as  much  as  100  ounces  of  gold 
may  be  refined  at  once.  By  means  of  a  heated  pipe-stem  used  as  a  pipette,  a  sample 
of  the  gold  is  taken  out  from  time  to  time  and  its  fineness  tested  in  the  usual  way. 
When  the  operation  is  completed,  the  crucible  is  removed  from  the  fire,  left  to  cool  till 
the  gold  solidifies,  and  the  chlorides  of  the  other  metals,  which  still  remain  bquid, 
are  poured  into  a  mould  so  as  to  form  them  into  a  plate.  The  gold  remaining  in  the 
crucible  is  remeltod,  and  cast  into  ingots.  To  reduce  the  silver  chloride,  the  plate  is 
laid  between  two  fiat  pieces  of  iron  and  immersed  for  24  hours  in  water  acidulated 
with  sulphuric  acid.  The  metal  thus  reduced  still  contains  a  little  gold,  which  may  be 
extracted  from  it  by  treatment  with  nitric  acid,  the  gold  being  thereby  s^Murated  however, 
not  in  globules,  but  in  the  floeculent  state.  It  may  also  be  separated  by  fusing  the 
silver  diloride  with  a  small  quantity  of  alkaline  carbonate,  whereby  a  certain  quantity 
of  metallic  silver  is  separated,  which  reduces  the  gold  completely.  In  this  manner  a 
regulus  of  argentiferous  gold  is  obtained,  together  with  silver  chloride  quite  free  from 
gold.  By  experiments  carried  out  in  the  Royal  Mint  at  Sidney,  it  has  been  found  that 
the  method  above  described  is  well  adapted  for  practical  use,  and  is  not  attended  with 
greater  loss  than  the  methods  generally  practised. 

Metallic  gold  dissolves  when  heated  with  strong  sulphuric  and  a  little  nitric  acid 
(the  finely  divided  precipitated  metal  dissolving  most  readily),  forming  a  yellow  liquid, 
which  when  diluted  with  water,  deposits  the  metal  as  a  violet  or  brown  powder. 
The  solution  also  becomes  covered  with  a  shining  film  of  reduced  metal  on  exposure 
to  moist  air.  On  addition  of  hydrochloric  acid  or  a  metallic  chloride,  auric  chloride 
is  formed,  no  longer  precipitable  by  water.  A  gold-solution  exhibiting  the  same 
properties  is  formed  by  electrolysis  of  a  mixture  of  9  pts.  sulphuric  and  1  pt.  strone 
nitric  Acid  by  means  of  a  Grove's  battery  having  a  gold  plate  for  the  positive,  ana 
platinum  for  the  negative  pole.  Gold  is  bkewise  attadced  in  the  electrolysis  of  strong 
sulphuric  acid  alone,  but  immediately  reduced  again  by  the  evolved  hydrogen  (Sptller, 
Chem,  NewSj  x.  178). 

According  to  Nickl^  (Ann.  Ch.  P^s.  [4]  x.  818^,  the  easily  deoomposible  higher 
metallic  chlorides,  bromides,  and  iodides  are  capable  of  dissolving  golcL  The  ether- 
eompounds  of  the  perbromides  and  perchlorides  (p.  596)  are  easily  leduoed  by  gold- 
leaf,  with  separation  of  chlorides  ana  bromides  insoluble  in  ether,  and  formation  of  d 
yellow  ethereal  solution  which  exhibits  the  characteristic  reactions  of  auric  chloride. 
The  bromides  atid  chlorides  corresponding  to  the  sesquioxides  of  mangan(«e,  oobalt» 
and  nickel  (?)  dissolve  gold  even  without  the  aid  of  eUier ;  so  likewise  does  a  solnUon 
of  ferric  bromide  at  50°  or  in  sunshine,  and  the  solution  of  plumbic  tetrachloride, 
whereas  a  solution  of  ferric  chloride  remains  unaltered  in  contact  with  gold.  Free 
iodine  in  water  does  not  act  upon  ^Id  under  ordinary  pressure;  but  gold-leaf 
heated  to  50°  in  a  sealed  tube  with  iodine  and  water  is  gndually  dissolved ;  also, 
though  more  slowly,  when  the  water  is  replaced  by  ether.  An  ethereal  solution  of 
iodine  dissolves  gold-leaf  under  ordinary  pressure  in  very  bright  sunshine.  Iodine 
in  the  nascent  state  also  unites  with  gold.  Feiric  iodide,  and  the  iodides  corresponding 
f  o  the  higher  oxides  of  manganese,  bismuth,  and  other  metals,  are  decomposed  by  gold, 
with  formation  of  aurous  iodide  (it  is  sufiScient  to  pour  hydriodic  acid  upon  the  oxides 
and  add  gold-leaf).  In  presence  of  ether,  hydriodic  acid  itself  is  decomposed,  with  for-^ 
mation  of  aurous  iodide ;  gold-lei^  immersed  in  ether  is  quickly  dissolved  on  passing  hy- 
driodic acid  into  the  liquid.    Hydrobromic  add  does  not  exhibit  this  reaction  (Kicklte).* 

A  strip  of  metallic  zinc  introduced  into  a  solution  of  gold  in  ammonium  sulphide 
becomes  coated  with  metallic  gold  (C.  D.  Braun,  Zeitsckr.f.  Ckem.  [2]  v.  308). 

Auric  HtfdraU.—rThe  light  chestnut-brown  compound  obtained  bv  precipitating 
dilute  auric  chloqde  with  magnesia,  and  treating  the  precipitate  with  nitric  acid,  givea 

*  Ferrlo  oxide  fonna  with  ether  and  hydrioilic  add  a  red  solution  which  doett  not  give  a  blue 
precipiute  with  potaniiun  ferrocyanide  till  after  itanding  for  some  time  (Nicklds,  C^mpt,  rmi^ 
X.  479). 
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oVat  100^  a  quantity  of  water  corroBponding  to  the  formula  Au'O*.  3H*0  or  Aa"H'0' 
(Wittetein,  ZeUachr.  f,  Chem.  [2]  ii.  69). 

Gold-jmrpU. — According  to  J.  C.  Fischer  (DingLpol.  J,  cbczxii.  31,  129;  Jahretb, 
1866,  p.  265),  gold-purple  in  the  air-dried  atate  contains,  as  essential  constitnents, 
only  metallic  gold,  stannic  oxide,  and  water.  Its  formation  takes  place  in  two  stage*, 
as  shown  hy  the  equations : 

2AuCl»  +  3SnCl«  »    Au«    +  SSnQ* 
and 

SSnCl*  +    6H*0  =  3SnO«  +  12HCL 

If  the  solutions  are  mixed  in  the  requisite  proportions  (100  pts.  eold  to  90  pts.  tin), 
the  precipitate  contains  1  mol.  gold  to  8  mols.  stannic  oxide.  Any  excess  of 
gold  remains  in  solution ;  but  if  the  solutions  are  sufficiently  dilute,  an  excess  of 
stannous  chloride  renders  the  precipitate  richer  in  stannic  oxide ;  the  proportion  of  the 
latter  is  likewise  increased  by  addition  of  stannic  chloride,  alUiough  this  compound 
has  no  influence  on  the  formation  of  the  true  gold-purple. 

Gold  Chlorides. — ^Auric  chloride,  AuQ",  is  resolved  at  about  200^  into  metallic  gold 
and  aurous  chloride,  AuCl,  and  at  higher  temperatures  into  gold  and  chlorine.  NeTerthe- 
less,  auric  chloride  may  be  sublimed  and  obtained  thereby  in  rather  large  crystals,  even 
at  a  temperature  higner  than  that  at  which  it  ordinarily  decomposes — namely,  bv 
passing  chlorine  over  gold-leaf  heated  to  300°  in  a  tube ;  aaric  chloride  is  then  formea, 
and  condenses  on  the  cooler  parts  of  the  tube  in  long  needles.  In  this  case  the  reso- 
lution (dissociation)  of  the  trichloride  into  gold  and  chlorine  is  prerented  by  the  tent 
sion  of  the  atmosphere  of  chlorine  by  which  it  is  surrounded  (see  Chbmical  Affivitt, 
p.  425)  (Debray,  Compt.  rend.  Ixix.  984 ;  Zeiiachr.f.  Chem.  [2]  vi.  87). 

According  to  Prat  {Compt.  rend.  bcx.  840;  ZeUechr.  [2]  vi.  275),  an  intermediate 
chloride  is  formed  by  dissolving  gold-sponge  in  a  solution  of  the  trichloride,  or  by 
heating  the  monochloride  with  the  trichloride.  By  passing  chlorine  over  any  chloride 
of  gold  at  a  suitable  temperature  a  volatile  chloride  may  be  obtained  containing  more 
chlorine  than  the  trichloride  (?). 

CIBJkBAMXTB.  A  pitch-black  mineral  resembling  albertite,  occurring  in  Bitchie 
County,  Virginia.  It  is  insoluble  in  alkalis  and  in  alcohol,  partially  soluble  in  beniol 
and  in  ether,  almost  wholly  in  chloroform  and  carbon  bisulphide  ;  softens  at  about 
200°,  and  contains  76*45  p.  c.  carbon,  7*82  hydrogen,  13'46  oxygen,  and  13*46  ash 
(H.  Wurta,  SiU.  Am.  J.  [2]  xlii.  420). 

-  CWAWATHT.  This  name  is  applied  by  K.  Hermann  (Jahresb.  1867,  p.  996)  to 
a  mineral,  hitherto  regarded  as  serpentine,  found  near  the  mouth  of  the  river 
Achtaragda  in  Eastern  Siberia.  It  is  massive,  opaque,  ash-grey  with  a  tufaceous 
aspect,  and  uneven  dull  fracture ;  hardness  «  3 ;  sp.  gr.  »  2*66.  According  to 
Hermann's  analysis,  it  is  a  mixture  of  57'43  p.  c.  garnet  and  42*57  serpentine. 

IHtOFVXTB.  This  mineral  has  been  found  by  Descloizeaux  in  the  form  of 
greenish  granules  in  the  anhydrite  of  Hodane  in  Savoy  (Bull,  Soc.  Giol.  de  France, 
xxii.  25 ;  Jahreeb.  1865,  p.  893). 

aVAXACOA.  (7H*0',  has  the  composition  of  methyl-pyrocatechin,  C^*(CH*)0*» 
and  is  resolved  by  distillation  with  io(une,  phosphorus,  and  water,  into  methyl  iodide 
and  pyrocatechin : 

CTH'O*  +  HI  =  CH»I  +  C^«0«. 

Conversely  it  is  formed  by  heating  pyrocatechin  in  a  sealed  tube  to  160^-170^ 
with  equivalent  quantities  of  hydrate  and  methyl-sulphate  of  potassium : 

C"H«0»  +  KHO  +  CH'KSO*  =  C'H«0»  +  SO«K«  +  H«0 

(Gorup-Besanez,  Jahresb.  1867,  p.  668  ;  Zeitechr.  f.  Chem.  [2]  iv.  392). 

Guaiacol  occurs,  together  with  creosol,  CH**0',  in  certain  kinds  of  wood-tar  creosote 
(p.  503).  Hhenish  beech-tar  creosote  treated  with  hydrochloric  acid  and  potassium 
chlorate  yields  two  compounds,  tetrachloroguaiacone  and  tetrachlorocreosone,  whose 
formation  is  represented  by  the  equations : 

c'H»o«  +  1001  =  cai«ci*o«  +  6Ha 

'  QoaiooiL  Tetrachloro- 

guaiaoone. 

^d 

C«H"0^  +   lOCl  =  C»H*CI*0*  +  6HC1. 
Creosol.  Tetractaloro- 

craofl^n*. 
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They  aie  iepanted  by  cold  chloroform,  in  which  tetnchlorogiiAiaoona  b  inaoluU^ 
ThiB  compound  forms  lemon-yellow  inodorons  scales  having  a  golden  Insfcn,  or  a 
laminar  crystalline  mass.  It  is  idioelectric,  sublimes  at  abont  180**»  bnt  is  daoom- 
posed  by  rapid  heating,  wi^  formation  of  copper-red  needles  and  laminsii  It  is 
nearly  insoluble  in  cold  water  and  alcohol,  dissolres  slowly  in  cold  ether,  easily  in 
boiling  aloohdl  or  chloroform  ((3K)mp-Besanes). 

Aocoiding  to  Marasse  (Ann,  Ch.  Pharm,  dii.  80),these  compounds  are  formed,  not 
from  guaiaool  and  creoeol,  but  from  cresyl  alcohol  and  phlozyl  alcohol  existing  in  the 
creosote  (p.  604). 

aVAVZBZVB,  CH*N*,  or   Carhotriamme,  ^I|n*  (Hoibiann,Zn«ap)ftr./.  CSImi. 

[2]  ii.  1078 ;  iv.  721). — This  base  is  formed :  a.  By  the  action  of  ammonia  on  cfaloio- 
picrin: 

Ca«NO«  +  8NH»  -  CH»N».Ha  +  2Ha  +  NHO». 

It  is  easily  prepared  in  laige  quantity  by  heating  cfaloiapierin  to  100^  for  ttmal 
hours  with  a  strong  alcoholic  solution  of  ammonia,  exhausting  the  resulting  saline 
mixture  with  anhydrous  aleohol,  which  leaves  the  sal-ammoniac  completely  un- 
dissolved, and  repeating  this  process  once  more  with  the  guanidine  hydrodiloride 
dissolved  in  alcohol. 

Guanidine  is  also  produced :  fi.  In  small  quantity  by  the  action  of  anunonla  at 
160^  on  ethyl  orthocarbonate : 

C(C«H*)K)*  +   8NH«  +  HK)  -  CH»N».H«0  +  4C«HH). 

y.  Together  with  urea  and  other  products,  by  the  action  of  ammonia  on  carbonyl  chloride 
(Boudiardat,  Compt.  rend.  Ixix.  961).— <.  By  heating  cyanamide  in  alcoholic  solution 
with  ammonium  chloride : 

CH«N«  +  NH«a  -  HCl  +  CH»N« 

(Erlenmeyer,  ZeUaehr.f.  Chem.l^l  \\\.  28). 

Guanidine  Nitrate,  CH^N'.HNO*,  is  precipitated  ftom  a  solution  of  the  hydro- 
chloride mixed  with  potassium  nitrate,  as  a  crystalline  powder,  and  may  be  obtained 
by  recrystallisation  from  boiling  water,  in  sparingly  soluble  laminar  crystals.  Mixed 
with  nlver  nitrate,  it  forms  the  crystalline  compound  CH^N'.AgNO".  Moderately 
concentrated  solutions  of  guanidine  hydrochloride  and  awrie  eUoride  yield  iMig 
needles  of  the  gold  salt,  CH^N* .  HCl .  AuCl*. 

Dry  guanidine  hydrochloride  dissolves  easily  in  heated  aniline^  the  solution  giving 
off  ammonia  when  boiled  and  solidifying  on  cooling.  Water  extracts  from  this 
product  aniline  hydrochloride,  and  leaves  a  compound  which  crystallises  from  alcohol 
m  needles,  does  not  dissolve  in  acids  or  in  alkalis,  and  has  the  composition  of  mel- 
aniline,  CH'(C*H^)*N',  but  differs  altogether  from  it  in  properties.  Toluidine  acts  upon 
guanidine  hydrochloride  in  a  similar  manner. 

BubstUuted  GMontdina. 

Erlenmeyer  has  obtained  methyl-,  phenyl-,  and  tolyl-guanidine  by  a  pro- 
cess similar  to  that  above  mentioned  for  the  production  of  guanidine  itself,  vis.  by  the 
action  of  cyanamide  on  the  hydrochlorides  of  methylamine,  phenylamine,  and  toluidine. 
The  methyl-guanidine  thus  obtained  does  not  differ  perceptibly  in  its  own  properties 
or  in  those  of  its  salts  from  methylun\mine  obtained  bv  oxidising  creatine  or  creati- 
nine (iii.  1009),  excepting  in  the  platinochloride,  which  appears  to  differ  somswhat 
in  cxystalline  form  from  that  of  methyluramine. 

f  ^ 
Tripbeiijl-gaaiildUie  or  Carbo-^trlpHea jl-trUunlae.  C»H**N*  »  K*  \  (CH*)". 

I      H« 

— ^A  base  having  this  composition  was  first  obtained  by  Hofmann  (iv.  464)  by  theaetioa 
of  aniline  on  carbon  tetrachloride : 

'  a* 

CCl*  +  3(C«H».H«.N)  =  4Ha  +  N»   (C«H*)«. 

I      H« 

Bassett  (Chem.  Soe.  J,  [2]  iii.  31)  obtained  the  same  compound  l^  the  action  of  aniline 
on  chloropicrin  ;  and  a  base  isomeric  with  this  (at  first  however  regarded  as  tricarbo- 
hexanilide,  C»H"«N«)  has  been  obtained  by  Merz  a.  Weith  (Zeita^,  /.  Chem,  [2]  iv. 
613,  609  ;  v.  683,  669)  by  the  action  of  heat  and  of  various  desulphurating  agents  on 
sulphocarbanilide. 
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., .  1.  When  ralphioearbMiilide  ii  distilled,  carbon  biralphida  and  hydrogen  ■ulphida 
mre  giTen  oil^  while  an  amorphone  TitreouB  maae  remaine,  eonsisting  of  triphenylt 
gnanidine  mixed  with  aniline.  The  deoomposition  is  represented  by  the  following 
equations: 


G8 


Bulphooarb-  Aniline.  Snlpho- 

anilide.  carbanil. 

f     ^  (   CS  f     ^' 

ir-j(C«H*)«   +    N|^.    -  CSP  +  N«j(C«H»)» 

Bnlphooftrb-  Snlpho-  Trlptiaiiyl- 

aniUde.  carbuiiL  gnanidine. 

N«|(C«H*)«   +   NJ^'    -  H«  +   N-|{C«H»)» 

Bolphocurb-  Anillnw.  Tripliaiyl- 

gnanidine. 


The  deoomposition  begins  below  the  boiling  point  of  aniline,  and  after  heating  for 
seyeral  hours  to  160*^,  considerable  quantities  of  triphenyl-guanidine  are  obtained. 
Oafbanilide,  in(CO)''(C*H*)'H',  when  thoroughly  dzy,  splits  up  in  the  same  manner, 
yielding  triphenyl-guanidine,  together  with  aniline,  caroon  dioxide,  and  water.  The 
deoomposition  is  represented  by  equations  precisely  similar  to  the  aboTe,  the  sulphur 
in  each  being  replaced-by  oxygen. 

,     2.  Triphenyl-guanidine  is  also  produced,  as  a  hydrochloride,  when  sulphoearbanilide 
is  fused  with  lei^  chloride : 

8N«|(C«H»)«  +  Pba«  =  2  rN«|(C-H»)«.HaJ  +  CS«  +  PbS. 

On  exhausting  the  product  with  a  little  alcohol,  addinff  a  large  quantity  of  water,  and 
evaporating  the  filtrate,  the  pure  hydh)chloride  crystaUises  out. 

3.  Ammonium  sulphocyanate  heated  with  excess  of  aniline  yields  sucoessirely 
sulphocarbanilamide  (phenylsulphocarbamide),  sulphoearbanilide  (diphenylsulphoear* 
bamide),  and  triphenyl-guanidine ;  thus: 


f  CS 


(     OS 

J(C«H 

f     CS  (   o* 


4.  Triphenyl-guanidine  is  likewise  produced  by  heating  sulphoearbanilide  with 
metallic  copper,  cuprous  sulphide  being  also  formed,  together  with  greasy  secondary 
products  consisting  of  hydrocarbons,  probably  resulting  from  the  decomposition  of 
methylene  formed  in  the  first  instance : 

f    OS  f    0»' 

8N»i(C«H*)«  +   3Cu«  -  8Cu«S  +  CH«  +  2N«J(C«H»)«. 

I    H«  l    H« 

6.  Together  with  phenylsulphocyanate,  when  sulphoearbanilide  is  heated  to 
160^-17^  with  concentrated  hydrochloric  acid  (Mens  a.  Weith) : 

N«|(c«H»)«  +  Hci  -  NJ^Vna  +  NJJ^, 


and 


Solphocarbanillde.  AniUne  hydro*  Phenyl 

chloride.         mlphoeyanate. 

{03  (      O* 

(C«H»)»  +  n|^*.HC1  =  H«S  +  N«|(C«H*)>.Ha 

Bnlphocarbenfllde.      Aniline  hydro-  Triphenyl-gnanldine 

chloride.  hydrochloride. 
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6.  Also  when  an  alcoholic  solntion  of  iodine  is  POTied  into  a  boiling  alflohilii> 
•olution  of  Bulphocarbanilido  (Hofmann,  ZeiUckr.f.  Chem,  [2]  t.  671) : 

CS  (     0*' 

(C«H»)«  +  I«  -  n|(^,  +  N«j((>H»)«  +  2HI  +  a 

7.  By  the  action  of  1  mol.  phosphorus  trichloride  on  3  moL  carbanilide  and  S  noL 
aniline  (Men  a.  Weith) : 


2N«- 


8N« 


CO  f     O' 

(C«H»)«  +  S(C«H».NH«)  +  Pa»  «  8N«J(C«H»)«  +  mCl  +  H*PO«. 


8.  By  the  action  of  2  mol.  FCl"  and  8  moL  CO*  on  9  moL  aniline : 

9(C«H».NH«)  +  8C0«  +  2Pa«  «  8N«](C»H»)«  +  6HCI  +  iJPFO* 

(Men  a.  Weith,  ZgiUehr,  /.  Chem,  [2]  yi.  160). 
Triphenyl-goanidine  is  susceptible  of  three  isomeric  modifleations,  yii., 
a  $  y 

NH(C-H»)  N(C^»)«  »(CTH«)« 

CziN— C«H»  CZlNH  <rrN(C^»). 

NH(C«H»)  NH(C«ff)  NH« 

The  base  obtained  by  the  methods  abore  giren  is  the  a  modification ;  thifl  is  shown 
for  example  by  its  formation  from  sulphocarbanilide  and  aniline ;  thns : 

NH(C«H»)  NH(C^») 

I  fC«H»  I 

CziS  +     NJ     H     «     H*S     +     C==N— C^». 

NH(C«H»)  NH(C*H») 

•  Moreover,  this  base  when  heated  with  potash  yields  nothing  but  aniline  and  potassinn 
carbonate,  whereas  the  bases  &  and  7  should  yield  diphenylamine  and  ammonia : 

NH(C«H») 

C=N— C«H»  +  2KH0  +  H«0  -  K*CO«  +  3(C«H».NH«), 

NH(C«H») 

Hofinann*s  carbotriphenyltriamine,  obtained  by  the  action  of  carbon  tetnehloride, 
is  regarded  by  Men  a.  Weith  as  different  from  their  triphenyl-gnanidine ;  but  the 
published  descriptions  of  the  two  products  do  not  exhibit  any  essential  difference  of 
properties.    Moreoyer,  Hofmann's  reaction  should  yield  a  symmetrically  constituted 

*  triamine  identical  in  structure  with  that  obtainea  from  sulphocarbanilide  by  the 
I  methods  above  described.  This  may  be  seen  from  the  following  equation,  in  which 
'  the  4  hydrogen-atoms  removed  from  the  8  aniline  molecules  to  combine  with  the 

chlorine  are  printed  for  distinction  in  Uaikt : 

ra        _,,_„  .  NH(c-H») 


.ffH(C«H»)N  I 

HH((yK^)S     -     4HC1     +     CZIN— C^« 
}^  jyH(C«H»)N  J 

NH(C^») 


a 

CI 


Oarbon  8  moL  aniline.  Tripbenyl- 

chloride.  guanidine. 

a  Triphenyl-gnanidine  is  nearly  insoluble  in  boiling  water,  dissolves  in  22  pts.  of 
absolute  alcohol  at  0^,  much  more  easily  in  the  hut  liquid,  and  crystallises  thereftom 
in  white  needles  on  cooling.  The  pure  base  melts  at  148®,  but  the  melting  point  is 
considerably  lowered  by  the  presence  of  small  quantities  of  foreign  substances.  It  is 
not  volatile  without  decomposition.  At  260®  it  gives  off  a  liquid  containing  anilinSf 
and  from  280®  upwards  a  gelatinous  liquid  smelling  like  bitter  almond  oil  and  solidi- 
fying to  a  hard  vitreous  mass,  while  a  carbonaceous  residue  is  left. 

a  Triphenyl-gnanidine  exhibits  some  remarkable  colour-reacUons  with  oxidisiiig 
agents.  A  dilute  solution  of  its  hydrochloride,  mixed  with  about  lipLpotasuum  ehlartOi 
and  a  little  hydrochloric  acidf  acquires  a  yellowish  and  after  a  while  a  greenish  ooloor; 
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and  daposits  dark-oolomed  flocks,  which  dissolre  in  alcohol  with  a  fine  violet  oolonr ; 
thin  layers  of  this  solution  exhibit  a  fine  garnet-red  colour  by  transmitted  light ; 
thicker  layers  are  opaque.  When  a  Imager  quantity  of  potassium  chlorate  is  used,  the 
tints  of  the  alcoholic  solution  incline  more  to  red,  afterwards  to  yellowish.  Triphenyl- 
gnanidine  heated  with  a  very  large  quantity  of  potassium  chlorate  deposits  white 
nocks  which  become  coloured  by  prolonged  boiling,  and  form  compact  brick-red  to 
madder-red  particles,  which  are  also  dissolved  by  alcohol  with  violet-red  colour. 
^fpocklorUes  and  other  oxidising  agents  react  in  the  same  manner  with  tripheuyl- 
gnanidine.  Chlarine-waier  produces,  even  in  very  dilute  solutions  of  the  hydrochloride, 
an  immediate  whitish  turbidity,  which  becomes  flesh-coloured  or  lilac-coloured  on 
heating  the  liquid.  In  concentrated  solutions,  or  on  agitation,  the  cloudy  precipitate 
eoUects  into  flocks,  probably  consisting  of  chlorinated  triphenyl-guanidine.  The 
products  obtained  by  all  the  processes  above  described  exhibited  exactly  the  same 
eolour-reactions,  down  to  the  minutest  detail. 

Triphenvl-guanidine  in  alcoholic  solution  precipitates  various  metallic  salts,  e.ff, 
ferrous  and  ferric  salts,  but  not  lead  salts.  In  a  stream  of  hydrochloric  acid  gas  it 
becomes  very  hot  and  absorbs  the  gas,  forming  the  hydrochloride  C**H"N'.HC1, 
which  crystallises  from  water  or  alcohol  with  1  mol.  water.  The  nitrate  C**H"N' .  HNO' 
forms  nacreous  laminse,  which,  as  well  as  the  hydrochloride,  have  a  distinct  alkaline 
reaction.  The  sulphate  C**H"N'.H'SO^  crystallises  from  a  hot  solution  containing 
free  sulphuric  acid  in  broad  colourless  needles  having  a  strong  acid  reaction..  The 
oxalate  C^'H'I^'.C^'O*  forms  nacreous  laminse,  also  having  an  acid  reaction,  but 
only  slightly  soluble. 

a  Triphenyl-guanidine  heated  to  160^-170°  in  a  sealed  tube  with  a  large  excess  of 
carbon  bisulphide  is  converted  into  sulphocarbanilide  and  phenylsulphocyanate : 

N»[0«'(C«H»)»H«]  +  CS«  -  N«(CS)"(C«H»)«H«  +  GNS(C«H») ; 

and  when  hydrogen  sulphide  is  passed  through  it  while  fused  at  170®,  aniline  distils 
over  abundantly,  and  sulphocarbanilide  remains  behind : 

N»[C«'(C«H*)»H»1  +  H"S  «  N«(CSnC»H»)«H«  +  C«H»Nm 

As  carbon  bisulphide,  hydrogen  sulphide,  and  triphenyl-guanidine  are  the  final 
products  obtained  by  the  action  of  heat  on  sulphocarbanilide,  it  is  easy  to  see  that 
during  this  decomposition  the  carbon  bisulphide  and  hydrogen  sulphide  will  act  upon 
the  tnphenyl-guanidine  in  the  manner  shown  by  the  equations  just  given,  thereby 
greatly  diminishing  the  quantity  of  triphenyl-guanidine  ultimately  obtained  ;  in  fact, 
90  p.  c  of  the  sulphocarbanilide  remains  undecomposed  (Merz  a.  Weith,  Zieitschr,/. 
Chem,  [2]  vi.  72). 

Triphenyl-guanidine  is  decomposed  in  a  similar  manner  by  heating  it  to  about  260^ 
and  passing  carbon  dioxide  through  it,  the  products  being  carbanilide,  aniline,  and 
pungent  vapours  (perhaps  carbanil).  Heated  with  water  to  170°- 180°,  it  also  yields 
carbanilide  and  aniline  (Merz  a.  Weith). 

An  alcoholic  solution  of  triphenyl-guanidine  absorbs  large  quantities  of  cyanogen 
aas,  and  the  saturated  solution  after  some  time  deposits  yellowish-white  crystals  of  a 
base,  C*H"N*,  which  in  contact  with  hydrochloric  acid  assumes  a  deep  yellowish-red 
colour,  due  to  the  formation  of  a  salt.  This  salt  cannot,  however,  be  isolated,  being 
quickly  resolved,  with  evolution  of  ammonia,  into  yellow  crystals  of  oxalyl- 
triphenyl-guanidine,  C«»H»»N»0«  «  N»[C»'(C«07'(C*H*)»],  formed  according  to 
the  equation : 

C«»H"N»  +  2H«0  «  2NH»  +  C«'H»N»0«. 

This  last  compound  boiled  with  alcohol  and  hydrochloric  acid  yields  aniline  and 
diphenyl-parabanic  acid,  the  latter  body  being  ultimately  resolved  into  aniline,  oxalic 
acid,  and  carbon  dioxide  (Hofinann,  Berichte  d.  deuisch,  chem,  Gtsdlschaft^  1870, 
p.  761). 

A  base  having  the  composition  C»H"N*,  but  differing  in  properties  from  the  above, 
is  produced  by  the  action  of  cyanogen  on  aniline.    (See  PHKinruJoxES.) 

THtolyl-ffiiaiiidlae,  C«H»N«  =  N«[a'(C'H')>H«],  is  obtained  by  reactions 
exactly  similar  to  those  which  yield  triphenyl-guanidine,  e.g.  by  fusing  sulphocarbo- 
toluide  (ditolyl-sulphocarbamide,  N*(CS)"(C'HOH«)  with  metallic  copper,  or  by  heating 
it  alone  or  with  hydrochloric  acid.  It  dissolves  in  13*5  pts.  alcohol  at  0°,  more  easily 
in  hot  alcohol  or  ether,  and  crystallises  from  alcohol  in  tufts  of  long  satiny  needles, 
resembling  theine ;  very  slightly  soluble  in  boiling  water.  It  melts  at  123°,  and 
usually  solidifies  to  a  transparent  vitreous  mass  ;  leaves  a  carbonaceous  residue  when 
distilled.  Its  alcoholic  solution  has  a  strong  alkaline  reaction,  and  precipitates  ferric, 
cupric,  and  lead  salts. 

Bup,  UU 
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^  -The  salts  of  tritolyl-gnanidine  crystaUise  with  remarkable  facility,  and  axe  on  th^ 
whole  much  less  soluble  than  those  of  triphenyl-guanidine.  The  hydrochloride 
t;'<"H'^'N'.HCl  +  H^O  crystallises  from  cold  alcohol  by  slow  evaporation  in  large 
trannparent  prisms  ;  from  hot  water  in  more  tabular  crystals.  The  platinoehlorids 
C^H'^-'N'.HCl.PtCl*  forms  slender  yellow  or  orange-coloured  needlds,  sparingly 
soluble  in  hot  water.  The  nitrate  CH^'N' .  HNO'  crystallises  on  adding  nitric  acid 
to  a  hot  solution  of  the  base  in  aqueous  alcohol,  in  white '  slender  needles ;  from 
boiling  water  in  prisms.  Dissolves  in  1,400  pts.  water  at  0^.  The  aolphata 
(C^''H"N')^H^SO*  crystallises  from  hot  water  in  iridescent  laminae  having  a  neutral 
reaction  and  moderately  soluble  in  water  (Mers  a.  Weith). 

.  Tritolyl-guanidine  is  decomposed  by  carbon  bisulphide  and  by  hydrogen  sulphide 
in  the  same  manner  as  a  triphenyl-guanidine.  Dij^enyl'tolyl'ffuamdine  heated  with 
carlx^n  bisulphide  yields  as  cnief  prrxlucts,  sulphocarbanilide  and  tolyl-sulphocyanate 
(Merz  a.  Weith) : 

N»[C(C*H»)«(C*H')H«]  -I-  CS«  -  N«(CS)''(C«H»)«H»  +  CNS(Cnr). 


OVABAWA  or  Uarana,  the  fruit  of  Pcadlinia  aorbUu,  has  been  analysed  by  Peckolt 
{Jahresb.  1866,  p.  709).  The  seed-shells  contain  2*443  p.  c.  caffeine;  the  shelled  seeds, 
4-813  p.  c. ;  the  pulp,  4-288  p.  c. 

OtJllK.  Gum-arabic  heated  to  150^  with  2  pts.  of  acetic  anhydride  swella  np  to  a 
mass  which,  when  washed  with  boiling  water  and  then  with  alcohol,  leaves  a  white 
amorphous  insoluble  powder,  which  is  saponified  by  alkalis  with  reproduction  of 
soluble  gum.  This  substance  is  diacetvl-arabin,  C*H*(CH'0)'0*.  Ifthegum 
be  heated  to  180°  for  five  or  six  hours,  witn  excess  of  acetic  anhydnde,  triacety  - 
arabin  similar  to  the  former  is  produced  (Schiitsenberger  a.  Naudin,  Compt,  rend. 
Ixviii.  814). 

Kitthausen  (J.  pr.  Chem,  xcii.  321 ;  Jahreab.  1867>  p.  747)  has  obtained  from  the 
grain  of  rye  a  kind  of  gum  soluble  in  dilute  alcohol.  It  resembles  vegetable  mucilage, 
and  is  obtained  by  digesting  rye-flour  with  cold  alcohol  of  50  p.  c,  and  mixing  the 
clear  extract  with  a  large  quantity  of  strong  alcohol.  The  ropy  voluminous  coagnlum 
thereby  separated  dries  up  over  sidphuric  acid,  after  washing  with  strong  alcohol,  to 
a  loose  colourless  mass,  which  (after  deduction  of  ash)  consists  of  CI*H**0*.  When 
dried  and  finely  pulverised,  it  forms  with  26-30  pts.  water,  or  with  80-40  pts.  aqueous 
alcohol,  a  thickish  solution  difficult  to  filter,  which  dries  up  to  a  yellowish  residue 
resembling  gum-arabic.  Cupric  sulphate  and  potash  form  with  the  solution  a  lighfc 
blue  precipitate  insoluble  in  excess  of  potash ;  lead  acetate,  neutral  or  basic,  and 
mercurous  nitrate  do  not  precipitate  it.  The  aqueous  or  alcoholic  solution  of  the 
gum  has  no  action  on  polarised  light,  but  by  prolonged  boiling  with  dilute  sulphuric 
acid  it  is  converted  into  dextroglucose. 

Chagual  gum,  a  variety  brought  from  St.  Jago  de  Chile,  resembles  gum-senegal. 
The  portion  of  it,  amounting  to  about  76  p.  c,  which  is  soluble  in  water,  has  the  com- 
position C"H"0",  is  not  tluckened  by  borax,  is  precipitated  bv  neutral  lead  acetate, 
but  not  by  potassium  silicate,  and  when  treated  with  dilute  sulpnuricadd  is  completely 
converted  into  dextroglucose  (Pribram,  Jahresb,  1867,  p.  747). 

On  the  precipitation  of  dextrin  gum  by  alcohol  from  solutions  containing  vegetable 
mucilage,  see  Giinsberg  (Bull.  8oe.  Chim.  v.  626 ;  Jahresb,  1863,  p.  671). 


This  name  was  given  by  Reichardt  to  a  crystalline  acid, 
C'H*'0**,  which  he  obtained  by  oxidising  glucose  with  cupric  oxide  in  alkaline 
solution  (ii.  966V  It  has  since  been  examined  by  Felsko  (Ann.  Ch.  Pharm.  cxlix. 
366  ;  Zeitaehr.  j.  Chem.  [2]  v.  228),  working  under  Reichardt's  direction,  who  finds 
that  the  syrupy  light  yellow  liquia  which  remains  on  evaporating  a  solution  of  the 
acid  over  calcium  chloride,  has  the  composition  C*H'^0**;  this  he  designates  aa 
hydrated    yummic    acid    (Gummisdurehydrat),    and    represents    by    the    formula 

^HO.CH'^O'*  +  eiSrO  or  3HK).C«H"0'*  +  6H«0  «(^^i*^'^'*|o«  +  6aq.,  accord- 
ing to  which  it  is  a  sexbasic  acid.  It  has  an  intensely  sour  taste,  mixes  in  all 
proportions  with  water  and  alcohol,  turns  the  plane  of  polarisation  to  the  left.  It  is 
precipitated  directly  by  lime-water,  and  after  neutralisation,  by  calcium  chloride,  the 
precipitate  being  soluble  in  acetic  acid,  insoluble  in  ammonia ;  ferric  chloride  produces, 
after  addition  of  alcohol,  a  yellow-brownish  precipitate.  The  acid  easily  reduces 
blatinum  and  silver  salts.  The  syrupy  acid,  after  standing  for  a  considerable  time, 
deposits  rhombic  prisms  of  gummic  anhydride,  CH'^0**,  which  dissolves  easily  in 
alcohol  and  water,  and  reacts  like  the  acid.  The  solution  is  Itevogyrate.  The  anhy- 
dride does  not  give  off  water  below  110°;  emits  acid  empyreumatic  vapours  between 
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llQ9mod  1309 ;  malts  fit  140^.160^ ;  and  bladkentf,  with  inonafedemiidoii  of  empynu- 
matie  ▼ft^oan,  between  160^  and  190^ 

Gnaunio  aoad  forme  cryetalliBable  ealte  containing  4  and  fl  atome  of  uniralent 
metal,  8  or  8  at.  of  bimlent  metal:  thus  there  are  two  sodium  ealte  containing 
leepeetiyely  C<Hi«0"Na«  +  2aq.  and  C«H>*0*'Na«H*  +  2aq. ;  a  eodio-potaseic  ealt, 
C«H>*0*'Na*K'&< ;  and  two  barium  ealte  containing  C«£[i*0*«Ba*  +  6aq.  and 
C«H'«0»*.Ba«H«  (Felako). 

Ghummic  acid  hae  aleo  been  examined  by  A.  Claue  (Zeittekr,  f,  Ckem.  [2]  ▼.  162), 
according  to  whoee  analysie  it  is  a  bibaaic  add,  C*H*0*,  identio&l  or  isomeric  with 
oanmlonic  acid.  Its  bainum  and  calcium  ealte  haye  the  compoeition  C'H^O^Ba  and 
C'jS*0*Ca.  Gummic  or  oxymalonic  add  is  not,  however,  the  chief  product  of  the 
oxidation  of  glucoee  by  alkaline  cupric  solatione,  being  fonned,  indeed,  only  in  small 
quantity,  together  with  oxalic,  formic,  and  acetic  ados,  and  the  gum  obtained  by 
Beichardt. 

Oxygummie  add,  OH**0",  produced  by  oxidation  of  gummic  acid,  is  described  in 
▼oL  iy.  p.  312. 

See  Glvoosidbs  (p.  636). 


Om-OOTTOV.  Pelouze  a.  Maurey  (Ann,  Ch.  Pkys.  [4]  iii.  186)  assign  to  thie 
eubstande  the  formula  C*«H"*0" .  5N'0* ;  Blondeau  (Compt.  rend,  Ixi.  378)  gives  the 
formula  C**H*H)».  6N«0».  Abel,  however  (PhU.  Thins,  1866,  p.  269 ;  1867,  p.  181; 
Ckem.  8be,  J,  f  2]  v.  810,  505),  has  shown,  by  a  series  of  very  carerally  conducted  experi- 
mente,  that  When  Lenk*s  directions  for  the  deansing  and  nitration  of  the  gun-cotton 
are  exactly  carried  out,  uniform  products  are  obtained,  whose  composition,  with  the 
exception  of  slight  variations  due  to  admixtures  to  be  presently  noticed,  is  represented 
by  the  formula  of  trinitrocellulose,  C"H"0'.8N*0»  or  C«H'(NO«)»0»  (iv.  777). 
Thie  result,  deduced  from  numerous  analyses,  is  also  in  accordance  with  the  increase  of 
weight  which  the  cotton  undeigoes  by  nitration.  The  slight  differences  between  the 
obsorved  results  and  those  required  by  the  formula  of  trinitrocelluloee  are  due  partly 
to  the  presence  of  a  small  quantity  (0*75  to  1  p.  c)  of  a  yellow  acid  nitro-compound 
soluble  in  alcohol,  which  is  produced  by  the  action  of  the  nitric  acid  on  foreign 
•ubetancee  still  preeent  in  the  purified  cotton,  and  partly  to  the  presence  of  1  to  1*6  p.  c 
of  the  lower  nitro-derivatives  of  eelluloee.    (See  PruoxTLur,  iv.  782.) 

Well-prepared  gun-cotton  exposed  to  difi^osed  daylight  or  direct  sunshine  gradually 
gives  on  a  little  gas,  but  without  undergoing  any  essential  alteration.  Pelouse  a. 
Maurey  found  indeed  that  gun-cotton  undergoes  rapid  decomposition  even  at  tem- 
peratures below  100^,  giving  off  nitrous  vapours  and  sometimes  exploding;  but 
according  to  Abel,  ndther  trinitrocelluloee  nor  the  lees  nitrated  producte  just  men- 
tioned are  affected  when  pure  by  a  temperature  near  100°,  and  the  easy  decompo- 
sibili^  of  gun-cotton  sometimes  observea  is  due  to  the  presence  of  nitro-derivatives 
of  fordgn  organic  substances  (the  incrusting  matter  of  the  cellular  tissue),  which 
when  heated,  quiekly  decompoee,  with  formation  of  free  acid^  This  tenaencv  to 
deoompodtion  may  be  arreeted  by  impregnating  the  finished  gun-cotton  with  soaium 
carbonate.  Qun-cotton  may  be  preserved  for  any  length  of  time  by  immersing  it 
in  water,  or  saturating  it  with  moisture  sufficiently  to  render  it  uninflammable.  In 
this  condition  it  is  less  dangerous  than  gunpowder  can  be  rendered  bv  any  process 
whatever,  may  be  transport^  as  safely  as  raw  cotton,  and  is  less  prone  than  the  latter 
to  {gradual  deterioration  by  mouldiness  and  putreftiction. 

The  normal  firing  temperature  of  gun-cotton  is  about  160°,  but  under  peculiar 
circumstances  it  may  take  fire  at  136°,  or  when  very  loose  masses  are  slowly 
heated,  not  till  205°.  When  the  temperature  is  very  grradually  raised,  the  gun- 
eotton  decomposes  without  taking  fire,  and  is  converted  into  a  brown  non-exploeive 
substance  (Abel).  According  to  W.  L.  Scott  (Bull.  Soc.  Chim.  [2]  ix.  888),  gun-cotton 
explodes  instantly  in  contact  with  the  alkali-metals  (but  not  with  their  amalgams) 
even  when  all  fnction  is  avoided.  Other  metals  do  not  act  in  this  way ;  pulverisea 
arsenic  however  induces  the  explosion  on  percussion. 

On  the  explosion  of  gun-cotton  under  the  influence  of  detonating  substances, 
such  as  fhlminating  diver  and  mercuiy,  chloride  of  nitrogen,  &c.,  see  CoMBUSTioir 
(pp.  486-^88). 

CMI JiJPU  W  UMSLm  Abel,  in  connection  with  his  experiments  on  gun-cotton 
(Ptboxtun,  iv.  779),  has  also  examined  the  behaviour  of  gunpowder  when  heated  in 
larefled  air.  When  small  quantities  (4  grains)  under  an  air-pump  receiver  exhausted 
to  a  pressure  of  15  to  51  millim.,  are  touched  with  a  fine  platinum  wire  heated 
to  redness,  the  grains  nearest  to  the  wire  fuse,  give  off  sulphur-vapours  with  ebul- 
lition, and  at  last  take  fire,  scattering  at  the  same  time  the  rest  of  the  unigniUid 
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powder.  Under  a  pressnre  of  76  millim.  comi^ete  ignition  takes  plaee  after  about 
four  seconds.  The  same  phenomena  are  exhibited  in  an  equally  rarefied  atmosphara 
of  nitrogen  or  of  oxygen ;  in  the  latter  case  the  combustion  ia  somewhat  metre 
brilliant.  After  combustion  under  rery  low  pressure  (below  88  millim.),  the  atmo- 
sphere of  the  oombostion-cfaamber  was  always  found  to  contain  nitrous  add,  and 
a  sulphuretted  compound  haying  an  odour  of  horseradish  (iVoe.  Btnf,  8oe,  xiii. 
204).     Similar  results  have  been  obtained  by  Heeren  (Dmgl.  pol,  J.  dszz.  286). 

The  products  of  the  combustion  a(  gunpowder  under  mffeient  eirensutanoes  hare 
recently  been  examined  by  Fedorow  (ZeUsehr.  /.  Ckem,  [2]  t.  12),  who  finds,  in 
accordance  with  Craig  {Dingl.  pal,  J.  dxi.  462),  but  contrary  to  Karcdyi  (ir.  958),  that 
these  products  vary  in  composition  according  to  the  mode  of  combustion.  The 
pow^der-reeidue^was  prepared  by  firing  a  pistol  within  a  glass  tube  4  feet  long,  and 
by  firing  a  9-pounder  coj^per  cannen«  using  8  pounds  (Russian)  of  powdisr  for  each 
charge. 

Compontion  of  the  Powder  and  of  the  Charcoal  eomUumed  in  ii. 


Powder. 

Potassium  Nitrate     . 
Charcoal  . 
Sulphur    . 
Water      . 


74176 

14-835 

9-890 

1100 

iOOOOO 


Carbon 
Hydrogen 
Oinrgen 
Ai£ 


100-0 


The  residue  was  dissoWed  in  water,  the  carbon  and  sulphur  sepcoated  by  filtra- 
tion, and  the  filtrate  agitated  for  several  days  with  cadmium  carbonate.  The  amount 
of  sulphur  in  the  potassium  sulphide  was  calculated  from  the  cadmium  sulphate; 
the  potassium  hyposulphite  was  determined  by  precipitation  with  silver  nitrate ;  the 
putaHsium  sulphocyanate  was  estimated  by  the  calorimetrie  method  (Bunsen's) ;  the 
cr.rhoniite  by  precipitating  with  manganese  chloride  and  weighing  the  resulting  man- 
panic  oxide,  Mn'O'.  The  amount  of  potassium  nitrate  was  calculated  ttom  the 
diiference.    The  following  results  are  the  mean  of  several  closely  agreeing  analyses : 


Compontion  of  Poufder-residue  calouUUed  on  100  pounds  of  dry  substance. 
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These  analyses  show  decidedly  that  an  increase  of  the  charge  is  attended  with  a 
more  complete  combustion  of  the  powder.  The  higher  the  pressure  attending  the 
explosion,  the  smaller  is  the  quantity  of  undecomposed  powaer  (KNO*  +  C  •(-  8) 
in  the  residue,  and  the  greater  the  amount  of  potassium  sulphide  and  carbonate  in 
this  retridue,  the  sulphate  diminishing  in  the  same  proportion.  At  high  pressures 
the  quantity  of  hyposulphite  likewise  diminishes.  Retarded  combustion,  such  as 
may  be  obtained  by  admixture  of  fatty  matter  with  the  powd»,  acts  in  the  same 
manner  as  increased  pressure.  With  a  blank  charge  of  1-5  gnn.  of  a  mixture  of 
100  pts.  meal-powder  and  0-5  pt.  stearic  acid,  a  residue  was  obtained  containing 

100. 

^he  proportion  of  hyposulphite  was   therefore    increased,  and   that   of  sulphate 
diminished. 

In  the  experiments  with  the  cannon,  100  pts.  of  anhydrous  powder  yielded  49*61 
pts.  of  dry  residue,  whence  it  may  be  calculated  that  1  grm.  of  powder  would  yield  in 
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thu  CAse  0*039  grm.  liqueons  vapour,  And  258*7  c.c  gaiM  (»  82*6  c.c  N  -f 
162*1  ce.  CO'  -f  14  ce.  SO'  and  0).  Nftarly  all  the  earboo  waa  therefore  converted 
into  CO'. 

The  preceding  vesnHa  lead  to  a  theory  of  gunpowder  different  from  that  deduced 
from  the  experimenta  of  Boneen  a.  Schiechkoff  (ii.  958). 

In  the  combustion  of  gunpowder  several  successive  reactions  take  place.  First  the 
sulphur  takes  fire  and  potassium  sulphate  is  formed  ;  then  the  excess  of  oxygen  barns 
the  carbon  to  CO',  wnich  escapes  with  the  nitrogen,  while  the  excess  of  carbon 
reduces  the  potassium  sulphate,  forming  potassium  carbonate,  hyposulphite,  and  free 
carbon  dioxide  (or  monoxide) ;  thus : 

I.  2KN0'  +  S  +  C  -  K«80«  +  N  +  CO'. 

n.  2K'S0«  +  C  -  K'S'O'  +  K'CC  +  CO'. 

If  the  proportion  of  sulphur  in  the  powder  does  not  correspond  with  the  normal 
composition  2S270'  •!•  8  +  3C,  as  in  Russian  powder  or  in  the  sporting  powder  ufied 
in  the  experiments  of  Bunsen  and  SchiBchkofi,  K'CO'  is  formed  in  the  first  stage  of 
the  reaction  as  well  as  K'SO^ 

In  combustion  in  an  open  tube,  the  two  reactions  indicated  by  the  above  equations 
are  the  only  ones  that  tsJie  place ;  but  in  combustion  under  pressure  the  free  carbon 
exerts  a  Airther  action  on  the  hyposulphite ;  thus : 

m.  2B:«8K)'  +  C  -  SCO'  +  2K'S  +  8». 

In  this  ease  also  the  free  sulphur  may  act  upon  the  potassium  carbonate  formed  as  in 
equation  II.  The  hyposulphite  is  also  decomposed  at  a  high  temperature.  The 
sulphur  acts  upon  the  potassium  cazbonate  essentially  in  the  manner  shown  by  the 
equation : 

IV.  4K'C0'  +  S«  =  K'SO*  +  ZK?Q  +  4C0'. 

Brugfa«  (Compt.  rend,  bdz.  716)  describes  a  kind  of  gunpowder  prepared  by  mixing 
64  pts.  ammonium  piciate  with  46  pts.  nitre.  In  the  combustion  of  this  powder  the 
whole  of  the  charcoal  is  burnt,  and  the  residue  consists  entirriy  of  potassium  car- 
bonate: 

C^H'(N0')'O.NH«  +  2KN0'  -  6C0'  +  BW  +  8H'  +  K'CO". 

The  volume  of  gas  produced  by  the  explosion  is  about  2^  times  as  great  as  that  which 
is  formed  by  the  combustion  of  an  equal  weight  of  orainary  gunpowder.  The  new 
powder  takes  fire  when  touched  with  a  burning  body,  but  not  by  percussion.  At  150^ 
It  assumes  an  orange-xtBd  colour,  but  undeigoes  no  further  alteration ;  at  190^  the 
ammonium  picrate  begins  to  volatilise ;  at  300^  the  nitre  melts,  and  at  310^  the 
powder  explodes.  By  prolonged  contact  with  water  it  is  resolved  into  potassium 
picrate  and  ammonium  nitrate. 

WMU  GunjModer, — ^This  name  is  applied  to  an  explosive  material  for  fire-anus  and 
fbr  blasting,  invented  by  K  Schultze  {Dingl.  fd,  J,  clxxv.  453),  and  consisting  of 
nitrated  woody  fibre  impregnated  with  salts  nch  in  oxygen.  To  prepare  it,  finely 
divided  wood  or  sawdust  is  first  freed  from  acids  and  soluble  substances  by  boiling  it 
with  a  weak  solution  of  sodium  carbonate,  and  washing  in  running  water,  then  dried, 
exposed  to  a  current  of  steam  to  separate  albuminous  substances,  again  washed, 
bleached  with  chlorine,  and  finally  washed,  first  with  oold,  then  with  hot  water,  and 
dried.  The  woody  fibre  thus  purified  is  nitrated  by  maceration  for  some  hours  in  a 
mixture  of  nitric  and  sulphuric  acids,  then  washed  with  weak  alkaline  ley  and  with 
water,  and  dried.  The  product  is  a  feebly  eJEplosive  material  which  leaves  a 
considerable  carbonaceous  residue  when  burnt ;  in  this  state  it  may  be  preserved  and 
transported  with  safety.  When  required  for  use,  it  is  steeped  in  a  solution  of  potassium 
nitrate  or  of  mixed  potassium  and  barium  nitrates,  and  dried  at  32^-44^.  This 
powder  is  said  to  be  considerably  more  powerful  than  ordinary  gunpowder  as  a  blastine 
agent,  and  to  produce  little  or  no  smoke ;  but  it  does  not  appear  to  be  well  adapted 
for  fire-arms. 

Bespecting  other  explosive  mixtures  proposed  as  substitutes  for  gunpowder,  see 
London  Journal  of  Arts,  1864,  pp.  29,  87  ;  (^em*  News,  xi.  19 ;  DinffT.  pol.  J.  clxxii. 
229,  286;  clxxxii.  248,  251,  344;  SnU,  8oo.  Ckim,  [2]  ii.  391  ;  v.  234;  Jahrrsh. 
1864,  p.  795 ;  1866,  p.  859 ;  also  Bichardson  aud  Watts's  Chemical  Tochnoiogy,  pt.  iv. 
435 ;  pt.  V.  p.  385).  Respecting  the  methods  of  estimating  the  force  of  gunpowder, 
see  the  last-mentioned  work,  pt.  iv.  p.  474. 

OimA-raACKA.  The  alterations  which  this  substance  undeigoes  in  oouise 
of  time  have  been  cazefolly  studied  by  W.  A.  Miller  (Chem,  8oo.  J.  [2]  iii.  273). 
These  alterations  depend  upon  oxidation  (ii.  962),  which  takes  place  especially  when 
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tbe  gatta-peicha  is  exposed  to  light  and  to  the  alternate  action  of  air  and  water. 
Gutta-pezcha  kept  under  pore  water  or  sea-water  retains  its  original  properties  for  a 
long  time ;  but  if  exposed  in  sunshine  to  the  alternate  action  of  air  and  water,  it 
graaually  increases  in  weighty  becomes  brittle,  resinous,  more  soluble  in  alcohol  amd 
in  dilute  alkalis.  Pure  milk-white  gutta-percha,  perfectly  soluble  in  benxol,  ether, 
and  carbon  bisulphide,  has  the  composition  of  a  hydrocarbon,  C^'H".  Heated  to 
100^  it  softens  and  gradually  takes  4*4  p.  c.  oxygen,  becoming  brown,  resinous,  and 
brittle ;  the  oxidised  portion  is  insoluble  in  benzol.  Commercial  gutta-percha,  such 
as  is  used  for  the  manufacture  of  cables,  becomes  liquid  at  100°,  and  contains,  together 
with  the  pure  hydrocarbon  and  mechajiically  enclosed  water,  a  considerable  quantity 
of  Uie  resinous  oxidation-product,  as  shown  by  the  following  analysis : 

HTdiocarbon  Bedn  Woody  flfara  Wster  Ash 

79-70  15-10  2*18  25  052  »  100. 

After  drying  at  100°  it  exhibited  the  composition  A ;  the  oxidised  portion  soluble  in 
alcohol  had  the  composition  B ;  the  portion  soluble  in  benzol,  and  precipitable  there- 
from by  alcohol,  had  the  composition  C : 

Oarbon  HTdzogon  Osygvn 

A  .     .     .    84-66                     11-15  4*19  -  100. 

B  .    .    .     76-15                    1116  12-69  »  100. 

G  .     .     .     87*22                    1204  074  «  100. 

Commercial  gutta-percha,  if  excluded  from  light,  may  also  be  kept  for  months  or  eyen 
years  under  water  or  in  air ;  but  when  it  is  exposed  to  light  m  the  open  air,  the 
portions  on  which  the  light  fiills  quickly  assume  the  composition  abore  giyen« 


H 

See  IBjbmjltottux  (if\fra)* 

See  Blood  (p.  855). 

EM.  This  substance,  onginaUy  found  in  blood  snd  afterwards  in 
bile  (iii.  8),  is  most  easily  obtained,  aooording  to  Hulm  (^BuU,  8oe.  CAtm.  [2]  TiiL  60), 
from  the  Corpus  luUwm  of  the  cow.  Acooi^ng  to  Piccolo  a.  lieben,  however,  the 
<Uchroic  ciystals  obtained  from  the  latter  source  are  not  identical  with  luematoiidiii. 
These  chamists  also  consider  it  most  probable  that  hsDmatoidin  is  identical  with 
bilirubin,  and  propose  to  designate  the  new  substance  from  the  Corfua  luUum  as 
luteohaemato'idin  or  haemolutein  (p.  497)<  Jafl%  (t^res^.  1862,  p.  687) 
finds  that  hsmatoidin  (from  the  brain  of  an  apoplectic  patient)  exactly  resemblea 
bilirubin  in  its  reaction  with  nitric  acid,  becoming  lirst  green,  then  blue,  violet,  &C. 

MMMKATOXWUM.  C'E^^G*. — A  solution  of  this  sabstanoe,  or  paper  aatmated 
with  it,  is  recommended  by  Wildenstein  (ZeiUehr.  anal.  Chem,  ii.  9)  as  a  test-paper, 
especially  for  the  detection  of  ammonia,  the  fixed  alkalis,  alkaUne  eaitha,  and  certain 
metals  (iii.  5).  Swedish  filtering  paper  thus  prepared  has  a  yellowidi  colour 
when  dry,  and  is  coloured  red,  violet,  or  violet-blue  oy  the  smallest  trace  of  an  alkali. 

As  hiematoxylin  reduces  silver  salts,  it  may  be  used,  like  pyrogallic  acid,  for 
developing  photographic  pictures.  A  solution  for  the  purpose  may  be  pepared  with 
0*5  pt  hsematoxylin,  80  pts.  distilled  water,  and  22  nts.  acetic  add :  a  little  glyoerin 
tOBj  also  be  advantageously  added  (Tabensky,  Zeitsckr.f,  Chem.  [2J  V.  886). 

Haematein^  may  be  quickly  prepared  by  passing  air  containing  ammonia,  by 
means  of  an  aspirator,  into  a  bottle  containing  hiematoxylin  suspended  in  water,  the 
dalivexy-tube  terminating  just  above  the  sur&ce  of  the  liquid:  by  this  atmngement, 
an  excess  of  ammonia  ia  avoided,  which  would  produce  a  brown  amorphoua  substaaoe. 
When  a  considerable  quantity  of  hasmatoxylin  is  used,  it  may  be  simply  drenched 
with  ammoniacal  water.  The  process  yields  a  solution  having  a  fine  violet  oohmr, 
and  forming  with  acid  ammonium  sulphite  a  precipitate  soluble  at  the  boiling  beat 
(Tabensky). 

According  to  Schutsenbei^  a.  Paraf  (Jahresb.  1862,  p.  495),  the  violet  solution  of 
hnmato^lin  in  ammonia  is  decolorised  by  heating  to  100*^  for  48  hours  in  an 
azhausted  tube,  a  colourless  pasty  mass  being  form^,  which  the  authors  designate 
ai  haematinamide;  on  exposure  to  the  air  it  quicUy  takes  up  oxygen,  and  turm 
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Txoletb    It  ifl  slighUj  flolnble  in  irater,  easily  in  alcohol,  et&er,  and  liTdioehlorie  acid, 
and  is  precipitated  from  the  latter  by  ammonia  in  white  flocks. 

See  BuyciD  (pp.  852,  856). 

See  GoBPirs  Lurxtrx  (p.  497). 

A  fluoride  occurring  at  Arksutflord  in  G-reenland,  together 

with  cryolite  and  pacfanolite.    It  is  opetque,  has  an  ochre-yellow  or  wax-yellow  colour, 
and  uneren  fractnre ;  hardness  »  8  to  3*5 ;  sp.  gr.  2*59  to  2*60.    Contains : 

Al  Fe  Oft  IC?  K»  F  81  HK)  Insol. 

12-06        6-96        11-18        2*30        8*45        40-80        7*79        10*44        108 

(Shepard  a.  Hagemann,  Sill.  Am,  J,  [2]  zli.  119). 


?•    THBBHomTBT. — A  Convenient  form  of  air-thermomet&r,  for  the  approxi- 
mate measure  of  temperatures  above  300^,  has  been  contrived  by  6erthelot(^nn.  Ch, 
Phys,  [4]  xiii.  144,  and  xv.  413).    It  consists  of  a  cylindrical  bulb  of  glass  or  silver, 
with  thin  sides,  of  about  4  cubic  oentim.  capacity,  oommunicating  at  the  upper  end 
with  a  capillary  tube  of  uniform  bore,  about  1*2  metre  long  and  0*2  mm.  in  diameter. 
At  a  distance  ftom  the  bulb  of  about  200  mm.  this  capillary  stem  is  bent  so  as  to 
become  horizontal,  and  at  about  250  mm.  further  on  it  is  bent  downwards  at  a  right 
angle,  and,  after  proceeding  vertically  downwards  for  a  length  of  about  730  mm.,  it  is 
again  bent  up,  and  terminates  in   a  wide   open   bulb.    A  double   graduation  id 
attached  to  the  vertical  part  of  the  stem :  on  one  side  a  scale  of  millimetres,  and  on 
the  other  a  scale  of  tbennometric  degrees.    These  two  scales  are  both  divided  upon  a 
flat  strip  of  wood,  which  is  supported  so  as  to  be  capable  of  being  moved  a  short  dis- 
tance up  or  down  the  stem,  and  then  clamped  in  any  required  position.    The  bulb  and 
stem  having  been  made  thoroughly  diy,  a  small  quantity  of  pure  dry  mercury  is  poured 
into  the  bulb  at  the  lower  end  of  the  stem,  and  by  means  of  an  air-pump  the  pressure' 
in  the  bulb  is  reduced  to  20  or  25  centim.  of  mercury ;  in  this  way  part  of  the  air  is' 
removed  from  the  thermometer,  and  on  restoring  the  atmospheric  pressure,  mercury  is 
driven  up  towards  the  top  of  the  vertical  part  of  the  stem.    If  the  thermometer  is  to. 
be  used  for  indicating  temperatures  near  500°,  the  quantity  of  air  removed  ought  to  be 
such  that  A  difference  of  temperature  of  1^,  at  ordinary  atmospheric  temperatures,* 
makes  a  difference  of  about  1  mm.  in  the  height  of  the  mercury  in  the  stem.    The 
thermometer  is  graduated  empirically  by  maricing  on  the  scale  the  points  at  which  the 
mercury  stands  in  the  stem  ^en  the  bulb  is  surrounded  by  icd,  and  by  the  vapours  of- 
hoUing  water,  boiling  mereury,  and  boiling  BiUpkur  respectively.    These  points  being^ 
marked  0°,  100^,  350®,  and  440°,  the  intermediate  temperatures,  as  well  as  tempera-* 
tures  below  0°  and  above  440°,  are  supphed  bv  inter-  and  extrapolation.  It  is  evident 
that  the  fomr  fixed  points  must  be  determined  when  the  barometric  pressure  is  sen-  * 
sibly  constant.    Berthelot  does  not  admit  greater  variations  than  1  mm.  of  mercury. . 
When  the  instrument  is  used  to  indicate  unknown  temperatures,  the  barometrid 
pressure  will  in  general  be  different  from  that  under  which  it  was  graduated ;  but  the 
requisite  af^ustment  can  be  made  by  immersing  the  bulb  in  pounded  ice,  and  pushing 
the  graduated  scale  up  or  down  the  stem  until  the  cero-mark  agrees  with  the: 
extremily  of  the  mercuiy-oolumn. 

The  action  of  the  apDoratus  is  easily  understood  by  reference  to  the  laws  of  the 
expansion  of  air.  Witn  the  dimensions  of  bulb  and  stem  that  have  been  indicated,  the: 
changes  of  volume  of  the  air  in  the  thermometer  consequent  on  the  mercury  standing 
at  different  heights  may  be  neglected  without  sensible  error ;  hence,  if  H^  be  the  pressure 
(measured  in  millimetres  of  mercuiy)  which  the  air  supports  at  0°,  and  Ho  +  A  the 
pressure  supported  by  it  at  <°,  we  have  the  equation  (comp.  ill.  49) 

Ho  ♦  *-Ho(I  +  at),, 
whence 

1  +  ^  -  1  +  ««<, 
or 

which  shows  that  the  temperature  indicated  is  proportional  to  the  depression  h  of  the 
mercuxy-column  firom  the  position  occupied  by  it  when  the  thermometer  is  at  0°,  since 
the  denominator  Hoa  of  the  expression  for  t  is  constant  This  calculation,  however,  is 
only  approximate,  as  the  expansion  of  the  bulb,  the  expulsion  of  some  air  from  the 
bulb  into  the  stem,  and  the  effect  of  variation  of  temperature  in  the  part  of  tha  stem 
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mam  is  then  pulverised,  and  exhausted  with  water,  and  the  clear  solution  is  pre- 
cipitated with  common  salt.  The  colouring  matter  thus  obtained  is  purified  by 
again  dissolving  and  precipitating  it  (F.  Laurent  a.  J.  Castlebaz,  Bepartory  o/FataU 
Intfentions,  Oct  1862,  p.  339  ;  DingLpcl,  J.  dvi.  239). 


C»'H«<0"  (C.  Mehu.  J.  Pharm.  [4]  iii.  265),-A 
substance  allied  to  santonin,  obtained  from  the  common  centaury  {Mirtfthraa  Centamwm^ 
Gentianacese).  To  prepare  it,  the  aqueous  extract  of  the  flower-heads,  or  of  the 
entire  plant,  is  treated  with  4  or  5  times  its  weight  of  alcohol ;  the  sjrrupj  rpgidue 
of  the  alcoholic  extract  is  repeatedly  agitated  with  4  vol.  ether ;  and  the  etheretJ 
solution  is  evaporated,  whereby  a  yellowish-brown  semifluid  residue  is  obtvned, 
which  after  a  wlille  yields  crystals  of  impure  erythrocentaurin.  These,  after  being 
pressed  and  once  recrystallised  from  water,  are  decolorised  in  ethereal  solution  bj 
animal  charcoal.  On  leaving  the  ether  to  evaporate,  large  colourless  ciystals  an 
obtained,  amounting  to  scarcely  ^  per  thousand  of  the  weight  of  the  dried  plant 

Pure  erythrocentaurin  is  tasteless  and  inodorous,  neutral  and  not  hygroscopic,  not 
volatile;  melts  at  136°,  and  solidifies  again  in  the  crystalline  form.  Its  solution  in 
chloroform  neither  acts  on  polarised  light  nor  fluoresces.  It  dissolves  in  1630  pt& 
water  at  15**,  in  about  13-6  pta.  at  100**,  in  48  pts.  of  86  p.  c.  alcohol  at  15^  in  IS  5 
pts.  chloroform,  and  245  pts.  ether ;  easily  also  in  oils  both  fixed  and  voUtiie,  in 
benzol,  and  in  carbon  bisulphide.  Acids  increase  its  solubility  in  water,  bat  do  net 
unite  with  it ;  from  its  colourless  solution  in  strong  sulphuric  acid  it  is  precipitated 
by  water  without  alteration.  It  is  not  acted  upon  by  nitric,  hydrochloric,  or  duomie 
acid,  bromine,  iodine,  or  alkalis  ;  when  fused  in  chlorine  gas,  it  is  converted  into  a 
glutinous  substance  reciystallisable  only  from  ether,  Erythrocentaurin  is  decomposed 
by  potassium  permanganate,  even  at  ordinary  temperatures.  When  exposed  to  siu- 
shine,  it  quickly  acquires  a  bright  red  colour,  but  without  alteration  of  weight  or  of  its 
relations  to  solvents.  This  coloured  erythrocentaurin  yields  colourless  solutions  which 
in  the  dark  deposit  colourless  crystals.  The  red  colour  likewise  disappears  on  hMting 
the  substance  to  about  130°.  The  coloration  of  erythrocentaurin  (like  thatof  flantooio) 
is  produced  only  by  the  most  refrangible  (blue  or  violet)  rays  of  the  spectrum  \  bat 
santonin  which  has  been  turned  yellow  by  light  is  not  decolorised  by  heat. 

Syn.  with  Ertthritic  Acm  (p.  583). 


C»H*  -  I         -  C  ]  ^,  .    Ethyl  Hydride,  Methyl,  Dimethyl  (ii.  53$ , 

iii.  984). — ^This  gas  is  evolved,  together  with  carbon  dioxide,  by  heating  barium  dioxide 
with  acetic  anhydride,  barium  acetate  being  produced  at  the  same  time  (Schiitienbeiiger, 
Btdl,  Soe,  Chim,  [2]  v.  278) : 

2(C»H*0)«0  +  BaO«  -  (C«H«0«)*Bft  +  2C0«  +  C«H*. 

Darling  {Cham,  8oe,  J.  [2]  vi.  426)  finds  that  this  reaction  is  apt  to  give  rise  to  violent 
explosion  [arising  from  the  formation  of  acetyl  peroxide,  i.  36],  which,  however,  mar 
be  prevented  by  mixing  the  barium  dioxide  with  dry  sand.  The  gas  then  evoked 
consists,  after  removal  of  carbon  dioxide,  chiefly  of  methane  (marsh  gas)  with  a  litrle 
carbon  monoxide  and  about  17  p.  c.  ethane.  Frankland*s  mode  of  preparatioci  by 
heating  methyl  iodide  with  zinc,  yields  perfectly  pure  etlmne ;  but  is  not  well  adspt^^ 
for  the  preparation  of  large  quantities.  The  best  process  is  the  electrolysis  of  potassium 
acetate.  I)arling*s  experiments  fully  conflrm  the  results  obtained  by  Schorlemmer 
(iii.  984)  respecting  the  identity  of  the  gas  obtained  by  this  process  with  that  obtained 
from  mercuric  ethide.  When  treated  with  chlorine  in  difiused  daylight^  it  is  con- 
verted into  a  mixture  of  ethyl  chloride,  C*H*C1,  and  chlorethyl  chloride,  C*H*Cl*. 
The  ethyl  chloride  thus  obtained  was  converted  into  acetate,  which  by  saponification 
with  potash  yielded  pure  ethyl  alcohol. 

Pentaehlorethane,    CHOP  (Patemo,  Qnnpt.  rend.  Izr'nu  450). — ^Frodoced  bj 
the  action  of  phosphorus  pentachloride  on  anhydix>us  chloral : 

CCl*  CCl* 


I      +  pa»  «  poa«  +    I 

COH  CHC1« 


A  small  quantity  of  the  pentachloride  is  added  to  chloral  contained  in  a  Rtoit 
fitted  with  an  upright  condenser;  the  mixture  is  warmed  ;  another  portion  of  penta« 
chloride  added  as  soon  as  the  first  action  is  over,  the  process  being  repeated  till 
1  mol.  PCI*  has  been  added  to  1  mol.  chloral ;  and  the  reaction  is  completed  by 
heating  the  mixture  for  some  hours  to  the  boiling  point    Water  is  then  added, 
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TaiU  of  Specifie  E$aU  of  EhmaUary  Substanees. 


KMMof  BnbrtBiiee 


Alrnninium        .... 
AntamoDy.        •        .        .         ] 


Anenie 


ft 


*f 
Bismntli 


(cryrtallued) 
(amozpbons) 


Baton  (amorphous)    . 

,•     (ayBtellisoa)  . 

Gndmiuiii  •        .        . 


Oateiuin 


Oarbon  (natoziil  gtsphite) . 


n 
II 

II 
II 
11 
It 

♦I 


II 


II 


II 
II 

II 


(parified) 


(gas  carbon)  . 


If 
If 


If 


(purified) 


II 


tf     (iron  graphite) 


If 
II 


If 
(diamond) 


Copper 

Inoinm 

Iron 

Lead 

Magneeinm 

Bnuieninm 

Selenium  (czyBtalline) 


II 
ft 


(amorphous) 


Silicon  teraphitolUal) 
„     lOTBtalline)  • 
„     iftised)  . 

SUyer 


II  •        • 

Sulphur  (rhombic) 


II 


Tellurium .  . 
Tin   .        .        . 

„    feast). 

tt  (allotropic). 
2Sne .        • 


It 


fl^widfln  H6eife 


0-202 
*0495 
•0623 
•0822 

•0880 

•0768 

•0805 

•264 

•280 

•0642 

•0648 

•1670 

•2019 

•1977 
•1966 

•174 
•1968 
•2000 
•2040 

•186 
•1961 

•166 
•1488 

•0980 

•0670 

•112 

•0816 

•246 

-0611 

•08401 

•0860 
•0963 

•181 
•166 
•188 
•0660 
•0669 

168  (between  U"*  and  46«) 
•1712 
•0476 
•0648 
•0669 
•0646 
•0982 
-0986 


Authoritgr 


Kopp. 

Bunsen. 

Kopp. 

Neumann      (Poffff* 

Ann,  czzri.  137). 
Bettendorff      and 

WiiUner 
Ditto. 
Kopp. 


Bunsen. 

Begnault  (Ann.  Ch. 
Phys.  [4]  vii.  460). 
Begnault. 
Bettendorff       and 

Wiillner. 
Kopp. 
Begnault. 


Bettendorff 
Wullner. 

Kopp. 

Bettendorff 
Wullner. 

Kopp. 

Bettendorff 
Wiillner. 

Kopp. 

Bunsen. 


Bettendorff 
Wullner. 

Neumann. 

Bettendorff 
Wullner. 

Kopp. 


Bunsen. 
Kopp. 
Bunsen. 
Kopp. 

Bunsen. 

Kopp. 
Bunsen. 


and 
and 
and 


and 


and 
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HKATi 


TMe  of  Specific  EtaU  of  Compoundi. 


Ponmila 

Spaolfio 
Heirfi 

Anttioritj 

V                                          4 

"Eit 

Antboritr 

Cn'O. 

•111 

Kopp. 

PbCX)» 

•0791 

Kopp. 

CnO  . 

•128 

•—. 

CaSiO"      ..      . 

•178 

•  — . 

HgO.        .        . 

•0680 

OaiMglSiO* 

186 

— 

PbO  . 

•0668 

— 

CnSiO».H«Q      . 

•182 

-T- 

MgH«0*    . 
Fe»0* 

•812 
•166 

^^^ 

Mg«FeASiO«     1 

•189 
•189 

z 

MgAIK)«    . 

•194 

— 

Al«K«ai«0»« 

•183 

.i— 

MglFeiCr|AlK>« 

•169 

«. 

Al«Na«aiH)»«      . 

-190 

— 

Cp«0» 

•177 

— 

NaBO«      .  .      .  , 

•2864 

Neamann. 

Fe*0« 

•164 

-* 

Na«BO»     .        . 

•229 

Koppb 

FelTilO*   . 

•177 

— 

Na«BH)M0H«O 

•886 

— 

MnK)".H«0 

•176 

— 

PbMoO«    . 

•0827 

.« 

MnO« 

•169 

~- 

CaWO*      . 

•0967 

_ 

SiO»  . 

•186 

— . 

FelMIWO* 

-0980 

... 

Si4ZrK)«    . 

•182 

— 

FbCrO*     . 

•0900 

— . 

8n0« . 

•0894 

— 

K«CrO«     . 

•189 

.. 

TiO« . 

•167 

— 

•1840 

TiO*  . 
MoO« 

•161 
•164f 

^_^ 

K«CrK)»     . 

•186 
•1867 

Kopp. 
Neumann. 

W0«. 

-0894? 

— 

HKHO«     . 

•244 

Kopp. 

Sb«0« 
B»0« . 

•0927 
•2341 

K«80« 

1 

•196 
•1860 

Neumann. 

Cu«S. 

•120 

Kopp. 

' 

2298 

Schnller. 

GnlFeiS    . 

•181 

Na«80«      . 

•227 

Kopp. 

HgS.        .        . 

•0617 

— 

i 

•2280 

PbS  . 

•0490 

— 

(NH«)«SO«..      . 

•860 

Kopp. 

ZnS  . 

•120 

... 

BaSO* 

•108 

_ 

FeS«. 

•126 

— 

CaSO«       . 

•178 

Kopp. 

Ka . 

•171 

-« 

CuSO* 

•184 

Plipe. 

•1668 

MgSO*      .         1 

•226 

>— 

r      ^218 

Kopp. 

•2166 

Neumann. 

NaQ. 

•219 

... 

MnSO* 

•182 

Plape. 

,      -2070 

PbSO* 

•0827 

Kopp. 

NH«C1                1 

•878 
•8908 

Kopp. 

NvmBADii. 

8rS0« 
ZnSO*       . 

•186 
•174 

Pkpe. 

Aga. 

•0894 

— 

CiiSO«.H»0       . 

•202 

-« 

Rba 

•112 

Suopp. 

MgSO«.H»0      . 

•264 

.^ 

BaCl' 

•0902 

..^. 

ZnSO«.H«0 

•SOS 

_ 

Hga«        .        . 

•0640 

— 

CaS0«.2H*0     . 

•269 

Kopp. 

MgCl* 

•101 

.^^ 

OiiSO«.2H«0     . 

*S1S 

Papa. 

PbCl« 

•0692 

Neumann. 

ZnS0S2H*0     .. 

•224 

_^ 

BaCl«.2HH)      . 

•171 

Ec^. 

FeS0*.8H«0     . 

•247 

^mm 

ZnK«a*    . 

•162 
•118 

CiiS0*.6H«0      1 

•286 
•816 

Kopp. 
Fkipe. 

8tiK«C1«    . 

•188 
•148 

^^m 

MnS0«.6H«0     [ 

'828 
•838 

K^jpp. 
B&po. 

Nal  . 

•0881 

SehUkr. 

NiS0*.6HH)     .. 

•818 

Kotip, 

CaFl« 

•209 

Xopp. 

CoSO«,7H«0     .. 

•848 

A   Jb 

AlNa»Il«  . 
K«CO«                1 
Na«CO«     . 

•288 
•206 

FeS0«.7H«0      | 

•846 
•866 

Pape. 

•2046 
•246 

IffcnimiHn. 

Mg80«.7H«0     j 

•862 
•407 

.     Kopp. 
Fbpe. 

Rb«CO«     . 
CaCO*       . 

•128 
•206 

ZnS0«.7H«0      1 

•347 
•828 

Kopp.. 
Bipe. 

CaOb»       . 

•203 

^■M 

NiS0«.7H«0     . 

•841 

__ 

CaMgCO" 

•206 

^m^m 

K«Mg8»0».6H«0 

•S64 

Kopp. 

FeAMnAMgM^O' 

•166 

K«NiS«0«.6H»0 

•246 

"~ 
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TWe  ofSpteifie  Beats  uf  Oompotmds  (oontinned). 


TonavAtk 


K«Zn5?0".6HK) 
Al  K«ErO»«.24H«0 
0«K«SH)".24HK) 

K«SW)«  . 

BaSW  . 
PbSK)« 

H*EAbO*  . 

Ag«PO*  . 

H'KPO*  . 
KaPO« 

ffiUMd 

(     liaed 
foBed 


NaNO* 


fnaed    . 
crystal-? 
Usedi 


NH*NO« 
BaH»0«     . 

PbNH)«    . 

SrlTO*  . 

AgNO*  . 
KC10» 

Baa«0«  . 

KC10«  . 

XMnO«  . 

HgC»N>  . 
ZiiK«C<N« 


flpflclflc 


•270. 

•371 

•824 

-221 

•197 

•168 

•092 

•176 

•0896? 

•280 

•217 

•227 

•282 

•2848 

•265 

•266 

•267 

•2747 

•466 

•146 

•1402 

•110 

•1178 

•181 

•1896 

•194 

•167 

•190 

•179 

•100 

•241 

•288 

•280 


AnUiocitj 


Kopp. 
Pftpe. 

Kopp. 


XfoumanD. 

Schiiller. 

Kopp. 

Nenmanii. 
Kopp. 

Neumann. 

Kopp. 
Neumann. 

Kopp. 
Neumann. 

Ko|^. 


Vocinida 


OKJi* 


C««H» 


/between  18®  and 

betireen  18®  and 
480  { 

betireen  18®  and) 
60®        .         { 

between    —  26®{ 
and  18®  ( 

between  0®  and 
]     20O       . 

between  20®  and 
\     660       . 

C  S*  (between  14^  and) 
29-6«)       .        .         { 

between   17-6<'> 
and  20-6®      ( 
between      16® 
and  80® 
GHa*(between  16®  and 
86®) 

]  amorphous 

0*H-0* 

C«HW 

C<H«0«.H«0 

C»H«BaO«    . 

C^«0*.H»0 

C«H«K0*.2H«0 

C«H»KO«      . 

C^«NaK0«.4H»0 

C»H»»CaO»«.8HH) 


Py601 

Hei 


Ae 


:eat 


•178 

•194 

•277 

•8096 

•8208 

•8249 
•4087 
•2468 
•6748 
•6048 

•6019 

•2887 

•801 
•842 
•824 
318 
•288 
•819 
•148 
•286 
•288 
•267 
•828 
•888 


Avfebority 


Kopp; 


Allnaid. 


Nemnann. 

Sehnller. 

Neumann. 

Dnpr^and 

IPage, 

Sehnller. 


Kopp. 


'th6  specific  heats  of  alcohol  and  beneene  at  dilRffent  tempeapatnres  hare  been  deter- 
mined hy  Sehnller  (Bogff.  Jbm.,  ErgHnmtngthd.  v,  1 16).  For  the  mean  spedfic  heats  of 
these  liquids  between  0®  and  anj  other  temperature  ^,  his  experiments  lead  to  thtf 
following  results : 

Alcohol  .        .        .        0-6686  4-  000098196<  +  00000008468^. 
Benzene  •        .        .        0*3798  +  0*00072^. 

ValuM  haying  reference  to  much  higher  temperatnres  have  been  given  hj  Him 
{jinn.  Ck,  i%t.  [4]  X.  68)  for  aloohol,  eUier,  sulphide  of  carbon,  bichloride  of  carbon, 
and  oil  of  tnrpentiiMi 

The  spedfio  heat  of  various  aqueous  solutions  has  been  investigated  by  Sehftller 
(Pom,  Ann,  cxxxvi.  70  and  286)  and  Thomsen  (Ztitackr.f,  Cksm,  1870,  p.  729); 
the  following  tables  give  the  principal  results: 
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Qpecifia  Heat  i 

TfJqueouB  Solutions  (Scholler). 

Salt  in 

lOOpHTtil 

of  Water 

Sodinm 

PotMflllllll 

Sodinm 

PotaealnDi 

Chtorida 

Chloride 

Chloride 

Bnlphato 

Iodide 

Nitrate 

Nitrate 

4 

._ 

•9668 

_^ 

1 

__ 

^B^« 

^^ 

6 

•9306 

— 

— 

-^ 

^— 

.^ 

,_ 

8 

— 

•9140 

— 

— 

— . 

.^ 

^_ 

10 

•8909 

>— 

•9100 

-9263 

,  •9135 

•9320 

•9182 

12 

— 

•8876 

— 

— 

»— 

_ 

__ 

16 

•8606 

— 

^-- 

•8969 

_ 

^_ 

_ 

16 

— 

•8603 

— 

^— 

— 

.^ 

_ 

20 

•8304 

•8196 

•8408 

•8704 

•8408 

•8768 

•8689 

24 

— 

•7936 

_ 

— 

— 

._ 

._ 

26 

•8479 

— 

~— 

•8623 

— . 

.^ 

-_ 

28 

— 

•7680 

— — 

— . 

— — 

_ 

30 

•7897 

— 

•7946 

•8320 

•7811 

•8341 

•8090 

32 

— 

•7476 

— . 

— • 

— — 

^-. 

.« 

83-6 

•7762 

— 

m— 

— . 

— 

^.— 

_ 

86 

•7713 

— 

mm-m 

— 

_ 

__ 

_— 

37 

— 

.^ 

•7644 

— . 

— 

— 

40 

— 

— 

— 

•8074 

•7843 

•7998 

^— 

60 

— 

^— 

•^— 

— 

— 

•7673 

— 

Specifio  Heat  qfAjueoue  Acids  and  Alkalis  (Thomsen). 


a 

6 

10 

20 

60 

100 

200 

Bolphnrlo 
Add 

Kitarlo  Add 
HNC+oHK) 

Hydroohlorio 

Add 
HCl  +  oH^) 

Tartaric 

Add 

0»H-0*  + 

«H*0 

F^itaBh 

HKO  + 

•H<0 

Soda 

HNaO-t- 

aH*0 

Ammonia 
HNH«0  + 

m. 

7-6 

15 

80 

60 

100 

200 

•646 
•700 
•820 
•918 
•966 
•976 

•767 
•848 
•929 
•962 
•981 

•748 
•864 
•931      . 
•963 
•978 

•745 
•831 
•910 
•961 
•974 

•876 
•915 
•964 
•974 

•846 
•878 
•919 
•942 
•967 
•982 

•9965 
•9976 
•9984 

If,  when  a  salt  is  distolTed  in  water,  both  the  water  and  the  salt  retain  the  same 
epecifio  heat  that  they  poseees  when  separate,  the  speciflo  heat  Cp  of  a  solution  con- 
taining^ parts  of  the  salt  in  100  parts  of  water  would  be  represented  by  the  fbrmnla 

n  100  +  pk 

^  ''  100  +  jp  ' 

where  I;  is  the  speeifie  heat  of  the  salt  in  the  separate  state.  It  appears,  howerer, 
from  Schnller^s  experiments  that,  in  the  cases  inTestigated  by  him,  the  relation 
between  the  specific  heat  of  a  solution  and  the  specific  heats  of  its  oonstitnents  is  less 
simple  than  that  expressed  by  this  formula.  He  finds  that  the  specific  heat  of  a 
solution  may  be  represented  by 

r    «  -100  +  g* 

^       '^  100  +  p  • 

where  r  is  a  coefficient  (in  the  cases  examined  always  less  than  unity)  which  may 
either  be  sensibly  constant*^  or,  as  is  more  commonly  the  case,  may  Taiy  with  the 
strength  of  the  solution,  fienoe,  in  order  to  calculate  the  specific  heat  of  a  solution 
of  giyen  strenffth,  we  require  to  know  the  yalues  of  r  and  k,  whidi  correspond  to  the 
salts  employea.  Schfiller  deduces  from  his  experiments  the  Talues  of  r  giren  in  the 
next  table ;  the  Talues  of  k  are  in  some  cases  those  resulting  from  his  own  experi- 
ments, and  in  others  they  are  taken  from  Begnault's  or  Kopp's  determinations : 

*  It  la  dear  that,  as  the  proportion  of  rnlt  diminidtes,  the  spedflo  heat  of  a  solution  moetapinoadi 
Indefinitely  near  to  unity :  henoe,  aa  Thomflen  points  out,  the  abore  formula  with  r  s  osniC  ia 
inappUcaue  to  very  dilute  aolntiona. 
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NameoCSiai 


Potassimn  Chloride 
Sodium  Chloride . 
Ammonium  Chloride 
Sodium  Sulphate. 
Sodium  Iodide  . 
Sodium  Nitrate  . 
Potassium  Nitrate 


•1729 

'214 

•878 

•2291 

•0881 

•2671 

•2887 


1  -  0008194p  4-  0-000086p* 

0*9624 

1  -  0-008996p 

1  -  0-00096p 

0-9926 

1  -  0-00026p 

0-98906  -  0-000266p 


+ 
+ 


0*000049711' 
0000046P' 


4-  0-000012p* 


The  specific  heat  of  mixtozes  of  alcohol  and  water  in  rarioua  proportions  has  been 
examined  by  Dupr^  and  Page  {PkU,  TVom.  1869,  p.  691) ;  the  following  table  gires 
an  epitome  of  their  results : 

Spteifie  Heat  qfApteoua  Alcohol. 


Perooatage  of  Abiolnte 
Alcohol  by  Weight 

Bpedflo 

Pereentege  of  Absolate 
Aloobcd  b7  Wdi^ 

SmoUo 

HMit 

6 

1-0160 

60 

•9068 

10 

1-0368 

60 

•8433 

20 

1-0436 

70 

•7844 

30 

0*0260 

80 

•7169 

40 

00681 

90 

•6674 

46 

0-9419 

100 

• 

•6048 

The  most  remarkable  result  of  this  investigation  is  that  when  alcohol  is  added  to 
water,  the  specific  heat  of  the  mixture  increases  until  the  proportion  by  weight  of 
alcohol  amounts  to  20  per  cent,  when  the  specific  heat  has  the  maximtmi  value 
1*0486;  beyond  this  point,  it  diminishes  as  more  alcohol  is  added,  until,  with  a 
mixture  containing  nearly  36  per  cent  of  alcohol,  the  specific  heat  is  equal  to  that  of 
pure  water.  Closely  accordant  results  have  been  obtained  by  Schiiller  (Pogg.  Jbm,, 
ErgansungM.  r.  116,  192),  who  has  also  determined  the  specific  heats  of  varions 
mixtores  of  alcohol,  sulphide  of  carbon,  chloroform,  and  benzene. 

Cfm^MirisoH  of  the  Specific  Seate  of  (rosea  under  Constant  Pressure  and  Constant 
Volume  (iii.  40). — ^The  following  table  gives  the  values  found  by  various  experimenteirs 
for  the  ratio  of  the  specific  heat  of  air  under  constant  pressure  to  its  specific  heat  when 
kept  at  a  constant  volome : 


Batlo 

Bxperlmenter 

1-4196 

1-4026 

1-41 

1-3846 

1-302 

1-41 

Masson  (Ann.  Ch.  Phys,  [3]  liii.  269). 

Weisbach  (quoted  by  Zeuner,  Wdrmetheonet  1860,  p.  38). 

Cazin  (Ann.  Ch.  Phys.  [3]  Ixvi.  243). 

Hirn  (Thiorie  micaniq.  de  la  Chaleur,  1866,  p.  69). 

Kohlrausch  (Pogg.  Ann.  cxxxvi.  618). 

Jamin  and  Richard  (Qmpt,  rend,  Ixxi.  836). 

All  these  results,  except  the  last,  are  deduced  from  observations  of  the  change  of 
temperature  which  a  mass  of  air  undergoes  when  it  is  subjected  to  a  sudden  change  of 
density,  work  being  at  the  same  time  done  either  by  it  or  upon  it  Jamin  and 
Kichaid  compared  the  rise  of  temperature  produced  by  a  given  quantity  of  heat 
(generated  by  an  electric  current  traversing  a  metallic  wire)  in  a  quantity  of  air 
allowed  to  expand  under  constant  pressure,  with  the  rise  of  temperature  caused  in  air 
which  was  not  allowed  to  expand. 

The  values  given  for  the  corresponding  ratio  in  the  case  of  some  other  gases  are  as 
follows : 
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VamtUQm 

1 

- 

♦>xTe«n    •        .        .        . 

141 

CM.(bi^<it). 

Aitr^ipro  •        •        »        • 

1-41 

fl'41 
\  1-376 
(1-41 

•^ 

HjdlQlgtll           •           •           • 

CkB% 

■i«c«iLV 

OHwDk  «»id« 

1-41 

CaziA. 

Amimmia 

1'32S 

fl-291 

.^ 

Cmx\ttmit  mad.  . 

1-ao 

K^MM. 

1-29 

"     '        T'lliii 

• 

Kitrr/iu  o»d«  . 

1-285 

Gnu.. 

Balphorr/of  acid 

l-2e3 

^— 

Miinh  gu 

1-257 

— . 

1 

Ktbcrrapoar  . 

1-079 

^ 

1 

1 

OwmnU  Fm  mmlm  rdatina  to      . 
of  a  giTMi  body  at  (^  1m  mnaented  bj  To.  aad  taa  TohnM  of  tha 
1^  bj  V,  tha  ineiaaaa  of  butt  between  (P  and  <^,  iiiaiaaiii  m  a  £ 

Tolome  at  0^,  will  be  rwpreeeiitad  bj 


— If  t^ 


flfte 


thia  qoaotity  nay  be  coDTemently  called  the  fjyoaiieo  of  tibe  body  batsoaB  9^ 
Similarly,  if  the  Tolame  at  any  other  temperaboo  f  be  denotad  by  y»  Iba 
between  (^  and  f^  will  be  repreeented  by 


•. 


Theae  fonsnla  gir*  the  fbllowing  for  the  relationa  between  V^  V,  aad  V* : 

V  -  Vo(»  +  0     V  -  Vo(i  +  o    V  -  vi-^. 

1  +  e 

The  laet  of  theae  exmeeiona  may  be  written  in  a  aimpler  fom ;  ior  if  #  be  mall 
eompared  with  onihr  ^ae  it  alwaya  ia  in  reality),  the  ▼aloe  of  the  tecdoB  will  noi 
be  seoaibly  <^ii*i»flr"  if  we  aobtnct  «  txom  both  nnmeiatar  and  denonuaator :  tUa 

gifee: 

V  -  V(l  +  ^  -  $)  nearly. 

If  we  dtride  the  ezpaneion  between  (fi  and  any  other  temperatoxe  ^  by  the  nnmlMr 
of  dflgreee  within  which  it  takee  place,  the  quotient  iathe  avera^  expmmim,cr  awrmg§ 
inereoM  qf  bulk  of  unit  volumst  between  0^  and  the  tmnfenUurt  m  quuihm.  Thia 
quantity  ia  called  the  mean  coefficient  o/ejipaneum  between  0®  and  t?.  Tlliua  if  A  and 
A'  are  iht  menn  ooefflcienta  of  expaneion  Mtween  0^  and  the  tempeiatniea  f^  and  f^ 
retpectirely,  we  haye 


~V»T 


^Z 


In  general,  tha  raluee  of  A  and  A'  are  not  equal  except  for  the  permanent  gaaea,  but 
if  the  tempexttturea  t^  and  f^  lie  near  together,  their  difference  may  be  neglected. 
Within  limita  where  thia  ia  allowable,  the  reUtiona  betiteen  the  Tolumea  at  0^,  ^,  and 
f^  SMy  be  written 

V  -  Vp(l  ■»-  AO       r  -  Vo(l  +  aO 

r  -  V  J_±j^  «  vri  +  A(f  -  0]  n«riy- 

I  +  At 

The  ft«ction  of  ita  Tolume  at  0®  by  which  a  giren  maaa  of  any  aubatanoe  would 
expand  when  heated  fh>m  the  temperature  t?  to  the  temperatnie  (t  +  1)®,  if  it  con- 
tinued to  expand  at  a  constant  rate  for  one  degree,  is  called  tike  coefficient  of  enammon 

at  f*.    It  ia  the  limit  towards  which  the  Tulue  of  the  ezpreaaion         T — .,  or 


—   € 


7^rt 


,  approaehee  as  the  interral  of  temperature  f  —  t  gets  smaller  and  smaller. 
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ExpauUm  of  Mercury. — If  the  mean  ooeflBcient  of  expandon  of  meieaxy  between 
(P  and  a  series  of  other  temperatures,  differing  from  each  other  by  a  constant  amount, 
be  calculated  from  the  numbers  resulting  from  Regnault's  experiments  (iii.  65,  66),  the 
i^lu*  obtained  is  found  to  increase  uniformly  as  the  tem^rature  for  which  it  is  calcu- 
lated rises.  Hence,  if  a  be  the  value  of  the  mean  coefficient  of  expansion  between  0^. 
and  1^,  affd  b  be  the  i|>crement  in  the  yalue  of  the  mean  coefficient  corresponding  to  a 
rise  of  one  degree  in  the  higher  limit  of  the  interval  for  which  it  is  calculated,  we  may 
write  as  general  expressions  for  the  mean  coefficients  of  axpaasion  between  O**  and  any 
other  temperatures  i9  and  t° 

A  ^  a  +  bt  and  A'  ^  a  +  bf. 

The  values  of  a  and  b  may  be  found  by  introducing  into  the  general  formula  the  values 
of  A  given  by  experiment  for  any  t^o  values  of  t,  and  then  solving  the  two  resulting 
equations  for  a  and  b  successively.  The  values  calculated  by  Begnault,  from  a  discus- 
sion of  idl  his  experiments,  are 

a  »  0000179006  and  6  -  000000002528 16. 

Espressing  the  expansion  of  meicozy  between  0^  and  any  two  temperatures  t^  and 
^  in  terms  of  these  constants,  we  have 

e  '^  At  m,  at  +  bfi  and  ^  ^  Af  ^  of  -i-  bf*; 

consequently  for  the  mean  coefficient  of  expansion  between  t?  and  f^,  we  get 

.      Ar-i  =  ^J  =  a  +  6(f  +  0. 

But  if  the  temperatures  t'^  and  t^  are  indefinitely  near  to  each  other,  we  havd 
f  ^  t  '^  $tf  ana  hence  the  coefficient  of  expansion  of  mercury  at  t9  is  expressed  by 

At^  a  +  2bt  ^  0-000179006  +  00000000504632^. 

'  The  mean  coefficient  of  expansion  of  mercury  between  O*'  and  100^  has  been  re- 
determined by  Matthiessen  (Phil.  T^ans,  1866,  p.  244),  by  weighing  mercuiy  in  water 
at  various  temperatures.    His  experiments  give  the  value 

00001812. 

Expanmon  of  Water  (iii.  52). — ^The  rate  of  expansion  of  water  by  heat  has  been 
investigated  by  Matthiessen  (Phil.  TVans.  1866,  p.  231)  and  by  Bossetti  (Aim,  Ch, 
Phye,  [4]  X.  461 ;  xvii.  370).  The  method  employed  by  Matthiessen  was  to  deter* 
mine  first  the  coefficient  of  linear  expansion  of  glaiss,*  by  direct  measurement  upon  a 
l^nS  fflAss  rod,  to  calculate  the  coefficient  of  cubical  expansion  of  the  glass  by  multiplying 
the  bnear  coefficient  by  8,  and  finally  to  determine  uie  weight  of  a  piece  of  the  same 
glass  in  water  at  various  temperatures.  Rossetti's  method  consisted  in  ascertaining 
the  weight  of  water  which  occupied  a  known  volume  at  various  temperatures,  the 
volume  being  found  by  observing  the  height  at  which  the  water  stood  m  a  graduated 
capillary  stem  connected  with  a  large  bulb  like  that  of  a  thermometer,  the  capacity  of 
the  bulb  and  of  each  division  of  the  stem,  as  well  as  the  coefficient  of  expansion, 
having  been  previously  found  (apparently  by  weighings  of  the  instrument 
when  filled  to  difierent  points  with  mercury  at  known  temperatures).  These  deter- 
minations therefore  depend  upon  Begnault*s  measurement  of  the  coefficient  of  ex- 
pansion of  mercury ;  Matthiessen's  experiments,  on  the  other  hand,  are  of  import^ 
ance  as  being  the  only  accurate  series  of  observations  made  by  a  method  which 
does  not  presupnose  a  knowledge  of  the  expansion  of  mercuiy.  The  following 
table  gives  the  density  and  volume  of  water  for  each  degree  between  —10"  and 
100",  as  calculated  by  Hossetti  from  his  own  experiments  and  those  of  Kopp, 
Pierre,  Desprets,  Hagen,  Matthiessen,  Weidner  {Pogg.  Ann.  cxxix.  300  ;  Jahresb.  1866, 
p.  100),  ana  Kremers.  The  columns  headed  dt  and  i^  give  the  density  and  volume 
at  (9  compared  with  the  density  and  volume  at  0"  taken  as  unity ;  in  the  columns  headed 
Dt  ^^^  ^t  the  comparison  is  with  the  densi^  and  volume  at  4".  Two  columns  are 
added  giving  a  few  of  the  special  values  found  oy  Weidner,  Matthiessen,  and  Bossetti* 

*  The  ai^roxfmate  composition  of  the  xniztnrB  firom  which  the  glMB  wm  made  was  *  8  imrts  sand, 
S  ledd,  and  1  alkali.*    The  mean  ooeffldent  of  linear  expansion  was  found  s  0*00000729. 
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ExpoMiUmqf  WaUt. 


t 

*i 

•< 

D, 

^1 

^1 
WoidiMr 

^y , 

-10® 

-  9 

-  8 

-  7 

-  6 

-  6 

-  4 

-  8 

-  2 

-  1 

0-998274 
•998656 
•998814 
•999040 
•999247 
•999428 
•999684 
-999719 
•9U9832 
•999926 

1001729 
1-001449 
1-001191 
1-000963 
1-000766 
1-000678 
1-000416 
1-000281 
1000168 
1-000074 

0*998146 
•998427 
•998686 
•998911 
•999118 
•999298 
•999466 
•999590 
•999708 
•999797 

r001868 
1001676 
1-001317 
1*001089 
1-000888 
1*000702 
1-000646 
1-000410 

1000297 
1^000208 

1-001904 
1-000710 

1-000616 

0 

1^000000 

1-000000 

•999871 

1*000129 

1000187 

1-000186 

+  1 
2 
8 

4 

5 
6 
7 
8 
9 
10 

1000067 
1-000098 
1-000120 
1-000129 

1000119 
1-000099 
1-000062 
1-000015 
0-999953 
•999876 

0-999948 
•999902 
-999880 
•999871 

•999881 
-999901 
•999938 
•999986 
1-000047 
1000124 

•999928 

•999969 

•999991 

1000000 

0-999990 
•999970 
•999933 
•999886 
•999824 
•999747 

1*000072 
1*000031 
1-000009 
1-000000 

1-000010 
1000030 

1-000067 
1-000114 
1000176 
1000268 

1-000000 

lUMhtaHn 
1-000006 

1*000271 

1^000000 
1*000006 

1^000848 

11 
12 
13 
14 
16 
16 

17 
18 
19 
20 

•999784 
•999678 
•999569 
•999429 
•999289 
•999131 
•998970 
•998782 
•998688 
•998388 

1000216 
1-000322 
1000441 
1000672 
1000712 
1000870 
1001031 
1001219 
1-001413 
1-001616 

•999666 
•999549 
•999430 
•999299 
•999160 
•999002 
998841 
-998654 
•998460 
-998259 

1000846 
1000461 
1-000670 
1-000701 
1-000841 
1-000999 
1-001160 
1001848 
1-001642 
1-001744 

1^000892 
1001814 

1*000991 
1^001746 

21 
22 
23 
24 
26 
26 
27 
28 
29 
30 

•998176 
•997953 
•997730 
•997495 
•997249 
•996994 
•996732 
•996460 
•996179 
•995894 

1^001828 
1002049 
1-002276 
1-002511 
1-002759 
1-003014 
1003278 
1003563 
1003836 
1-004128 

•998047 
•997826 
•997601 

•997867 
-997120 
•996866 
•996603 
-996331 
-996061 
-996766 

1-001967 
1-002177 
1-002406 
1-002641 
1002888 
1-003144 
1-003408 
1-003682 
1-003966 
1-004268 

1^004346 

31 
32 
33 
34 
86 
36 
87 
38 
39 
40 

•99560 
•99530 
•99498 
•99466 
•99431 
•99396 
•99360 
•99323 
•99286 
•99248 

100442 
1-00478 
1*00506 
100538 
1-00672 
1-00608 
1-00646 
1-00682 
1-00719 
100767 

'99647 
•99617 
•99486 
•99462 
-99418 
•99383 
•99347 
•99310 
•99273 
•09236 

1-00466 
1-00486 
1-00618 
100661 
1*00686 
1-00621 

1*00667 
1-00694 
1-00782 
1-00770 

1-00778 

100488 
1^0O771 
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Exfoiuhn  of  Water  (eontinaed). 


f 

dg 

*# 

^t 

V| 

▼i 

V| 

w 

§ 

C 

UtMbiamm 

BoaetU 

+  41 

0*99210 

1*00796 

0-99197 

1*00809 

42 

•99171 

100836 

•99168 

1-00849 

48 

•99131 

100876 

•99118 

100889 

i 

44 

•99091 

1^009I7 

•99078 

1-00929 

46 

•99060 

100968 

•99037 

100971 

46 

•99009 

lOlOOl 

•98996 

101014 

47 

•98967 

101044 

•98964 

101057 

48 

•98923 

101088 

•98910 

1-OUOl 

49 

•98878 

101134 

•98866 

101148 

60 

•08833 

101181 

•98820 

101195 

10U97 

1-01187 

61 

•98787 

101229 

•98778 

101243 

62 

•98741 

101278 

•98726 

101292 

63 

•98694 

1-01327 

•98677 

101341 

64 

•98646 

101376 

•98629 

1-01390 

1 

66 

-98608 

101426 

•98682 

1-01439 

66 

•98660 

101474 

•98536 

1-01488 

67 

•98601 

101624 

•98487 

101537 

68 

•98460 

101674 

98438 

1-01587 

69 

•98401 

101626 

•98388 

1-01638 

■ 

60 

•98361 

101677 

•98338 

1-01691 

101696 

1-01686 

61 

•98299 

101731 

•98286 

161744 

62 

•98247 

101786 

•98234 

1^01798 

63 

•98194 

1^01839 

•98182 

101852 

64 

•98140 

101896 

-98128 

r01908 

66 

•98086 

101961 

•98074 

101964 

66 

•98081 

102008 

•98019 

102021 

67 

•97977 

102066 

•97964 

1  •02078 

68 

•97921 

1-62124 

•97908 

102137 

69 

•97864 

102183 

•97851 

102196 

70 

•97807 

102243 

•97794 

1^02256 

1-02265 

102258 

71 

•97749 

102303 

•97736 

102316 

I 
1 

72 

•97690 

102366 

•97677 

1  •02878 

1 

73 

•97631 

102427 

•97618 

10244O 

1 

74 

•97671 

102490 

•97558 

1-02503 

76 

•97611 

102563 

•97408 

102566 

76 

•97460 

.102617 

•97438 

102630 

77 

•97389 

102681 

•07377 

102694 

78 

•97328 

102746 

-97316 

102758 

79 

•97267 

102809 

•97255 

102822 

80 

•97206 

102874 

•97194 

1-02887 

1-02953 

1  •02884 

81 

•97146 

102939 

-97132 

1-02952 

82 

•97083 

103006 

•97070 

103018 

83 

•97020 

103072 

•97007 

103085 

84 

•96966 

1^03139 

•96943 

1-03153 

86 

•96892 

103207 

•96879 

103221 

86 

•96828 

103276 

•96815 

1-03289 

87 

•96764 

1-03346 

•96751 

103358 

88 

•96699 

1-03414 

•96687 

103427 

89 

•96634 

103484 

•96622 

103497 

90 

•96668 

103564 

•96556 

103567 

103581 

103566 

91 

•96502 

103625 

•96490 

103638 

92 

•96436 

103697 

•96423 

103710 

93 

•06368 

103770 

•96356 

1  •03782 

8u^ 
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Expatuum  of  Water  (continiied). 


f 

^t 

•« 

'^t 

^< 

V| 

V< 

• 

I 

if«t*i»    inn 

BoMotU 

+  94 

0-96300 

1^03844 

0-96288 

1^03856 

95 

•96231 

1-03918 

•96219 

103031 

96 

•96161 

103993 

•96149 

104006 

97 

•96091 

104069 

•96079 

1-04082 

98 

•96020 

1-04145 

•96008 

104158 

99 

•95949 

104222 

•95937 

104235 

100 

•95878 

1-04300 

•95865 

104312 

104816 

1-04312 

The  nnmbera  in  the  above  table  ahow  that  the  expanaion-enrre  fbr  water  is  not 
symTnetrical  on  the  two  aidea  of  the  point  of  greateet  density,  but  that  the  expansion 
caused  by  a  giyen  fall  of  temperatore  from  that  point  is  peroeptibly  gpreater  than  that 
caused  by  an  equal  rise  of  temperature. 

The  following  table  gives  the  temperature  at  which  aolntions  of  chloride  of  sodium 
of  various  strengths  possees  the  neatest  density,  as  well  as  the  densities  of  the  solu- 
tions at  these  temperatures,  and  their  freesing  points,  as  determined  byBossetti 
{loe,  cU,) : 

Maximum  DentUy  tif  SoIuHom  qf  Salt. 


Chloride  of 

Sodium  fn  100 

parts  of  water. 

P 

Density 

»to». 

0 

Density 

Tbmperatnze 
doudty. 

Dcuraiion  of 
tempeiatnxe 

density. 
A 

Depression 

tfneeiing 

point. 

0 

P 

m 

_0 

P 

o 

o 

o 

0 

1000000 

1000180 

+    400 

0-00 

000 

mm^ 

^— 

0-5 

1003925 

1003988 

+    8-00 

1-00 

0-82 

2-00 

0-64 

1 

1-007634 

1*007666 

+    1-77 

2-28 

0-65 

2-23 

•65 

2 

1015866 

1015367 

-    0-58 

4-58 

127 

2-29 

•63 

3 

1023530 

1-023583 

-    8-24 

7-24 

190 

2-41 

•63 

4 

1-030669 

1-030890 

-    5-63 

9-68 

2-60 

2-41 

•65 

6 

1045975 

1-046952 

-  1107 

15-07 

8-91 

2-51 

•65 

7 

— 

-  1869 

17-69 

4-60 

2-53 

•65 

8 

1-068102 

-  16*62 

20-62 

5*12 

2-58 

•64 

Water       ^ 

of  the 

Adriatic 

1026699 

1026774 

-    3-21 

7-21 

1-90 

collected 

in  June 

Water       \ 

of  the 

Adriatic    J 
collected    | 

1028141 

1^028261 

-    8-90 

7-90 

210 

in  No- 

vember    / 

These  results  show  that  (up  to  a  concentration  of  8  parts  in  100)  the  depression  of 
the  freezing  point  caused  by  the  solution  of  common  salt  in  water  is  strictly  propor- 
tional to  the  quantity  of  salt  present,  but  that  the  depression  of  the  point  nf  maximum 
density  increases  rather  more  rapidly  than  the  quantity  of  salt  In  these  respects 
Bossetti's  experiments  entirely  confirm  the  earlier  experiments  of  Deprets  (iii.  60)  and 
BudorfiT  (iii,  80). 

ExpanHan  of  other  Liquids. — ^The  expansion  of  water  and  of  several  other  liquids 
at  temperatures  above  Uieir  usual  boiling  points  has  been  examined  by  Him  {Ani^ 
Ch,  Phys.  [4]  X.  82) ;  his  results  lead  to  the  numbers  given  in  the  next  table : 
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JExpaimon  o/IAquicU  at  High  Temperatures. 


t 

Water 

Alcohol 

Sulphide  of 
Carbon 

Bichloride  of 
Carbon 

100000 

Oil  of 
Tnrpentiiie 

0 

^^ 

100000 

100000 

100000 

80 

— 

— 

— 

103489 

— 

40 

.«. 

-^ 

104946 

^— 

103401 

60 

—. 

1-06429 

~^ 

.» 

— — 

70 

_ 

— 

— 

1-08909 

— 

80 

■^ 

— 

M0608 

~— 

107667 

100 

104816 

112736 

__ 

— 

110 

... 

—- 

— 

116310 

— 

120 

105992 

— 

117616 

-^ 

1-12453 

140 

1-07949 

— 

— 

IfiO 

— 

1-24074 

— 

1-23296 

— 

160 

110149 

— 

1-26572 

— 

1-17836 

180 

112678 

»- 

m— 

— 

-^ 

800 

116900 

1-47666 

-^ 

— 

\ 

The  limits  of  temperatoze  employed  in  the  experimente  from  which  the  above 
▼alneevere  deduced  were — for  water,  101^*7  and  181°*96 ;  for  alcohol,  19^^-09  and 
161^*8 ;  for  sulphide  of  carbon,  22^-39  and  146^*66 ;  for  chloride  of  carbon,  31^-29  and 
140^67 ;  for  ou  of  turpentine,  17*99^  and  161*46°.  In  the  case  of  water,  the  volume 
at  100°  was  assumed  to  be  1*04315  as  compared  with  that  at  4°  taken  as  unity,  on 
the  authority  of  Depret^s  experiments. 

Experiments  on  tne  expansion  of  benzene  and  some  of  its  homolognes  have  been 
made  by  Louguinine  (^».  Ch,  Phye,  [4]  xi.  458),  for  the  results  of  which  see 
pp.  278,  279. 

I^cpanmom  of  8oHds, — The  expansion  of  a  considerable  number  of  carefully  purified 
metals  and  alloys  has  been  determined  by  Matthiessen  (Phil,  Trans,  1866,  p.  861;  Pogg, 
Ann,  cxxx.  50 ;  abstract  in  Proo,  Boy.  8oo,  xv.  220),  by  weighing  the  substances 
under  examination  in  water  at  various  temperatures.  His  principal  results  are  given 
in  the  table  on  the  following  page,  where  the  numbers  given  in  the  columns  headed 
a  and  b  respectively  are  the  values  of  the  coefficients  which  enter  into  the  formula 

Vi  «  Vo  (1  +  a*  +  bi^), 

etpressing  the  relation  between  the  volume  at  the  temperature  t^  and  the  volume  at  0^. 
The  method  of  experiment  adopted  by  Matthiessen  did  not  admit  of  his  emploving 
higher  temperatures  than  100°  :  nence  this  temperature  marks  the  limit  up  to  which 
the  abbve  numbers  may  be  taken  as  expressing  the  results  of  actual  observation.  It 
results  from  these  measurements  that  the  expansion  of  an  alloy  is  sensibly  equal  to 
the  sum  of  the  expansions  of  its  constituents,  each  multiplied  by  the  fraction  which 
represents  the  proportion  by  volume  in  which  it  enters  into  the  coihposition  of  the 

The  expansion  of  a  great  number  of  crystallised  substances  has  been  examined  by 
Fizeau  (Ann.  Ch.  Phys.  [4]  viii.  335;  Poyy.  Ann.  cxxviii.  564;  Compt.  rend. 
Ixii.  1101,  1133;  Ixiv.  314,  771 ;  Pogy.  Ann,  cxxxii.  292;  Compt.  rend.  Ixvi.  1005, 
1072;  Poyy.  Ann.  cxxxv.  372  ;  Compt.  rend.  Ixviii.  1125;  Pogg.  Ann.  cxxxviii.  26), 
by  a  method  depending  upon  the  accuracy  with  which  extremely  minute  movements 
can  be  appreciated  by  observing  the  changes  they  produce  in  a  system  of  '  Kowton*s 
rings.'  He  found,  as  a  general  result,  that  the  coefficient  of  expunsion  of  the  sub- 
stances  examined  by  him  is  not  constant,  but  is  greater  at  high  than  at  low  tem- 
peratures ;  the  rate  of  change  of  the  coefficient  with  change  of  temperature,  however, 
he  found  to  be  constant.  Hence  if  a  be  the  mean  coefficient  of  expansion  for  the 
intexral  of  temperature  <°  to  t^,  a^  the  mean  coefficient  for  the  interviil  t^^  to  t^, 

and  9  a  — Z. —  and  B^  -*  -Ljt — L  respectively  the  mean  temperatures  of  the  two 

m  i 

intervals,  the  ratio  of  the  difference  of  the  two  coefficients  to  the  diffiirence  of  the  two 
mean  temperatures,  namely 

a  ^  a^       Aa 

e  -  a^  "  Atf' 

has  a  constant  value  for  the  same  substance.    Further,  if  a^  be  the  coefficient  for  any 
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inteiral  of  which  the  mean  temperature  is  (P,  the  coefficient  a,  for  an  interral  the 
mean  temperature  of  which  is  r°  «=  (^  ^  n)°  will  be  given  by  the  formula 

Hence  the  expansion  of  any  substance  can  be  expressed  completely  by  means  of  the 
two  constants  a^  and  — ,   and  it  is  the  Talues  of  these  constants  that  are  giren  in 

the  following  tables  of  Fizeau*s  results.  The  relation  between  the  formulie  of  expan- 
sion expressed  by  means  of  these  coefficients  and  those  commonly  employed  will  be 
understood  clearly  by  noticing  that  the  length  at  <^  of  a  body  which  measures  It  at  f* 
is  giTen  by  the  formula 

J.  -  ^  [1  +  «,  (r  -  0]  =  ^[i  +  (••**  ^)  c  -  0]. 

where  r  is  the  mean  temperature  of  the  interral  f—t,  and  n  the  number  of  degrees 
by  which  it  differs  from  9,  the  temperature  for  which  the  value  of  a  is  given  in  the 
tables ;  and  by  observing  farther  that  the  values  of  the  coefficients  in  the  ordinaiy 

Aa 

formula  L  ^  I    (I  +  at  +  6^)  are  given  by  the  equations  a  «  og  and  26  <-   -r^ 


A9 


Expansion  of  Metals  and  AUoys  (Matthiessen). 


Vol  St 

Kame  of  eabetanoe 

a 

h 

100»,tlie 

vol.  St  0^ 

beingsl 

Purel 

\tetala. 

Cadmium  . 

•                 •                 «                 • 

KM 

X  0-8078 

10-« 

X  0-140 

1-009478 

Zinc 

— 

X  0-8222 

— 

X  0-0706 

1008928 

Lead 

1 

X  0-8177 

— 

X  0*0222 

1-008399 

Tin 

— 

X  0-6100 

— 

X  0-0789 

1006889 

Silver 

X  0-5426 

— 

X  0-0405 

1005831 

Copper 
Gold . 

— 

X  0-4443 

— 

X  0-0555 

1004998 

— 

X  0-4076 

— 

X  00836 

1004411 

Bismuth    . 

— 

X  0-8602 

>_ 

X  0-0446 

1003948 

PalLidium 

— 

X  03032 

— 

X  0-0280 

1-003312 

Antimony  . 

— 

X  0-2770 

— 

X  0-0897 

1-003167 

Platinum  . 

— 

X  0-2534 

— 

X  0-0104 

1-002658 

Alloys,  contAining  | 

wr  oenfc.  by  volume : 

Sn*    Pb 

22-28Pb 

1(H« 

X  0-6200 

10-« 

X  00988 

1-007188 

Sn     Pb* 

«209Pb 

^■^ 

X  0-8087 

_ 

X  00332 

1008419 

Cd    Pb 

68-49Pb 

X  0-9005 

_i_ 

X  0-0133 

1009138 

Sn*   Zn 

87-4«Sn 

— 

X  0-6877 

,,— 

X  00807 

1-007184 

Sn*   Zn 

91'28Sn 

— 

X  0-6236 

^„_ 

X  U-0822 

1-007058 

Bi"  Sn 

0-85Sn 

— 

X  0-3793 

_^ 

X  00271 

1004064 

Bi     Sn» 

42-8lSn 

— 

X  0-4997 

_ 

X  0-0101 

1-005098 

Bi"  Pb 

l-76Pb 

— 

X  0-8808 

___ 

X  0-0218 

1-004086 

Bi     Pb« 

46-26Pb 

— 

X  0-8462 

___ 

X  0-0159 

1-008621 

Au    Sn« 

60-85Sn 

X  0-3944 

_ 

X  0-0289 

1004233 

Au«  Sn» 

7814Sn 

— 

X  0-4165 

..^ 

X  00263 

1004428 

Ag*  Au 

19-86AU 

— 

X  0-5166 

1005166 

Ag    Au 

49-79AU 

— 

X  0-4916 

1004916 

Ag    Au* 

79-86AU 

— 

X  0-3115 

X  0-1185 

1-004300 

Copper-due  (71  p. 

c  copper)         .   ^ 

„_ 

X  0-5161 

__ 

X  0-0558 

1-005719 

Silvcr^platinura  (66 

J-6  p.  c.  silver) 

>^ 

— 

X  0*4246 

._ 

X  0-0322 

1-004568 

Silver-copper  (36'J 

p.  e.  silver^ 
p.  c.  silver) 

J 

— 

X  0-4884 

._ 

K  00552 

1-005436 

Silver-copper  (71  "6 

§ 

— 

X  0*4413 

... 

X  0-0130 

1-005713 

Gold-copper  (66-^  ] 

?.  cgok 

I) 

J 

gr 

— 

X  0-4015 

— 

X  00642 

1004657 

In  the  majority  of  solid  substances,  the  lioear  expansion  which  takes  place  in  con- 
sequence of  a  given  ^Oiange  of  temperature  is  not  the  same  in  different  directions,  so 
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that  an  indefinite  number  of  different  THlnes  might  be  found  for  the  coefficient  of 
expansion  of  the  same  substance,  by  measuring  it  in  as  many  different  directions. 
These  different  rates  of  expansion  may  howeyer  in  all  cases  be  referred  to  three 
principal  rates  of  expansion  in  three  directions  at  right  angles  to  each  other,  so  that 
the  expansion  in  any  giren  direction  may  be  regarded  as  the  resultant  expansion  due 
to  three  independent  components,  each  of  which  takes  part  in  the  resultant  expansion 
to  an  extent  proportional  to  the  length  of  the  projection  upon  its  own  direction 
of  a  line  parallel  to  the  direction  of  the  resultant  expansion.  Hence  if  a,  a ,  and  a"  are 
the  three  primary  ooeflicients  of  expansion,  the  coefficient  of  expansion  in  any  direction 
malcing  the  angles  9,  f ,  and  V  respectively  with  the  directions  of  the  three  primary 
directions  of  expansion  may  be  represented  by 

D-ttoos«»  +  ^^eos'y  +  o"cos»r        .        .        .    (1). 

But,  since  the  angles  8,  8^,  and  8"  are  the  angles  made  by  the  same  straight  line  with 
three  axes  at  right  angles  to  each  other,  they  fulfil  the  relation 

cos« «  +     oo««  8*    +  cos* «"  =  1        .  .        .    (2). 

In  the  case  of  amorpkcnu  substances,  and  those  which  crystallise  in  forms  belonging 
to  the  cubical  system,  the  three  coeflBiCients  of  expansion  are  equal,  or  a  «  a'  »  a'' : 
hence  formula  (1)  becomes  D  «  a  (cos*  8  +  cos'  8'  +  cos*  8^  «  a.  That  is  to  say, 
the  expansion  of  such  substances  is  the  same  in  all  directions. 

In  crystallised  substances  belonging  to  the  quadratic  and  hexagonal  systems,  the 
coefficient  of  expansion  has  a  special  value  corresponding  to  the  direction  of  the 
principal  crystallogiaphic  axis,  but  the  coefficients  for  all  directions  equally  inclined  to 
the  principal  axis  are  the  same.  Hence  the  expansion  of  such  crystals  can  be  repre- 
sented bv  making  a'  a  a"  in  formula  (I),  which  then  becomes  D  =a  a  cos^  8  + 
o'  (cos*  o  +  cos*  8^ ;  or,  since  by  formula  (2)  cos*  8*  +  cos*  8*  =  1  —  cos*  8  =  sin*  8, 
the  expansion  may  be  expressed  by  D  »  a  cos*  9  +  a*  sin*  8.  For  all  directions  perpen- 
dicular to  the  axis,  8  ■*  90°,  and  consequently  cos  8  »  0,  and  sin  8  »  i ;  hence  for 
all  such  directions  D  a  a. 

In  cxystals  belonging  to  the  riffht  prismatic  tyetem  the  three  principal  axes  of 
expansion  are  parallel  to  the  crystallographic  axes,  but  the  coefficients  of  expansion 
corresponding  to  them  are  all  unequal.  The  expansion  of  monodinic  crystals  corre- 
sponds also  to  three  unequal  coefficients  in  directions  at  right  angles  to  eadi  other,  but 
the  relation  between  the  positions  of  the  crystallographic  axes  and  those  of  the  axes 
of  expansion  cannot  be  stated  in  general  terms. 

In  all  cases  the  coefficient  of  cMoal  expansion  is  equal  to  the  sum  of  the  three 
coefficients  of  linear  expansion,  or 

«o  =•«'+«  +  «* (3). 

a  relation  which  becomes  a^  »  3a  when  applied  to  amorphous  substances  or  to 
crystals  belonging  to  the  regular  system,  and  becomes  a^  a  a  +  2a'  when  applied  to 
substances  crystallised  in  forms  belonging  to  the  quadratic  or  hexagonal  systems. 
In  all  cases  also  the  coefficient  of  meaniinear  expansion  is  given  by  the  expression 

«m  -  a  («  +  *'  +  O  -  i  V 

The  mean  linear  or  the  cubical  expansion  may  thus  be  deduced  from  the  measurement 
•f  one,  two,  or  three  coefficients  of  linear  expansion,  according  to  the  crystalline 
system  to  which  the  substance  belongs.  It  may  however  be  obtained  from  a  single 
measurement  of  the  coefficient  of  expansion  in  a  direction  equally  inclined  to  the 
three  axes  of  expansion;  for  if  in  equation  (1)  we  make  8  «  8'  ->  8^,  we  get 
D  a  (a  -f  a'  +  a  ^  cos*  8.  But,  under  tneseconaitions,  equation  (2)  gives  cos*  8  —  ^, 
or  8  a  64^  44',  and  therefore  D  «  ^  (a  +  a'  +  a")  -  a^. 

In  the  following  tables  of  results,  the  letters  A,  B,  and  C  denote  the  coefficients 
of  expansion  parallel  to  the  three  principal  axes  of  expansion  respectively,  M 
denotes  the  coefficient  of  mean  linear  expansion  obtained  by  direct  measure- 
ment in  a  direction  inclined  at  549  44'  to  the  axes,  and  M^  the  same  coefficient  cal- 
culated by  the  formula  %  "  j-  (a  +  a'  +  a"),  or  when  two  coefficients  are  equal, 
a^  .  ^  (d  .{.  2a').  The  numbers  in  the  first  table  are  given  chiefly  by  way  of  illustra- 
tion of  tlie  above-mentioned  relations  between  expansion  and  crystalline  form : 
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iluor  spar  (cubic) : 

1.  At  right  angles  to 
an  octohedral  cleavage 
face 

2.  At  right  angles  to  the 
cubical  face  of  another 
crystal 

3.  At  right  angles  to  a 
face  cut  at  5°  to  the 
face  of  a  cube  (another 
crystal) 

Galena  (cubic) : 

1.  At  right  angles  to  a 
cubic  cleaTage  face    . 

2.  At  right  angles  to  an 
artificial  octohedral 
face 

Iron  pyrites  (cubic) : 

1.  At  right  angles  to  a 
natural  cubic  face 

2.  At  right  angles  to 
an  artificial  face  upon 
a  group  of  crystiilfi 
without  any  common 
direction 

Bnby  copper  ore  (cubic) : 

1.  At  right  angles  to  a 
face  of  the  rhombic 
dodecahedron    . 

2.  At  right  angles  to  a 
face  perpendicular  to 
the  last    . 

8.  At  right  angles  to  an 
artificial  face  on  a 
group  of  crystals 
without  any  common 
direction 


Expatmon  of  Crystal$. 


•00001911 
00001910 


•00001910 


•00001915 
•00002014 
•00002014 
•00000907 


•00000908 


•00000093 


•00000093 


•00000093 


Zirkon         (Siberia: 
quadratic)  .     •     . 


Arragonite        (right 
rhombic  prism)    • 


Topas  (right  rhombic 
prism)    .... 


Felspar  (monocUnie) 


Epidoto  (monocUnic) 


Augite  (monocUnic) 


Asurite  (monoclinic) 


A 

B 
H 

/  A 
B 

C 
M 
M, 

(  A 
B 
C 
M 
Ml 


•0000443 
•0000233 
•0000304 
•0000303 

•00003460 
•00001719 
•00001016 
•00002081 
•00002065 

•00000592 
•00000484 
•00000414 
•00000497 
•00000497 

*-*000002004 
-00000208 
•f  00001007 
^  00001906 
-00000148 
-•00000151 


1 
1 


G^ypsum  (monoclinic) 


{ 


A    +000009133 
B       -00000334 
C       •00001086 

A       -000018856 
B       -00000272 
0       -00000791 

•00001259 
-00002081 
•00000098 

A  -00004168 
B  -00000157 
0      -00002988 


1 

B 

M 
IMi 

(^ 

B 

Im 

it 

liaeer 

OattaA 

BxpesrionoC 

TTnitlflDgth 

between  <P 

aiMll4»0"« 

108  X 

«•• 

««• 

A« 

Flatei^lass,  firom  St> 
GoMn                   ( 
Diamond  (cubic) 
Rabj  copper  ore 

Emerald      (Siberian) 
bezyl:  hexagonal)   > 

QuaitB  (hexagonal)    . 

Rutile  (quadratic) 

Oassiterite    (Saxony:) 
quadratic)               \ 

•00000777 
•00000118 

-00000106 
+  00000137 
•00000057 
•00000056 
•00000781 
•00001419 
•00001206 
•00000919 
•00000714 
•00000392 
•00000321 

1,58 
IM 

1,14     ) 
l.«8     \ 

1,77     ) 
2,38 

2,25     ) 
1.10 
1,19 
0,76 

•00002331 

•00000854 
•00000279 

•00000168 

•00003619 

•00002347 
•00001084 

4.74 

4,82 
6,30 

8,80 

6,58 

4.45 
271 

•0007928 
•00018S 

5-0007987 
)  0014428 
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TahU  amtimutd. 


liDMT 

Cublcel 

Sxpnnsion  of 

Unit  length 
between  tP 

AndlOOOs 

A« 

A« 

100  X 

««• 

^ 

««o 

'a« 

(•..  + 10^) 

PerielAse    (iirtifleiiil :  > 

cubic) 
Spaitalite       (United 

^^^ 

^HH« 

^^^ 

• 

•00003129 

8,01 

A 

•00000316 

1,86     1 

-00001394 

A     AA 

States:  heauffonal) 
Gornndum       (IndiA: 

B 

•00000689 

1.23 

4,32 

A 

•00000619 

2.05 

A^^AJ^^k  V  Wm  g^tf 

rhombohednl) 
Specular  iron  (Elba: 

|b 

•00000648 

2.25 

•00001705 

6,56 

U 

•00000829 

1.19 

•  AA  A/\A  e  A  « 

^»      A  €% 

rhomboliedxal)        ( 
Senarmontite     (Oon-'j 

Ib 

•00000886 

2,62     ( 

•00002601 

6,43 

stantine,  Algeria:  • 

— 

— 

— 

•00005889 

1.71 

•  cubic)                     J 

Arsenious  oxide  (arti- ) 
flcial :  cubic) 



— 

— 

•00012378 

20-37 

Spinels  (cubic) : 

1.  Spinelle  (Ceylon)) 
ruby                       ) 

— 

— 

— 

•00001787 

7.29 

2.Pleonaflt(Warw]ck) 



— 

— 

•00001805 

5,84 

8.  eabnite  (Fahlun) 



— 

— 

•00001766 

5,19 

4.  Kieittonite  (SU-  \ 

berbeiff)                ) 

Silver  io£de  (ftued:{ 

CTfBtallina)             ( 

— 

— 

— 

•00001750 

5,81 

— 

-•00000139 

-   1.4 

-00000417 

-  4.2 

m                         w                           ' 

(^ 

-•000003966 

-  4,27    ) 

„        „         (baza-) 
gonal  dystala)        ) 

B 

+  •000000647 

+   1.88 

-•000002772 

V    e« 

M, 

-•000000924 

-  0.508  j 

—  l,ol 

H 

-•00000098 

„        „        (amor-) 

A 

-•0000016625 

-  2.01    ) 

phooa  precipitate, 
presaed)                   J 

B 

iM 

-•0000012225 
-00000187 

-  1.88 

-  1.6      j 

-•0000041075 

-  4,77 

Fbtassium     chloride) 
(cubic)                    \ 

+  -000088026 

•f  6,15 

•t- -000114078 

4- 15,45 

Bock  salt  (cubic) 

— 

•000040890 

4.49 

•000121170 

18,47 

Sal  ammoniac  (cubic) 

— 

•000062546 

29,75 

•000187688 

89.25 

Silver  chloride  (cubic) 

— 

•000082938 

12.23 

•000098814 

86.69 

iy>taasium     bromide) 

(cubic) 
Silver  bromide  (cubic 

— 

•000042007 

9,78 

— 

'000084687 

8.83 

Potaorium         iodide 

(cubic) 
Mercuric  iodide(quad-  \ 

— 

•000042653 

16,76 

ratio :  fnaed,  ciye-  ■ 

— 

•000023877 

19.96 

talline)                   ) 

Lead    iodide     (hex-) 

agonal :  Aieed,  cry- 

— 

•000088598 

5.84 

stalline)                 ) 

Cadmium  iodide(hex- ) 

agonal:  Aised,  oy-  • 

— 

•000029161 

17,47 

staUine)                 J 

Cas  carbon 

— 

•00000540 

1,10 

•0000162 

8.80 

•000551 

Graphite  (Batongol)  . 
Antmnusite       (Fenn-  \ 
sylrania) 

^^ 

•00000786 
•00002078 

1,01 
-  8,15 

•00002358 
•00006234 

3,03 
-24,45 

•000796 
•001996 

fiituminoua          coal 

(CharlerojO 
Paraffin      (Bangoon, 

melting  point  66®)  ( 

— 

•00002782 
•00027854 

2,96 
99,26 

•00008346 
-00088562 

8,85 
297.8 

•002811 

680 
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Tabie  ifontinued. 

LiaMu 

r 

CoblesI 

ExpsoikiQ  e( 

m 

Uniitenctk 
betweoiO* 

■lldlO(P>B 

^a 

A« 

100  X 



a«o 

A0 

««• 

A# 

(...-^W^) 

Silicon  (fased)    . 

-00000763 

■ 

1,69 

___ 

_^ 

•000780 

Sulphur  (SicilyJ . 

H 

•00006413 

33,48 

— 

— 

•006748 

Selenium  (fusea) 

— 

•00003680 

11,16 

— 

— 

•0037^2 

Tellurium  (fused^ 
Arsenic  (sublimeo,  in  > 
confused  crystals)  ( 
Osmium  (semi-fnsea) . 

— 

-00001676 

6,76 

•  — 

—     . 

•001732 

*X)0000669 

4,32 



•060602 

„__ 

'00000667 

2,18 

^M^ 

._ 

•000679 

Ruthenium       (semi-  / 
fused,  porous) 

— 

-00000963 

2,81 



— 

•000991 

Palladium         (ham- 
j            1  j\      ' 

^^^^ 

-00001176 

1,32 

__ 

. 

•001189 

mered,  annealed) 

Rhodium  (semi-fused. 

— 

•00000860 

0,81 



— «• 

•000868 

Iridium  (fused)  . 

— . 

•00000700 

0,79 



— 

•000708 

Platinum  (fused) 

•00000899 

0,78 

•00002607 

2,84 

•000907 

Platinum-indium  alloy ) 
platin.0-9,trid.01  ( 

— 

'00000884 

0,76 

•00002662 

2,28 

•000892 

Gold  (fused)      . 

— 

100001443 

0,83 

•00004329 

2,49 

•001461 

Silver  (fused)     . 

— 

'00001921 

1,47 

-00006763 

4,41 

•001936 

Copper,   natire  from) 
Lake  Superior         ( 

•00001690 

1.83 

•00006070 

«,«9 

-001708 

„       i^Uficial 

— 

•00001678 

2,06 

-00006084 

6.16 

•001698 

Brass  (copper  0*716,] 

sine      0*277,     tin 

— 

-00001869 

1,96 

•00006677 

6,88 

•001879 

0003,  lead  0-006 

Bronse  (copper  0*863,  > 
tin  0097,  sine  0040 

•00001782 

2,04 

-00006846 

6,12 

-001802 

Nickel    (reduced   by 

hydrogen,       oom-  > 

— 

•00001279 

0,71 

•00008887 

2,14 

-001286 

pressed) 
Cobalt,      dit^o 

•00001236 

0,80 

•00008708 

2,40 

•001244 

Iron    (soft,  used  for) 
electromagnets) 

— 

•00001210 

1,86 

•00008630 

6,66 

•001228 

„     (reduced  by  h^ 
drogen,  oompressed) 

— 

•00001188 

2,06 

•00003664 

6,15 

•001208 

Meteoric  iron  (Caille) 

— 

•00001096 

1,76 

•00003286 

6JU 

•001118 

i 

Cast  steel  (French):) 
hard                        ( 

— 

•00001322 

3,99 

•00003966 

11,97 

•001962 

• 

„         „  annealed 

— 

•00001101 

1,24 

•00003303 

8,72 

•001113 

„        (EngUsh):) 
annealed                 > 
„         (gray) 

•00001095 

1,62 

-00003286 

4,66 

-001110 

' 

— 

•00001061 

1,37 

•00003188 

4,11 

-001076 

Bismuth  (rhombohe-) 
drons  of  ^7°  40*)     J 

(A 

B 

iM, 

•00001621 
•00001208 
•00001846 

2,09    ) 
3,11 
2.77    j 

•00004087 

ft,dl 

f -001642 

•001289 

(-001874 

Antimony    (rhombo- ) 
hedron8ofll7<^18')( 

(A 
B 

-00001692 
•00000882 
-00001162 

-  0.94    ) 
1,34 
0,68    J 

•00003466 

1.74 

f-001688 

-000896 

i-001168 

Tin  (Malacca;  com-) 
pressed  powder)      ( 
Inomm  (f^uwd)  • 

•00002284 

3,61 

•00006702 

10,68 

•002269 

— 

•06004170 

42,38 

*00012610 

127.1 

-004696 

Lead  (fused)      . 

— 

•00002924 

2,39 

•00006772 

7.17 

•002948 

Thallium  (ftised) 

— 

*00003021 

11.41 

•00009063 

34,28 

•003186 

Zinc  (distilled,  com-) 
fmued  powder)      { 

— 

•00002918 

-   1,27 

•00008764 

-  3.81 

•002906 

Oftdmium        „         „ 

«— 

•00003069 

3,26 

•00009207 

9,78 

-003102 

Aluminium  (Aued)     . 

— 

-06002813 

2,29 

00006939 

^^    Mm.    ^^   ^^  ^%  ^^  ^%  <% 

6,87 

•002336 

"^guesium  (fused) 

•00002604 

6,84 

•00008082 

20,62 

•002762 
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In  Older  to  ssTe  room,  and  to  make  the  table  easier  to  read,  six  or  seven  ciphers 

are  left  out  before  each  of  the  numbers  giring  the  values  of  — -,  and  a  comma  is  used 

Av 

to  mark  the  eiffktk  decimal  place :  thus  the  numbers  for  plato-glass,  namely  1,68  and 

4,74,  are  to  be  read  000000001 58  and  00000000474  respecUyely. 

The  values  given  above  for  «m  &nd  — -  in  the  ease  of  dianumd  indicate  that  this 

As 

substance  has  a  minimum  volume  (or  maximum  density)  at  —42^*3,  and  that  below 

this  temperature  it  expands  as  the  temperature  falls.    In  like  manner,  a  maximum 

densitv  is  indicated  for  et^troua  oxide  at  —  4^'3,  and  for  emerald  at  —4^*2.     On  the 

other  nand,  a  maximum  volume,  or  minimum  density,  is  indicated  for  fused  silver 

tbciuitf  at  about  -60<>. 

VoatOB  maA  •ttUdlfleatlon.  The  latent  heat  of  fusion  of  water  has  been 
determined  by  Bunsen  {Pogg,  Ann,  cxli.  30)  by  means  of  his  ico-o&lorimeter.  In  two 
experimente  he  obtained  the  values  80*01  and  8004 :  mean  80'025.  He  has  also 
determined  the  epeeific  gravity  ofioeal  0^  by  a  new  process,  and  obtained  in  three 
experimente  the  values 

001682,    0*91678,    0-91667 ;    mean  091674. 

8oiubSifyof8alU.^AeeordJiigto  Nordenskiold  (i^^.  Ann,  cxxxvi.  309),  the  effect 
of  temperature  in  modifying  the  solubility  of  such  salte  as  ciystallise  from  aqueous 
solution  without  water,  even  at  low  temperatures,  can  be  expresaed  by  the  following 
formula: 

logio  S  =  a  +   6^  +   c/«, 
or 

S  =   10  («♦*<  +  «■), 

in  which  S  is  the  quantity  of  a  salt  which  can  be  dissolved  by  1  part  of  water  at  the 
temperature  t  without  forming  a  supersaturated  solution,  and  a,  6,  and  o  are  constente 
depending  on  the  nature  of  the  salt  The  values  of  these  constante  have  been  calcu- 
lated by  Nordenskiold  for  several  substences,  with  the  following  resulte : 

Sodium  chloride    .        .  logS  =  -  04484  +  00105  (foo)    "*"  ^'^^^^  (100)* 
Potassium  chloride        ...       *=   -  0*6346  +  0*379     T^")    -  0  09      ('-SaV 

Ammonium  chloride      .     „       =  —  0*6272  +  0*6483  /— -  \   -  0*1732  ^— ^' 

V^lOO  J  '       \100^ 

Barium  chloride   .  .  „  -  -  0*6084  +  0  3413  (^\  -  0-668    (—Y 

Sodium  nitrate      .  .  „  =  ^  0*1364  +  0*3892  (^)  -  0003    (jLV 

Potassium  nitrate  .  „  «  -  0*8766  +  0*2003  (^t^")  -  0*7717  (^r^V 

Barium  nitrate     .  .  ,.  »  -  1-2793  +  1*2496  (— )  -  0*4307  (^Y 

Potassium  chlorate  .  „  «  -  1*4776  +  1*7884  (r^^ )  -  0*6666  (—  )* 

Potassium  sulphate  .  „  =  -  11061  +  0*8117  (--^r)  -  0*3246  (  -~Y 

Potassium  chiomate  .  „  -  -  0*2219  +  0*1741   (^)  -  0*0446  (-^V 

The  general  law  expressed  by  these  formulss  may  be  thus  stated :  the  rate  at  which 
the  power  of  water  at  any  given  temperature  to  dissolve  a  salt  varies  with  variation  of 
temperature  is  inversely  proportional  to  ite  power  of  dissolving  the  salt  at  that  given 
temperature. 

▼aporlMitlOB  mad  OoiideBfl«ttoii«  Tension  of  Vapours. — The  relation  between 
pressure,  volume,  and  temperature  may  be  represented,  in  the  case  of  perfect  gases,  by 
the  equation  (iii.  46) — 

-^  ■>  oonstent, 
a  +  t 

where  a  +  <  denotes  the  tempwature  counted  from  the  absolute  zero.  It  is  known, 
however,  from  Regnault's  experimente  (cf.  iii.  48),  that  the  law  expressed  by  this 
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equation  does  not  apply  with  abaolute  strictnesB  to  any  known  gaa ;  bnt  the  nme 
experiments  have  also  proved  that  it  representa  with  a  veiy  dose  approach  to  aceniacy 
the  behaviour  of  the  permanent  gases  at  moderate  pressures.  In  the  case  of  vapours, 
on  the  other  hand,  the  relation  1>Btween  pressure,  volume,  and  temperature  differs  veiy 
considerably  from  this  Uw,  though  the  difierence  becomes  smaller  and  smaller  as  the 
temperature  is  raised  and  the  pressors  is  diminished — that  is  to  say,  as  the  vapour 
is  farther  removed  ttom  the  state  of  saturation.  In  the  case  of  several  vapours, 
the  passage  from  the  state  of  complete  saturation  to  that  of  an  approximately 
perfect  gas  has  been  made  the  subject  of  a  detailed  investigation  by  Herwig  (Pogg. 
Ann.  cxxxvii.  19  and  692  ;  also  cxli.  84).  The  general  result  of  his  observations  may 
be  thus  stated :  at  any  given  temperature  t,  the  product  of  the  pressure  jp  into  the 
volume  v,  which  is  just  sufficient  to  allow  a  given  mass  of  a  substance  to  evaporate 
(so  that  the  whole  exists  as  saturated  vapour),  bears  a  constant  ratio  to  the  square-root 
of  the  absolute  temperature  at  which  the  evaporation  takes  place :  that  is. 


if  a  is  the  absolute  temperature  of  melting  ice  and  k  a  constant  coefficient.  But  sinoe, 
as  has  just  been  said,  the  product  of  pressure  into  volume  gets  more  and  more  nearly 
constant  at  a  given  temperature  as  the  vapour  b  farther  removed  from  the  state  oi 
saturation,  or  as  its  volume  becomes  greater,  if  we  represent  by  FY  the  sensibly  con- 
stant value  which  this  product  asgnmos  at  the  temperature  t,  when  the  vapour  is 
suffieiently  expanded,  we  get,  by  comlnning  the  last  equation  witii  the  expceanon 
py  B  Ha  +  t)  representing  the  law  of  perfect  gases, 


PV  , 

— -    wm   c  va  +  t, 
pv 

e  again  being  a  constant  numerical  coefficient  Herwig  found  that  this  coefficient  has 
a  constant  value,  not  only  in  relation  to  a  given  vapour  at  various  temperatures,  but 
that  it  has  the  same  value,  namely  0*0696,  for  all  the  vapours  examined  by  him, 
which  were  alcokol,  ehlorqform,  mdpkide  qf  carbon,  ether^  water,  and  bromide  tf 
ethdene. 

This  law  being  once  established,  the  volume  occupied  by  a  unit  mass  of  any  sub- 
stance in  the  state  of  saturated  vapour  at  a  given  temperature  may  be  deducea  &om 
observations  of  the  volume  and  pressure  exerted  at  the  same  temperature  by  a  known 
mass  of  the  vapour  when  expanded  sufficiently  to  behave  as  a  sensibly  perfect  gas. 
Thus  if  »  be  the  mass  of  vapour  which  occupies  the  volume  v  under  the  conditions 
named,  we  have,  for  the  volume  of  the  unit  mass  under  like  conditions, 


,..? 


PV 


00696  ^  a  -h  t  ,p9 


The  numbers  in  the  following  tables,  calculated  by  this  formula  fh>m  Herwig's 
experiments,  give  the  volumes  occupied  at  various  temperatures  by  1  gramme  of 
eadi  of  Uie  substances  mentioned,  when  in  the  form  of  saturated  vapour,  and  therefore 
exerting  the  maximum  pressure  corresponding  to  eadi  temperature : 


Freuure,  Votmme,  and  Ihnperaimfe  of  Saturated  Vapour9. 


Snlphide  of  Carton 

t 
P 

o 
8*6 

183*09 

1244*8 

o 
14-2 

234-46 

9832 

0 

201 
294*12 
791-9 

320 
461*64 
614*8 

86-9 
631-69 
460-1 

o 
40*0 

614*46 

392-3 

600 
866*6 
286*6 

▲looliol  (oonteiaJng  a  tnoe  of  water) 

t 

230 
60*23 
7977-9 

3S-6 
77-68 
6237*9 

o 
36*4 

108-0 

3798-89 

o 
41*9 

144-7 
2828-9 

o 
47-8 

196-6 

2126-0 

67-8 

316-8 

1342*7 

62*9 
396-83 
1076-6 

69-9 
637*63 
802*4 
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Preasure,  Volums,  and  Ten^ienUure  qf  Saturated  Vapours  (continued). 


Water 

GliloraCQ(i& 

t 
P 

40*0 
64-96 
1872.3 

66-0 
17-81 
8929-2 

C    69-8 
'  230-23 
4700-0 

86-0 
480-65 
2634-1 

960 
629-69 
1772-2 

80-4 
•  24308 

o 
39-8 

.  864-77 

*  431-0 

i 

,    -^9-8 
*  61407 
301-6 

Bther 

Bromide  of  Bthjle&e 

o 

o 

o 

o 

o 

o 

t 

18-2 

26-0 

36-0 

26-0 

360 

430 

P 

406-16 

630-16 

769-78 

474-8 

689*6 

904-0 

n 

698*1 

461-2 

323-7 

360-7 

246-9 

189-9 

Thfl  numbers  in  the  seeond  line  of  each  table  represent  the  observed  maximnm 
pressures  measured  in  millimetres  of  mercnry,  and  those  in  the  third  line  represent  in 
eabie  centimetres  the  canesponding  Yolnmes  of  1  gramme  of  the  seyeral  vapbors. 


Tablb  I.  (see  next  page). 
1  MoUcuU  qfJeid;  a  molecuUs  of  Sodium  hydrate. 


Name  of  Aeld 

a 

i 

1 

s 

8 

4 

« ^ 

1.  Monobatie  aeids  I 

Hydrochloric 

68-6 

137 

137 

Hydzobromio 

68-6 

137 

187 

Hydriodic     .... 

68 

137 

187 

Hydrosnlphnric 

89 

77 

78 

Hydrofluoric 

80 

163 

163 

Hydrocyanic 

14 

28 

27 

Nitric  ..... 

68 

137 

137- 

Hypophosphorons 

77 

162 

163 

Metaphosphoiio    . 

71 

144 

— 

Formic          .... 

—^ 

132 

_ 

Acetic 

66 

132 

182 

2.  BOasieaeida: 

Hydrofluosilicie 

— 

133 

266 

~^ 

-^ 

Bidphurio      .... 

71 

146 

310 

—^ 

310 

Selenio          •        .        .        . 

— . 

148 

304 

._• 

804 

Sulphurous    •        •        .        • 

— 

169 

290 

.» 

293 

Selenious      .... 

148 

270 

^^ 

276 

Hyposulphurie 

i— 

271 

_ 

Chromic        .... 

_ 

131 

247 

^— 

262 

Fhoephozous 

74 

148 

284 

289 

••_ 

Carbonic  (aqueous  solution)  . 

110 

202 

^^ 

206 

.^^ 

Boric 

64 

111 

200 

206 

.^_ 

206 

Silicic  ..... 

32 

43 

62 

^_ 

64 

Stannic         .... 

— . 

—. 

__ 

^^ 

96 

^^^ 

Oxalic 

69 

138 

283 

i... 

286 

Succinic        .... 

~-~- 

124 

242 

_ 

244 

^^am 

Tartaric        .... 

... 

124 

268 

268 



8.  IMaHoaddsi 

Citric 

•— 

124 

260 

882 

_ 

416 

Orthophosphoric  . 

78 

148 

271 

840 

^m. 

363 

Arsenic         .... 

74 

150 

276 

869 

^^ 

374 

4.  Tetrabaeieaeid: 

Pjrrophosphoric     .                • 

— 

144 

286 

»^  w» 

627 

646 

604  ETHYLENE. 

]K>ta8riam  cyanide.  It  is  a  heavy  liquid,  boiling  in  eontaet  with  irater  at  55^-68^;  iti 
vapour  irritates  the  ejei  and  has  a  pungent  odour,  like  that  of  benaoyl  diloride.  It 
is  conyerted  partially  on  standing,  completely  by  repeated  distillation  with  witcr, 
into  a  solid  modification  (H.  Miiller,  Ckem.  8oe,  J,  [2]  ii.  420). 

Ethtlbwb  Iodidb,  CH^P,  is  easily  obtainea  in  large  quantity  by  satontiog  a 
pasty  mixture  of  iodine  and  absolute  aloohol  with  ethylene  gas,  agitating,  and  repeat* 
edly  adding  fresh  portions  of  iodine ;  the  iodine-solution  decanted  from  the  oystali 
first  formed  is  again  mixed  with  iodine  and  treated  with  ethylene.  The  ethylene 
iodide,  after  washing  with  cold  aloohol,  is  quite  pure  (SemenoiF,  Zeiisekr.  Ck,  Fharm. 
1864,  p.  673). 

Ethylene  iodide  heated  with  water  in  an  exhausted  tube  to  275®  for  fifteen  lioiifis, 
is  decomposed  into  ethane,  carbon  dioxide,  and  free  iodine : 

7C«H<I*  +  4H«0  -  6(?H«  +  2C0«  +  71*. 

The  hjrdrogen  liberated  from  the  water  by  the  carbon  of  the  ethylene  iodide,  ((7H*P 
•f  4H*0  es  6H*  +  2C0*  +  I*),  decomposes  the  ethylene  iodide,  aooordiDg  to  Ou 
equation  C<H«I*  +  H*  «  C<H*  -i-  I*  (Beithelot,  Ann.  Ch.  Phya.  [4]  ui.  211). 

Ethylene  iodide  is  decomposed  by  mercuric  eUoride  according  to  the  foUoving 
equations : 

16HgCl«  +  6C«H*P  «  6C«H«C1I  +  8(2HgCl«.HgI«)  -i-  7Hga«. 

-  6C«H«Cl«  +  5(2HgCl«.HgP)  +  HgP. 

-  6C«H»Cl«  +  4(Hg«CI«.HgP)  +  2Hgn«  +  6Ha 

Decomposition  according  to  equation  1,  takes  place  at  ordinary  tempemturBi^  the 
equation  then  becoming 

8HgCl«  +  2C«H«P  =  2C«HKJ1I  +  2HgCl«.HgP. 

In  &ct,  when  ui  intimate  mixture  of  1  mol.  C*H*P  and  8  moL  HgCl'  is  left  to  itself 
for  some  days,  it  becomes  saturated  with  a  red  oil  consisting  of  ethylene  ehloriodide^ 
CH'CII  (ii.  574).  The  decomposition  represented  by  the  second  equation  takes  plaee 
when  the  mixture  of  16Hg01'  and  6(XH(I*  is  heated  to  100^.  Ethylene  chloride  is 
then  obtained,  mixed  with  a  certain  quantity  of  the  chloriodide,  the  quantity  of  whidi 
may  be  diminished  by  rapid  heating,  but  is  always  considerable  (Manmen^  Om^i. 
rend.  Ixyiii.  727 ;  Zeiisckr.  f.  Chem.  [2]  v.  866). 

lodethyUna^  CKH'I,  heated  in  alcoholic  solution  to  100®  with  silver  oxalate,  yields 
silver  iodide  and  a  liquid  decomposible  by  water,  with  fonnation  of  onJic  acid, 
probably  an  oxalic  ether  of  vinyl  alcohol,  CH*OH  (Semenofi;  ZeiUekr.  Chm,  Pierm, 
1864.  p.  673). 

Ethtlbwb  Chlobiodidk,  CH^CII,  heated  to  100^-200®  in  a  sealed  flask  with 
1  moL  moist  silver  oxide  is  converted  in  great  part  into  ethylene  alcohol,  Cfi*(OH)^ 
both  the  chlorine  and  the  iodine  being  replaced  bv  hydroxvL  The  same  results  an 
obtained  with  2  mol.  silver  oxide.  The  chloriodide  heated  with  water  to  160^-220^ 
is  also  converted  into  ethylene  alcohol,  hydrochloric  acid,  and  hydriodic  acid,  which 
latter  converts  part  of  the  ethylene  alcohol  into  iodide.  It  appears  from  these 
results  that  the  dilorine  and  iodine  in  the  chloriodide  are  combined  with  the  caihoo 
in  the  same  manner,  and  that  it  is  not  possible  to  replace  one  of  them  with  hydroijl 
without  the  other  (Maxwell  Simpson,  Phil.  Mog.  [4]  xxxv.  282). 

Ethtlbnb  Oxidb,  CH«0,  heated  to  100°  in  a  sealed  tube  with  acid  sodism 
sulphite  is  converted  into  the  sodium  salt  of  isethionic  add  (Erlenmeyer,  Zdta^.f* 
Chem,  [2]  iv.  842) : 

H«C^  H*COH 

J>0  +  HSO«ONa  -       I 
H«C-^  HK3S0«0Na. 

!0H 
CI ' 
is  produced  by  direct  combination  of  ethylene  with  hypoehloious  acid,  GIOH  (Oarisa, 
Ann.  Ch.  Pharm.  cxxvi.  195).  The  following  mode  of  preparation  is  reeommeoded  by 
Butlerow  (ibid,  cxliv.  40).  Glass  flasks  of  the  capacity  of  30  litres  or  moDB  aie  filled 
over  water  with  ethylene  gas.  To  prepare  the  hypochlorous  acid,  moist  leeenUy 
precipitated  mercuric  oxide  (10  pts.,  containing  about  4  pts.  of  the  dry  oxide,  beiog 
taken  for  every  litre  of  ethylene)  is  mixed  with  so  much  ice  and  water  that  the 
mixture  shall  contain  1  pt.  oxide  to  15  pts.  water,  and  into  this  mixtura,  ia  a 
vessel  standing  in  ice-water  and  in  the  durk,  chlorine  gas  is  slowly  passed  till  the 
mercuric  oxide  has  nearly  disappeared.  Half  the  original  quantity  of  oxide  is  tha 
added,  and  the  whole  is  quickly  poured  into  the  £sks  containing  tht  ethylanai 
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to  1,  J,  ^,  or  ^  molecule,  acoozdiDg  as  the  add  is  monobasic,  bibaeic,  tribasic,  or 
tetrabasic  reepectiTely. 

e.  In  the  case  of  weU-characterised  acids,  when  the  qoantitj  of  alkali  or  acid 
employed  is  more  than  is  required  to  form  the  normal  salt,  the  thermal  effect  of  the 
excess  is  inconsiderable. 

The  onl^  marted  exceptions  to  these  roles  are  presented  by  silicic  acid  (which  gives 
no  indication  of  possessing  a  definite  basicity),  boric  acid,  orthophosphoric  acid,  and 
azsenic  acid. 

The  heat  produced  by  the  combination  of  several  acids  with  potash,  soda,  and 
ammonia,  in  presence  of  excess  of  water,  has  been  redetermined  by  Andrews 
{Trans,  Roy,  Soe,  Edinh,  xzvi.  86).  His  results  are  given  in  the  following  tables 
side  by  side  with  those  which  he  obtained  from  similar  measurements  published  in 
1841,  and  are  expressed  in  gramme-degrees  of  heat  produced  by  the  reaction  of 
1  molecular  proportion  of  each  alkali  taken  in  grammes : 


Heat  produced  by  Acids  and  Alkalis  (Andrews). 


1 

▲cid 

Potash 

Boda 

Ammonia 

1870 

1841 

1870 

1841 

1870 

1841 

Sulphuric    . 

Nitric . 

Hydrochloric 

Oxalic 

Acetic. 

Tartaric 

16701 
14800 
14940 
16124 
18806 
18608 

16330 
16076 
14634 
14771 
14267 
13612 

16680 
14480 
14744 
16032 
14000 
13400 

16483 
14288 
14926 
14796 
14046 
18136 

14710 
12683 
12964 
13088 
12316 
11744 

14186 
12440 
12440 
12684 
12196 
11400 

The  quantity  of  heat  generated  by  the  combustion  of  hydrogen,  or,  more  exactly, 
the  quantity  absorbed  when  1  gramme  of  hydrogen  at  0^  and  under  760  mm.  pressure 
is  produced  by  the  decomposition  of  water  at  0^,  has  been  measured  by  Kiechl 
(Janresb.  1869,  p.  143),  by  comparing  the  heat  evolved  by  an  electric  current  in  a 
voltameter  during  the  decomposition  of  a  known  quantity  of  water,  with  that  simul- 
taneously evolved  by  the  same  current  in  a  wire  of  resistance  equal  to  that  of  the 
voltameter  (comp.  iii.  114).  As  the  mean  of  nine  determinations  he  obtained  the 
number 

33,691, 

or,  leaving  out  of  account  two  results  which  differed  considerably  from  the  rest, 

33,663. 

From  experiments  on  the  direct  combustion  of  hydrogen,  Thomsen  (Zeitschr,  fm 
Chem,  1871,  p.  181)  finds  34,034  gramme-degrees  to  be  the  quantity  of  heat  due  to 
the  formation  of  18  grammes  of  water  weighed  in  vacuo. 

Determinations  of  the  heat  of  combustion  of  various  articles  of  food  have  been 
made  by  Frankland  (Phil.  Mag,  [4]  xxxii.  182;  Chcm.  8oc.  J.  [2]  vi.  33)  by 
burning  them  under  water  with  potassium  chlorate,  and  deducting  from,  the  observed 
evolution  of  heat  the  amount  corresponding  to  the  decomposition  of  the  chlorate. 
(See  NuTBrnoN.) 

Meoluuiloal  BqniTalant  of  Beat.  Several  new  determinations  of  the 
mechanical  equivalent  of  heat  have  been  made  within  the  last  eight  or  ten  years. 
We  give  here  a  short  statement  of  the  physical  principles  involved  in  the  various 
measurements,  followed  by  a  comparative  table  of  the  results. 

Him*s  Determinaiions. — Four  separate  series  of  experiments  for  the  determination 
of  the  mechanical  equivalent  of  heat  are  described  by  0-.  A.  Him  {Jhiorie  micanique 
de  la  Chaleur,  1'*  partie,  pp.  66-76  :  Paris,  1866). 

1.  The  first  series  depended  on  the  measurement  of  the  quantity  of  heat  produced 
by  the  expenditure  of  a  known  amount  of  work  in  overcoming  the  friction  of  liquids. 
The  apparatus  employed  consibted  of  two  cr)ncentric  cylinders  of  brass,  the  inner  one 
being  1  metre  long  and  0*3  metre  in  diameter,  and  the  outer  one  large  enough  to 
leave  everywhere  between  it  and  the  smaller  one  a  distance  of  0'03  metre.  The 
liquid  to  be  experimented  upon  was  caused  to  flow  slowly  through  the  cylindrical 
space  thus  formed,  and  the  heat  produced  was  estimated  by  measuring  the  change  of 
temperature  undergone  by  a  known  mass  of  the  liquid  during  its  passage  through  the 
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ftpn&ratus,  proper  allowance  being  of  course  made  for  tbe  qiuuititiM  of  heftt  lost  hj 
raoiation  and  conduction,  or  absorbed  by  the  solid  parts  of  the  apparatus.  The  work 
expended  was  estimated  by  ascertaining  the  weight  with  which  it  was  neeeasazy  tu 
load  friction-lerers  pressing  against  the  ends  of  the  outer  cylinder  in  order  to  prsrent 
it  from  being  carried  round  by  the  force  of  friction  acting  between  the  liquid  and  the 
solid  surfaces  when  the  inner  cylinder  was  made  to  turn  at  a  known  speeo. 

2.  In  the  second  series  of  experiments  water  was  allowed  to  escape  by  a  small 
opening  from  a  cylinder  where  it  was  subject  to  a  very  high  pressure^  namely, 
452,S20  kilogrammes  per  square  metre,  and  the  elevation  of  temperature  in  the  water 
was  noted.  In  this  experiment  the  actual  energr  with  which  the  water  escaped  was 
rery  small,  and  was  very  quickly  converted  into  neat  in  the  receiving  vessel,  so  tiiat 
the  work  spent  in  heating  each  portion  of  the  escaping  water  was  that  due  to  the  fall 
of  an  equal  mass  through  a  height  equal  to  that  of  the  column  of  water  required  to 
produce  the  actual  pressure  employed. 

3.  In  the  third  series  the  quantities  measured  were  (a)  the  heat  produced  when  a 
piece  of  lead  was  crushed  by  a  blow,  and  (b)  the  mechanical  energy  spent  in  the  blow. 

4.  The  experiments  of  the  fourth  series  consisted  in  observations  of  the  chansa  of 
pressure  in  a  gas  which  was  suddenly  expanded  without  gaining  or  losing  heat. 
Under  these  circumstances,  the  simultaneous  changes  of  pressure  and  volume  in  a 
perfect  gas  are  such  as  to  fulfil  the  following  equation : 

Pi  =  (i!ay     .      .      .      .      (1). 

where  pi  and  t^i  represent  the  initial  pressure  and  volume  of  the  gas,  p^  and  v^  its 
final  pressure  and  volume,  and  k  the  ratio  of  the  specific  heat  under  constant  praesiue 
to  the  specific  heat  under  constant  volume.  During  the  change  of  volume,  however, 
heat  is  either  produced  or  absorbed ;  consequently  the  temperature  of  the  gas  changes, 
and  the  final  pressure  p^  is  different  from  what  it  would  have  been  if  the  temperatnre 
had  remained  oonstant.  Letj^'^be  the  pressure  corresponding  to  the  final  volume, 
supposing  the  temperature  to  have  remained  what  it  was  at  first :  we  then  have,  by 
Boyle's  law — 

^-^ (2). 

and,  substituting  this  value  in  equation  (1),  we  get   ^  s>  (^^  r   whence 

Pn       \p  / 

log;>i  -  log|>'' 

The  value  of  h  obtained  by  Him,  as  the  result  of  about  fbrty  experiments  with  air  on 
this  principle,  has  been  already  given  (p.  669).  This  being  known,  the  value  of  the 
mechanical  equivalent  is  given  by  the  formula 

T  Ha 

J       HI       , 

!>»'(» -i) 

(comp.  iii.  121),  where  a  is  the  coefficient  of  expansion  of  air,  o'  the  specific  heat  of 
unit  mass  of  air,  and  D  the  mass  of  unit  volume  of  air  at  0°  under  the  pressure  H — 
quantities  each  of  which  is  known  from  Begnault's  experiments. 

JwddB  BeUrmifKUion  (Brit,  Jstoe.  Rep,  1867*  pt.  i  p.  612).— Joule  has  determined 
the  value^  of  the  mechanical  equivalent  of  heat  by  measuring  the  quantity  of  heat 
produced  in  a  known  time  by  an  electric  cuirent  of  known  strength  traversing  a 
metallic  conductor  of  known  resistance.  The  pri  nciple  of  the  measurement  is  expressed 
by  the  formula 

where  Q  is  the  quantitv  of  heat  produced  in  the  time  ^  by  a  current  of  the  strength  C 
in  a  conductor  of  resistance  B,  both  C  and  R  being  expressed  in  absolute  electro- 
magnetic measure.    (See  pp.  569-574.) 

Violins  DetermintUion  {Ann.  Ch.  Phys.  [4]  xxi.  64). — When  a  conducting  disc  is 
made  to  revolve  between  the  poles  of  a  magnet,  so  that  its  plane  of  motion  is  perpen- 
dicular to  the  line  joining  the  poles,  electric  currents  are  produced  in  the  disc ;  and 
since  these  currents  do  not  give  rise  to  any  external  work,  the  energnr  represented  by 
them  is  entirely  converted  into  heat  in  the  disc.  At  the  same  time,  the  induced 
currents  and  the  magnet  exert  upon  each  other  forces  which  oppose  the  motion  of  the 
disc,  and  consequently  work  must  be  continuously  expended  m  order  to  keep  up  a 
constant  speed  of  rotation.  These  phenomena  have  been  made  to  serve  as  the  basis 
of  a  determination  of  the  mechanical  equivalent  of  heat  by  Violle. 
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Begnaulfs  Experimenta  {Com^.  rend.  Ixri.  209). — Besides  the  experiments  above 
mentioned,  whit^  were  undertaken  for  the  special  purpose  of  measuring  the  mechanical 
equiyalent  of  heat,  Regnault's  recently  published  experiments  on  the  velocity  of  sound 
in  air  may  be  mentioned  here,  since  they  give  the  data  for  fixing  the  ratio  of  the  two 
specific  heats  of  air,  and  hence  the  value  of  the  mechanical  equivalent.  These  experi- 
ments gave  330*3  metres  per  second  as  the  velocity  of  sound  in  diy  air  at  0^,  and 
consequently  we  have  for  the  value  of  k  (see  iii.  41)--- 

k   mm  f^      *      ^   1-398, 

V  being  the  velocity  of  sound  in  metres,  g  the  acceleration  due  to  gravity,  e*  the  wei^t 
of  unit-volume  of  mercury,  and  » the  weight  of  unit-volume  of  air  at  0^  under  a 
pressure  equal  to  that  of  a.  metres  of  mercury. 

The  following  table  contains  the  results  of  the  several  investigations  above  men- 
tioned: 

Value  of  the  Meekamcal  Eguivalent  of  Beat, 


BzperizDflEitior 

BesQlt 

Method 

Him . 
„    .        .        • 

M     • 

»»    •        •        • 
Joule 

VioUe 

Begnatdt  . 

■ 

432 
433 
441*6 
426*2 
429*8 

r  436*2  ^copper)          y 
434*9  (aluminium) 
436*8  (tin) 
437*4  (lead) 
437 

■ 

Friction  of  water  and  brass. 

Escape  of  water  under  pressure. 

Specific  heats  of  air. 

drushing  of  lead. 

Heat  produced  by  an  electnc  current 

Heat  produced  by  induced  currents. 

Velocity  of  sound. 

It  will  be  remarked  that,  with  one  exception,  all  these  values  are  perceptibly 
higher  than  that  obtained  by  Joule  from  his  experiments  on  the  friction  of  water,  and 
the  single  process  which  gave  a  result  almost  identical  with  the  number  commonly 
adopted  on  the  strength  of  Joule's  experiments  is  one  which  can  hardly  be  made  to 
give  a  very  accurate  value.  As  to  the  number  deduced  by  Him  from  his  experiments 
on  the  expansion  of  air  (441*6),  he  points  out  that  it  is  certainly  too  great,  on  account 
of  the  unavoidable  errors  of  the  method.  Joule's  new  result  is  the  lowest  of  three 
values  obtained  in  distinct  sets  of  observations,  but  it  is  adopted  by  him  as  the  result 
of  the  investigation  in  consequence  of  more  complete  precautions  to  ensure  accuracy 
having  been  taken  in  the  set  of  experiments  from  which  it  was  deduced  than  in  the 
other  two  sets.  These,  however,  were  closely  accordant  with  each  other,  and  would 
lead  to  431*6  as  the  value  of  the  mechanical  equivalent.  Of  the  numbers  obtained  by 
VioUe,  the  one  in  which  he  places  the  greatest  confidence  is  that  obtained  by  the 
experiments  with  a  copper  disc,  and  he  places  next  the  number  obtained  with  a  disc 
of  aluminium. 

Xadlaat  Heat. 

Emiisive  Power. — ^The  following  table  gives  the  comparative  emissive  powers  of  the 
substances  enumerated  in  it  at  160^,  according  to  Magnus's  experiments  (Poffg.  Ann. 
cxxxix.  437). 

Emiseive  power  at  1 60^. 
100 


Badiating  Substance. 
Blackened  silver 
Gla»s 
Fluor-spar 
Sylvin 
Kock-salt 
Polished  silver . 


•                   ■                   • 

2  mm.  thick 

10  mm.     „ 

1        .        • 

3  mm.    „ 

1        .        • 

8  mm.     „ 

1  mm.     „ 

■        •        ■ 

64 
46*6 
17 
18 
97 


When  a  plate  of  rock-salt  was  placed  in  front  of  a  polished  silver  plate,  either  in 
contact  or  at  a  distance  of  1  mm.  from  it,  the  radiation  from  both  together  was  con- 
siderably more  than  the  sum  of  their  separate  radiations  (being  as  much  as  41  per 
cent  of  the  radiation  from  the  blackened  silver  plate  when  they  were  in  contact).  The 
cause  of  this  effect  was  found  to  be  the  refiection  by  the  silver  plate  of  the  heat 
radiated  from  the  second  surface  of  the  rock-salt,  for  it  was  found  to  be  greatly 
diminished  when  the  silver  plate  was  blackened  and  placed  at  the  same  distance  from 
the  rock-salt.     Hence,  as  Magnus  points  out,  the  great  importance,  in  all  experiments 
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upon  the  nature  or  amount  of  the  radiation  from,  diathermic  Bubetanoes  like  rock-Balt» 
of  avoiding  as  far  as  possible  the  presence  of  anything  that  can  radiate  or  reflect  heat 
through  the  substance  under  examination. 

The  difference  between  the  radiating  powers  of  the  same  substance,  aooording  as  its 
surface  is  rough  or  polished,  has  been  inyestigated  by  Magnus  {Pogg,  Jnm.  cxL  887). 
whose  experiments  have  proved  that  planum  which  nas  been  strongly  hammered  hu 
the  same  emissive  power  as  platinum  which  has  been  most  carefully  annealed,  and  also 
that  when  platinum-foil  is  passed,  under  great  pressure,  between  a  pair  of  rollers,  one 
of  which  is  smooth  and  the  other  covered  with  fine  lines,  the  emissive  power  of  the  two 
surfiices  of  the  foil  is  the  same.  Hence  Magnus  concludes  that  the  power  of  emitting 
radiant  heat  has  no  direct  connection  with  the  greater  or  lesser  (UnsUyoS  the  radiating 
surface  (see  v.  49).  On  the  other  hand,  the  radiating  power  of  annealed  platinum-foil 
may  be  doubled  by  scratching  the  sur&ce  with  fine  emery-paper ;  and  by  coating  it  with 
platinum-sponge,  its  radiating  power  may  be  increased  sevenfold.  In  order  to  aoeount 
for  these  results,  Magnus  supposes  that,  even  in  the  case  of  metals,  the  origin  of  the 
heat  radiated  outwards  is  not  only  the  geometrical  suz&oe,  but  also  that  the  internal 
parts  of  the  mass  very  near  to  the  surfiice  take  part  in  the  process ;  and  that  the 
greater  radiating  power  of  a  rough  sur&oe,  as  compared  with  that  of  a  smooth  surfnce 
of  the  same  material,  is  due  to  the  fact  that  the  irregularities  of  outline  which  con- 
stitute the  roughening  diminish  in  some  manner  the  proportion  of  rays  incident  upon 
the  outer  surface  from  the  interior  which  are  there  reflected  back  again  into  the  mass. 

Befleetion, — The  proportion  in  which  the  heat  given  out  by  various  diathermic  sub- 
stances at  150^  is  reflected  by  sur&ces  of  the  same  or  of  cui&rent  kinds,  and  under 
various  angles  of  incidence,  has  been  investigated  by  Magnus  {Pogg,  Mm,  cxzxix. 
583).  In  these  experiments,  as  well  as  in  those  to  be  mentioned  presently,  under  the 
head  Dransmiuion  (see  p.  6Sk)),  the  substance  which  was  employed  as  the  source  of 
the  radiation  was  heateid  by  being  suspended  by  fine  platinum  wire  in  a  current  of 
heated  air,  so  arranged  with  reference  to  a  thermo-electric  pile  that  not  the  smallest 
effect  was  produced  upon  the  galvanometer  except  when  a  solid  radiator  was  intro- 
duced into  the  current.  The  principal  results  of  the  investigation  are  given  in  the 
following  table : 

Reflection  ofSadiant  Heat, 


Bjldxatdto  Bubstancsb 

Lamp- 

black* 

Glass 

Bock-salt 

fiylTln 

FlnoT'epar 

onsIlTer 

Direct  mdiation,  without  reflecUon 

124-6 

119-8 

21*5 

85*5 

6S-0 

Reflecting  BorfEMe 

Angle  of 
Incidence 

Fez 

oentaga  of  total  inddent  heat  xeflec 

(ted 

o 
f    88 

93-6 

88*8 

84-8 

83*3 

82-5 

Polished  Silver   .     .     . 

45 

94-4 

89-4 

89-4 

92-6 

860 

(    62 

93-6 

94-2 

96-9 

990 

87-3 

(    33 

— 

7-6 

7-0 

6-7 

— 

Glass 

45 

8-4 

86 

9-3 

9-2 

11-0 

I    62 

14-8 

139 

13-5 

15  0 

f    83 

7-6 

60 

6-5 

4-9 

Bock-salt 

45 

8-3 

8-2 

8-4 

81 

10-0 

I    62 

12-9 

12-8 

10-8 

11-7 

f    33 

— 

2-6 

4-6 

27 

2-7 

Sylvin 

45 

8-6 

3*5 

60 

5-4 

40 

62 

8-5 

10-7 

8-9 

10-8 

f    33 

7-2 

230 

15-4 

6-6 

Fluor-spar      .... 

45 

8-6 

8-8 

24-2 

181 

109 

1     62 

^^ 

14-8 

83-5 

248 

12-4 

•  The  coating  of  lampblack  was  neoesaarily  thin,  as  a  thicker  one  did  not  adhere  ;  it 
not  thick  eoottgh  for  the  lampblack  to  prodace  its  f  nil  ettoct. 
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It  will  be  observed  that,  of  the  snbetancefl  whose  behaTiour  is  giyen  in  this  table, 
fluor-spar  is  the  only  one  of  which  the  reflecting  power  yaries  to  any  great  extent  with 
the  nature  of  the  source  froin  which  the  heat  comes.  When  the  angle  of  incidence  is 
45^,  the  proportion  of  heat  reflected  varies — 

With  Silver,  between  86     and  94*4  per  cent. 
„     GhiSB,        „        8-4    „    11  „ 

„    Boek-salt,  „        8*2    „    10  „ 

„    Sylvin,       „        86    „      6 

whereas  fluor-spar  reflects  only  8*8  and  8*6  per  cent,  respectively  of  the  heat  radiated 
by  lampblack  and  by  glass,  but  as  much  as  24*2  per  cenU  of  the  heat  from  rock-salt, 
and  18*1  per  cent  of  that  from  sylvin. 

Sefr actio  ». — ^The  refraction  of  solar  heat  by  sylvin  (native  potassium-chloride)  has 
been  compared  by  Knoblauch  (Pogg,  Ann.  czxzvi.  66)  with  its  refraction  by  rock-salt. 
A  beam  of  solar  rays  was  allowed  to  pass  through  two  slits,  each  2  millim.  wide,  placed 
at  a  distance  of  0*93  metre  apart,  and  then  through  a  prism,  set  at  the  angle  of  least 
deviation,  0*1  metre  from  the  second  slit,  after  wluch  it  fell  upon  a  thermoelectric  pile, 
with  a  linear  openings  mm.  wide.  The  following  table  gives  the  galvanometer- 
deflMtions  produced  by  this  airangement  of  apparatus  with  a  prism  of  sylvin  of 
refracting  angle  -i  50^,  compared  with  the  deflections  obtained  with  a  prism  of  rock- 
salt  of  refracting  angle  a  45^ : 

BrfracHon  bjf  Sylvm  and  Boeksalt. 


Syhrin  prism 

Bock-salt  prlnix 

In  the  first  aone  beyond  the  Violet  (up  to  the ) 
limit) 

0*00 

000 

Violet          .... 

.     1 

0*60 

0-80 

„        Indigo          .... 

0*56 

0*36 

Blue 

0*60 

0-46 

„        Green 

0*66 

0-60 

„       Yellow  and  Orange 

100 

1-00 

„       Red  (as  far  as  the  limit) 

2*00 

2*00 

„       first  Eone  beyond  the  Red 

2-88 

2*60 

„          StCOtM                „                    „ 

■ 

1*76 

1*25 

„        third              „              „ 

* 

0*60 

0-26 

„       fourth            „              „ 

• 

^•00 

000 

In  both  cases  the  greatest  heating  effect  occurs  in  the  part  of  the  spectrum  which  is 
lees  refrangible  than  the  visible  red. 

The  distribution  of  heating  power  in  a  solar  spectrum  produced  by  using  a  silver 
heliostat  minor  and  lenses  and  prisms  of  rock-salt  has  also  been  studied  by  P.  Desains 
(Coffupt.  rend.  Izx.  986).  The  apparatus  used  gave  an  angular  separation  of  about 
8°  48  between  the  en^  of  the  visible  spectrum,  and  the  greatest  heating  effect  was 
found  on  an  average  at  an  angular  distance  of  61'  from  the  bright  red :  sometimes,  at 
eight  in  the  morning,  the  maximum  of  heat  was  at  46*  only  from  the  red ;  in  other 
cases,  at  noon,  it  was  as  much  as  54'  from  the  red.  Possibly  this  difference  is  owing 
to  the  absorption  of  a  considerable  part  of  the  least  refrangible  heat  by  the  water 
existing  in  the  atmosphere  in  the  liquid  state,  as  mist,  whifth  is  commonly  more 
abundant  in  the  morning  than  it  is  at  noon.  The  first  table  on  p.  690  gives  an 
analysis  of  the  heat-spectrum  for  about  11  o'clock  in  the  forenoon  of  April  20,  1870. 

If  a  curve  were  drawn  with  absciss»  proportional  to  the  numbers  in  the  first  column 
of  this  table,  and  ordinates  proportionsd  to  the  corresponding  numbers  in  the  third 
column,  the  area  enclosed  by  any  part  of  the  curve,  the  ordinates  of  its  extremities, 
and  the  axis  of  abscissse  would  express  the  total  heating  effect  of  the  part  of  the 
spectrum  represented  by  the  corresponding  part  of  the  axis  of  abscissn.  Compared  in 
this  way,  the  total  heating  effect  of  the  visible  spectrum  is  found  to  be  about  }  of  the 
heating  effect  of  the  whole  spectrum. 
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DUtribuHon  of  Seat  in  the  Solar  Spoetrum. 


Angular 
Distance 


0' 
30' 
2°  18' 
S*  0' 
3°  80' 
3°  48' 
4°  0' 
40  18' 
40  24' 
50  0' 
6°  12' 
6°  0' 


Golonr 


Extremitj  of  the  Violet 

Violet      . 

Blue 

Greenish  Yellow 

Bright  Carmine 

Extreme  Red   . 


Beyond  visible  Bed 


GoniparatiTe 
Heating  Power 


0 

5 

10 

2Z 
39 
61 
81 

too 

94 

20 

8 

0 


Tranamiesion. — The  transmission  of  radiant  heat  from  yarions  sources  through 
various  media  has  been  examined  by  Magnus  with  special  reference  to  the  properties 
of  rock-salt  {Pogg.  Ann,  cxxxix.  431).  The  mean  results  of  his  most  important 
measurements  are  giyen  in  the  following  table : 


Substanoes 

through  which 

the  Heat  waa 

tranimitted 

1 

Sonroes  of  Heat  (temperatnre  in  all  cases,  IVP) 

Roek-mat 

8to4 
mm. 

FluoT'tpar 

8'8  mm. 

thick 

Chloride 

2*0  mm. 

thick 

Silver 

Bromid 

1  mm. 

thick 

100 

r 

3-ffto 

16  mm. 
thick  (not 

18  mm.  thick 

8  mm. 

quite  clear 

(quite  dear 

thick 

(dear, 

thicJc 

throoghout) 

tbzoughont) 

(dear) 

odonrleflB) 

Air 

100 

100 

100 

100 

100 

100 

Rock-salt 

1 

/>8-2 

681 

54*4 

^^ 

^_ 

.^-. 

»»     •        • 

2 

41-6- 

60-8 

52*8 

61*4 

80-6 

71-6 

70-6 

If     •        • 

6 

80-6 

60-6 

48-3 

— 

.1. 

— 

>»    •        • 

20 

200 

40-2 

24-7 

59*2 

70-8 

72*1 

73*3 

If     •        • 

80 

20*9 

89*4 

16-6 

— 

— 

— 

.— 

Sylvin     . 

3 

55-16 

70-7 

64-8 

49*6 

889 

78*7 

66*2 

If         •         • 

10 

440 

— 

>— 

_- . 

— 

_ 

— 

fi         •         • 

20 

36-5 

56*4 

47-8 

28-4 

861 

66*2 

60-9 

II         •         • 

29-6 

48-4 

39-8 

•^ 

_- . 

— 

— 

Fluor-spar      . 

2-8 

83 

17-3 

3-3 

68*7 

19*2 

61-6 

53*1 

II               • 

10 

8-3 

16-6 

2-8 

64*6 

91 

43*6 

48-3 

Silver  chloride 

0-6 

640 

620 

62-5 

62-5 

67"8 

69-3 

58*9 

II 

3 

47-4 

47-4 

48-7 

86-7 

54-6 

41*3 

37*0 

Silver  bromide 

0-3 

68-8 

68-0 

68*0 

70-6 

72-2 

694 

66-3 

II 

2-7& 

45-3 

44-4 

441 

43*7 

461 

41*8 

87*5 

Selenium 

2-6 

13-8 

16-0 

16*9 

9-63 

21*3 

13*7 

10-9 

These  numbers  afford  a  striking  illustration  of  the  previously  known  £act  (see  v. 
oO),  that  diathermic  substances  absorb  most  readily  rays  emitted  by  other  portions  of 
the  same  substances ;  but  they  also  brizig  out  m  a  vezy  remarkable  manner  the 
thermochroic  character  of  rock-salt.  This  is  best  seen  by  examining  the  results 
relating  to  the  thickest  piece  (18  mm.)  of  that  material,  the  thickness  and  perfect 
purity  of- which  caused  the  heat  given  out  by  it  to  exhibit  the  special  characters  pecu- 
liar to  the  substance  in  the  highest  degree.  Of  this  heat,  little  more  than  one-half 
was  able  to  pass  through  a  plate  of  rodc-salt  2  millimetres  thick,  and  only  one-sixth 
could  pass  through  80  millimetres  of  rock-salt ;  while  nearly  the  whole  of  it  (96*7  per 
cent.)  was  stopped  by  a  plate  of  fluor-spar  2*8  millimetres  thick.    Hence,  as  Magnus 
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pointed  ont,  the  characteristic  properties  exhibited  by  rock-salt  in  connection  with 
radiant  heat  (see  v.  62,  63,  66,  67)  are  not  the  result  of  its  being  reaXLy  other  mo- 
ckroie,  as  was  thought  by  Melloni,  but  of  its  being  monothermochraic,  that  is  to  say, 
of  its  having  the  power  to  emit  and  to  absorb  (at  temperatures  not  above  about  150^) 
rays  solely  or  nearly  of  one  kind,  and  of  these  rays  haying  been  present  only  in  very 
small  proportions  in  ^e  heat  from  the  sources  employed  by  Melloni  and  most  other 
experimenters  who  hare  studied  its  action.  It  has  already  been  pointed  out  that  the 
heat  given  out  by  rock-salt  is  reflected  to  an  exceptionally  great  extent  by  fluor-spar ; 
this  property,  together  with  the  very  small  proportion  in  which  it  is  transmitted  by 
fluoiNflpar,  forms  a  marked  difierence  between  the  thermal  characters  of  rock-salt  ana 
those  of  sylvin,  which  in  many  respects  they  so  closely  resemble. 

Polarisation. — 1.  By  Einisnon.  It  was  shown  in  1849  by  De  la  Provostaye  and 
Detuns  that  not  only  luminous  heat  emitted  obliquely  is  polarised  at  right  angles  to 
the  plane  of  emission,  but  that  this  is  the  case  also  with  heat  emitted  by  platinum  at 
tempentnres  as  low  as  about  230®  (Jahresb.  1849,  p.  48).  Magnus  in  1866  {Poffo, 
Ann.  cxzvii.  600 ;  Fortsckr.  d.  Phy$.  xxii.  828)  confirmed  this  result,  so  far  as  regards 
polished  platinum,  but  found  that  the  heat  emitted  by  platinised  platinum  is  not 
polarised.  More  recently  (1868^  Magnus  examined  the  heat  emitted  by  various 
sorfiices  at  100°  (P^9'  '^**-  cxxxiv.  45 ;  Ann.  Ch.  Phya.  [4]  xv.  467)»  and  found  that 
the  proportion  of  heat  polarised  at  right  angles  to  the  plane  of  emission,  contained  in 
the  total  radiation  in  a  direction  making  an  angle  of  35°  with  the  suiface,  could  be 
represented  by  the  numbers  given  in  the  following  table : 


BadiatiiiK  surf  ace 

Feroontageof 

poliiriaod  heat 

Radiating  sarfaoe 

BBtoontageof 
polarised  heat 

Tin-plate  .... 

Copper      .... 

Aluminium 

Mercury    .... 

Glass,  transparent 

Glass,  blaek 

27-6 
22*4 
28-5 
320 
10-4 
12-4 

Colza  oil  . 

Melted  rosin 

White  wax 

Glycerin  .... 

Paraffin    .... 

6-64 
7-26 
7-3 
5-61 
!         oO 

The  analyser  employed  in  these  experiments  was  a  black  glass  reflector  set  at  an  angle 
of  35°  to  the  axis  of  the  incident  beam. 

2.  By  BeJUetion.  By  employing  as  polariser  a  pile  of  4  plates  of  rock-salt,  each 
from  3  to  4  mm.  in  thickness  and  having  about  50  square  centim.  of  superficial  area, 
and  a  similar  pile  as  analyser,  Desains  (Comjot.  rend.  Ixiv.  1246  ;  Poga.  Ann.  cxxxiv. 
472)  succeeded  in  polarising  the  heat  raaiated  by  copper  at  160°.  when  the  planes 
of  incidence  of  anidyser  and  polariser  were  parallel,  the  galvanometer  connected  with 
the  thermoelectric  pile  which  received  the  heat  from  the  analyser  showed  a  defiection 
of  12^ ;  when  the  planes  of  incidence  were  at  right  angles  to  each  other,  the  deflection 
was  7**. 

Coaduottoii  of  Beat.  The  laws  of  the  conduction  of  heat  by  liquids  have  been 
investigated  by  Guthrie  (Phil.  Thins.  1869,  p.  637)  by  a  method  in  which  one  of  the 
chief  causes  of  uncertainty  in  previous  experiments  on  the  same  subject  is  got  rid  of. 
His  apparatus  consisted  essentially  of  an  air-thermometer  with  a  conical  reservoir  of 
sheet  brass ;  the  base  of  the  cone,  formed  by  a  flat  plate  of  platinum,  was  placed 
uppermost,  and  a  calibrated  and  graduated. glass  tube,  open  at  both  ends,  was  fitted 
into  the  apex  of  the  cone  by  means  of  a  cork.  The  lower  end  of  this  tube  dipped  into 
coloured  water  contained  in  a  wide  open  vessel,  and  the  motion  of  the  water  in  the 
tube  indicated  the  changes  of  temperature  in  the  air  in  the  conical  reservotr.  A 
similar  brass  cone  with  a  flat  platinum  base  was  placed,  base  downwards,  with  its  axis  in 
the  same  vertical  line  as  that  of  the  thermometer-cone,  with  its  base  facing  the  base  of 
the  latter  at  a  distance  which  could  be  accurately  adjusted  and  measured  by  means  of 
a  micrometer  screw.  The  apparatus  being  set  so  that  the  bases  of  the  two  cones  were 
exactly  horizontal,  the  upper  one  was  brought  down  to  within  the  required  distance 
(usually  1  or  2  millimetres)  of  the  lower  one,  and  the  flat  cylindrical  space  between 
the  two  platinum  faces  was  filled  by  means  of  a  pipette  with  the  liquid  to  be 
examined.  By  this  arrangement  a  uniform  layer  of  liquid  was  obtained,  the  v<>rtic<U 
sides  of  which  were  not  in  contact  with  any  solid  material  which  could  either  help  or 
hinder  the  passage  of  heat  from  one  surface  to  the  other.  Heat  was  applied  to  the 
upper  surface  of  this  layer  of  liquid,  by  musing  a  stream  of  warm  water  of  known 
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temperature  to  flow  through  the  upper  cone ;  and  the  passage  of  heat  through  it  was 
judged  of  by  comparing  the  resulting  depression  of  the  coloured  wiiter  in  the  thermo- 
meter-tube with  the  depression  whidi  occurred,  under  otherwise  like  conditions,  when 
the  faces  of  the  two  cones  were  close  together,  contact  between  them  being  made  more 
perfect  by  wetting  them  with  mercuiy.  The  numbers  in  the  following  table  express 
the  relative  renstanees  to  the  passage  of  heat  through  the  various  liquid  examined  by 
him,  which  Guthrie  deduced  from  the  results  of  his  experiments  made  under  the 
following  conditions :  namely,  temperature  of  the  air  20*1 7^f  tempeostnre  of  water  in 
the  upper  cone  30'17^t  thickness  of  layer  of  liquid  1  miUim.,  duration  of  each  experi- 
ment 1  minute : 


Liquid 

Thermal 
reBistanoe 

Liquid 

Ttaemuil 
nsiatanoe 

Water 

Glycerin    . 

Acetic  acid  (glacial)   . 

Acetone 

Ethylic  oxalate  . 

Sperm  oil  . 

Alcohol 

Ethylic  acetate  . 

Kitrobensene 

Amylic  oxalate  . 

Butylic  alcohol  . 

10 
3*84 
8*38 
8*61 
8*86 
8*86 
9*09 
909 
9*86 
10*00 
10-00 

Amylic  acetate  . 
Amylamine 
Amylic  alcohol . 
Oil  of  turpentine 
Butylic  nitrate  . 
Chloroform 
Bichloride  of  carbon . 
Meicury-amyl   . 
Bromide  of  ethylene . 
Amylic  iodide    . 
Ethylic  iodide  . 

1000 
10*14 
10*28 
11-75 
11-87 
1210 
12-92 
12-92 
13*16 
18*27 
14*20  (?) 

It  can  hardly  be  supposed  that  the  method  employed  in  these  experiments  could 
give  strictly  accurate  numerical  results,  though  the  sources  of  error  cannot  have  been 
such  as  to  cause  any  great  error  in  simply  comparative  measurements.  Hence  W9  do 
not  reproduce  here  the  numbers  calculated  by  Professor  Ghithrie  to  express  the 
'  number  of  heat-units  arrested  in  1  minute  bv  1  square  decimetre  1  millim.  in  thick- 
ness '  when  the  temperature  of  the  lower  surnee  of  the  layer  of  liquid  is  20*17*  and 
that  of  the  upper  surface  10^  higher.  One  of  the  most  important  results  of  this 
investigation  is  that  the  conducting  power  of  liquids  for  heat  is  greater  at  high  tem- 
peratures than  at  low  ones. 

Conducting  Power  of  MetaU, — Some  confusion  exists  in  the  statements  in  vol.  v. 
(pp.  69-72)  with  regard  to  the  conducting  power  of  metals,  caused  partly  by  the 
variety  of  units  adopted  by  difierent  experimenters  for  the  purpose  of  expessing  their 
results.  It  will  therefore  be  useful  to  repeat  the  statement  of  some  of  tne  numerical 
values  in  such  a  way  as  to  prevent  the  possibilitv  of  further  error.  In  the  first  place, 
however,  it  is  needful  to  correct  a  statement  made  in  p.  69  (vol.  v.)  to  the  effect  that 
coefficients  of  conducting  power  are  expressed  by  the  same  number,  whether  they  are 
referred  to  the  kilogram,  millimetre,  and  equare  metre,  or  to  the  gram,  centimetre, 
and  sqtiare  centimetre,  as  units  of  mass,  thickness,  and  area  respectivdy.  If  we  denote 
by  Q  the  quantity  of  heat  which  would  pass  per  second  through  a  plate  1  mm.  thick 
and  1  square  metre  in  area,  with  a  given  difference  of  temperature  between  the 
surfaces,  the  quantity  which  would  pass  under  like  conditions  through  each  square 

centimetre  of  a  plate  1  centim.  thick  would  be  -^ ,  since  the  thickness,  in  the 

'  10  X  10,000 

second  case,  would  be  ten  times  as  great,  and  the  area  10,000  times  as  small,  as  in  the 

first  case ;  but  if  this  smaller  quantity  of  heat  is  expressed  in  gram-degrees  instead 

of  in  kilogram-degrees,  the  nimiber  representing  it  will  be  1,000  times  as  p;reat :  hence 

it  appears  that,  in  order  to  convert  coefficients  of  conductivity  expressed  in  kilogram- 

degreee,  per  square  metre,  per  millimetre,  per  second,  into  gram-degrees,  per  square 

centimetre,  per  centimetre,  per  second,  we  must  multiply  by — --^' — :-—  «  0*01.    Fur- 
*^  *^  *^  "^    •'  10  X  10,000 

ther,  if  the  minute  be  taken  as  the  unit  of  time,  instead  of  the  second,  we  must 

multiply  again  by  60,  so  that  to  pass  from  kilogram-degrees,  per  square  metre,  per 

millim.,  per  second  to  gram-degrees,  per  centimetre,  per  minute,  we  must  mnUti^  by 

0'6.    We  pass  now  to  the  statements  of  experiment^  results. 

P^et  iJVaiUdela  Ckaleur,  3rd  edit.  vol.  i.  pp.  390,  391)  gives  the  following  as  the 

result  of  a  determination  of  the  absolute  conducting  power  of  lead :  the  quantity  of 

heat  which  would  pass  in  1  hour  through  a  plate  of  lead  1  sq.  metre  in  area  and 

1  metre  thick,  with  a  difference  of  1®  between  the  temperature  of  its  surfaces,  is  1 3*83 
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kilogram-de^prees.    This  reenlt,  reduced  to  iHiat  it  would  be  for  a  plate  1  millim. 
thidc  and  for  1  second  of  time,  would  become  (compare  r,  '" 

1,000 


18-83  + 


8,600 


3-84. 


Angstrom  (Poffff.  Ann.  cxir.  527)  giTea,  as  the  results  of  his  experiments  on  copper 
and  iron,  the  numbers  54*62  and  9*77  respeetiyely  as  the  numbers  of  gram-degrees 
which  would  pass  per  second  through  each  square  centim.,  of  plates  1  centim.  thick, 
and  at  a  mean  temperature  of  from  51°  to  52°,  if  the  temperature  of  the  surfiuses 
differed  by  1  degree.  From  the  context,  however,  it  appears  that  1  second  here  is  a 
mistake  for  1  mmute.  In  a  subsequent  paper  {Bogg.  Ann.  cxriii.  429)  Angstrom 
gives  the  following  values  for  tiie  conductivities  of  copper  and  iron  at  the  tempe- 
rature f*  I 

61*63(1—0-00214/)  copper  (first  specimen). 

58*94(1-0-001519/)  „      (second  specimen). 

1 1  -927  (1  - 00028740    .        iron. 

Neumann  {Ann,  Ch.  Phys.  [3]  Ixvi.  185)  takes  as  his  units  of  time  and  length 
1  minute  and  1  Paris  line,  and,  as  unit  of  heat,  the  quantity  required  to  raise  the  tem- 
perature of  I  cubic  line  of  water  1  degree,  and  adds  that  to  reduce  his  values  to  the 
units  employed  by  P^let  or  to  those  employed  by  Angstrom^  thev  must  be  multiplied 
b^  0-0848  or  by  0-0509  respectively.  The  following  are  the  results  which  he 
gives: 

Copper  1306 

Brass  356 

Zinc 

German  silver 

Iron    . 

These  various  results,  expressed  according  to  the  same  units,  are  collected  in  the 
following  table,  where  the  numbers  in  the  columns  headed  A  are  referred  to  1  gram- 
degree  as  the  unit  of  heat,  1  centimetre  as  the  unit  of  length,  and  1  minute  as  the  unit 
of  time,  whereas  for  the  columns  headed  B  the  units  axe  1  kilogram-degree,  1  milli- 
metre, 1  square  mtetze,  1  second : 


862 
129 
193 


Xngstittin 

Neanuuin 

A 

i 

.      ^ 

B 

Copper  . 

561*63(1-0-002140 
1 68-94  (1-00015190 

102*7  (I -00035670} 
98-23(1- 00025320  ( 

66-48 

18-43 

18-12 

9*82 

6*57 

110-75 

30-70 
30-19 
16-37 
10-94 

Brass 

Iron 
G-erman  silver 

11*927(1-00028740 

19*88(1-0-004790 

Lead     . 

(A)  2-30 ;  (B)  3'8i    .                         PMet. 

The  numbers  given  at  p.  72,  vol.  v.,  as  the  result  of  Keumann's  experiments  on 
several  non-metauie  substances  refer  to  the  units  employed  in  the  columns  B  of  the 
above  table.  G.  C.  F. 

BBUnmr*  According  to  Hoyer  (  Viert^'ahrs.  pr.  I%gmL  xiii.  544),  the  formula 
of  this  substance  is  O'W*0*,  which,  however,  requires  12*8  p.  c  carbon  and  0*8  p.  c. 
hydrogen  more  than  the  formula  C^'H'H)',  deduced  bv  G^rhardt  (iii.  138)  from 
several  closely  agreeing  analyses.  According  to  Hoyer,  helenin  melts  at  75°;  acooiding 
to  Gerhardt,  at  72°. 


The  seeds  of  the  sunflower  (ff.  annuus)  yield  21*8  p.  c.  of 
flxed  oil  (Cloes,  BuU.  Soc.  Ckim.  [2}  iii.  41). 

The  tubers  of  Jerusalem  artichoke  (H.  tnberosua)  gathered  in  September  yield  a 
juice  which  is  strongly  lovogyrate,  is  only  partially  Uvown  into  alcoholic  fermentation 
py  beer-yeast,  and  when  1^  to  itself  solidifies  to  a  curdy  mass,  with  separation  of 
inulin.  The  juice  expressed  therefrom  deposits  a  further  quantity  of  inulin  on  addition 
of  alcohol ;  after  the  separation  of  the  inulin  it  is  optically  inactive,  and  ferments  wifji 
yeast  without  becoming  optically  active.    The  tubers  taken  up  in  March  or  April 
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yield  a  dextrop^yrate  juice,  which  is  free  from  inTilin,  and  yields  hy  fenMntatioii  m 
considerable  quantity  of  alcohol.  After  evaporation  it  yields,  on  addition  of  aloohoU 
a  gummy  precipitate,  the  aqueous  solution  of  which  is  optically  inacdye,  and  ferments 
without  alteration  of  this  property  {vid.  inf.).  The  alcoholic  solution  separated  from 
this  gummy  substance  is  dextrogyrate,  and  undergoes,  under  the  influence  of  adds  or 
of  yeiist,  the  same  transformation  as  cane-sugar,  yielding  inverted  sngar,  with  a 
rotatory  power  varying  according  to  temperature.  The  alcoholic  scdution  when 
evaporated  leaves  a  syrup,  from  which,  by  treatment  with  baryta  and  deoomposition  of 
the  resulting  precipitate  with  carbonic  acid,  crystallisable  cane-sugar  is  obtamod.  Tha 
tubers  gathered  in  September  yield  neither  sugar  nor  a  saocharate  when  thus  treated. 
Hence  it  appears  that  the  inulin  formed  in  the  early  stage  of  growth  is  afterwards 
converted  into  crystallisable  cane-sugar  and  an  nnerystallisable  optically  inactive 
sugar  (Dubrunfaut,  Compt.  rend.  bdv.  764). 

Ville  a.  Joulie  {Bull.  Soc,  Chim.  [3]  vii.  262),  by  repeatedly  treating  the  juice  of 
Jerusalem  artichoke  tubers  with  alcohol,  obtained  a  substance  which  uiey  designate 
as  levulin  ;  it  resembles  dextrin,  has  a  sweetish  taste,  is  solnble  in  water,  reduces 
alkaline  cupric  solutions  only  after  boiling  with  acids,  is  optically  inactive,  but 
becomes  strongly  IsBvogyrate  by  treatment  with  hydrochloric  add. 


Mm  €'*H**0*. — This  oomponnd,  the  glucoside  of  salicylol,  is  oonvertad 
by  digestion  in  aqueous  solution  with  excess  of  sodium-amalgam  into  saliein, 
C"H"0'  (Lesensko,  Zeitsekr.  Chem.  Pkarm.  1864,  p.  677).  According  to  Smarts 
(InslUut.  1865.  p.  325),  helidn  thus  treated  yields  helicoidin,  G*'H*«0*«  » 
2C'«H»»0'  +  H«. 

Helicin  treated  with  chlorides  of  acid  radidee  yields  substitution-prodncts  (Schiff, 
ZeiUchr.f.  Chem.  [2]  v.  1).  Acetyl  chloride  decomposes  it  even  at  ordinary  tempera- 
tores  ;  and  if  the  action  be  allowed  to  go  on  for  24  hours,  the  mixture  then  heated  to 
eo^*  and  mixed  with  ether,  tetracetyUhelicin,  C>*H"(G'H*0)«0',  is  dissolved,  and 
may  be  obtained  by  crystallisation  from  alcohol  in  shining  prisms.  Boiled  with 
absolute  alcohol,  it  yields  ethyl  acetate.  By  boiling  it  with  water  and  magnesia,  the 
whole  of  the  acetyl  is  removed  as  magnesium  acetate. 

Helicin  heated  to  60^  with  benzoyl  chloride,  is  converted  into  bauoyUhdiei^ 
C"H"(C'H*0)0*,  which  separates  as  a  white  crystalline  powder,  insoluble  in  other, 
slightly  soluble  in  water  and  in  alcohol,  and  converted  by  treatment  with  water  and 
sodium-amalgam  containing  a  small  proportion  of  sodium,  into  populin  (benaoyl- 
salicin).  Helidn  heated  with  bensoyl  cnloride  to  160*^-170^  yields  tttrabengoyl'kdieuit 
C"H"(C'HK))<0^  coloured  brown  by  secondary  products,  and  difficult  to  prify.  It 
is  soluble  in  alcohol  and  ether,  nearly  insoluble  in  water,  and  when  heated  in  a  sealed 
tube  with  hydrochloric  acid,  gives  up  the  whole  of  its  benzoyl  as  bensoic  add. 


C'"H**0*(NC*H*)''  is  prepared  by  ^ntly  heating  helicin  wiUi  aniline,  treating  the 
product  several  times  with  acetic  acid  to  remove  the  excess  of  aniline,  dissolving  the 
yellow  residue  in  alcohol,  adding  an  e<^ual  volume  of  ether,  filtering,  evaporating, 
dissolving  in  absolute  alcohol,  and  pounng  the  filtered  solution  .into  excess  of  cold 
water.  The  aniline  derivative  of  helidn,  C**H'*NO*,  then  separates  as  a  yellow 
powder,  which  turns  green  on  exposure  to  the  air,  is  insoluble  in  water,  very  soluble 
in  alcohol,  and  forms  with  concentrated  adds,  scarlet  solutions  which  are  decomposed 
by  water.  The  hydrochloric  solution  does  not  yield  a  platinochloride.  Bv  boiling 
with  acids  or  alluklis  it  is  resolved  into  glucose  and  salhydranHide,  CH^O^NCH*), 
which  latter  is  then  farther  resolved  into  its  constituents^  The  toMdm^  rfsrtsoliss  of 
helicin  is  similar  in  every  respect  to  the  aniline  derivative  (Schiff,  ZBittckr.  /.  Chem. 
[2]  iv.  638). 

The  acetyl  and  benzoyl  derivatives  of  helicin  gently  heated  with  aniline  and  toluidine 
yield  simiUr  derivatives.  TetraeetoMicinanilide,  C»H"(CH>0)«0«(NC*H*),  sepazates 
from  solution  in  hot  alcohol  as  a  white  crystalline  powder.  A  similar  compound  is 
formed  with  toluidine.  The  anilide  heated  to  about  160°  with  toluidine  yields  Mrs- 
eetohelieinanilotolwide,  C>"H"(C'H«0«)0'(NC*H*)(NC^'),  and  with  aniline  a  similar 
compound  containing  S  at.  NC*H\  Both  these  compounds  are  amovphons,  and  idien 
boiled  with  water  and  nuignesia  give  up  2  at.  acetyl  m  the  form  of  ntagnesiumsostate, 
while  theother  two  are  separated  as  acetanilids  and  acetotolttide.  Bensoyl-halicin 
and  tetrabenioyl-helidn  yield  analogous  compounds  with  anUine  and  toluidine  (Sduf^ 
ibid,  [2]  V.  51). 
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r,  C«*H«0%  and  MWKLMaomMEM^  C^H^^O**  (Husemann  a. 
Marm^,  Ann,  Ch,  Pharm,  cxxxv.  56). — Two  glucosides  existing  in  the  rootn  of  HeUe- 
boruB  niger  and  H,  viridia  and  determining  their  phTiiological  action.  Helleborin, 
which  occurs  but  rery  sparingly  in  black,  more  abundantly  in  green  hellebore,  is  iden- 
tical with  the  supposed  asotised  body  helleborine,  obtained  in  an  impure  state  from 
black  hellebore  by  Basdck  (iii.  140).  Helleborein  is  much  more  abundant  in  black 
than  in  green  hellebore,  but  occurs  in  considerably  larger  quantity  than  helleborin, 
eren  in  the  latter. 

To  prenare  helleborein,  the  aoueous  decoction  of  the  root  is  precipitated  with 
basic  leaa  acetate ;  the  concentrated  filtrate  is  freed  from  excess  of  lead  by  sodium 
sulphate  and  phosphate ;  the  precipitate,  after  being  repeatedly  pressed,  is  stirred  up 
with  alcohol  and  levigated  litha^,  dried  therewith,  and  exhausted  with  boiling 
alcohol ;  and  the  hellebore'(n  is  precipitated  from  the  strongly  concentrated  extract  by 
ether.  After  repeated  solution  in  alcohol  and  precipitation  with  ether,  it  crystallises 
gradually  from  uie  former  in  transparent  nodular  groups  of  mierosoopic  needles,  which 
on  exposure  to  the  air  cmmble  to  a  yellowish-white  hygroscopic  powder.  It  has  a 
sweetish  taste,  is  veiy  soluble  in  water,  somewhat  less  soluble  in  alcohol,  and  quite 
insoluble  in  ether.  The  aqueous  solution,  which  scarcely  reddens  litmus,  dries  up  to 
an  amorphous  yellowish  mass,  which  loses  its  water  at  110^-120°,  and  then 
exhibits  the  composition  above  given,  becomes  straw-yellow  above  160^,  brown  at 
220^-230^,  viscid  at  280^,  and  then  carbonises.  Strong  sulphuric  acid  dissolves  it, 
with  brown-red  colour,  gradually  changing  to  violet.  Alkalis  and  alkaline  earths  have 
no  action  upon  it.  By  boiling  with  dilute  acids,  it  is  resolved  into  hellebore  tin, 
Gi*H**0',  which  separates  as  a  dark  violet-blue  precipitate,  and  glucose,  which  remains 
dissolved : 

C««H«<0»»  «  C"H"0»  +   2C«H"0«. 

Hdleboretin  when  dried  forms  a  ^y-green,  amorphous,  inodorous,  and  tasteleiis 
powder  meltinff  above  200^,  insoluble  m  water  and  ether,  but  easily  soluble,  with  violet 
colour,  in  alcohol.  From  the  brown-red  solution  in  strong  sulphuric  acid  it  is  pre- 
cipitated by  water  in  its  ori^nal  state. 

Helleborin,  C**H^H>*,  is  best  prepared  firom  old  roots  of  green  hellebore.  The 
hot-prepared  and  strongly  concentrated  alcoholic  extract  is  repeatedly  agitated  with 
boiling  water ;  the  liquid  freed  from  supernatant  fatty  oil  is  evaporated ;  and  the 
helleborin  which  separates  on  cooling  is  washed  with  water  and  purified  by  recrystal- 
lisation  from  alcohol.  It  forms  shining,  white,  concentrically  grouped  needles,  insolu- 
ble in  cold  water,  slightly  soluble  in  ether  and  in  fixed  oils,  easily  soluble  in  boiling 
alcohol  and  chloroform ;  decomposes  when  heated  above  260®.  The  smallest  trace 
of  it  may  be  detected  by  its  reaction  with  strong  sulphuric  acid,  which  first  colours  it 
deep  red,  and  then  dissolves  it  with  the  same  colour.  It  is  a  stronger  narcotic  than 
helleborein,  and  its  alcoholic  solution  has  a  very  acrid  burning  taste.  It  is  resolved 
by  boiling  with  dilute  adds,  or  more  completely  with  a  concentrated  tolution  of  zinc 
chloride,  into  glucose  and  helleboresin,  C*H'"0*: 

C*H«0«  +   4H«0  -  C»H"K)*  +   C^"0«. 

The  helleboresin  separates  as  a  resinous  body  which  is  insoluble  in  water,  slightly 
soluble  in  ether,  easily  soluble  in  boiling  alcohol,  and  is  separated  therefrom  by  water 
as  a  white  flocculent  precipitate. 

MMBKM9tMtO  AOIA.  C**H**0*. — This  acid  is  produced  by  oxidising  opianic  acid 
(C**Hi*0*)  with  chromic  acid  mixture  (Ibtthiessen,  Proc.  Roy,  8oc,  xvii.  341).  It 
eiystallises  in  different  forms  with  ii  If  or  2\  mol.  w&ter ;  the  first  and  second  of  these 
hydrates  crystallise  in  the  monocfinie  system  (Matthiessen  a.  Fosti^r,  ibid,  xvi.  40^. 
Bespecting  its  reaetions  with  hydriodic  and  hydrochloric  adds,  see  iii.  142.  It  is 
not  reduced  to  opianic  add  or  meoonin  by  any  i«dudng  agents ;  neither  have  experi- 
ments to  fonn  o^anie  add  by  the  union  of  hemipinio  add  and  meconin  been  sucoessfril ; 
nor  has  hemipinic  add  been  oxidised  to  any  other  compound.  Heated  to  170^  it  gives 
off  water  and  leaves  an  anhydride,  C>*H*0*,  which  may  be  crystallised  unaltered 
from  absolute  alcohol,  but  when  treated  with  oidinaiy  spirit  of  90  p.  c.  it  forms  ethyl- 
hemipinic  add,  Ci*H*(G>H*)0*  (Matthiessen  a.  Wright,  iM.  xtii.  841). 

See  Caitnabis. 

Sepiane.  Htptyl  Hydnide*  (^H>*.— the  properties  of  this  hydlo- 
carboo,  obtained  fk«m  various  sources,  and  of  its  deritatites  C'H**,  G'&'*G1,  &c, 
have  been  examined  by  Schorlemmer  {Proe,  Roy.  8oe.  xiv.  164,  464).  The  specific 
gravities  and  boiling  pmnts  am  given  in  the  fbllowing  table : 
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TnrrnnlA 

Heiityl-ooinpotmdt  frooi : 

Fetroleam 

AMUdoaoid 

Etbyl-uajl 

MMM-liavl  ^ 

Boiling  point 
Sp.gr. 

98°  (91°) 
07U9  at  15-5<5 

100-60 
0  6840  at  20-6<> 

90-6° 
0-6819  at  186° 

90^ 
0-6789  at  19« 

1 

Boiling  point 
Sp.gr. 

96° 
07383  at  17'6° 

96« 
0  7026  at  19° 

94° 
0-7060  at  12-6° 

1 

j  C'H»*a 

1 

Boiling  point 
Sp.gr. 

149° 
0  8965  at  19* 

162° 
0-8737  at  18-6° 

147° 
0-8780  at  18-6° 

1 

Boiling  point 
Sp.  gp. 

164-6° 
0-8749  at  16° 

166-60? 
0-8286  at  196° 

164° 
0-8291  at  18-6° 

C»HK)r 

Boiling  point 
Sp.  gp. 

180° 
0-8868  at  19° 

181° 
0-8606  at  16° 

1790 
0-8707  at  16-6° 

The  ethyl-amyl  CH'.OH"  was  prepared  by  decompo«ing  a  miztim  of  ethrl  and 
amyl  iodides  with  sodinm,  treating  the  product  with  a  mixture  of  nitric  and  auphurie 
acids,  and  rectifying  over  sodium.  The  heptjfl  eklorids^  G'H^Cl,  prepared  ixom  it, 
was  resolved  (like  that  obtained  from  petroleum  heptane,  iii.  146),  by  heating  to  160^- 
180°  with  potassium  acetate  and  acetic  acid,  into  heptylene  and  hept^l  acetate.  The 
k^tyl  alcohof,  C'H"0,  prepared  from  this  acetate,  dissolves  in  strong  sulphuric  add, 
with  slight  browning,  and  formation  of  a  sulpho-acid  whose  barium  and  <^eiuin  salts 
are  not  ciystallisable.  By  oxidation  with  chromic  acid  mixture,  it  iiields  cenanthylic. 
acid,  together  with  a  little  cenanthol :  hence  it  is  a  primary  alcohol.  Heptane  prepared 
by  heating  azekic  acid  with  baryta,  CH'K)*  =  C'H'«  +  2C0«  (Dale,  Ckem.  Soe,  J,\2] 
ii.  268),  yields  by  a  similar  series  of  reactions,  a  prinuiry  alcohol  boiling  at  94°.  The 
portion  of  American  petroleum  boiling  below  100°  ^elds,  together  with  the  heptane 
boiling  at  98°,  another  isomeric  hydrocarbon  boiling  at  90^-92°  (see  also  Warrsn, 
Jakresb.  1866,  p.  616).  The  heptanes  from  acelaic  acid  and  ethyl-amyl  are  regarded  by 
Schorlemmer  as  distinctly  isomeric.  The  former  is  probably  the  normal  compomnd 
CH" — (CH*)* — CH* ;  the  latter,  if  prepared  from  ordinaiy  amyl-iodide  (p.  Ill),  must 
be  supposea  to  contain  the  group  CH(CH')*:  hence  its  constitutional  formula  is 
probably  CH«— (CHM*— CH(CH«)«. 

Fhthalic  and  terepntbalic  acids  heated  with  80  pts.  of  saturated  hydriodie  acid 
yield  heptane  boiling  at  91°-930 : 

C«H«0*  +  14HI  «  C»H>«  -f-  C0«  +  2H«0  +  7V. 

Toluene,  C'H',  similarly  ti-eated,  is  completely  converted  into  heptane ;  benaoie  acid 
also  yields  the  same  hydrocarbon  as  normal  product,  together  with  hexane,  CH*\  in 
consequence  of  the  previous  splitting  up  of  part  of  the  benzoic  acid  into  benzene  and 
carbon  dioxide  (Berthelot,  Jahre^.  1867,  pp.  346,  360).  Toluidine  and  paratoluidine 
heated  with  60  pts.  hydriodie  acid  are  almost  wholly  resolved  into  ammonia  and 
heptane  (Berthelot,  Compt.rmd.lxyiu.  606) :  C'H'N  +  lOHI  -  NH«  +  (TH"  +  6I«. 
Heptane  boiling  at  97*8°  is  found,  togetlier  with  heptylene,  C7H'*,  amnnnt  the 
hydrocarbons  pvoduced  bv  the  dry  distillation  of  the  Ume-soap  of  Menhaden  oil 
(Warren  a.  Storer,  2>ii9rhr.  f,  Ckem,  [2]  iv.  231). 

BSPmra  or  SepUne,  C'H>',  also,  but  inappropriately,  called  (EnamihffUdme, 
— A  hydrocarbon  homologous  with  ethine  or  noetvlene.  first  obtained  by  Limpricht 
(Jahrub.  1867,  p.  466) ;  more  completely  examined  by  Bubien  {Jum^  Ck.  Pkarm,  cxlii. 
224).  It  is  obtained  by  boiling  hentylene  chloride,  C*H*«a*  (iii.  148),  with  2  vol. 
concentrated  alcoholic  potash  for  twelve  hours  in  a  retort  with  upright  condenser, 
treating  the  product  with  water,  rectifying,  collecting  the  chlorohep^lene,  G*H*'C1, 
which  distils  above  120°,  and  repeatedly  heating  it  to  160^  in  sealed  tubes,  with 
^ooholic  potash.  On  subjecting  the  portion  of  the  oily  product  which  boils  below 
120°  to  repeated  fractional  distillation,  heptine  is  ultimately  obtained  as  a  transparent, 
colourless,  mobile  liquid,  boiling  at  106°-108°.  It  has  an  intensely  alliaceous  odour, 
is  lighter  than  water,  bums  wi^  a  smoky  flame,  and  dissolves  easily  in  alcohol,  ether, 
and  benzol.  Bromine  acts  violentlv  on  it  in  difilised  daylight,  forming  the  dibromide 
C'H'^Br* ;  with  excess  of  bromine  in  sunshine  the  tetrabromide  G^H>%*  is  produced. 
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which,  when  purified,  is  a  yellowish  oil,  smelling  like  fennel,  not  volatile  without 
decomposition,  easily  soluble  in  ether  and  benzol,  sparingly  in  alcohol.  Heated  with 
sodium  it  decomposes  and  takes  fire.  On  boiling  it  with  alcoholic  potash,  potassium 
bromide  is  slowly  deposited,  and  an  oil  is  formed  having  a  fiiint  alliaceous  odour. 

U#T  I  XXDSfl Mm  C^^*. — A  diatomic  radicle  related  to  heptylene  in  the  same 
manner  as  ethylidene  to  ethylene.  Several  diamines  containing  it  have  been  obtained 
by  Schiff  {Ann.  Ck,  Pharm.  Snppl.  iii.  843).  T^heptylulene-diamine,  C*>H**N<  » 
(C'H^/N*,  is  formed,  with  separation  of  water,  &c.,  on  passing  diy  ammonia  gas 
into  anhydrous  mnanthol :  3CH'*0  +  2NH«  -  8H»0  +  (C'H»«)"N».  It  is  a  yellow 
aromatic  oil,  which  distils  undeoomposed  above  400^,  and  does  not  unite  either  with 
adds  or  with  chlorides.  It  is  also  formed  on  agitating  cenanthol  with  aqueous 
ammonia,  or  heating  it  with  ammonium  carbonate  and  acetate.  IHananthylidene' 
diamyl-diamiM,  C««H*»N«  ==  ((rH")«(C*H»>)'N«,  produced  by  mixing  cenanthol  with 
amylamine,  is  an  oily  liquid  which  distils  with  partial  decomposition.  Several 
phenyl-diamines  containing  heptylidene  are  described  under  PBBKYLAMixnES  (iv.  468). 

BBBAOURIIK.  The  volatile  oil  obtained  ftom  the  fruits  of  the  cow-parsnep 
(HeraeUum  tpkondyHum^  L.)  bv  distillation  with  water  (80  lb.  of  the  fresh  ripe  fruits 
yielding  about  120  grms.  df  the  oil)  is  light  green,  mobile,  has  a  sp.  ppr.  of  0*864  at 
20**,  a  &int,  not  unpleasant  odour,  and  a  sharp  burning  taste.  It  consists  mainly  of 
octyl  acetate,  (^HK)*.C*H*\  which  may  be  obtained  pure  by  continued  fraction- 
ation of  the  portion  of  the  oil  passing  over  between  200^  and  212^.  This  ether 
yields  by  saponification  a  primary  octyl  alcohol,  C*H**0,  boiling  at  190^-192°, 
and  yielding,  by  oxidation  with  chromic  add,  an  add,  C*H*'0',  identical  or  isomeric 
with  the  canric  acid  of  natural  fats.    (See  Ocm.  Axxx>hol8.) 

The  portion  of  the  crude  oil  distilling  between  190^  and  196°  consists  mainly  of 
the  same  octyl  alcohol.  The  higher  fractions  yield  by  continued  fractional  distillation 
an  ethenal  liquid  boiling  between  268°  and  271®,  and  consisting  mainly  of  octyl 
caproate,  C«H"0■.C•H*^  The  add  C«H"0'  obtained  from  this  ether  by  saponi- 
fication is  identical  with  the  caproio  acid  obtained  from  natural  fats.  The  add  water 
obtained  in  the  distillation  of  the  fruits  contains  acetic  and  caproic  adds  (Zincke, 
Aim.  Ck.  Pharm.  dii.  1). 

MMMMOJBBUMfTMm  According  to  V.  von  Lang  (Phil.  Mag.  [4]  xxviii.  606),  the 
crystals  of  this  mineral,  hitherto  regarded  as  hexagonal  (iii.  160),  are  polysynthetic, 
being  composed  of  six  individuals  belonging  to  the  rhombic  system  and  united  by  the 
faces  odF. 

ITBilliWMIiWICHM.  A  silicate  of  unknown  composition,  occurring  in  very 
small  tabular  crystals  on  the  soH^lled  '  Eisenrosen '  from  the  Fibia  on  the  St.  Gothard« 
According  to  Kenngott  {Jahretb.  1863,  p.  802),  they  belong  to  the  rhombic  system; 
according  to  Hessenbeig  {ibid.  1866,  p.  924),  they  are  monoclinic 

C>«H»».— Syn.  with  Cbttl. 

CH^. — A  hydrocarbon  obtained,  together  with  others,  by  heating 
naphthalene  with  excess  of  silver  oxide  (Maumen^,  BvU.  8oo.  Chim.  [2]  vii.  72). 

See  MBTHTLSKB-COXFOtJKDS. 


or  HBZTIi  BTBXIBSf  C^*\  is  produced  by  the 
action  of  hydriodic  acid  at  280°  on  benaene :  C*H«  +  8HI  -  C^i«  +  41'  (Berthelot. 
Jakresb.  1867i  p.  346) ;  also  by  heating  suberic  acid  with  lime  or  baryta :  C"H**0* 
B  0*H**  +  2C0*.  The  Utter  product  has  the  same  spedfic  gravity  as  the  fi  hexyl 
hydride  of  Wanklyn  a.  Erlenmeyer  (Bale,  Chem.  8oe.  J.  [2]  ii.  268).  Hexane  is  also 
found  among  the  hydrocarbons  of  Menhaden  oil  (p.  696).  Hexane,  like  all  the 
paraffins,  is  but  slowly  attacked  by  potassium  permanganate,  yielding  a  mixture  of 
fatty  acids  apparently  containing  caproic  acid  (Berthelot). 

MMMIMMm  OH**.  Sexiine.  HexoyUne. — A  hydrocarbon,  homologous  with  ace- 
tylene, and  isomeric  with  diallyl  (p.  92),  produced  by  heating  bromhexylene,  C*H"fir, 
to  160°-160°  in  sealed  tubes  with  alcoholic  potash.  It  is  a  colourless  liquid,  having 
a  pungent  alliaceous  odour,  sp.  gr.  0*71  at  13°,  and  boiling  at  about  80^.  Vapour- 
densily  2*8872  (obs.  2*7988).  With  bromine  it  behaves  like  valerylene  (v.  98i), 
forming  a  liquid  dibromide,  CH'^Br*,  or  a  crystallisable  tetnibromide,  C^"Br*, 
according  to  the  proportion  of  bromine  used  (Caventou,  Compt.  rend.  lix.  449. 
Beboul  a.  Truchot,  iJtnd.  Ixv.  73). 
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C*H>K)  -  C«H**(OH).— There  nifty  be  thiee  primaty 


hexjfl  alookola,  viz., 

CH«CH«CH«CH«CH» 
H«  C 

I  OH 


C 


( CH«CH«CH(CH«)«  ( CH«C(CH»)« 

H«  cJh« 

,0H  lOH 

Amyl  carbinoL                          fi  Amyl  oarbinoL  y  Amyl  carbfnoL 

The  hezyl  alcohol  of  fennentation  (boiling  at  148^-154^)  discovered  by  Faget  is 
probably  the  second  of  these,  being  the  homologoe  of  ordinaiy  amyl  alcohol.  Thq 
nezyl  alcohol  obtained  by  Pelonae  a.  Cahoon  (iii.  152)  from  the  heautne  of  American 
petroleum  boils  at  1 60^,  and  is  probably  the  flnt  modification.  A  primary  hezyl 
alcohol,  also  boiling  at  150^,  has  been  obtained  by  Bossi  (Ann.  Ch.  Fkarm.  cxxxiii. 
178),  by  the  action  of  sodium-amalgam  on  caproic  aldehyde,  CH'^O  (prodnoed  by 
distilling  calcium  caproate  with  calcium  formate).  A  hexyl  alcohol,  perhaps  aim 
primary,  is  formed,  according  to  B^amp,  in  small  quantity  by  the  fermentation  of 
ethyl  alcohol  in  contact  with  chalk  of  Sens  and  syntonin  (see  FsBMEirr^Tioir, 
p.  614) :  3C«H«0  -  2H«0  +  C«H»H). 

Of  secondary  kexyl  alookoU  there  are  two  principal  modifications,  viz.. 


C 


0«H» 
C»H» 
H 
OH 


rcH« 

OH* 

H 

OH 


Bthyl-pronrl  Ifethyl-batyl 

carbtnol  oerUnol, 

the  first  being  ftuther  susceptible  of  two  modiflcaitions  accordingly  as  the  radicle  C*H' 

consists  of  propyl  or  isopropyl,  and  the  second  of  three  similar  modifications  accord- 

ingly  as  the  radicle  C«H»  consists  of  butyl,  (CH*)«CH«.  or  of  /8-butyl,  CH«CH(CH')«. 

or  7-butyl,  C(CH«)«. 

Only  two  distinct  secondary  alcohols  hare,  however,  been  obtained — nambly,  that 

which  Wanklyn  a.  Erlenmeyer  prepared  by  treating  the  hexyl  iodide  produced 

by  the  action  of  hydriodic  acid  on  mannite  with  water  and  silver  iodide  (iii.  162) ; 

and  that  obtained  in  like  manner  by  Wurtz  from  the  hezyl  iodide  resulting  from 

the  action  of  hydriodic  acid  on  the  hezylene  occurring  amongst  the  products  of 

the  distillation  of  amyl  alcohol  with  zinc  chloride  (p.  699).     The  first  of  those 

alcohols  boils  at  137°»  the  second  between  120®  and  130^ ;  but  the  difference  of  their 

structure  has  not  been  ezactly  made  out.    That  obtained  from  mannite  yields,  by 

ozidation,   a  ketone  consisting  either  of  methyl-valeryl   or  methyl-butyl  ketone, 

{ CH'  ( CH* 

C0Jq42^  or   of  ethyl-butyryl   or  ethyl-propyl  ketone,  CO]q,ct»;  the  ozidation- 

products  of  Wurtz's  alcohol  have  not  been  studied. 
Of  tertiary  hexyl  alcokoU  there  axe  two  principal  modifications,  viz., 

(  CH«  (  C«H' 

C\iCm*Y  CJ(CH«)« 

(OH  I  OH 

Hathyl-diethyl  Propyl-dlmethyl 

osrbiiiol  osrUnol, 

the  second  being  further  susceptible  of  modification  accordingly  as  the  radicle  C*H' 
consists  of  propyl  or  isopropyl. 

Metkyl-diethyl  oarhinol  is  (obtained  by  treating  acetyl  chloride,  COCH'Cl,  with  rinc- 
ethyl ;  leavinff  the  product  for  several  days  till  it  has  become  viscid ;  then  heating  it  in 
the  water-bath ;  mizin^  it  with  water,  whereupon  it  evolves  combustible  gases ;  acidu- 
lating with  hydrochloric  acid  ;  and  distilling.  The  tertiary  alcohol  then  passes  over, 
and  olStKC  being  freed  from  an  admized  ketone  by  agitation  with  sodium  bisulphite, 
may  be  purified  by  distillation  over  ignited  potassium  carbonate.  Promfi-dimetkyl 
oariinol  is  prepared  in  the  same  manner  with  Vntyxyl  chloride,  C0C*H'C1,  and  zino- 
methyl. 

The  tertiary  hezyl  alcohols  thus  obtained  are  similar  in  their  properties  to  tertiary 
butyl  alcohol  (p.  374).  They  are  rather  viscid,  lighter  than  water,  and  somewhat 
soluble  therein,  have  an  alcoholic  and  camphorous  odour,  and  do  not  solidify  in  a 
freezing  miztore*  With  phosphorus  pentflichloride  they  yield  the  tertiary  cUoridm 
CH*(C>H*)>.OCl  and  CH'(CH*)*.CCl,  which  aro  liquids  having  peculiar  disagree- 
able odours,  and  boiling,  with  decomposition,  the  former  at  1 10°,  the  latter  at  100°. 

Methyl-diethyl  earbinol  ozidised  with  a  miztun  of  3  pts.  potassium  dichromate, 
1  pt  sulphuric  add,  and  2  to  4  pts.  water,  yields  (together  with  carbon  diozide  and  a 
hydrocarbon  resembling  hei^lene)  only  acetic  acid ;  propyl-dimethyl  earbinol  yields  in 
like  manner  acetic  and  propionic  acids. 
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If  the  product  of  the  action  of  lino-ethyl  on  acetyl  chloride  be  treated  with  water 
immediately,  instead  of  being  fizet  left  to  itself  for  some  days,  it  yields  propyl^metkyl 
heton€,  CO.CH'.CH',  instead  of  the  tertiary  alcohol ;  and  the  product  obtained  with 
bntyiyl  chloride  and  nnc^methyl,  if  immediately  treated  with  water,  yields  pnypyU 
tOjfl  keUme,  CO.C!H^C>H*  (Buttlerow,  BulL  800.  Ckkn,  [2]  y.  17;  Jakrub,  1866, 
p.  461). 

MMJLWMaMMMm  CH". — ^This  hydrocarbon  admits  of  sereral  isomeric  modifications, 
acoordin^  as  each  atom  of  carbon  is  nnited  at  most  with  two  othen,  or  with  three, 
or  with  four.  (See  Htdbocabbohs.)  There  are  two  modifications  in  which  neither  of 
theearbon-atoma  is  associated  with  more  than  two  others,  viz.  normal  hezylene, 
(CH*Y,  homologous  with  ethylene ;  and  hezylidene,  CH* — (CH*)^ — CH,  homologous  with 
ethybdene.  Normal  hexylene  does  not  appear  to  hare  been  obtained.  Uexylidene  is 
jffoduoed  by  heating  dichlorhezane  (hezylidene  chloride),  C*H"C1*,  to  90°  with  sodium, 
adding  the  metal  by  small  quantities  at  first,  and  applying  a  stronger  heat  when  the 
first  violent  action  is  over.  Hexylidene  and  unalterad  dichlorhexane  then  pass  orer 
together,  and  may  be  separated  by  fractional  distillation.  Hezylidene  boils  between 
68°  and  71°,  has  a  sp.  gr.  of  0*702  at  0°,  unites  with  bromine  with  a  hissing  noise, 
prodndng  a  heavy  limpid  liquid.  Heated  with  excess  of  fuming  hydrochloric  acid  to 
160°,  it  is  almost  wholly  converted  into  hezyl  chloride,  C*H'*C1,  boilinff  between  126° 
and  130°,  having  a  sp.  gr.  of  0*892  at  23°,  and  identical  with  that  which  Pelouze  a. 
Cahours  obtainwl  by  tne  action  of  chlorine  on  hexane  from  American  petroleum. 
This  chloride  heated  to  160°  with  lead  acetate  is  converted  into  hexyl  acetate, 
CH^'.CHK)',  without  a  trace  of  hezylene;  and  the  acetate  treated  with  potash 
yields  normal  hexyl  alcohol  identical  with  that  obtained  by  Pelouze  a.  Cahours 
(Geibel  a.  Buff,  ZeiUchr,/,  Ckem.  [2]  iv.  179  ;  Buff,  ilrid.  730): 

CH«  CH»  CH« 

(CH*)«  (CH«)*  (CH«)* 

CH  CHHCl  CHK)H 

Hezylidene.  Hezyl  chloride.  Hezyl  AlcoboL 

Hezylenes  yielding  secondary  hezyl  alcohols  are  obtained :  a.  Together  with  other 
olefines  and  several  paraffins,  by  distilling  amyl  alcohol  with  sine  chloride :  B.  P. 
60°-70°  (Wurtz). — /3.  Bj  decomposing  secondary  hezyl  iodide  (from  mannite)  with 
potash:  B.  P.  68°-70°  (Wanklyn  a.  Erlenmeyer,  iii.  165).— 7.  By^distilling  phenose, 
(C«H«)*^OH«),  or  the  corresponding  trichlorhydrin,  (C^H«)'«C1«(0H)«,  with  hydriodic 
add,  whereby  hexylene  hydnodide  or  secondary  hexyl  iodide  is  obtained: 

C»H»K)«  +   18HI  -  C«H»«.HI  +   eH«0  +  6I« 


C«H»C1«0»  +   13HI  -  C«H»».HI  +   3H«0  +   8HC1  +  6I«; 
Triahlortiydria 

and  heating  the  hydriodide  thus  obtained  with  alcoholic  potash  :  hexylene  then  passes 
over,  boiling  at  68^>70°  (Oarius,  ilnn.  Ch,  Pharm,  cxxxvi.  823). — 8.  Diallyl  dihydriodide, 
CH'*.2HI,  heated  with  sodium,  or  better  with  an  alloy  of  tin  and  sodium  containing 
a  large  proportion  of  the  latter,  is  partly  converted  into  hexylene  boiling  at  68°-70°, 
and  having  a  sp.  gr.  of  0*6937  at  O^'  (Wurtz,  Jahreab.  1864,  p.  612) : 

CW.B*V  +  Na«  -  2NaI  +   C«H»». 

Hexylene  prepared  from  mannite,  or  from  the  hexyl  chloride  obtained  with  American 
petroleum,  is  converted  by  careful  admixture  with  bromine  into  a  red  liquid  not 
volatile  without  decomposition,  which  when  heated  with  silver  acetate  suspended  in 
ether,  and  subsequently  distilled,  yields  hexylene  diacetate.  togetlier  with  a  liquid 
boiling  between  800°  and  820°.  Hezylene  diacetate,  C•H>'.(C■H«0*)^  is  a  colourless 
oily  liquid,  insoluble  in  water,  having  a  sp.  gr.  of  1*014  at  0°,  and  boiling  between 
216°  and  220°.  By  carefully  treating  it  with  recently  ignited  and  pulverised  potassium 
hydrate,  and  distilling  the  resulting  alkaline  mass,  hezylene  alcohol  or  hezylene 

glycol,  C'H'^O*  =  C^>«(OH)«  -  ^^^"^  |o«,  is  obtained  as   a   thick,  colourless 

liquid,  miscible  in  all  proportions  with,  water,  alcohol,  and  ether,  having  a  sp.  gr.  of 
0*9669  at  0°,  lud  boiling  at  about  207° ;  that  is  to  say,  a  few  degrees  lower  than 
the  isomeric  compound  diallyl  dihydrate,  C«Hi«.2H"0  (p.  94),  and  20°  to  25°  higher 
than  amylene  glycol. 

Hezylene  glycol  dissolves  completely  in  very  strong  hydrochloric  acid,  forming  a 
liquid  which  gradually  turns  brown,  and  from  which,  especially  when  heateil,  there 
separates  a  black  liquid  boiling  between  100°  and  260°,  but  not  containing  hezylene 
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dichloride.  The  hydrochloric  acid  ftolution  distilled  with  potash  yields  hezylene 
oxide,  C*H*K),  boiling  at  lld^'.  Hexylene  glycol  heated  to  100®  with  conoeiitmted 
hydriodic  acid  yields  a  brown  solution,  from  which,  after  neutralisation  with  potash, 
hezylene  monohydriodide  or  secondary  hezyl  iodide,  CH**.  HI  or  CH^ 
(boiling  between  165^  and  170®),  is  obtained  by  distillation  : 

C«H"(OH)«  +   SHI  =  C^"I  +  2H'0  +   V. 

!H* 
rOHV  (P*  ^'^^'  isomeric  with  hezylene  f^ycol,  is  oon- 

!H' 
J,  * 

Hezylene  monohydriodide  treated  with  dry  silver  benzoate  immediately  yields  a  eeitain 
quantity  of  hezylene  (Wurtz,  Ann.  Ch.  Phyt.  [4]  iii.  129 ;  BvU.  6oe.  Ckim.  [2]  ii.  161 ; 
Jakra^.  1861,  p.  61/)). 


AOIB,  CH*NO*,  has  the  composition  of  bensamidoglyoollie  add, 
C^H*(C'HK))NO',  and  is  isomeric  with  aeetamidobenzoic  or  aoetozyl^nsamie  acid, 
C'H*(CH'0)NO'  (ii.  699  ;  ir.  291).  It  is  formed  in  small  quantity  by  the  action  of 
bensamide  on  chloracetic  acid  at  150^^- 160®  (Jacukowitsch,  Bv^.  8oe.  Ckim.  [2]  riii. 
861): 

C«H"C10>  +   (C'H»0)H«N  -  Ha   +   C»H*(C'HH))NO». 

According  to  Schulsen  a.  Naunyn  (Zeitschr,/.  Chem.  [2]  iy.  29),  hippnric  acid  is  found 
in  the  unne  in  considerable  quantity  after  2  or  3  gnns.  of  toluene  haye  been  swallowed. 
According  to  Graebe  a.  Schultzen  (ibid.  iii.  417),  cinnamic  and  mandelic  adds,  alter 
passing  through  the  organism,  appear  in  the  urine  as  hippuric  add ;  chlozobenzoic  add 
as  chlorohippuric  acid. 

A  dilute  solution  of  sodium  hiptrarate  mized  with  a  nearly  neutral  solution  of  ferric 
chloride  yields  a  xream-coloured  precipitate  of  ferric  hippurate  containing 
Fe*0*.2G»H><N>0*,  the  acid  liquid  filtered  therefrom  containing  free  hippuric  acid. 
The  precipitate  is  not  quite  insoluble  in  water,  especially  in  presence  of  fn^  hippuric 
add,  and  moderately  soluble  in  excess  of  ferric  chloride.  On  heating  the  recently 
precipitated  and  still  moist  salt  just  mentioned,  hippuric  add  separatee,  and  a  more 
basic  salt  is  formed  containing  2F*0*.dCi^H'«N*0*.  This  latter  is  also  sometimes 
produced,  together  with  the  former,  on  mizing  yery  concentrated  solutions  of  sodium 
nippurate  and  ferric  chloride  (Salkowski,  ZeiUchr.f.  Ckem.  [2]  iy.  318^. 

when  Bodium-amalffam  is  gradually  added  to  a  boiling  aqueous  solution  of  hippnric 
acid  addulated  with  hydrochloric  add,  glycocine  is  formed,  together  with  benzyl 
alcohol,  a  white  crystalune  compound,  C**H*^0'  (identical  with  that  which  is  obtained 
in  like  manner  from  benzoic  add,  p.  807)f  and  a  gummy  nitrogenous  acid  apparently 
related  to  hippuric  acid  in  the  same  manner  as  hydrobenzoic  to  benzoic  add  (M. 
Herrmann,  Afm.  Ch.  Pkarm.  czzziii.  886).  In  alkaline  solution,  on  the  other  hs^d, 
hippuric  acid  is  converted  by  sodium-amalgam,  first  into  hydrobeniuric  add,  and  by 
further  action  into  hydrobenzyluric  add  and  glycodne  (Otto,  p.  708) : 

2C»H»N0»  +  8H«  -  C"H"N«0« 
Hippniio  Hydrobeniorio 

acid.  add. 

and 

C"H"NW  +     H«     =     C"H"NO«     +     C«H»NO* 
Hydrobennirlo  Hydrozybenzarilic         Glyoodne. 

acid.  acid. 

Bromhipj^urie  aeidt  C*H"BrNO*,  is  obtained,  by  treating  a  boiling  alcoholic 
solution  of  hippuric  acid  with  bromine,  adding  water,  and  evaporating  to  one  half, 
as  a  crystalline  deposit  made  up  of  small  needles.  It  dissolves  in  hot  water,  alcohol, 
and  ether,  much  more  eadly  than  in  the  same  liquids  when  cold ;  gives  off  bromine 
on  exposure  to  moist  air ;  and  when  heated  with  hme,  gives  off  first  benzoic  acid  and 
then  a  violet  oil.  The  strongly  acid  solution  is  not  predpitated  by  ealdum,  barium,  or 
copper  salts.  The  potassium  and  sodium  salts  are  not  crystallisable.  llie  ealdum 
salt,  (C*H'BrNO')*C«,  forms  slender  needles  easily  soluble  in  hot  water  (J.  Kaier, 
8iU.  Am.  J.  [2]  xxxix.  208). 

JDiaMohippurie  acidt  C*H'N'0*,  is  obtained  as  a  nitrate  by  the  prolonged 
action  of  nitrous  add  on  amidohippuric  add  (iii.  160) : 

C»H»«NK)«  +  NHO«  -  C»HW0»  +   2H«0. 

The  nitrate  C*H*N^O'.NHO',  which  is  explosive,  czystallises  in  white  prisms,  and 
dissolves  easily  in  water.  The  aurochloride  C'H'K'O' .  HCl .  AuCl*  and  the  platino- 
chloride  are  cryetallisAble  (Griess,  Jahretb.  1862,  p.  260). 
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lodkippurie  aeid,  CH^INO",  is  produced  by  the  action  of  aqueous  hydriodie 
acid  on  sulphate  of  diaaohippurie  acid,  and  separates  in  coloured  crystalline  masses, 
-which  may  be  purified  by  solution  in  ammonia,  decolorisation  with  animal  charcoal, 
and  precipitation  with  hydrochloric  add.  It  forms  laminiB  resembling  naphthalene, 
easily  soluble  in  cold  alcohol  and  ether,  modezately  soluble  in  hot  water,  nearly 
insoluble  in  cold  water.  Its  ammonium  salt  forms  a  white  jxrecipitate  with  silver 
nitrate  (Oriess,  Zeitsckr.  f.  Ckem.  [2]  iy.  726).  Another  modification  of  this  acid  is 
obtained,  like  the  brominated  acid,  by  treating  a  boiling  alcoholic  solution  of  hippurie 
acid  with  iodine.    It  forms  white  needles  which  react  like  the  brominated  acid.    All 


C«H«I(C'HK))NO« 
of  iodobenzoie  add. 

Oxyhippuric  aeid^  C*H*NO^,  is  produced  by  heating  the  aqueous  solution  of 
diazohippune  sulphate  to  the  boiling  point,  neutralising  with  ammonia  as  soon  as 
the  evolution  of  nitrogen  ceases,  eraporating  at  100^,  and  predpitating  with  hydro- 
chloric add.  It  crystallises  in  colourless  needles,  easily  sduDle  in  hot  water,  alcohol, 
and  ether,  sparingly  soluble  in  cold  water.  The  aqueous  solution  is  decomposed  by 
nitric  add  (Griess,  ioe.  cit). 


The  bitter  principle  of  hops  (lupuUte)  may  be  obtained  in  the  ciystalline 

state  as  follows :  Fresli  hops  are  exhausted  with  four  times  their  wdght  of  ether ; 
the  blackish  residue  left  on  evaporating  the  ethereal  solution  is  treated  with  cold 
alcohol  of  90  p.  c ;  the  liquid  filtered  from  the  undissolved  myridn  is  freed  from 
alcohol  by  distillation ;  and  the  residue  is  redissolved  in  ether.  The  ethereal  solution 
is  agitated,  first  with  strong  potash-ley  (till  the  latter  is  no  longer  coloured  yellow), 
then  with  pure  water,  which  dissolves  out  the  bitter  prindple  in  combination  with 
potash;  the  aqueous  solution  is  predpitated  with  cupric  sulphate;  and  the  blue 
predpitate  is  washed  with  a  little  ether,  then  dissolved  in  more  ether,  and  decomposed 
by  hydrogen  sulphide.  The  solution,  filtered  from  the  copper  sulphide  and  evaporated 
to  a  syrup  in  a  stream  of  carbon  dioxide,  gradually  yields  the  hop-bitter  as  a 
crystalline  mass,  which  may  be  freed  from  the  brown  mother-liquor  by  repeatedly 
moistening  it  with  nitrobensol  on  a  plate  of  gypsum.  The  pure  white  crystals  thus 
obtained  become  soft  and  yellow  on  exposure  to  the  air ;  and  on  recrystallising  them 
from  ether,  large  ver^  brittle  rhombic  prisms  are  obtained,  covered  with  a  layer  of 
the  same  substance  in  the  amorphous  state.  The  bitter  principle  is  insoluble  in 
water,  but  very  soluble  in  alcohol,  ether,  chloroform,  carbon  bisulphide,  benzol,  and 
oil  of  turpentine ;  the  alcoholic  solution  diluted  with  water  has  a  pure  and  pleasant 
bitter  taste  and  a  distinct  acid  reaction.  The  potash-ley  which  has  been  shaken  up 
with  the  ethereal  solution  in  the  process  above  described  contains,  besides  resin,  a 
second  body,  which  crystallises  in  white  needles  melting  above  110°,  and  likewise 
unites  with  cupric  oxide  (Lermer,  Dingl.  pel.  J.  clxxix.  64). 

According  to  Leuchs  (J.  pr,  Chem.  ci.  187),  the  aqueous  infiision  of  hops  loses  its 
bitter  taste  by  the  action  of  redudng  agents,  such  as  sulphurous  acid,  aldehyde,  and 
formic  add. 

For  analyses  of  the  ash  of  hops,  see  Lermer  (Jahreab.  1864,  p.  609),  Wheeler 
(«71  pr.  Chem.  xdv.  885 ;  Jahresb.  1865,  p.  636). 

BOBWB&aVBB.  For  analyses  of  this  mineral,  see  Jakreab.  1862,  p.  725  ;  1864, 
pp.  836,  837  ;  1866,  926  ;— of  hornblende  rock :  itrid.  1867,  pp.  1014,  1017,  1026. 


[O  JLCIB.  C«»H*«0«  (Carius,  Ann.  Ch.  Pharm.  cixxix.  168).— The  anal 
glandular  pouches  of  the  striped  hysena  contain  a  pale  yellow  buttery  mass  smelling 
slightly  like  musk,  and  consisting  of  the  glyceride  of  this  acid,  together  with  palmitic 
and  oleic  acids.  The  separation  and  purification  of  the  add,  whidi  is  present  in 
small  quantity  onl^,  depend  upon  its  comparatively  sliffht  solubility  in  alcohol,  and 
on  the  fact  that  it  is  precipitated  by  lead  acetate  from  a  hot  alcoholic  solution  slightly 
acidulated  with  acetic  acid,  sooner  than  palmitic  acid,  while  the  oleic  acid  remains 
entirely  in  solution. 

Hysenic  add  resembles  cerotic  add  more  than  any  other  add  of  the  series  OH^O* ; 
it  is  but  slightly  soluble  in  cold  absolute  alcohol,  and  separates  from  solution  in 
boiling  alcohol  in  granules  appearing  under  the  microscope  to  consist  of  groups  of 
very  slender  mostly  curved  needles ;  in  ether  it  is  very  slightly  soluble.  When 
heated  it  assumes  a  soft  waxy  consistence  long  before  fusion,  which  takes  place  at 
77^-78^ ;  at  75°  it  again  becomes  waxy,  and  when  cooled  to  the  ordinary  temperature, 
hard  and  friable.  The  acid  thus  solidified  eoLhibits  under  the  microscope  the  same 
forms  as  the  add  crystallised  from  alcohol.    The  alcoholic  solution  has  an  add 
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rmction.  The  saltfl,  which  are  insolnhle  in  water,  are  not  deoompoeed  by  aeetie  add; 
the  potanium  and  Bodinm  salts  form  clear  solntiona  only  with  a  Tery  small  ^naotity 
of  warm  water,  an  acid  salt  being  precipitated  even  on  slight  dilntioiL  The  inaohible 
hysnates  are  also  converted  into  acid  salts  by  treatment  with  a  laige  quantity  of 
water.  The  calcium  salt  (C**H**0')'Ca  is  a  white  crystalline  powder,  melting  at  9<^, 
slightly  soluble  in  hot  alcohol.  The  iead  aaU  (C^WH>*f¥h  is  a  white  Tsry  bnlky 
precipitate,  likewise  rery  aparingly  soluble  in  hot  aleohoL  Whether  the  hymnk  add 
is  a  constituent  of  the  &t  of  the  hysena  in  general,  or  peculiar  to  the  secretion  abore 
mentioned,  is  a  question  not  yet  decided. 


WWAX^wmAMM*    Far  analyses  of  this  mineral,  see  Jakrttb.  186ft,  p.  988; 
67.  P.  982. 


1867,  p.  982. 


lAVTOZO  AOD,  O&TOO&miEO  AOIBi  or  02 

CH'N'O*  -  COH"(C^*0>)K*.— An  acid  containing  the  elements  of  hydantou 
plmt  H'O;  produced:  1.  By  the  action  of  potash  or  barjrta-water  on  hydaabii 
(Baeyer,  iii.  177). — 2.  Together  with  urea,  by  boiling  glyooluril  with  baryta-watsr 
(Rheineck,  y.  960) : 

C«H«N«0«  +  2HK)  -  C«H«NK)»  +  OOH«N«. 
8.  By  heating  bromaoetyl-urea  with  aqueons  ammonia  (Baeyer,  JahrtA,  1864,  p.  686) : 

COH«(C*H«BrO)N«  +  NH«  +  H'O  -  NH*Br  +  COH«[C«H«(OH)0]N». 
4.  By  heating  glyoocine  with  a  slight  excess  of  urea  (Heints,  ihid.  1866,  p.  860) : 

C*H»NO«  +  COH«N«  -  NH»  +  COH»(C«H»0«)N«. 

Hydantoic  arid  obtained  by  decomposing  its  barium  salt  with  sulphuric  add 
erystallises  in  laxge,  transparent,  colourless,  mostly  unsymmetrieally  deyeloped 
monoclinic  prisms  exhibiting  the  combination  ooP  .  ^  P  .  (2Poo  )  .  oP.  Batao  of 
dinod.  to  orthod.  to  principal  axis  s  0*662  :  1  :  r685.  Acute  angle  of  axes 
*  81^  0'.  Cleavage  perfect  parallel  to  oP.  All  the  hydantoates,  even  the  silver 
salt,  are  easily  soluble  in  water,  and  only  some  of  them  crystallise,  the  rest  drying  i^ 
to  amorphous  masses.  The  potasrium  salt  0"H*N*0'K,  evaporated  over  siilphune 
acid,  forms  microscopic  six-sided  tables  and  rhombohedrons ;  the  todium  §aU 
C*H*NK)'Na  +  H*0,  extremely  soluble  silky  needles,  which  do  not  give  oif  water  at 
183^;  the  ammonium  salt  C*H*NK)'(NH«)  +  H>0,  laige  crystals,  developed  bice 
augite  at  one  end  only,  and  becoming  opa(^ue  from  loss  of  ammonia.  The  tuvfr  salt 
crystallises  in  small  indistinct  laminae,  which  blacken  on  exposure  to  light  The  Uad 
salt  (0'H*N*0*)'Pb  +  3H*0  crystallises  in  nodular  groups  of  needles  very  soluble 
in  water,  insoluble  in  alcohol  of  90  p.  c,  becoming  anhydrous  at  120°  (Hersog, 
Ann.  Ch.  Pharm.  cxxxvi.  276). 


^OZW,  C*H«NK)>,     or    Olycolyl-itrm,    CH>(0>HK>)'7rK).— Produeed : 

1.  Together  with  urea,  by  the  action  of  hydriodic  acid  on  allantoSa. — 2.  Together 
with  a  small  quantity  of  allanturic  add,  by  the  action  of  hydriodic  add  upon 
alloxanic  add  (iii.  177). — 8.  By  heating  bromaoetyl-urea  for  several  hours  to  100° 
with  alcoholic  ammonia : 

CH«(C«H«BrO)N»0  +  NH«  -  NH«Br  +  CB*((?HH})1PO, 

On  evaporating  the  liquor  to  dryness,  washing  the  residue  with  a  little  cold  water, 
boiling  it  with  water  and  lead  hydrate,  and  removing  the  lead  from  the  filtrate,  the 
h^dantoin  separates  in  colourless  spicular  crystals.  It  is  neutral,  has  a  sweet  taste, 
dissolves  easily  in  hot  water,  melts  at  206°  to  a  colourless  liquid,  which  solidifies  to  a 
crystalline  mass  at  167°  (Baeyer,  Jahrssb,  1864,  p.  637). 

Ethyl'hydanto'in,     C*H«(C«H»)N«0«.— Produced,  together  with  another  body 
sparingly  soluble  in  alcohol,  by  melting  ethyl-glycocine  with  urea : 

C«H*(C»H»)NO»  +  COH*N«  «  C«H^C"H»)N*0«  +  NH«  +  HH). 

It  crystallises  from  water,  or  from  ether-alcohol,  in  large  well-defined  rhombic  prisms  of 
76°  60',  which  appear  tabular  from  truncation  of  the  acute  prismatic  edges  (at  an 
angle  of  128°  25') ;  dissolves  very  easily  in  water  and  in  alcohol,  somewhat  less 
easily  in  ether ;  reacts  neutral,  and  does  not  unite  either  with  bases  or  with  adds. 
It  melts  at  the  heat  of  the  water-bath,  and  solidifies  again  but  slowly ;  by  continued 
heating;  it  sublimes  as  a  crystalline  deposit  (Heints,  Ann.  Ch.  Pkirm.  cxxxiii.  66; 
Jahresb.  1865,  p.  359). 
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the  products  of  the  action  of  nMcent  hydrogen  on  solphocyanic  acid :  SCNH  +   2H* 
«  MH>  +  CH<S  (Hofmann,  ZdUckr,/,  Chem.  [2]  iy.  689). 

Syn.  with  Mamdxuo  Acid  (iii.  799). 


and  VWLAMQtJmMMm  Frangulin,  the  yellow  colouring 
matter  of  the  bark  of  the  berry-bearing  alder  {Rhamnns  Franaula),  has  lately  been 
ezunined  by  A.  Faust  {Zntaehr.f,  Chem.  [2]  v.  17),  who  finds  that  in  the  pure  state, 
as  prepared  by  Casaelmann's  process  (ii.  706),  it  has  the  composition  C**K'*0'%  and 
that  it  is  a  glocoside,  being  resolred  by  acids  into  sugar  and  frangulic  acid : 

C»H»Ow  +  H«0  -  C«H"0«  +  C'*H»«0*. 

Framguik  add,  C'*H*'0*  +  HK),  may  also  be  prepared  directly  fi\)m  the  bark  by 
boiling  it  with  water  containing  soda  instead  of  ammonia,  as  in  the  preparation  of 
fraogolin.  It  is  an  orange-yellow,  loosely  coherent,  crystalline  mass,  appearing  under 
the  microsoope  to  be  composed  of  long  prisms.  It  melts  between  246^  and  248^,  and 
gives  off  its  water  of  crystallisation  at  120^ ;  dissolTes  slightly  in  water,  chloroform, 
and  beniol,  easily  in  aloohol  and  ethers.  Alkalis  dissolve  it,  fbrming  solutions  of 
a  fine  red  colour,  ttom  which  acids  precipitate  it  unaltered.  From  its  slightly 
ammoniacal  solution,  it  is  precipitated  by  aUoiline  earths  and  by  many  metallic  salts. 
It  disBolTes  in  fuming  nitiric  acid,  and  the  solution  when  diluted  and  evaporated, 
leavee  a  red  mass,  probably  identical  with  the  nitrofrangulic  acid  which  Casselmann 
obtained,  together  with  oxalic- acid,  by  the  action  of  fuming  nitric  acid  upon  frangulin. 
Dilwrno-firsncMi  aeid,  C>^H"Br^*,  is  precipitated  on  mixing  an  alcoholic  solution  of 
frangulic  add  with  eMess  of  bromine.  It  is  a  liffht-red  crystalline  mass  composed  of 
short  slender  microflcopic  needles,  sparingly  soluble  in  cold  alcohol. 

Difrttngulie  acid,  C«^»K)»  -  2C"H»»0»  -  H'O,  is  formed  in  small  quantity  in 
the  preparation  of  frangulic  acid  from  the  bark  of  Jfhanmus  Frangtda  by  boiling  with 
water  containing  soda,  and  may  be  separated  from  the  lead  precipitates  obtained  in 
the  oonrse  of  the  prepaiation.  It  is  Tery  mudi  like  frangulic  acid,  bat  has  a  darker 
colour;  crystallises  with  2  mol.  water,  which  are  given  off  at  120^ ;  melts  at  248^-250^, 
that  is  to  say  nearly  at  the  same  temperature  as  frangulic  acid.  This  coincidence 
of  melting  point  appears  to  be  due  to  the  circumstance  that  franfulic  acid,  at  or  a 
little  below  its  melting  point,  gives  off  water  and  is  converted  into  difrangulic  acid. 


From  an  analysis  by  v.  Kobell  {Jakreth.  1866,  p.  922),  and  a 
oevaoalyBS  by  Rammelsberg  {ibid,  1867,  p.  979),  this  mineral  appears  to  have  the 
g«Mial  formula  of  the  spinels,  MO.M'O*.  The  mean  of  Bammelsbeig's  analyses 
gare  66-05  p.  c  FeH>*,  12*23  MnH>',  and  21*88  ZnO,  agreeing  with  the  formuU 
(iMii0.{Zn0).Fe*O>. 


or  PAVSSar.  From  a  renewed  examination  of  this  substance,  obtained 
inm  horse-chestnut  bark,  Kochleder  {J.  pr,  Chem,  xc  433  ;  Jahretb,  1863,  p.  688) 
concludes  that  it  has  the  composition  2C**H*"0** .  H*0,  and  that  when  heated  in  a 
Btnam  of  carbon  dioxide  to  150^  (more  quickly  at  200®)  it  gives  off  its  water,  and  then 
contains  CH*^)**.  After  crystallisation  from  hot  alcohol,  it  is  pure  white,  and  gives 
off  its  water  at  1 1 0^-1 1 3®.  Its  decomposition  into  f  r  a  xe  t  i  n  and  glucose  is  represented 
by  the  equation : 

QKQMOi*  +  HK)  -  C'»H»0*  +  OTI»H)« 
Fraxin.  ftsxetin.        Gloooae. 


The  leaves  of  the  ash-tree  {Fraxinus  excehior)  contain,  according 
to  W.  Gintl  {ZeiUekr,  f,  Chem,  [21  iv.  731  ;  v.  377),  fieit,  pectin,  a  resinous  body, 
optically  inactive  malic  acid  (partly  free,  partly  as  calcium  salt),  inosite,  mannite, 
deztroglueose,  and  a  gummy  substance  not  yet  examined. 


A.  Dopr&  (Chem»  8oe,  J.  \2]  v.  878^  has  examined  the  variations  in  the 
pn^ortions  of  acid  and  sugar  which  tsike  place  m  the  ripening  of  grapes.  He  finds 
that  a  considerable  increase  in  the  quanti^  of  sugar  is  not  attended  wiUi  any  essential 
altflcation  in  the  amount  of  acid :  whence  it  teems  to  follow  that  the  sugar  is  not  formed 
ftna  the  acid,  but  that  the  add  determines  the  formation  of  sugar  horn  some  other 
ooDititueiits  of  the  trait, 

Sestini  {Bull.  Soe.  CAtm.  [2]  vii.  286)  has  determined  the  Quantities  of  water,  sugar 
(gtoeose),  and  acid  in  various  dried  fruits.  The  numbers  in  the  column  headed  '  Acid ' 
indicate  the  volume  in  cub.  cent  of  a  normal  alkaline  solution  (containing  20  grams 
>oda  in  a  litre)  which  is  neutralised  by  100  grams  of  the  fruits. 
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When  TeceDtly  prepared,  it  is  an  inodorons  yellowish  oil,  soluble  in  ether,  aleohol, 
and  alkalis,  but  insoluble  in  water ;  but  when  exposed  to  the  air,  either  in  the  frem 
state  or  in  alkaline  solution,  it  taJ^es  up  oxygen  and  is  graduidl^  oonyerted  into 
hydroxjbenzyluric  acid  {q.v,).  Boiled  with  alkalis  out  of  contact  with  the  air,  it  is 
resolved  into  glycocine,  benzyl  alcohol,  and  hydiobensoie  acid : 

C'«H"NO«  +  H«0  -  C«H»NO«  +  C»H«0  +  CWO*. 


G"H>H)«  (Hlasiwete,  Ann,  Ch,  Pkarm,  cxlii  SdS).— 
Produced  by  heating  caffeic  acid  with  water  and  sodium-amalgam  in  a  flask  provided 
with  a  condenser,  acidulating  the  liquid  with  dilute  sulphuric  acid  without  owning  the 
iltisk  more  than  necessaiy,  and  agitating  with  ether.  The  aqueous  solution  of  ^e 
syrupy  residue  left  on  evaporating  the  ethereal  extract,  gradually  yields  colourless 
rhombohedial  crystals  of  hydmcaffeic  acid.  It  has  a  slightly  acid  taste;  eadly 
reduces  cupric  oxide  in  alkaline  solution,  also  silver  nitrate ;  forms  with  lead  acetate 
a  white  precipitate,  and  with  ferric  chloride  a  deep  green  solution,  changing  to  dark 
cherry-red  on  addition  of  sodium  carbonate.  The  metallic  hydrocaifeatefl  are  gummy, 
or  when  thrown  down  by  alcohol,  white  precipitates,  whose  solutions  are  coloured 
dariL  blue  by  ferric  chloride,  green  by  an  excess  of  the  latter.  The  otdemm  boU 
contains  (C*H*0«)'Ca,  the  barium  salt  (C*H*0«)*Ba ;  the  lead  uUt  (G*H'0«)*Pb«.  Th« 
acid  is  therefore  tribasic. 

In  the  action  of  sodium-amalgam  on  caffeic  acid  there  is  also  formed  a  small 
quantity  of  a  body  which  is  coloured  grass-green  by  a  trace  of  alkali. 

MTDM/OOAMMO'MMm  CUu9\ficaHon  amd  Nomenelaiure. — ^The  simplest  of  all 
hydrocarbons  is  methane  or  marsh  gas,  CH\  in  which  the  tetrad  atom  of  carbon  is 
united  with  4  atoms  of  hydrogen.  The  compound  thus  fbrmed  is  a  saturated  mole- 
cule, not  capable  of  uniting  directly  with  chlorine,  bromine,  or  other  monad  element, 
but  only  of  exchanging  a  part  or  the  whole  of  its  hydrogen  for  an  equivalent  quantitj 
of  another  monad  element.  But  it  may  take  up  any  number  of  dyad  elements  or 
radicles,  because  such  a  radicle  introduced  into  any  group  of  atoms  neutralises  one 
unit  of  equivalence  and  introduces  another,  thereby  leaving  the  combining  power  or 
equivalence  of  the  group  the  same  as  before. .  Accordingly  the  hydrocarbon  CH*  can 
take  up  any  number  of  molecules  of  the  bivalent  group  or  radicle  CH',  giving  rise  to 
the  homologous  series  of  saturated  hydrocarbons  : 


CH*,        C»H«.        C«H», 


C*W 


OW»*\ 


These  saturated  hydrocarbons  may,  und«r  various  circumstances,  be  deprived  of  two 
Atoms  or  one  molecule  of  hydrogen,  producing  a  new  homologous  series : 

CH«,        C«H*,        C«H«,        C*H«     ....    C-H*-. 

These  are  unsaturated  molecules,  having  two  units  of  equivalency  uncombined,  and 
therefore  acting  as  bivalent  radicles. 

The  first  term  of  this  last  series  cannot  give  up  2  atoms  of  hydrogen  without  being 
reduced  to  the  atom  of  carbon ;  but  the  remaining  terms  may  give  up  2  atoms  of 
hydrogen  and  thus  g^ve  rise  to  the  series 

C«H«.        C«H\        C*H«     ....     C-il«--«, 

each  term  of  which  is  a  quadrivalent  radicle. 

And  in  like  manner,  by  successive  abstraction  of  H*,  a  number  of  homologous 
series  may  be  formed,  whose  general  terms  are 

OH«-*«,        C-H«-,        C-H«--»,        C-H»--«,  &c. 

The  individual  series,  as  far  as  C,  are  given  in  the  following  table,  together  mih 
the  names  proposed  for  them  by  Hofmann  (Proe,  Boy,  Soe.  xv.  67) : 


CH* 

C«H« 

Methane. 

Methene. 

C*H« 

C«H* 

C»H« 

Ethane. 

Bthene. 

Ethine. 

C«H« 

C»H« 

C»H* 

C«H« 

Propane. 

Propene. 

Propine. 

Propone. 

C*H»» 

C*IP 

C*H« 

C*H* 

C*H« 

Qnaitane. 

Qoartene. 

Quartine. 

QnartoDSi 

Qnartone. 

C*H'« 

C*H'» 

C*H« 

C*H« 

C»H* 

Qaintane. 

Qaintene. 

Qttlntine. 

Qalntone. 

Qalntone. 

C«H>* 

C»H'» 

C«H»* 

C«H« 

cm* 

iextane. 

Bextene. 

Bextine. 

Beztone. 

Sextune. 

C»H». 
C«H* 


0^«. 
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These  names,  proposed  by  Hofmann  in  1863,  haye  not  been  generally  adopted;  but  a 
systematic  nomenclature  for  the  hydrocarbons,  which  are  the  fundamental  compounds 
uf  organic  chemistry,  is  a  great  oesideratum,  and  it  would  not  perhaps  be  easy  to 
devise  a  better  system  than  that  above  given.  It  is  true  that  these  names  do  not 
cany  us  beyond  the  fifth  term  of  each  isologous  series ;  but  they  suffice  for  most  of  the 
hydrocarbons  at  present  known,  aud  it  would  be  easy  to  extend  them  by  the  use  of 
double  vowels. 

The  hydrocarbons  of  the  second  homologous  series,  the  olefines  OH**,  are  generally 
designated  by  names  ending  in  ylene,  and  these  names  are  perhaps  too  well  established 
to  be  altered,  but  the  shorter  names  without  the  t^  are  more  systematic,  and  their 
adoption  would  be  an  improvement  in  our  nomenclature. 

The  formuls  in  the  preceding  table  represent  hydrocarbons,  all  of  which  are  capable 
of  existing  in  the  separate  state,  and  many  of  which  have  been  actually  obtained. 
They  are  all  derived  from  saturated  molecules,  OH'"'*'',  by  abstraction  of*one  or  more 
paira  of  hydrogen -atoms. 

But  a  satuittted  hydrocarbon,  CH*  for  example,  may  give  up  1,  2,  3,  or  any  number 
of  hydrogen-atoms  in  exchange  for  other  elements :  thus,  marsh  gas,  CH',  subjected  to 
the  action  of  chlorine  under  various  circumstances,  yields  the  substitution-products 


CH«Cl, 


CH«C1« 


CHa», 


CCl*. 


which  may  be  regarded  as  compounds  of  chlorine  with  the  radicles 

(CH«)',  (CH«)",  (CH")'".  C^i 

and  in  like  manner  each  hydrocarbon  of  the  series  C"H*"'*''  may  yield  a  series  of 
radicles  of  the  forms 


(OH«-*')', 


(OH*")", 


(OH**-')' 


(OH»— 7% 


each  of  which  has  an  equivalent  value,  or  combining  power,  corresponding  with  the 
number  of  hydrogen-atoms  abstracted  from  the  original  hydrocarbon.  Those  of  even 
equivalence  contain  even  numbers  of  hydrogen-atoms,  and  are  identical  in  composition 
with  those  in  the  table  above  given ;  but  those  of  uneven  equivalence  contain  odd 
numbers  of  hydrogen-atoms,  and  are  incapable  of  existing  in  the  separate  state,  except, 
perhaps,  as  double  molecules. 

These  hydrocarbon  rlidicles  of  uneven  equivalence  are  designated  by  names  ending 
in  y{,  those  of  the  univalent  radicles  being  formed  ftom  methane,  ethane,  &e.,  by 
changing  the  termination  ane  into  ^fl ;  those  of  the  trivalent  radicles  by  changing  the 
final  e  in  the  names  of  the  bivalent  radicles,  methene,  &c,  into  yl ;  and  similarly  for 
the  rest.    The  names  of  the  entire  series  as  far  as  O  will  therefore  be  as  follows : 


CH* 

Methane* 

OH« 

XChane. 

OH» 
Propane. 


(CH«)' 
kethyL 

(OH»y 
Bthyl. 

^OHO' 
Propyl. 


(CH«)' 
ifethene. 

(OH*)" 
Bthene. 

(OH«)" 
Propene. 


(CH)" 
Mothenyl. 

(OH«r 
Ethenyl. 

(OH»r 
PropenyL 


(OH')'^ 
Ethine. 

(OH*)'- 
Piopine. 


(OH)' 

Bthinyl. 

(cm*y 

rroplnyl. 


(OH«)»» 
Propone. 


(C«H)'« 
Proponyl. 


General  Properiiea  qf  the  tiydrocarhona* 


rtimt  BMias.  OH'"'*''.  Paraffins. — The  name  paraffin,  signifying  chemical 
indifference  ('parum  affinis%  has  long  been  applied  to  a  colourless  crystalline  fatty 
substance  found  native  in  the  coal-m^sures  and  other  bituminous  strata,  and  separ- 
able from  the  least  volatile  portions  of  native  petroleum,  tar,  &c.  This  substance  is  a 
hydrocarbon  or  a  mixture  of  hydrocarbons  of  the  series  OH'"'**'  (iv.  344,  and  ir^fra) ;  and 
the  liquid  members  of  the  same  series  are  now  known  commercially  as  paraffin  oils : 
the  name  paraffin  may  therefore  be  conveniently  used  as  a  generic  term  for  the 
whole  series.  The  names  of  the  first  six  members,  proposed  by  Hoftnann,  are  con- 
tained in  the  first  column  of  the  table  above  gi'ven ;  the  following  terms  are  named 
weptane,  octane,  nonane,  decane,  undecane,  dodeeane,  ice 

All  the  members  of  the  series  above  the  first,  CH^  may  be  regarded  m  derived  frotii 

8up,  Z  Z 
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oompomid  by  replaosmMit  of  one  of  tba  hjdrcypHltOmg  tj  a  muTalsiit  liyte< 
m  TBdicle  of  the  mtim  OH'*'*'' ;  thus : 


that 
carbon 

rH 

Hethane  C 


H 
H 
H 


Ethane    C»H«   »  CJ^^* 

Propane  CH.    ^  cf^.  ^    cj^^?^^ 

QuartaneC^H-^CJ^H;-    cj^g?^' -    cj^g^^^^ 

&c.  Ac 

The  paraffins  are  formed :  1.  By  the  Bimultaneona  action  of  sine  and  water  on  the 
aloohobc  iodides,  compounds  derived  iiom  these  same  hydrocarbons  by  the  substitatioii 
of  one  atom  of  iodine  for  hydrogen. 

This  reaction,  which  appears  to  be  applicable  to  the  formation  of  the  whole  seriea 
of  paraffins,  is  represented  by  the  general  equation : 

20H*»*»I  +  Zn«  +  2HK)  -  ZnH«0«  +  Znl«  +  20H^*«. 

2.  By  heating  the  alcoholic  iodides  with  sine  alone.  Oenezally  speaking,  howe?sr, 
two  of  these  hydrocarbons  are  obtained  together,  the  first  product  of  the  reaction 
being  a  paraffin  containing  twice  as  many  carbon-atoms  aa  the  alooholie  iodide 
employed;  and  thi^  compound  being  then  partly  resolved  into  the  paraffin  containing 
half  this  number  of  carbon-atoms  and  the  corresponding  olefine,  (OH^) ;  thus : 

2C«H»I  +  Zn«  -   Znl«    +  €*W 


Bthyl                                       QnaituM^ 
iodide 

and 

Qoartenek                     Bthene.    Bthene. 

Generally : 

20H««*»I  +  Zn    -     ZnT«  +  OH*-** 

and 

C«»H*"*«                 «    OH*  +  OH*»*« 

3.  By  the  electrolysis  of  the  fatty  acids  OH*"0'.  For  example,  a  solution  of 
potassium  aoetate  divided  into  two  parte  by  a  porous  diaphragm,  jnelds  pun  hydrqgen, 
together  with  potash,  at  the  negative  electrode,  and  at  the  positive  electrode  (if  of 
platinum)  a  mixtura  of  carbon  dioxide  and  ethane  ganes : 

2OH*0«  =  2C0«  +  OH«  +  H«. 

The  general  reaction  is 

2OH«»0«  «  2C0«  +  0«  'H*"-'  +  H« 

4.  Some  of  the  paraffins  aro  obtained  from  acids  of  the  series  OHM)*  and 
O]£ta-to«^  by  the  action  of  alkalis,  which  abstract  carbon  dioxide  from  those  aeidsb 
the  hydrocarbon  thus  eliminated  containing  one  atom  of  carbon  less  than  the  acid  from 
which  it  is  produced : 

O4-iH***<0'     «       CO*     +     OH«"+« 
Aisid.  Psraffln. 

O+«H*'*«0«      «     2C0«     +     OH«*+« 
Acid.  FuftfBn. 

In  this  manner  methane  (marsh  gas)  is  obtained  by  heating  potassium  acetate  with 
excess  of  potassium  hydrate  (p.  178) : 

OHK)«K     +     KOH     «     CO«K«     +     CH«. 

Also,  sextane  and  octane,  by  similar  treatment  of  the  potassium  salts  of  suberic  add, 
OH"0«,  and  sebacic  acid,  C»*H»"0* : 

OH'«0*K»     +     2HK0     »     2C0'K«     +     OH" 
Potaodnm  Sextane. 

sabemte. 

C»«H«K)*K«     +     2HK0     =     2C0'K«     +     OH" 
FotasBitim  Octane, 

eebate. 

Generally  speaking,  however,  a  further  decomposition  takes  place,  resulting  in  the 
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formation  of  hydrocarbons  eontaining  a  amaller  proportion  of  hydrogen  than  th«. 
paraffina, 

6«  The  paraffina  may  also  be  produced  from  the  olefines,  OH^,  by  combining  the 
lattar  with  bromine,  and  heating  the  resulting  compound,  OH**Br*,  with  a  mixture  of 
potaasinm  iodide,  water,  and  metallic  copper.  The  bromine-compound  ia  then  decom- 
posed, and  the  hydrocarbon,  OH^,  is  partly  reproduced  in  the  free  state,  partly 
oonrerted,  by  the  addition  of  hydrogen,  into  a  paraffin,  C*H^'*''. 

6.  Seyeral  of  the  paraffins  are  produced  by  the  dry  or  destructive  distillation  of 
butyrates  and  acetates. 

7.  They  are  also  found  amongst  the  products  of  the  dry  distillation  of  ccal,  espe- 
cially Boghead  and  Cannel  coal,  and  they  constitute  the  principal  portion  of  many 
mineral  oils,  formed  by  the  gradual  decay  or  decomposition  of  regetable  matter  beneath 
the  earth's  surface  (iii.  181 ;  iv.  885). 

8.  Quintyl  alcohol,  or  amyl  alcohol,  OH^K),  distilled  with  zinc  chloride,  yields 
quintans,  C*H",  and  several  of  its  homologrues,  together  with  olefines  and  other 
hydrocarbons  containing  still  smaller  proportions  of  hydrogen. 

9.  Methane,  CH^,  is  produced  synthetically  by  passing  a  mixture  of  hydrogen 
sulphide  and  vapour  of  carbon  bisulphide  over  red-hot  copper : 

CS«     -h     2H«S     +   Cu«  »  4CuS     +     CH«. 

Properties  and  Beactiona. — Methane,  ethane,  propane,  and  quartane  are  gaseous  at 
ordinaiy  temperatures ;  most  of  the  others  are  liquids,  regularly  increasing  in  specific 
gravity,  viscidity,  boiling  point,  and  vapour-density,  as  their  molecular  weight  becomes 
greater ;  those  containing  20  carbon-atoms  or  more  are  crystalline  solids.  The  specific 
gravities  and  boiling  points  of  the  paraffins  obtained  firom  American  petroleum  are 
given  in  the  table  on  p.  181,  vol.  iii. 

The  paraffins  are  especially  distinguished  by  their  chemical  indifference,  exhibiting 
more  completely  perhaps  than  any  other  class  «f  compounds  the  characters  of  per- 
fectly saturated  and  indifferent  molecules,  incapable  of  uniting  directly  with  anything 
else.  With  bromine  and  chlorine '  they  form  substitution-products.  Methane,  CH^, 
exposed  to  the  action  of  chlorine  in  diffused  daylight,  forms  chlorometliane  or  methyl 
chloride,  CH'Cl,  which  by  the  further  action  of  chlorine  in  sunshine  may  be  converted 
into  CH^Cl*,  CHCl*,  and  CCl* ;  and  ethane,  by  %  series  of  processes  described  under 
ethyl  chloride  (ii.  630),  may  be  made  to  yield  the  compounds  C*H^C1,  C'H*C1*, 
C»H»a«,  C*H*a«,  C«HC1»,  and  C*C1* ;  similarly  with  propane,  quartane,  &c 

Solid  paraffin  has  sometimes  been  supposed  to  belong  to  the  olefine  series.  Analysis 
will  not  decide  the  question,  for  it  is  evident  that  the  percentage  composition  of  a 

hydrocarbon  of  the  series  OH^**"'  or  CH'^n  approaches  more  nearly  to  that  of  an 

olefine,  OH*"  or  CH\  as  the  value  of  fi  becomes  greater.  The  olefines  contain  86*7 
p.  c.  carbon  and  14*3  hydrogen.  In  solid  paraffin  melting  at  66^,  Oill  a.  Meusel 
{Chem,  8oe.  J.  [2]  vi.  466)  found  86*6  carb.  and  14*9  hydr.,  the  formula  C«H*» 
requiring  86*6  carb.  and  14*6  hydr.  The  same  chemists  have  shown  that  solid 
paraffin  heated  to  60^-100°  in  hydrochloric  acid  gas  does  not  unite  with  it  or  suffer  any 
alteration  of  melting  poi^t.  On  exposing  it  to  sunshine  in  contact  with  bromine  and 
water,  the  bromine  disappears,  half  of  it  being  found  in  the  water  as  hydrobromie 
acid,  showing  that  a  substitution-product  has  been  formed.  This  accords  with  tha 
reaction  of  paraffin  with  chlorine,  as  observed  some  time  ago  by  Bolley  and  by  Brodie 
(iv.  344).  Moreover,  paraffin  is  not  attacked  b^  dilute  hypochlorous  acid,  whereas 
cetene,  C^H",  combines  with  that  acid,  producing  rise  of  temperature.  All  these 
reactions  show  that  solid  paraffin  belongs  to  the  series  OH'*'*'',  not  to  the  olefine 
series  OH*",  a  result  which  is  consistent  with  its  constant  occurrence  in  mineral  oils 
consisting  mainly  of  the  liquid  homologues  of  marsh  gas,  but  not  containing  any  well- 
characterised  member  of  the  olefine  series. 

The  paraffins  are  scarcely  attacked  by  oxidising  agente  at  ordinaiy  temperatures ; 
when  heated  therewith,  they  are  either  wholly  burnt  to  water  and  carbon  aioxide,  or 
they  yield  in  addition  comparativelv  small  quantities  of  other  oxidation-products, 
acetic  acid,  for  example,  when  oxidised  by  chromic  acid.  Fuming  nitric  ncid 
scarcely  attacks  them  in  the  cold,  even  after  several  months,  but  acts  vezy  violently 
at  a  gentle  heat.  Nitric  acid  of  si^  gr.  1*4  yields  the  same  products,  but  acts  less 
strongly.  Se^ne  and  octane  (from  petroleum)  and  decane  (diamyl)  heated  with  acid 
of  this  strength  as  long  as  red  fumes  are  evolved,  are  converted  into  crystalline 
succinic  acid,  together  with  a  nitrogenised  yellow  oil,  and  small  quantities  of  fatty 
acids  and  nitriles ;  decane,  for  example,  appears  to  yield  capronitrile,  C^*H>*N,  and 
a  mixture  of  oDnanthylic,  caproic,  and  valerianic  acids  (Schorlemmer,  Proc,  B*nf, 
Soe.  xvi.  373).    Bertholot  (Jahreeb.  1867,  p.  336)  found  that  a  few  decigrnme  of 
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sextane  required  two  months*  treatment  with  potaseiiim  permanganate  to  oxidise  it 
completely,  yielding  a  mixture  of  fatty  acida  apparently  containing  caproic  add. 
Solid  paraffin,  melting  at  66^,  boiled  for  three  or  four  days  with  aalj^nrie  add  and 
potassium  dichromate,  with  addition  of  a  little  manganese  dioxide  (whieh  greatlj 
facilitates  the  reaction),  is  converted  mainly  into  oerotic  add,  CH**0',  melting  at 
78''.  The  same  paraffin  heated  with  5  or  6  vol.  nitric  acid  diluted  with  1(  vol. 
water,  yielded  a  mixture  of  solid  fatty  acids,  melting  after  purification  at  about  76^, 
and  probably  therefore  containing  cerotio  add,  also  volatile  iattj  adds,  the  most 
abundant  of  which  was  oenanthylic  acid,  while  the  nitric  add  solution  contained 
hydrocyanic  acid,  succinic  acid,  and  an  acid  agreeing  in  composition  and  melting 
point  with  anchoic  acid  (Gill  a.  Meusel,  loe,  cii,). 

Isomerism  in  the  Paraffin  Series.— ThoBe  hydrocarbons  are  sometimes  ngarded  as 
hydrides  of  the  univalent  alcohol-radides  OH'"'*'* — methane,  for  example,  as  methvU 
hydride,  H.CH";  etliane  as  ethyl  hydride,  H.C*H*.  This  view  of  their  constitution 
18  suggested  by  their  formation  by  the  action  of  water  on  the  ainc-compounds  of  the 
same  radicles ;  0.^., 

Zn(CH»)«  +  2HH)  «  ZnH«0«  +   2(H.CH»); 

Methyl  hydrkto 

and  by  the  facility  with  which  they  give  up  one  atom  of  hydrogen  in  exchange  for 
chlorine  and  bromine,  whereas  the  replacement  of  the  remaining  hydrogen-atoms  is 
much  more  difficult.  On  the  other  luuid,  all  these  hydrocarbons,  except  methane,  may 
be  regarded  as  compounds  of  two  atoms  or  half-molecules  of  alcohol  radicles,  OH**^' ; 
thus 

cm*      -      H.C«H»    or    CH«.CH» 

Ethane.  Ethyl  hydride.  Dimethyl. 

C»H«      =      H.C«H»    or    CH«.C»H» 
Propane.  Propyl  hydride.       MeChyl-ethyL 

C*H'«     =     H.C*H»    or    C«H».C*H»    or    CH'.CH' 
Qnartane.  Quartyl  DiethyL  Methyl- 

hydride,  propyl. 

This  latter  view  appears  to  accord  with  their  formation  bv  the  action  of  sine  on  tlie 
iodides  of  the  alcohol-radicles,  which  is  similar  to  that  of  hydrogen  by  the  action  of 
rinc  on  hydriodic  acid ;  thus: 

Zn   •!•   2HI   -  Znl*   +   HH. 

Zn  +   2C«H*I  «  Znl«  +   C«H».C«H». 

Zn  +   CH>I   +  C«H»I  -  Znl»  +   CH».C»H*. 

The  first  three  hydrocarbons  of  the  series  however,  viz.  CH*,  CH',  C"H',  exhibit 
exactly  the  same  physical  and  chemical  properties  in  whatever  way  they  may  be 
prepared ;  and  indeed  the  constitutional  formulae  of  these  bodies,  vis., 

H  CH« 


1  ^^"  I 

H— C— H  I  CH« 

H  CH« 


I  CH- 


show  that  they  are  not  susceptible  of  isomeric  modifications,  inasmuch  as  there  is  but 
one  way  in  which  the  carbon-atoms  in  either  of  them  can  be  grouped ;  in  ethane  each 
carbon-atom  is  directly  combined  with  three  hydrogton-atoms  and  the  other  carbon- 

CH« 

atom ;  and  whether  we  regard  it  as  etliyl  hydride,        I        or  as  dimethyl,  H*C — CH*, 

H— CH«, 
this  arrangement  remains  the  same.    In  propane,  CH*,  each  carbon-atom  is  directly 
combined  with  at  most  two  other  carbon-atoms,  and  there  is  no  other  way  in  which 
the  atoms  can  be  arranged. 

But  if  we  look  at  the  formuhi  of  the  4-carbon  paraffin,  OH**,  we  see  that  it  may  be 
written  in  either  of  the  following  forms : 

CH«  H"C  CH« 

I 
CH» 


I  CH 

CH«  I 

I  CH« 
CH« 
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in  the  tot  of  which  neither  of  the  cftrbon-atoms  ie  directly  united  with  more  than 
two  others,  whereas  in  the  second  one  of  the  carbon-atoms  is  directly  combined  with 

!CH'CH*CH' 

-  CJ^?*^^*  -    ^|h«^'»  ^'  "  dieifyl,  H»C^C»H^  according  to  the  manner  in 
which  we  may  suppose  it  to  be  dirided ;  the  second  as  irimethyl'tnethane,  Oy^ 

or  iBoprepyl  metkane,  C  |^(™T 

From  recent  obserrations  by  Schorlemmer  (Hve.  Boy.  Soe.  xvi.  34,  867),  it  appears 
that  all  the  paraffins  may  be  divided  into  four  groups,  vis. :  1.  Those  in  which  each 
carbon-atom  is  directly  associated  with  at  most  two  otneT  carbon-atoms. — 2.  Those  in 
which  one  carbon-atom  is  associated  with  three  carbon-atoms,  or  which  contain  the 
group  isopropyl  once. — 3.  Those  which  contain  this  group  twice,  such  as  di-isopropyl, 

or  tetramethyl-ethane,  CH'*  «  ^]h}cH*{**  Produced  by  the  action  of  sine   on 
isopropyl  iodide ;  this  compound  may  be  represented  by  the  constitutional  formula : 

4.  Those  in  which  one  carbon-atom  is  associated  with  four  othen,  as  in  dimethyl- 
diethyl-methane,  or  oarbodimethyl-diethyl,  ^|/nii7i\s>  &  compound  produced  by  the 

action  of  sine-ethyl  on  dimethyl-dichloromethane,  0  j  ^  qi,  ^ ,  the  transformation  being 
effected  by  the  substitution  of  2  at  methyl  for  2  at.  chlorine: 

CH« 

CI  CH« 

H»C— C— CH«  H'C— C— CH« 

I  I 

6l  CH» 

CH« 

Blmetbyl-diehloro-  Dimetbyl-diethyl- 

methaae.  methane. 

rhe  boiling  point  of  a  paraffin  containing  a  given  number  of  carbon-atoms  is  found 
to  be  lower  in  proportion  as  its  structure  is  more  complex.  The  paraffins  of  the  first 
group,  9.g,  sextane  or  hexane  (from  suberic  acid,  mannite,  and  petroleum,  iii.  153),  and 
septane  or  heptane  from  azelaic  add  (p.  696),  boil  at  higher  temperatures  than  their 
isomerides  in  either  of  the  other  poups.  The  difference  in  their  Doiling  points  for  a 
difference  in  composition  of  CH*  is  31^.  The  paraffins  of  the  second  group  (amyl- 
hydride  30^,  ethyl-butyl  62^  ethyl-amyl  91'',  octyl  hydride  from  octyl  alcohol  124<^) 
likewise  exhibit  for  a  difference  of  OH'  a  difference  in  boiling  point  equal  to  3 1*'. 
The  paraffins  of  the  third  group  (di-isopropyl  68^,  dibutyl  58°,  butyl-amyl  182®, 
diamyl  158°)  exhibit  for  each  difference  of  CH'  a  difference  in  boilins  point  equal  to 
25°.  Of  the  iburth  group,  the  only  known  member  is  dimethyl-diethyl-methane, 
which  boils  at  86°  (Schorlemmer). 


OH**.  Ole/inea. — ^The  hydrocarbons  of  this  series  are 
polymeric  as  well  as  homologous,  with  one  another,  inasmuch  as  their  formulse  are 
all  exact  multiples  of  that  of  the  lowest,  CH*.  The  lower  members  of  the  series 
are  |paseous  at  ordinary  temperatures,  the  higher  members  are  solid,  and  the  inter- 
mediate compounds  liquid.  The  names  and  formulas  of  the  known  members  of  the 
oleflne  series  are  given  in  the  following  table,  together  with  their  melting  and  boiling 
points: 
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1 

Kthene 

Name 

Formnla 

Melting 
point 

BdOins 
point 

or    Ethylene      .        .        .        . 

C»H< 

^^  , 

Propeno 

„     Propylene    . 

CH* 

-17-8® 

Quartene 

„     Butylene      • 

C*H« 

— 

+  8*> 

Quintene 

„     Amylene 

0»H'« 

— 

36<» 

Sextene 

„    Hexylene     . 

OH" 

— 

68°-70*» 

Septene 

„    Heptylene    . 

C'H" 

— 

95*»             I 

Octene 

„     Octylene 

0»H" 

— 

116<>-117*» 

Nonene 

„    Nonylene     . 

C»H» 

— . 

liO* 

Decene 

„    Paramylene 

C»«H» 

— 

160^ 

Sexdecene 

„    Cetene 

Oi«Htt 

— 

276« 

Septivigintene 

„    Ceroteoe 

C"H»* 

57« 

<l>      X 

Tngintene 

„    Melene         .        .        .        . 

C«»H" 

62*> 

S7^°  (?) 

Methene,  CH*,  the  lowest  term  of  tKe  series,  does  not  appear  to  be  capable  of 
existing  in  the  separate  state ;  but  its  oxygen  analogue,  carbon  monoxide  or  carboajl, 
CO,  is  a  well-known  compound. 

Formation  of  the  Olefins. — 1.  By  abstraction  of  the  elements  of  water  from  the 
alcohols  of  the  series  OH^-'-K),  under  the  influence  of  poweiM  dehydrating  agents, 
such  as  oil  of  vitriol,  phosphoric  oxide,  or  zinc  chloride ;  thus  : 


C«HK)     - 

Bthyl  aloohol. 


H«0     - 
Water. 


C«H* 

Bthene. 


Quintyl  or  amyl  alcohol,  C*H>*0,  distilled  with  zinc  chloride,  yields — ^besides  tlie 
corresponding  olefine,  quintene  or  amylene,  C*H** — a  number  of  others  polymeric 
with  it,  also  quintans,  C*H",  and  its  homologues,  and  hydrocarbons  containing  a 
smaller  proportion  of  hydrogen  than  the  olefines. 

2.  By  passing  the  vapours  of  the  haloid  oompoucds  of  the  monad  radicles  OH^^* 
over  lime  at  a  dull  red  neat ;  e.^., 


2C»H"C1 
Qnlntyl 
chloride. 


+   CaO  -  CaCl*  +  H«0 


+    2G»H»» 
Quintene. 


3.  By  the  decomposition  of  the  paraffins  at  the  moment  of  their  formation  by  the 
action  of  zinc  or  sodium  on  the  iodides  of  the  monad  alcohol-radicles  OH**'*'*. 

4.  By  the  action  of  these  same  iodides  on  the  sodium-compounds  of  the  same 
radicles ;  for  example, 

C>H»I  +   C»H*Na  «  Nal  +  C«H*  +  C«H«. 

5.  By  decomposition  of  the  hydrates  of  ammonium-bases  containing  four  atoms  of 
a  monad  alcohol-radicle,  these  compounds  when  heated  splitting  up  into  a  tertiaiy 
monamine  and  an  olefine ;  thus : 


N(C«H*)*(HO) 

Tetrethylammo- 

ninm  hydrate. 


N(C«H»)«  +  ^«0  +  C»H* 
iMethyl-  Xthene. 

amine. 


6.  Olefines  are  formed  by  tlie  decomposition  of  acetates  and  butyiates  at  a  red 
heat,  distilling  over  together  with  several  other  products,  from  which  they  are 
separated  by  combining  them  with  bromine,  and  heating  the  resulting  bromine- 
compounds,  (>H'*Br',  to  275°  with  copper,  water,  and  potassium  iodide.  In  this 
manner  Berthelot  has  obtained  ethene,  propene,  quartene,  and  quintene. 

7.  Several  of  the  olefines  may  be  produced  by  direct  synthesis  from  other  hydro- 
carbons of  simpler  constitution. 

a.  Kthene  is  formed  by  the  action  of  nascent  hydrogen  upon  ethine  or  acetylene : 

C»H«     +     H«     -     C«H\ 

0.  Propene,  C'H',  is  formed  by  passing  a  mixture  of  methane  and  carbon  monoxids 
(oxymethene)  through  a  red-hot  tube : 

2CH*        +         CO         -        H«0         +         C«H«. 

Also  by  the  action  of  methenyl  chloride  (chloroform)  on  zinc  ethide : 
2CHC1»  +  3Zn(C«H»)»  «  8Zna«  +  4C»H«  +  2CH*. 
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y.  Qninteiie,  or  uaylene,  C*H'*  (or  a  oompoand  isomeric  vith  it),  is  formed  by  the 
action  of  line  etlude  on  allyl  iodide : 

8C?H*I  +  Zn(C»H»)»  -  ZnP  +  20»H". 

B.  Seitene,  or  he^lene,  CH**,  ia  obtained  in  combination  with  hydriodio  acid  by 
the  action  of  that  acid  on  mannite : 

CK\noy  +   llHI  -  6HK)   <•   6P  +  C«H".HI 

lUnaltt  Beztene 

hydriodide; 

and  this  hydziodide,  heated  with  potaeeium  hydrate,  yielde  the  hydrocarbon : 

OH^.HI  +  KHO  -  KI  +  H«0  +  C«H». 

f.  Qnartene,  or  bntjlene,  C*H',  is  obtained  by  precisely  similar  reactions  from 
eiythrite,  C*H*(OH)*. 

Seadwiu, — 1.  The  oleftnes  are  dyad  radicles,  uniting  with  2  atoms  of  chlorine, 
bromine,  ftc.,  and  with  1  atom  of  oxygen. 

2.  The  chlorides,  bromides,  and  oUier  haloid  compounds  of  the  defines,  treated 
with  an  alcoholic  solution  of  poiaskf  give  up  one  atom  of  hydroffen  and  one  atom  of 
the  haloiid  element,  yielding  an  olefine  in  which  1  atom  of  hy£x)gen  is  replaced  by 
chlorine,  bromine,  ic,  together  with  water  and  a  haloid  salt  of  potassium ;  thus : 

0»H<Bi«  -♦-  KHO  m    KBr  +  HK)  +  C»H«Br 
Bthene  Bromethene. 


Ethene      . 

.     .  cm* 

Bromethene      • 

.  C»H>Br 

Dibromethene   . 

.  C«H«Br« 

Tribromethene . 

.  C«HBp» 

Tetrabromethene 

.  C*Br* 

The  resulting  chlorinated,  brominated,  or  iodated  compound  can,  in  its  turn,  take 
up  2  atoms  of  chlorine,  bromine,  or  iodine,  forming  a  body  which  can  likewise  gire  up 
hydrochloric,  hydrobzom\c,  or  hydriodie  add,  under  the  influence  of  alcoholic  potash ; 
the  body  thus  formed  can  again  take  up  2  atoms  of  chlorine,  bromine,  or  iodine,  then 
giTc  up  HCl,  HBr,  or  HI ;  and  thus,  by  a  series  of  perfectly  similar  reactions,  we  at 
length  arrire  at  bodies  consisting  of  the  primitive  olefine  with  all  its  hydrc^n 
repTaoed  by  chlorine,  bromine,  or  iodine,  and  the  dichlorides,  dibromides,  and  di-iodides 
of  these  last-mentioned  bodies ;  thus  from  ethene  may  be  derived  the  two  following 
series  of  brominated  compounds : 

Ethene  bromide        .      .  CH^Br^ 

Bromethene  bromide       .  CH'Br  .Br* 

I>ibromethene  bromide    .  C»H'Br*  .Br» 

Tribromethene  bromide  .  CHBr*  .Br* 

Tetrabromethene  bromide  CBr'  .  .Br' 

3.  A  monochlorinatsd  or  monobrominated  olefine  ma^  give  up  the  atom  of  chlorine 
or  bromine  which  it  contains,  in  the  form  of  hydrochloric  or  hydrobromic  acid,  whereby 
it  is  reduced  to  a  hydrocarbon  of  the  following  series :  C'H'*-'.  This  reaction  may 
take  place  at  130^-160^,  under  the  influence  of  alcoholic  potash,  or,  better,  of  sodium 
ethylate ;  thus : 

C^»Br  +  CH^KaO   -  NaBr  +  C«H»OH  +  C«H« 
BrouMttune.  Ethine. 

4.  Ethene  bromide  and  its  homologues.  treated  with  silver  acetate  or  potassium 
acetate,  exchange  their  bromine  for  an  equivalent  quantity  of  the  halogenic  reeidue  of 
the  acetate,  CHH)',  giving  rise  to  diatomic  acetic  ethers ;  thus : 

(C»H*)'TBr>  +  2C«HH)«K  «  2KBr  +  (C'H^nC'H'O')* 
Btlme  Bthene 

bromide  diacetate ; 

and  these  ethers,  distilled  with  a  caustic  alkali,  yield  diatomic  alcohols  or  glycols ;  for 
example : 

(C»H*)''(C?H»0»)«  +  2K0H  «  2C«HWK  +  (C«H*r(OH)» 
Etheno  Ethene 

diaoetate.  aloohoL 

6.  The  bromides  C^H^^Br',  heated  to  275^  with  a  mixture  of  potassium  iodide, 
copper,  and  water,  give  up  their  bromine  and  reproduce  the  original  olefine,  togethw 
with  other  hydrocarbons  (p.  707). 

6.  Some  oleflnes,  when  briskly  shaken  up  with  strong  sulphuric  acid,  unite  with  it, 
forming  add  ethers  of  sulphuric  add,  whidi  contain  the  monatomic  alcoholic  radides 
corresponding  to  the  oleflnes ;  thus : 

C»H*  +  oO<H«  -  SO«.C»H».H: 
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And  thMe  acid  ethers  distilled  with  water  reprodnee  snlphorie  acid 
Atomic  alcohol  corre«ponding  to  the  define  : 

.SO*.C«H».H   +  H(OH)  -  SO»H«  +  C«H»(OH) 
Ethyl-«ulpharle  Add.  Btbjrl  akolnL 

With  Aiming  aulphurio  acid  (which  contains  aolphiirie  oxide  m  nhdiaii)  tSkP 
oleflnaa  yield  sulpho-acidi  which  are  isomeric  with  the  preoediiig,  bat  an  wit  dsoow- 
posed  by  water  with  formation  of  an  alcohol. 

7.  Oleflnes  nnite  with  hydrochloric,  hydrobromic,  and  hydno£e  adds;  aad  the 
resulting  compounds  treated  with  silver  oxide  in  presence  of  water  girfi  lin  to  tvo 
different  reactions  which  go  on  simultaneously,  one  pait  of  tbe  eompouMl  '^'^^'^'t 
its  halogen  element  for  hydroxyl,  and  thereby  producing  an  alcohol,  wliila  maofher 
portion  gives  up  hydrochloric,  hydrobromic,  or  hydriodic  add,  lepradiieiQg  tlia  ot^giMl 
olefine : 

2(C«n».HI)   +   Ag«0   +   H«0  «  2AgI  +  2OTP«0 
Hexylens  Hezjl 

hydrlodlde. 


2(C^'«.HI)    +  Ag«0  -  2AgI  +    H«0    +  2C^« 
HflxytaBS 
hy&de. 


A.  Kthene  agitated  with  a  strongW  alkaline  solution  of  potaasiiim 
Is  oxidised  to  oxalic  acid,  (C*H«  •»•  6*  -  HK)  -h  C*HK)«),  which  is  putiy  zvniTed 
into  formic  acid  and  carbon  dioxide.  Propene  similarly  treated  yields  maloBie 
acid,  (C'H«  •«•  O*  -  H'^O  -f  C*H«0'),  with  acetic,  oxalic,  formic,  and  earbonie  adds 
as  secondary  products.  Quintene  or  amylene  appears  to  yield  pyiotaitarie  acid, 
(>*U'0*,  together  with  succinic,  malonic,  and  oxalic  acida,  and  volatile  ac^  of  the 
series  C*H'"0*.  In  all  cases  the  primary  and  normal  product  of  the  oxidatioB  of 
an  olefins  appears  to  be  the  corresponding  bibasic  add  OH*'-^)*,  the  other  adds 
formed  at  the  same  time  resulting  fh>m  the  decomposition  and  oxidation  of  Uus 
primary  product  (Berthelot,  Compt.  rend.  Ixiv.  86 ;  Jairesb.  1867«  p.  385). 

Many  olefines  are  oxidised  by  aqueous  chromic  acid  to  aldehvdes  or  ketones. 
Kthene  gas  is  slowly  attacked  at  120°,  and  converted  into  aldehyde  C^*0,  Propene 
(7'H'  is  oxidised  much  more  readily  and  almost  at  ordinary  temperatoies,  yielding 
acetone,  C*H*0.  Amylene  is  violently  attacked  at  ordinary  temperatures,  wita 
formation  of  complex  products,  doubtless  derived  from  a  ketone,  C*H**0  (Beithelot, 
Compt,  rend.  Ixviii.  884). 

0.  Maturated  aqueous  hydriodic  acid  converts  olefines  even  in  the  cold,  and  man 
quickly  at  100°,  first  into  the  corresponding  mono-iodated  paraffins,  then  into  the 
paraffins  themselves ;  f.^., 

C«H«       +     HI     -     C»H»I 
Bthens  lodethsne 

and 

C»H»I     +     HI     -    C«H«      +     P. 

lodethAoe.  Ethsna. 

I$omeri»m  in  the  Gt^ne  Serin. — Those  hydrocai^ns  may  exist  in  two  modifica- 
tions, one  saturated,  the  other  bivalent,  according  to  the  manner  in  which  the  carbon- 
atoms  are  linked  together ;  ethene,  CH^,  for  example,  may  exhibit  the  two  following 
modifications : 

CH«  — CH« 

II  i 

CH«  — CH« 

SAtuimted.  BlvAlent. 

Ethene  in  the  Aree  state  is  probably  represented  by  the  first  of  these  formule.  but 
when  it  comes  in  contact  witli  bromine,  chlorine,  &c.,  the  union  of  the  two  carbon- 
atoms  becomes  loosened  (as  in  the  case  of  benzene,  p.  196),  and  the  molecule  aasomn 
the  constitution  represented  by  the  second  formula,  in  whjch  state  it  is  ready  to  take 
up  Br«,  Cl«,  0,  &c 

They  likewise  exhibit  in  some  of  their  compounds  another  kind  of  isomerism, 
depending  upon  the  relative  position  of  the  hydrogen-atoms,  which  does  not  afiTect 
their  equivalent  value.  Thus  the  dichlorides  of  the  olefines  are  isomeric  with  tlie 
tnonochlorinated  clilorides  of  the  alcohol-radicles  C*H**'*'* ;  for  example : 

CH«C1  CH« 

I  is  isomeric  with      I 
CH»C1  CHa« 

Kthrae  Monoohlorinsted 

dJchloride.  othjrl  ohlorid*. 
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Both  these  eompomids,  when  treated  with  alcoholic  potash,  yield  the  same  product^ 
TIB.  Tinyl  chloride,  CH'Gl,  but  they  differ  in  boiling  pointy  the  former  boiling  at  86^, 
the  second  at  64°.  Again,  the  oxides  of  the  olefines  are  isomexic  with  the  corre- 
sponding aldehydes ;  e.a., 

^^CH«  CHO 

Bthene  oxide.  ▲oetlc  aldehyde. 


These  eompoands  contain  the  radicles  ethene  or  ethylene,  CH' — CH*.  and  ethylidene, 
CH* — CH,  respectively,  both  of  which  are  bivalent ;  the  latter  is  not  known  in  the 
free  state. 

In  the  higher  terms  of  the  series  a  greater  number  of  isomeric  modifications  may 
occur ;  thus  of  the  third  term,  G*H',  the  following  modifications  are  conceivable : 


— CH«  CH«  CH«  CH« 


CH«  CH«  C 


I 
H  zuC 


I  II  I 

— CH«  — CH  CH»  CH« 

BiTsIenL  BinOeat.  Saturated.        BWalent. 

The  first  of  these  is  normal  propylene  in  combination ;  the  second  is  propylidene, 
homologous  with  ethylidene ;  the  tturd  is  perhaps  propylene  in  the  free  state. 

Quartene  or  butylene,  C'H",  and  its  higher  homologues  may  also  exhibit  modifica- 
tions similar  to  those  occurring  in  the  paraffins,  and  depending  on  the  presence  of 
the  radicle  propyl  or  isopropyl  in  the  molecule ;  thus  the  molecule  C^H'  may  exhibit 
nine  modifications.  (See  JBottlbkb,  p.  375.)  In  tiie  higher  terms  still  greater 
variety  of  constitution  is  of  course  possible ;  indeed,  if  it  be  remembered  that  every 
olefine  is  derived  from  the  corresponding  paraffin  by  abstraction  of  2  at.  hydrogen, 
and  that  these  two  hydrogen-atoms  ma^  be  taken  from  the  same  group  CH'  or  CH', 
or  one  from  each  of  two  such  groups,  it  is  easy  to  see  that  very  numerous  modifica- 
tions may  arise.  Only  a  small  number  of  these  modifications  have  however  Jseen 
observed  in  any  case.    (See  Hbztlbnb,  p.  699.) 

TlUrd  SeHos.    C*H'*^'. — Five  of  these  hydrocarbons  are  known,  viz., 

Ethine  or  Acetylene,  C*H* 
Propine  „  Allylene,  C*H* 
Quartine  „  Crotonylone,  C*H' 
Quintine  „  Valerylene,  C*H' 
Sextine     „  Diallyl,  C«H" 

The  only  general  method  of  preparing  these  bodies  consists  in  heating  the  mono- 
brominated  derivatives  of  the  olefines,  CoH'^^'Br,  with  sodium  ethylate  to  130^-150^ : 

C-H«--»Br  +   C«H*NaO  -  NaBr  +    C»H*(HO)  +  C-H«— «. 

Sodium  Ethyl  alcohol, 

ethylate. 

Ethine  and  propine,  which  are  gaseous  at  ordinary  temperatures,  are  separated  from 
the  alcohol  vapour  with  which  they  are  mixed,  by  passing  the  gas  into  an  ammoniacal 
solution  of  cuprous  chloride,  whereby  an  explosive  compound  is  precipitated,  contain- 
ing copper,  carbon,  hydrogen,  and  oxygen ;  and  this  precipitate,  treated  with  hydro- 
chloric acid,  vields  the  hydrocarbon  in  the  pure  state. 

The  other  hydrocarbons  of  the  series,  which  are  liquid,  do  not  form  any  precipitate 
with  ammoniacal  cuprous  chloride ;  but  they  may  be  separated  from  the  excess  of 
alcohol  by  addition  of  water,  and  further  purified  by  distiUation. 

The  hydrocarbons  of  this  series  should  exhibit  three  isomeric  modifications: 
saturated,  bivalent,  and  quadrivalent,  according  to  the  manner  in  which  the  carbon- 
atoms  are  united ;  thus,  for  the  compound  C*]f : 


-L: 


C— H  — C— H  — C— H 

(!j__H  — C— H  — C— H 

I 
Saturated.  Bivalent.  QtiadriTalont. 

and  they  do  in  fact  form  compounds  with  2  and  4  atoms  of  bromine,  chlorine,  and 
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figured  in  toI.  ▼.  p.  lOSO.    The  air  to  be  diftlysed  may  aleo  be  eompraosed  on  one  lide 
of  the  septum,  and  left  of  the  usual  tension  on  the  otW  side. 

A  large  number  of  experiments  made  under  these  several  conditions  showed  tlist, 
under  given  circumstances,  the  dialytie  transfer  is  aooeleiated  by  rise  of  tempentnn, 
and  retarded  by  increased  thickness  of  the  membrane. 

The  quantity  of  air  which  passed  through  a  square  metre  of  surlaoe  of  a  caoutehooe 
balloon  0'114  mm.  thick  was  10*9  cc.  in  a  minute ;  through  an  equal  surface  1  mm. 
thick,  19*2  cc  in  an  hour,  or  0*32  mm.  per  minute ;  and  through  an  elastic  air-cuduoB 
(vulcanised  caoutchouc  between  two  sheets  of  eotton),  44*95  cc.  in  an  honr,*or  0749 
cc  per  minute. 

The  usual  proportion  of  oxygen  in  air  once  dialysed  by  caoutchouc  is  about  41 '6  p.  c: 
it  may  be  described  as  air  deprived  of  one-half  its  usual  proportion  of  nitrogen ;  but  a 
second  and  a  third  dialysis  would  not  increase  the  amount  of  oxygen  in  the  same  pro- 
portion, inasmuch  as  only  half  the  residual  nitrogen  would  be  removed  at  each  open* 
tion.  The  practical  problem  suggested  by  the  air-dialyser  is  to  attain  the  means,  on  s 
large  scale,  of  reducing  to  one-half  or  so  the  proportion  of  nitrogen  in  atmoepherii: 
acid.  Such  air  will  rekindle  a  glowing  slip  of  wood,  and  might  be  applied  to  manj 
useful  purposes. 

On  tne  permeability  of  caoutchouc  for  gases,  see  also  Axonstein  a.  Sirks  (ZaUckr.f. 
Chem.  [2]  ii.  260 ;  Jakreib,  1866,  p.  52). 

2.  Actum  of  MetalUe  Septa  at  a  Bed  Hmt.—'DenXie  and  Trooet  in  1863  {Omft.  rtnd. 
Ivi.  977  ;  Ivii.  894,  965  ;  Jakreab.  1863,  pp.  23,  26)  showed  that  platinum  and  irm  at 
a  red  heat  are  permeable  to  hydrogen  gas.  Graham  has  oonfirmea  this  result  and  fin<lfl 
that  red-hot  platinum  is  very  mJOiSi  more  permeable  to  hydrogen  than  esontchooc  at 
orrlinary  temperatures.  A  square  metre  of  sheet  caoutchouc  0*014  mm.  thick  allovcd 
127*2  cc  hydrogen  gas  to  pass  through  it  at  20°  in  a  minute,  whereas  throogb  an 
equal  surface  of  platinum  tube  1*1  muL  thick  at  a  bright  red  heat,  489*2  cc  hydrop-D 
passed  in  the  same  time.  Oxygen,  nitrogen,  chlorine,  hydrochloric  acid,  carbon  dioxide, 
Citrbon  monoxide,  marsh  gas,  and  ethylene,  as  well  as  aqueous  vapour,  hydrogeo  wl' 
phide,  and  ammonia,  are  not  capable  of  passing  through  nd-hot  platinum,  the  Issttvo 
perhaps  because  they  are  decomposed  at  that  temperature,  and  only  hydrogeo  fusu 
through  the  metal.  For  nitrogen,  in  presence  of  hydrqgen,  platinum  appean  to  bo 
permeable  to  a  slight  extent. 

This  peculiar  action  of  platinum  maybe  explained  to  a  certain  extent  bjita 
property  of  absorbing  hydrogen  at  a  red  heat  and  retaining  it  for  an  indefinite  lenflli 
of  time  at  lower  temperatures.  To  demonstrate  this  property,  designated  by  Graham 
as  '  occlusion,'  the  metal  to  be  examined,  in  the  form  of  wire  or  firagments,  is  placed 
within  a  porcelain  tube  glazed  inside  and  out,  connected  at  one  end  with  a  Snenirers 
vacuum  apparatus  (as  in  fig.  823,  vol.  v.  p.  1030),  and  at  the  other  with  »g^- 
generator  or  gas-holaer.  The  tube,  having  been  exhausted,  is  gradually  heated  to  red* 
ness,  while  a  copious  stream  of  hydrogen  (or  other  gas)  is  passed  through  it,  and  after 
prolonged  ignition,  is  left  to  cool  slowly.  Finally  uie  unabsoibed  gas  is  expelled  bj  t 
stream  of  air ;  the  tube  is  again  exhausted  and  heated  to  redness ;  and  the  gas  thereby 
expelled  from  the  metal  is  collected  and  measured. 

Platinum  wire  (drawn  from  fused  platinum  and  cleansed  by  washing  with  esiwtic 
alkali  and  water)  gave  ofif,  after  an  hour's  agitation  in  a  vacuum,  0*17  vol.  hydrogen  to 
1  vol.  platinum  (mean  of  4  experiments) ;  platinum-sponge  similarly  treated  yielded 
1-48  vol.;  old  wrought  platinum  (not  originally  fus^),  3*83  to  5*63  voL  hydrogen: 
platinum  foil  at  230°  took  up  1*45  vol.,  and  between  97®  and  100^  in  three  home,  0-76 
vol.  hydrogen.  The  appearance  and  lustre  of  the  platinum  are  not  altered  bj  this 
absorption  of  hydrogen,  but  after  its  expulsion  the  metal  appears  white  and  blistered. 

Palladium  exhibits  a  much  higher  absorbing  power  for  hydrogen.  In  the  form 
of  foil,  after  recent  ignition  in  a  vacuum,  it  takes  up,  even  at  ordinary  temperatane. 
876  times  ito  volume  of  hydrogen ;  at  90^  to  97^  643  vol. ;  at  245-*,  526  vol.  The 
spongy  metal  obtained  by  igniting  palladious  cyanide  absorbs  686  times  its  volume  bt 
200° ;  foil  beaten  from  the  fused  metal,  only  68  vol. ;  and  an  alloy  of  5  pts.  palladinn 
and  4  pts.  silver  absorbs  20*5  vol.  at  a  dull  red  heat.  The  absorbed  hydrogen  is  pTtn 
off,  partly  at  ordinary  temperatures,  quickly  at  a  red  heat.  In  this  absorbed  and  con- 
densed state  the  hydrogen  appears  to  possess  intensified  affinities,  inasmuch  as  the 
palladium  which  has  absorbed  it  reduces  ferric  to  ferrous  salts,  ferricyanides  to  fern>- 
cyanides,  and  in  contact  with  aqueous  chlorine  or  iodine,  forms  hydrochloric  or  hfin- 
odic  acid.  These  properties,  viewed  in  connection  with  the  power  which  pallsdivm 
possesses  of  absorbing  perceptible  quantities  of  different  liquids,  were  regarded  by 
Graham  as  tending  to  support  the  assumption  that  the  hydrogen  thus  absorbed  passes 
into  the  liquid  state.  The  absorptive  power  of  palladium  for  hydrogen  is  related  to 
its  pennoHbility  by  that  gas,  though  the  two  properties  are  not  exactly  propcMrUonal 
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BTBBOOAmaOSTTmo&.   C*H*NO  -  (C*H«)''H^4Qy.(BiichaDana.aia0er, 

Zeitaokt,  /.  Ckem,  [2]  ▼.  194). — A  body  produced  by  reduction  of  nitrophenyl-pro- 
pionk  aeid  in  the  same  manner  as  carbostyrol  or  carboetyiyl  from  nitrodnnamic  add 
(i.  808).  It  has  the  composition  of  amidophenyl-propionic  add,  CH"NO',  intniwHK). 
To  prepare  it,  nitrophenyl 'propionic  add  is  treated  with  tin  and  hydrochloric  add,  and 
the  crystals  which  separate  ftx)m  the  diluted  and  filtered  liquid  are  reciystallised  sereral 
times  from  alcohol.  It  is  a  yery  stable  substance,  melting  at  160^,  and  distilling  with- 
out deoompodtion  at  a  higher  temperature.  In  its  chemical  relations  it  resembles  the 
amides.  It  dissolres  easily  in  warm  concentrated  hydrochloric  or  hydrobromic  acid, 
apparently  forming  definite  compounds,  which,  howeyer,  decompose  spontaneously 
eren  in  the  cold.  Potash  and  soda  dissolye  it  but  slowly  eren  at  tne  boiling  heat ;  it 
is  nearly  insoluble  in  water,  moderately  soluble  in  alcohol  and  ether. 

See  CniKAino  Acn>  (p.  468). 

See  Cmuc  Acn>  (p.  473). 

^-J^«  CH'O*,  is  produced  by  the  action  of  sodium- 
amalgam  on  oomenic  or  bromocomenic  add.  It  is  a  yellowish,  strongly  acid,  syrupy 
Uquid  forming  a  white  diver  salt,  CH*Ag*0*,  easily  reduced  by  heat  (J.  v.  koi^, 
Ann.  Ch.  Pharm.  czziriii.  191). 

BTBmOCOVMASIO  or  BOnbObOTIC  ACZB.  C*H>*0"  (Zwenger  a.  Boden- 
bender,  ilnn.  CA.  PAarm.  cxxvi.  267;  Zwenger,  f6u2.  Suml,  t.  100;  Jahresh.  1867, 
p.  439).  This  add  occurs,  combined  with  coumarin,  in  the  yellow  melilot  (MdUotus 
cjfbinalu),  forming  the  compound  C"Hi*0*  -  C*H'*0*.  C*H"0',  which  may  be  called 
melilo-oonmarin.  (See  CojmAxat,  p.  499.)  When  the  aqueous  decoction  of  the  plant, 
evaporated  to  the  consistence  of  a  thin  extract,  is  treated  with  ether  as  long  as  the 
tlhttr  acquires  an  add  reaction,  and  the  green  mass  which  remains  after  distilling  off 
the  ether  is  repeatedly  boiled  with  a  large  quantity  of  water,  well-defined  crystals  of 
melilo-coumann  separate  on  cooling.  The  solution  of  these  crystals  (or  the  aqueous 
decoction  of  the  extract  above  mentioned)  is  mixed  with  basic  lead  acetate,  carefully 
avoiding  an  excess,  which  would  exert  a  solvent  action  ;  and  the  precipitate  which  forms 
after  long  standing  is  collected  on  a  filter,  washed  first  with  cold  water,  then  with 
alcohol  and  ether  to  remove  free  coumarin,  and  repeatedly  boiled  with  water,  as  long 
as  the  hot  filtrate  deposits  a  crystalline  precipitate  of  lead  hydrocoumarate.  This 
precipitate  decomposed  by  hydrogen  sulphide  yields  hydrocoumaric  acid,  which  may 
be  purified  bv  repeated  predpitataon  with  neutnl  lead  acetate :  100  pounds  of  the  plant 
yield  from  If  to  2  ounces  of  the  pure  add. 

Hydrocoumaric  add  may  be  produced  sypthetically  from  coumarin  by  gradually 
adding  sodium-amalgam  to  an  aqueous  solution  of  that  substance  containing  a  little 
alcohol,  each  portion  of  sodium-amalgam  being  added  only  after  the  alkaline  reaction 
produced  by  the  preceding  portion  has  nearly  disappeared.  Bv  this  treatment  the 
coumarin,  in  the  course  of  a  few  days,  is  almost  wholly  converted  into  hydrocoumaric 
add,  which  may  be  predpitated  by  lead  acetate.  On  boiling  the  precipitate  with 
water,  the  greater  part,  consisting  of  lead  hydrocoumarate,  dissolves,  while  a  small 
quantity  of  coumarate  remains  behind,  showing  that  the  coumarin,  C*H'0',  has  first 
been  converted,  by  addition  of  the  elements  of  water,  into  coumaric  add,  C*HH)f, 
which  has  then  been  converted  into  hydrocoumaric  acid  by  addition  of  2  at.  hydrogen. 

Hydrocoumaric  add  dissolves  in  20  pts.  water  at  18°,  in  less  than  1  pt.  at  40^,  very 
easily  also  in  alcohol  and  ether.  From  a  hot-saturated  aqueous  solution  it  crystallises, 
after  long  standing  at  ordinary  temperatures,  in  spicular  arragonitic  crystals  an  inch 
long.  It  melts  at  S2° ;  solidifies  in  the  crystalline  state  on  cooling ;  has  a  strong  acid 
reaction,  a  sour  astringent  taste,  an  aromatic  honey-like  odour ;  decomposes  carbonates 
with  fadlity ;  and  dissolves  zinc  and  iron  when  heated,  with  elemination  of  hydrogen. 
Its  solution  in  excess  of  ammonia,  when  exposed  to  the  air,  gradually  acquires  'an 
indigo-blue  colour,  becoming  reddish  when  the  liquid  is  heated.  On  adding  the  aqueous 
solution  by  drops  to  dilute /^rrio  ekhridet  a  bluish  coloration  is  produced,  which 
gradually  disappears,  with  formation  of  a  yellowish  predpitate.  Chloride  of  lime 
colours  the  solution  yellow  and  red  when  heated.  By  fnnon  with  potash^  hydro- 
coumaric acid  is  resolved,  with  evolution  of  hydrogen,  into  salicylic  and  acetic 
acids  * 

(yWO*  +  2H«0  =  C'H«0"  +   C*H<0»  +  2H«. 

The  metallic  hydrocoumaraies  are  for  the  most  port  easily  crystal  Usable ;  those  of 
the  alkali-metals  and  alkaline  earth-metals  have  a  slight  alkaline  reaction,  the  ammo- 
nium salt  and  the  salts  of  the  heavy  metals  an  acid  reaction.  The  less  soluble  salts 
are  obtained  by  predpitation ;  the  more  soluble  by  neutralisation  of  the  corresponding 
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place  in  the  first  instance,  and  that  even  at  rery  high  temperatnres  a  small  qoantitY 

of  hydrogen  may  be  retained  by  the  metal ;  direct  proof  of  this  retention  ma  indeed 

obtained  in  one  instance  by  heating  a  piece  of  palladium  foil  in  a  hydrogen  flame 

and  rapidly  plunging  it  into  oold  water ;  tiie  hydrogen  thus  occluded  (measand  in 

the  oold)  amounted  to  1*3  times  the  volume  of  the  metal.    Platinum  similarly  treated 

took  up  only  0*06  vol.    The  velocity  of  transmission  of  the  gapes,  which  increases 

rapidly  with  rise  of  temperature,  is  not  proportional  to  the  volume  taken  up  bj  the 

same  metal  at  lower  temperatures.    Bar  iron  takes  up  a  laiger  quantity  of  carbon 

monoxide  (4  vol.)  than  of  hydrogen ;  nevertheless  a  wiought-iron  tube  1'7  mm.  thick,  after 

being  freed  from  gases,  transmitted  through  a  square  metre  of  surface  only  0*284  e.c 

carbon  monoxide,  whereas  the  hydrogen  Vhieh  passed  through  the  same  surface  in 

the  same  time  amounted  to  76'd  cc*    A  palladium  tube  transmitted  at  165^  through 

a  square  metre  of  surface,  327  cc.  hydrogen  in  a  minute,  at  a  red  heat  (melUng  point 

of  gold)  3992*2  cc,  and  of  carbon  dioxide  at  the  same  high  tempentare  only 

1*86  cc.     On  passing  a  mixture  of  equal  volumes  of  hydrogen  and  carbon  dioxide 

through  a  small  palladium  tube,  3  mm.  in  internal  diameter,  and  0*3  mm.  thick, 

heated  to  redness  while  a  vacuum  was  made  around  it,  1017*5  cc  of  perfectly  pore 

hydrogen  passed  through  a  square  metre  of  its  surface  in  a  minftte.    The  rapid 

diffusion  of  hydrogen  (and  partially  of  carbon  monoxide)  in  palladium,  platimun,  and 

iron,  at  very  high  temperatures,  and  their  passage  through  these  metals,  are  regarded  ht 

Graham  as  depending  upon  a  solution  of  the  liquefied  gas  in  the  colloid-metal;  in  fnct, 

a«  similar  to  the  passage  of  gases  through  a  thin  membrane  of  caoutchouc   The  snlutioD- 

affinity  of  these  metals  appears,  however,  to  be  limited  to  the  two  gases  just  mentiondi 

In  palladium  more  or  less  saturated  with  hydrogen,  Graham  assumes  the  existence 

of  a  palladium  hydride,  the  hydrogen  alloying  itself  with  the  palladium  like  a 

metal  (see  Hydbooen).    The  quantity  of  hydrogen  taken  up  by  the  palladium,  when 

made  to  form  the  negative  pole  of  an  electrolytic  cell,  approximates  to  the  formula 

PdH'  (no  such  hydride  can  however  be  formed  by  the  action  of  sodium  hypophosphite 

on  palladium  sulphste).    The  palladium  hydride  formed  by  occlusion  of  hydrogen  in 

palladium  wire  exhibita  the  colour  and  lustre  of  palladium ;  its  tenacity  is  but  rijghtljr 

less  than  that  of  pure  palladium ;   its  electric  conductivity  is  5*99,  that  of  pore 

palladium  being  8*10  (copper  »  100).    It  is  distinctly  magnetic,  more  so  than 

palladium  itaelf.    Its  density  is  less  than  that  of  pure  palladium  {Proe.  Soy,  See. 

xvi.  422  ;  xvii.  212,  500 ;  Chem.  8oc.  J.  [2]  vii.  419). 

A  specimen  of  this   mineral  fiY)m  Hakansbo  in  Sweden, 


analysed  by  E.  Ludwig  (Jahresb.  1867,  P.  974),  gave  19*80  p.  c  sulphur,  44'08  arsenic 
19*34  iron,  16*06  cobalt  (s=  99*23).  It  has  the  form  of  araenical  pyrites,  and  in 
respect  to  its  amount  of  cobalt,  is  intermediate  between  the  glaucodnte  of  Huasoa  in 
Chile  (ii.  846),  and  the  lees  cobaltiferous  arsenical  pyrites  distinguished  by  Tehemuik 
as  danaite. 


d&AVCOVXVB.  Analyses  of  this  mineral  from  various  localities  by  Hausbofer 
gave,  on  the  average,  49*6  p.  c  silica,  agreeing  approximately  with  the  formala 
RO.R«0«.3SiO»  +3aq.  (Jahresb,  1866,  p,  938;  1867,  p.  995). 

O&UCOSa.    See  Sugar. 

O&VOOSSBaB*  Hlaaiwetz  (^f>n.  Ch.  Tharm,  cxliii.  290)  divides  oompounds  which 
yield  sugar  or  saccharine  substances  when  treated  with  acids  or  alkalis,  into  the 
following  groups:  1.  Glucotidts  yielding  by  decomposition  with  dilute  mineral  acids 
(or  with  ferments),  glucose  and  another  substance,  (a)  1  mol.  glucose  and  1  moL  of 
the  other  product;  e.g,  arbutin,  helicin,  ruberythrin,  salicin.  (6)  More  than  1.  mol. 
glucose:  daphnin,  sesculin,  jalappin,  scammonin,  helleborin,  turpethin.  (7)  1  moL 
4^]ucose  to  2  mol.  of  another  body :  populin,  benzohelicin,  gratiolin  (?),  bryonin  (?\ 
ononin  (?). — 2.  PUoroglueideSy  which  when  decomposed  by  alkalis  or  strong  mineral 
acids  yield  phloroglucin :  phloretin,  quercitrin,  maclurin,  lutQolin,catechin,filicicacid.— 
3.  PhJorogtucosides ;  these  yield  glucose  and  phloroglucin,  the  first  of  which  maj  be 
separated  by  dilute  acids,  the  second  from  the  resulting  phloroglucide  by  alkalis : 
phloririn,  quercitrin,  robinin,  rutin. — 4.  Gummides  yielding  glucoee  as  product  of 
transformation :  to  this  division  belong  perhaps  tannic  aeia  and  cafieic  acid.— 
5.  MannideSf  yielding  a  derivative  of  mannite  as  a  product  of  decomposition:  qninoria, 
cafietannic  acid  (?).--6.  Nitrogenous  glueomdes :  amygdalin,  solanin,  indidn,  chitin. 

O&VTAMZC  ACXB.  C^H'NO^  (Kitthausen,  J.  pr,  Chem,  xcix.  454;  crii. 
218). — An  acid  obtained  by  decomposition  of  gluten.  It  may  be  prepared  by  boilics; 
the  portion  of  wheat-gluten  which  is  insoluble  in  alcohol  (vegetable  fibrin),  or  better, 

*  Acconling  to  Cailletet  (Compf.  tmd.  Ixri.  847 ;  Jahretb.  1868,  p.  187),  iron  la 
ciroumstancoa  permcablo  to  hjdrogen  at  ordinary  tcroperaturea. 
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the  portion  soluble  in  alcohol  (mucin  or  mucedin,  ii.  873),  for  20  to  24  hours  with 
2^  pts.  sulphuric  acid  and  6  to  7  pts.  water,  supersaturating  with  milk  of  lime, 
remoTing  the  lime  with  oxalic  acid,  the  excess  of  the  latter  by  boiling  with  lead 
earboDate,  and  lastly  the  dissolved  lead  with  hydrogen  sulphide.  The  strongly  acid 
bi^uid  yields  by  evaporation  a  ciystalline  mixture  of  tyrosine,  leucine,  and  glutamic 
acid,  from  which,  by  treatment  with  hot  water  (which  leaves  the  tyrosine  undissolved), 
aod  then  with  alcohol  of  30  p.  (j.  (which  chiefly  dissolves  the  leucine),  and  rocrystaU 
liaation  from  water  (with  addition  of  animal  charcoal),  and  from  alcohol  of  30  p.  c, 
the  glutamic  acid  is  obtained  pure.  The  portion  of  gluten  insoluble  in  alcohol  yields 
only  about  1^  p.  c  glutamic  acid,  but  mucedin  yields  more  than  30  p.  c,  with  no 
tyrueine,  and  only  a  small  quantity  of  leucine. 

Glutamic  acid  is  likewise  obtained,  together  with  aspartic  acid  and  a  non-crystal- 
lisable  body,  by  treating  conglutin  with  sulphuric  acid.  On  repeatedly  boiling  the 
runilting  knobby  ciystaUine  masses  with  alcohol  of  50-60  p.  c,  the  greater  part  of 
the  aspartic  acid  remains  undissolved,  and  an  additional  quantity  of  that  acid 
sepaiates  from  the  hot  alcoholic  solution,  while  the  glutamic  acid  remains  in  the 
mother-liquors,  and  may  be  obtained  by  distillation  and  concentration  over  sulphuric 
acid,  in  shining  tetrahedial  crystals. 

Glutamic  acid  dissolves  at  15"  in  100  pts.  water,  302  pts.  alcohol  of  30  p.  c,  and 
l,dOO  pts.  ala>hol  of  80  p.  c  ;  at  higher  temperatures  ita  solubility  in  water  and  in 
dilate  alcohol  is  much  greater.  The  solutions  have  a  strong  acid  reaction,  an 
astriogent  taste,  and  decompose  carbonates,  forming  soluble  salts.  From  hot-saturated 
aolations  the  acid  separates  in  white  crystalline  crusts  composed  of  shining  laminae, 
by  slow  evaporation  in  crystals  having  a  bright  adamantine  lustre  and  the  form  of 
distorted  rhombic  octohedrnns  with  baaal  end-face.  Axes a:b:e  «> 0*8059  :  1 :  0*8521. 
Tbej  are  anhydrous,  melt  with  partial  decomposition  at  1 35^-140",  then  solidify  very 
slovly  to  a  crystalline  mass,  which  decomposes  at  a  higher  temperature,  emitting  an 
odtmr  like  that  of  burnt  horn.  It  is  dextxograte ;  but  when  heated  with  nitrous  acid 
it  yields  an  optically  inactive  acid  homologous  with  malic  acid.  The  glutamates  of 
the  alkali-metals  are  very  soluble,  and  crystallise  with  difficulty;  those  of  tho 
slkaline-eaith-metals  are  also  very  soluble  in  water  and  alcohol,  and  dry  up  to 
gummy  masses.  The  copper  salt  separates  from  aqueous  solution  in  well-defined  deep 
blue  crystals,  consisting — according  to  Ritthausen's  latest  observations — of  C^H'NO^Cu 
+  2^fi'0 ;  ^m  a  very  strong  solution  slightly  acidulated  with  nitric  acid,  it  crys- 
talliftes  in  small  prisms  containing  only  2H'0,  and  when  prec'pitated  by  alcohol, 
it  has  the  composition  C^H'NO^Cu  -i*  3H'0.  Lead  salts  do  not  precipitate  glutamic 
add  even  on  aodition  of  ammonia. 


•KiUTAXZO  JLOU^m  C^HK)*. — An  acid  homologous  with  malic  acid,  produced 
by  the  action  of  nitrous  acid  on  glutamic  acid  dissolved  in  dilute  nitric  acid.  It  is 
bibasic  The  calcium  salt  C*H*CaO*  +  ^H'O,  obtained  by  neutralisation  and  precipita- 
tion with  alcohol,  is  white,  non-crystalline,  and  flocculent.  Decomposed  with  lead 
acetate  it  yields  the  lead  salt  in  form  of  a  white  precipitate,  which  crystallises  from 
solution  in  hot  water  in  nodular  crystals  containing  C*H*PbO* .+  fH*0.  In  presence 
of  ammonia  a  basic  salt  is  precipitated.  The  silver  salt  is  a  curdy  precipitate, 
having  when  dried  the  composition  C*H*Ag*0*  +  ^H'O.  The  acid  itself  crystallises 
vith  difficulty  from  its  solution  evaporated  to  a  syrup  (Ritthausen,  J,  pr,  Chem.  ciii. 
239 ;  ZeUschr.  /.  CAeoL  [2]  iv.  529). 

OXmm.  For  a  continuation  of  Ritthausen^s  investigation  of  the  constituents 
of  gluten  (ii.  873),  see  J.  pr.  Chem,  xcix.  462 ;  Jahresb.  1864,  p.  719. 

WiTCgg  H  Tig  I  Compounds  analogous  to  the  acetals  produced  by  heating 
glycerin  with  aldehydes  to  170^-200^  for  24  to  30  hours : 

C»H«0»  +  Aldehyde  -  H*0  «  Glyceral. 
The  following  have  been  obtained : 


I.      H    \0\ 


Sp.  gr.  Yap.  density 
B.P.  at  0°  oba. 


Acetoglyceral,      H    \0\    184<>-188''     1081      4162 
C«H*  ) 

C«HM 
Valemglyceral,     H    lO»,    224°^228®     1027      5*626 
C»H»»J 

C»H»  ) 
Benxoglyceral,      H    lo. 
C'H«  j 
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hydrogen  ium.  AMuming  that  the  hydrogen  enten  into  the  eombinatioii  with  the 
density  which  it  would  exhibit  if  solidified  in  the  free  state,  he  calcnlatee,  iiom  the 
observed  density  of  this  so-called  alloy  of  palladium  and  hydrogeninm,  and  of  similar 
alloys  containing,  in  addition,  gold,  silver,  or  nickel,  that  the  density  of  this  hypo* 
thetically  solidified  hydrogen  varies  between  the  limits  0*711  and  0*7646 :  mean,  0*733. 
It  may,  however,  be  doubted  whether  the  observed  modifications  of  the  jjiysical 
properties  of  palladium  and  other  metals  consequent  on  the  absorption  of  hydrogen 
have  any  very  direct  bearing  on  the  question  of  the  metallic  nature  of  hydrogen. 
What  indeed  is  meant  by  the  assertion  that  hydrogen  is  a  metal  ?  This  element,  in 
its  chemical  relations  with  chlorine,  oxygen,  and  other  chlorous  radicles,  undoubtedly 
exhibits  striking  analogies  to  the  metals,  and  hence  it  has  been  inferred  that  \£ 
liquefied  or  solidified  it  would  also  exhibit  the  physical  characters  of  a  metal.  But 
hydrogen  in  a  state  of  combination  may  also  be  regarded  as  the  first  term  of  the 
series 

H         CH»        C«H»        CH^    ....    OH«»*«, 

and  in  the  free  state,  as  the  first  term  of  the  series 

IP        CH*        C«H«        C«H»    ....    C"H«-**. 

• 

Its  chemical  analogies  to  the  several  terms  of  the  first  series  (the  alcohol-radicles)  aro 
well  known ;  and  hence  we  mip;htwith  equal  reason  suppose  that,  if  liquefied  or  solidified, 
it  would  resemble  the  bodies  of  the  second  series  (the  psjaifins),  exhibiting  the 
appearance  of  a  transparent  oolourless  liquid,  or  of  solid  paraffin,  ana  not  bearing  the 
slightest  resemblance  to  a  metal. 

In  connection  with  this  subject  we  may  refer  to  the  late  ingenious  experiments  of 
Seeley  (Chem.  News^  June  10,  1870)  on  the  so^ailled  ammoniacal  amalgam,  from 
which  it  appears  that  this  substance  when  submitted  to  varying  pressure  changes  its 
volume  like  a  gas,  and  is  in  fact  nothing  but  a  homogeneous  froth  formed  by  the 
imprisonment  of  gas-bubbles  between  the  pores  of  the  mercury.  Loew,  by  slmking 
together  in  a  well-cooled  vessel  a  mixture  of  mercury  and  1  to  2  p.  c.  zinc,  with  an 
equal  bulk  of  a  solution  of  platinic  chloride  containing  10  p.  c  of  the  solid  salt,  has 
obtained  a  slimy  mass  which,  when  treated  with  dilute  hyorochloric  add,  acquires  a 
buttery  consistence,  and  is  a  compound  or  mixture  of  mercuiy  and  hydrogen,  designated 
by  Loew  as  hudrogenium  amalaam^  and  described  as  analogous  in  its  properties  to 
Graham's  hydrogenised  palladium.  It  is  perhaps  merely  a  mixture  similar  \o  the 
ammonium  amalgam,  and  if  the  molecules  of  palladium  were  as  free  tu  move  as 
those  of  the  mercury,  it  would  probably  also,  in  absorbing  hydrogen,  assume  the 
consistence  of  a  metallic  froth. 

On  the  spectrum  of  hydrogen  see  Spbctbai.  Analysis. 

On  the  coloration  of  the  hydrogen  flame  by  small  quantities  of  gaseous  and  solid 
bodies,  see  W.  F.  Barrett  (PA»/.  Mag,  [4]  xxx.  821 ;  Jahreth,  1885,  pp.  124,  139). 

Reduction  of  Metallic  Salt*  by  Hydrogen, — Pure  hydrogen  passed  for  several  hours 
through  a  solution  of  nitrate,  sulphate,  or  acetate  of  sUifer,  throws  down  a  slight  grey 

Srecipitate  of  metallic  silver ;  impure  hydrogen  forms  a  brown  or  black  precipitate, 
ue  to  the  foreign  substances  present.  A  solution  of  platmic  ekloride  made  as  nentrsl 
as  possible,  or  a  solution  of  ammonium  chloroplatinate,  becomes  turbid  when  hydrogen 
is  passed  through  it,  depositing  a  black,  pulverulent,  sometimes  scaly,  metallio^ly 
lustrous  precipitate ;  by  prolonged  exposure  to  the  gas  the  solution  becomes  colonrless 
and  transparent  Paliaaium  is  precipitated  with  still  greater  facility.  Iridium  sobt' 
tians  are  scarcely  affected ;  gold  solutions  not  at  all.  Solutions  of  mercwwts  nOraie 
and  mercuric  chloride  are  not  affected  under  the  ordinary  pressure,  but  under  a  pres- 
sure of  100  atmospheres  metallic  mercury  is  deposited  after  24  hours.  A  solution  of 
ferric  chloride  treated  with  hydrogen  fbr  48  hours  was  found  to  contain  a  small 
quantity  of  ferrous  chloride  (Brunner,  Pogg.  Ann,  cxxii.  168 ;  Jahresb,  1866,  p.  124). 
According  to  Beketoff  (Ann.  Ch.  Pharm,  ex.  812  ;  Jahresb.  1869,  p.  66 ;  1866,  p.  13), 
the  reduction  of  silver  from  its  salts  by  hydrogen  is  greatly  facilitated  by  increased 
pressure.  Dilute  solutions  of  cupric  nitrate  and  of  lead  salts  exhibit  no  trace  of 
metallic  precipitation  by  hydrogen,  even  under  a  pressure  of  40  atmospheres ;  but  the 
reduction  takes  place  in  presence  of  platinum,  not  only  under  increased  pressure,  but 
even  under  ordinary  pressure,  if  the  platinum  plate  projects  above  the  liquid  (the 
tubes  containing  the  solution  and  the  platinimi  plate  were  filled  with  hydrogen  and 
sealed  up).  Solutions  of  silver  sulphate  similarly  treated  deposited  metallic  silver  on 
the  platinum ;  lead  solutions  were  unaffected. 

On  the  temperatures  at  which  different  metallic  oxides  are  reduced  by  hydrogen,  see 
W.  Miiller  (Zeitschr.  f.  Chem.  [2]  v.  607).  Auric  chloride  is  not  decomposed  by 
hydrogen  at  200°,  but  above  that  temperature  explosion  occurs  in  consequence  of  Um" 
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MBilriutioi)  of  libanUd  chlorina  witli  Um  bTdzi 
Mduosd  at  80°.  Tho  chloridca  of  lilTor  uid  In 
off  tulpbnr  at  200°  (Muller). 

snBOasv  BZOZZ9B.  HK)'.— iL«oonliiigtoH.9Unve(Znl!Kir./.CinN.[3) 
T.  S71).  ttiii  compound  occmv  &eqneDtl;  in  tiie  stmoapliere,  uia  may  be  daUet«d  io 
■DOW  uid  laln-voter,  by  moiiu  of  a  solntioD  of  lead  oxide  in  potash,  with  addicioD 
of  a  few  diope  ot  basic  lead  acetate,  vheieby,  if  hydrogen  dioiid«  it  present,  a 
predpitatfi  ii  formed  containing  lead  dioxide,  FbO*.  Houukd,  od  the  other  hand 
[iliid,  IT.  S7S),  ma  not  able  to  detect  hydiweo  dioxide  in  snow  or  lain-vatdr. 
According  lo  Schonbein  {JaJm^,  ISSI,  p.  066),  hydrogen  dioxide  may  be  detected  in 
variable  bnt  slwayB  nnall  qonDtity  in  bnman  oriDe. 

On  the  formation  of  hydrogen  dioxide  in  rarioiu  caeei  of  alov  oxidation,  bb  when 
an  amalgam  of  tin,  Iwd,  or  bisninlh  is  agitated  vith  water  acidulated  with  aalphuric 
acid,  see  SchonbeinlJ^,  Am.cvi.  307  ;  czxii.  44fi  ;  Jaireib.  18fiE),  p.  60;  1861,  pp. 
9i,  96,  97,  IM  ;   1BS3,  p.  43  ;   1864,  p.  131  ;  1866,  y.  101). 

To  prepare  a  dilute  eolntioa  of  hydrogea  diokide  for  lectore  experimeott, 
C.  HofWan  lAtM.Ch.Pham.tiixti,  I8B)BiMspobiesiuin  peroxide  by  small  portion* 
to  a  maderately  ooncentiated  and  vell-oooled  •olntion  (^  silicofluorie  or  tartaric 
acid,  taking  caie  not  to  neatralise  the  acid  completely.  The  potaasiom  peroxide  ia 
prepared  for  the  purpose  by  directing  a  jet  of  aii  on  potaarinm  fOsed  in  a  porcelain 
croeibte. 

Reaeliotu. — The  leactioDB  of  hydrogen  dioxide  wiUi  metals  and  metatlio  Mlla 
hare  bwin  stodied  by  Weltoea  {Ann.  Ck.  I*arm.  cxxxriii.  139 ;  Cim.  Srva,  xiii. 
169;  xiT.  1,  IS,  39,  60;  Jabmb.  1866,  p.  107).  1.  MttaUv:  mm  in  a  solution  of 
hydrogen  dioxide  becomes  covered  with  gas-bubbles  and  is  eouveited  into  normal  farne 
hydrete :  Fe*  +  3E>0*  -  Fs>(0H)*.~2.  Alimmiam  is  acted  upon  in  a  similar 
manner. — 3.  Farroia  tidfiaU  gireB  a  precipitate  of  a  basic  ferric  salt,  Fe*aO>  + 
8H'Oor2FeK)*.SO'  +  flHK),  whUean  acid  SBlt,re'8H)"  or  F^S0')".2S0'.remains 
dissolved: 

eFeSO*  +  3HK)'  +  6HK)  -  Fo'SO*.8H'0  +  Fe>8K)". 
It  the  eolution  of  ferrous  sulphate  be  mixed,  first  with  potash,  and  then  vith  hydrogen 
dioxide,  in  excess,  the  precipitated  ferrous  hydrate  quickly  passes  into  ferric  hydrate, 
corresponding,  when  dried  at  100°,  to  the  formula  Fe'H'O' or  Fe>0* .  SUH).  A  sola- 
tioD  of  ferrous  sulphate  mixed  with  patassium  sulphoeyanate  turns  red  on  addition  of 
hydrogen  dioxide,  while  ferric  hydrate  is  precipitated  : 

6Fo(CNS)«  +  3H'0'  -  SFo^CMS)'  +  Fe'HH)*. 
A  BoIutioD  ot/trrouM  iodid*  gives  with  hydrogen  dioxide  a  precipitate  of  ferric  bydnte, 
with  separation  of  the  whole  of  the  iodine : 

SFeli  +   3H'0'  -   Fe-E'C  +   21'. 
Feme  salts  are  not  altered  by  hydrogen  dioxide. — I.  Sfa^utiutK  slowly  Ibnns  an 
alkaline  liquid,  which,  when  evaporated,  leavea  a  white  mase  perfectly  soluble  in 
water,  the  solution  probably  eontainii^  magueeimn  hydrate,  MgH*0*. — 6.  TteUiMM 
is  converted  into  thallious  and  tbaltic  hydrate,  according  to  the  equation : 

3T1"   +   4H"0»  -   2T1H0   +  Tl'H'O'   +   2UK>. 
On  the  other  hood,  thallic  hydrate  ii  ilowly  reduoed  I7  hydrogen  dioxide  to  thallious 
hydrate,  with  elimJDBtton  of  oxygen,  as  olnody  oboerved  by  Schonbein  {Jairab,  1B64, 
p,  171)- — 6.  Silter  niiralt  in  ammoniacsJ  solution  is  reduced  by  hydrogen  dioxide^ 
with  brisk  evolution  of  oxygen ;  probably  thus : 

2(NH"Ag.H0')  +   H'O*  -  SCNH'.SO*)  +  Ag^' 

Ag'O*  +   2H»0'  -  Ag"  +   aHK)  +   90'. 


reaction  take*  place  by  three  stages 

(0   2KI   +   H'O'  =     K'O'    +   2HJ. 

(!)  K'O*  +    H'O    =   2KH0   +     0. 

(8)   aHI  +     0      -H'O      +    I'. 
[According  to  Ueissner  (Ja\ntb,  1863,  p.  144),  hydrogen  dioxide  does  not  deeomposs 
potassium  iodide  in  ^rfectly  ueatnl  siiution ;  acoonnng  to  Houxsan  {Mi.  1868,  p. 
146),  the  decompeeitToo  does  not  take  place  when  the  s^ntions  are  nsntral  and  very 
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8.  Potassium  permanganate  is  deeomposed  by  hydrogen  dioxide,  in  the  abaenee 
of  hydrochloric  acid,  with  separation  of  manganic  hydiute,  Mn'H*0^,  and  formation 
of  potassium  hydrate : 

2KMnO*  +   2H«0«  «  2KH0   +  Mn«HH)*  +  80«; 

in  presence  of  hydrochloric  acid  a  manganous  salt  is  formed,  as  preriously  shown  by 
Brodie  (Jahresb.  1861,  p.  105)  : 

2KMnO*  +   6H«0«  -  2KH0  +   2MnO  +  4HH)   +  60«. 

9.  Potassium  ferrocyanideva.  neutral  solution  is  converted  into  ferricyanide,  with  for- 
mation of  potassium  hydrate : 

2K*Fe(Y  +  H«0«  -  K«Fe«Cy»«  +   2KH0; 

in  presence  of  hydrochloric  acid,  not  in  excess,  the  reaction  is 

2K«FeCy«  +   2HC1  +  H«0«  «  K«Fe»Cy«  +  2Ka  +  2HK): 

with  excess  of  hydrochloric  acid,  hydroferrocyanic  acid  is  separated  and  further 
decomposed.  On  the  other  hand,  ferricyanide  is  reduced  by  hydrogen  dioxide  to 
ferrocyanide : 

K«Fe«Cy»  +  H^O*  -  H»K«FeCy«  +   K^FeCy*  +  0\ 

on  which  reaction  depends  the  blueing  of  a  mixture  of  potassium  ferricyanide  and 
ferric  chloride  by  hydrogen  dioxide  (ferric  salts  not  being  reduced  thereby). — 10.  The 
peroxides  of  potassium^  sodium,  and  barium  are  resolved  by  water  into  hydrates  of  the 
alkali-metal  and  hydrogen  dioxide,  which,  however,  is  immediately  decomposed  by  the 
alkali,  and  can  therefore  be  detected  in  the  solution  only  in  small  quantity.  On  the 
other  hand,  it  may  be  supposed  that  the  alkaline  hydrates  are  converted  by  hydrqgen 
dioxide  into  hydiated  peroxides,  which  are  again  resolved,  with  evolution  of  oxygen, 
into  alkali-hydrate,  oxygen,  and  water ;  thus : 

2KH0   +   2H«0«  =  2KH0«  +    2H«0 
and 

2KH0«  -  2KflO    +   0». 

The  rapid  decomposition  of  hydrogen  dioxide  in  all  reactions  in  which  alkalis  are 
set  free  takes  place  in  this  manner,  and  is  not  due  to  catalytic  action  (Weltsien). 

When  a  solution  of  ferrous  oxide  is  mixed  with  phenol  an&  then  with  hydrogen 
dioxide,  the  liquid  becomes  green,  and  if  sufficiently  concentrated  yields  a  dariL  green 
precipitate  of  unknown  composition ;  at  the  boiling  heat,  however,  it  deposits  fezrie 
hydrate. 

A  solution  of  potassium  dickromate  similarly  treated  gradually 'yields  a  dark  brown 
precipitate ;  an  ammoniacal  cupric  solution  deposits  cuprous  oxide.  In  these  reactions 
the  reduction  takes  place  only  when  the  hydrogen  dioxide  is  added  qfter  the  phenol 
(J.  Pamell,  Chsm.  Soe.  J.  [2]  vi.  366). 

Hydrogen  dioxide  is  decomposed  by  all  ferments,  especially  by  yeast,  theee  bodies 
acting  as  deoxidisers ;  they  lose  this  power  however  when  heated  with  water  to  the 
boiling  point  (Schonbein,  J.  jar.  Chem,  cvi.  267  ;  Zeitschr,f.  Chem.  [2]  v.  633). 

A  solution  oigwyacum  mixed  with  blood-corpusdes,  or  with  infusion  of  malt,  turns 
blue  on  addition  of  hydrogen  dioxide,  and  affords  a  test  for  that  compound  exceeding 
in  delicacy  any  yet  proposed,  and  producing  distinct  indications  in  water  containing 
not  more  than  1  pt  of  it  in  ten  million.  By  means  of  this  reaction  it  may  be 
shown  that  aloohol,  ether,  wood-spirit,  acetone,  and  other  organic  liqnids  contain  per- 
ceptible quantities  of  hydrogen  dioxide,  alter  being  agitatid  for  a  few  minutes  with 
nirin  sunshine,  and  that  this  compound  is  instantly  formed  when  zinc  or  other  metals 
are  oxidised  in  contact  with  water  (Schonbein,  J,  pr,  Chem,  cv.  219 ;  Jahresh.  1868, 
p.  145). 

For  the  quantitative  estimation  of  hydrogen  dioxide,  Houseau  {Zeitsehr.  f,  Chem,  [2] 
iv.  223)  adds  to  the  neutral  solution,  first  dilute  titnted  sulphuric  acid  (containing 
00061 25  grm.  H'SO*  in  6  c.c),  then  a  slight  excess  of  potassium  iodide  solution  (con- 
taining 3  grm.  of  the  salt  in  100  grm.  water) ;  warms  the  liquid  gently  to  Ihcilitate  the 
reaction ;  then  boils  it  till  all  Uie  iodine  is  expelled ;  and  estimates  the  quantity  of 
fVee  acid  still  present  with  a  standard  soda-solution.  Every  cub.  cent,  of  acid 
neutralised  by  the  alkali  from  the  potassium  iodide  corresponds  to  0*431  milligrm.  of 
hydrogen  dioxide. 

xnSOOBW  FSOSVBZIIBS.  According  to  OmimaiUe  {J.  Pharm,  [4]  viii. 
821),  phosphorettod  hydrogen  gas  is  evolved  by  the  action  of  phosphorus  on  potash- 
ley  even    at    ordinaiy  temperatures.    Hence  in    determining  carbon    dioxide  and 
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oxygen  in  a  gaseous  mixture,  by  absorbing  the  former  with  potash-ley  and  then  intio« 
ducing  a  stick  of  phosphorus  to  absorb  the  oxygen,  an  error  may  arise  in  consequence 
of  the  phosphorus  becoming  wetted  by  the  potash-solution,  and  then  evolying  phoe- 
phoretted  hydrogen. 

B.  Mahn  (ZeiUchr.  f.  Chem.  [2]  y.  730)  has  examined  the  action  of  phosphoretted 
hydrogen  gas,  or  phosphine  PH',  on  the  chlorides  of  phosphorus,  antimony,  and  tin. 
With  fhoiphonu  pentaehlaride  it  reacts  according  to  the  equation,  PH'  +  3PC1*  -* 
4PC1'  +  8HC1,  as  preyiously  shown  by  H.  Rose.  When  passed  into  ho&ted  pkospkarus 
tricMoridtt  it  slowly  forms  li  red  precipitate  of  phosphorus,  as  also  shown  by  Bose. 
When  passed  into  cooled  atUimanic  chloride,  it  forms  antimonious  chloride,  phosphoric 
chloride,  and  hydrochloric  acid : 

PH«  +  4Sba*  =  4Sba«  +  PC1»  +   3Ha. 

Pkissed  into  fused  antimonious  chloride,  it  forms  a  black  precipitate  consisting  chiefly 
of  antimony  and  phosphorus.  WitJi  stannic  chloride  it  forms  a  yellowish-ied 
compound,  Sn'Cl'P'. 

RlMtOOBW  BV&PBISat  H'S,  HydrosulfHurie  or  Stdphvdric  acid,  is 
formed  abundantly  when  hydrogen  gas  is  passed  through  boiling  sulphur  (Men  a. 
Weith,  ZeiUchr.  /.  Chem.  [2]  v.  603) ;  also  when  a  succession  of  induction-sparks  is 
passed  through  a  mixture  of  hydrogen  gas  and  sulphur  vapour  (Cherrier,  ilnd,  608). 

According  to  J.  Myers  (Zeitsehr.  anal,  Chem,  1869,  409),  it  is  formed  when  aoueous 
TBpour  is  passed  over  boiling  sulphur,  an  acid  liquid  then  distilling  over  whicn  is  a 
solution  of  sulphydric  and  pentathionic  acids,  the  latter  obviously  resulting  from  the 
sulphydiic  acid  and  sulphurous  anhydride  simultaneously  produced. 

HTtlBOMHOOyXO  AOI3>.    See  Mecoitic  Acid. 

ACI]>«     See  Melutic  Acid. 

rBBOVASAOOVlKAJUO  ACXB.    See  Htdbocovmabic  Acid. 

bOWB.    See  Phlobonk. 

IFBTBAJUO  ACJZO.    See  Phthauc  Acid. 

EC  ACZB.    See  Pifbric  Acid. 

SeeQxiiKONB. 


I,  C*'H"N»0«,  is  converted  by  gentle  heating  with 
hydrochloric  and  hydrocyanic  acids  into  yellow  hydrocyanosalicM,  C"H'*N*0',  and 
sal-ammoniac : 

C«H>»N«0«  +   HCN  +   HCl  =  NH*Cl   +   C«H'«N»0». 

By  washing  the  solidified  product  with  alcohol,  and  crystallising  it  from  a  large 
quantity  of  the  latter,  hydrocyanosalide  is  obtained  in  interlaced  orange-yellow  needles. 
It  is  indifferent,  very  stable,  insoluble  in  water,  very  slightly  soluble  in  alcohol,  and 
decomposed  by  potash,  with  evolution  of  ammonia  and  formation  of  resinous  products. 
By  boiling  for  several  days  with  alcohol,  it  is  gradually  converted  into  brown  needles 
of  an  isomorphous  compound  distinguished  from  the  yellow  modification  by  greater 
solubility  and  a  different  crystalline  form. 

Hydrocyanosalide  is  also  formed,  together  with  ammonium  cyanide  and  its  produeUi 
of  decomposition,  when  hydrosalicylamide  is  acted  upon  by  hydrocyanic  acid  alone 
(Beinecke  a.  Beilstein,  Ann.  Ch.  Pharm,  cxxxvi.  169). 

BTBBOSOXfo  The  name  applied  by  Graham  to  the  soluble  hydrate  of  a  colloidal 
substance  (v.  1088). 

U S JMUmPBSOZTBa  Hydrated  manganous  silicate  from  New  Jerscrr, 
massive,  light  red,  translucent  on  the  edges,  contains  28*46  p.  c.  SiO*,  11*80  MgO, 
63-44  MnO,  049  Mn^O",  and  6'86  HH)  (Igelstrom,  JahreOt,  1867,  p.  995). 

BrmfcOTSftaFHTBAUO  AOZB.     See  Tebxfbtbalic  Acid. 


C*H'«NO  «  ^^"'^g^lN  (Wurta, 


Ann,  Ch,  Pharm,  Suppl.  vii.  89). — ^When  the  hydrochloride  of  amylic  glycol 
is  heated  with  excess  of  ammonia,  the  chloride  of  this  base,  O^H'^O.Cl 
or  C*H'*N0.HC1,  is  formed,  together  with  that  of  the  corresponding  valeryl- 
base,  C*H>«Na  or  C*H"N.HC1,  derived  from  it  by  abstraction  of  water.  On 
evaporating  the  resulting  liquid  to  a  syrup,  dissolving  it  in  absolute  alcohol 
to  remove  sal-ammoniac,  mixing  the  alcoholic  solution  with  plaUnic  chloride, 
and  leaving  the  filtered  liquid  to  evaporate,  crystalline  crusts  of  the  platinochloiide 
Sup,  3  A 
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(C*H''N)*.PtCl*  (isomeric  with  that  of  Tinyl-trimethyl-AimiiQiiiiiiB)  0e^anto  oat 
and  by  reeryatAliisation  this  salt  may  be  obtained  in  rather  large  daik  oraage-eoloiDed 
ervKtals  soluble  in  water  and  alcohoL  The  mother-liquor  oi  the  preeediog  salt  iaillT 
yields  by  8pontnne<ju8  evaporation  the  platinochloride  of  hjtlmTnwylrno  ammnni", 
((:»H»*NbCl)a'tCl\  isomeric  with  that  of  choline  (pi  448).  which  by  npetted 
iTVhtiilli nation  may  be  obtained  in  orange-red  crystals,  rerf  solnbla  in  water  and  in 
alcohol. 

On  mixing  the  syrupy  liquid  containing  these  two  platinnm  salts  with  excess  of  very 
htront?  pr)tahh-eolution,  a  thick  oily  liquid  sepaiates ;  add  on  subjecting  tiM  wbDk» 
t<)  distillation,  there  passes  over  with  the  aqueous  vapour  a  base  which  separates  fros 
the  alkaline  Ii<iui<l  on  saturation  with  potassium  hydrate.  The  decantea  oily  liquid 
distils  without  decomposition,  the  greater  part  passing  over  between  160®  and  170^ 
:is  a  thioki.sh  strongly  alkaline  liquid  soluble  in  water,  and  smelling  of  ammonia. 
The  residue  of  the  distillation  solidifies  on  cooling  to  a  cmtalline  maia.  The  two 
bodies  thus  obtained  are  doubtless  the  hydrates  oorre^wndmg  to  the  platinnm  salts 
above  described. 


^'(C»H*?  I  ^  ( W'*^  ^"*-  ^*-  -P*«^-  Supffl,  vii.  88).— The  ehlonda,  CTI^NOQ, 

is  obtained  by  heating  hydrozychloride  of  ethylene  with  triethylamine : 

(C«H»)«N  +   C«H\OH)a    -    ^H»f«|^-^- 

It  is  easily  soluble  in  water  and  in  alcohol,  crjrstallises  in  beantiftil  striated  prisms,  and 
forms  with  platinic  chloride  the  salt  (C*H**NOCl)*.PtCl*,  which  also  er^rtallises  well 
'l-he  aurochiaride  C^H'^NOCl .  AuCl*  is  lees  soluble  than  the  platiaoehloride,  and 
separates  from  boiling  water  in  splendid  golden -yellow  laninft  The  kuirtte 
C"U"NO*  =  C«H««NO.OH  is  ahomologue  of  choline,  C»H'»NO«. 


^SOXTBnrZTliUSZC  AOZB.  C**HnKO*  (Otto,  Ann,  Ck,  Pkarm, 
cxxxiv.  303  ;  Jahresh.  1865,  p.  354). — An  acid  produced  by  ozidatiott  of  hydro- 
benzyluric  acid  (p.  704)  when  an  alkaline  solution  of  the  latter  is  exposed  to  the 
air.  It  is  crystalline ;  has  an  offensive  odour  when  moist ;  melts  between  60®  and 
70® ;  is  insoluble  in  cold  water,  but  dissolves  easily  in  alcohol,  ether,  and  alkalis ; 
and  is  precipitated  white  by  lead,  silver,  and  mercnry  salts ;  brown  by  fbrric  chloride. 
Its  solution  in  strong  sulphuric  acid  has  a  cherry-red  colour.  The  caicium  salt 
C  •H<*CaNO*  -I-  3H20  is  soluble  in  water,  and  crystallises  with  difficulty  in  needles. 
In  a  vacuum  hydroxy benzyluric  acid  is  gxiidually  converted  (perhaps  with  formation 
of  an  intermediate  product,  C»«H««N'0»)  into  thp  less  hydrated  acid  C"H"NO<.  which 
in  contact  with  water  reproduces  the  original  acid.  The  calcium  salt  of  the  less 
hydrated  acid,  C*«H"CaKO*,  -f  6H'0,  is  less  soluble  than  that  of  normal  hydroxy- 
benz^'luric  acid.     A  barium  salt,  C"H"BaNO*,  has  also  been  obtained. 

■TOmOSTBIBnrmOSO  AOZB.  C<«H>H)«  (Otto,  loe.  »<.).— Piodored, 
together  with  glycocine  and  benzyl  alcohol,  by  boiling  hydroxybensyloric  add  with 
alkalis  * 

2C»«H"NO»  +  H'O  -  2C«H»N0«  +  2C'HK)  +  C»«H»H)». 

Both  in  the  free  state  and  in  its  salts  it  changes,  as  readily  ae  hydrobenaoic  add, 
into  benzoic  acid.  Its  caicium  salt  dried  at  100®  has  the  composition  C*^H"OaO*. 
The  ethyfic  ether,  C"H'^«0*  =-  C«*H"(C«H»J«0»,  is  a  limpid  liquid,  boiling  at  206®-207^ 
and  having  an  offensive  odour,  recalling  that  of  ethyl  benxoate  and  of  elder-flowers. 

Bn&oarr&AMZjra.     NH>0  =  N  j  ^^  (Loasen,  Zeitsehr,  /  Ckem.  [2]  i.  651 ; 

iii.  129;  iv.  899). — A  base  intermediate  between  ammonia  and  ammonium  hydrate, 
produced  by  the  action  of  tin  and  hydrochloric  acid,  on  ethyl  nitrate : 

N0«.C»H»  +   3H«  «  NHK)  +  HH)  +   C*H«0. 

A  mixture  of  50  pts.  ethyl  nitrate,  120  pts.  tin,  and  50  pts.  aqueous  hydrochloric 
acid  of  sp.gr.  1*12  becomes  hot  after  a  short  time,  without  perceptible  evohition  of 
hydrogen ;  and  if  the  mixture  be  heated  for  a  few  minutes,  the  tin  preeipitated  by 
hydrogen  sulphide,  and  the  filtrate  evaporated,  sal-ammoniac  separates  out  first,  ana 
then  the  very  soluble  hydrochloride  of  hydrozylamine,  which  mi^  be  freed  from 
admixed  sal-ammoniac  by  solution  in  absolute  alcohol  and  addition  of  alcoholic 
solution  of  platinic  chloride:  the  concentrated  alcoholic  filtrate  yields  the  pure 
hydroxylamine  hydrochloride  in  long  spicular  crystals. 

.'  Hydroxylamine  is  also  produced  when  nitric  acid  is  treated  in  like  manner  with  tin 
and  hydrochloric  acid  ;  but  it  cannot  be  conveniently  prepared  in  this  way,  for  part 
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of  the  niirie  acid  remains  undecompoeed,  and  in  the  subsequent  concentration  of  the 
liquid,  this  poition,  together  with  the  hydrochloric  acid  present,  forms  nitrohydrochloric 
acid,  which  decomposes  the  hydroxy lamine.  This  decomposition  may  indeed  be 
prerented  by  precipitating  the  tin  with  sodium  carbonate  instead  of  hydrogen 
sulphide,  the  free  acids  being  thereby  neutralised,  and  the  hydrozylamine  salt 
remaining  unaltered  on  evaporation ;  but  the  salt  Uius  obtained  is  the  nitrate  of 
hydroxylamine,  which  is  reiy  difficult  to  ciystallise  and  to  separate  fVom  the 
ammonium  nitrate  likewise  present 

Hydroxylamine  may  be  formed  by  direct  union  of  nitrogen  dioxide  and  hydrogen, 
namely,  by  passing  a  stream  of  nitrogen  dioxide  through  a  series  of  flasks  in  which 
hydrogen  is  erolved  by  boiling  tin  with  hydrochloric  acid,  or  a  series  of  glass 
cylinders  containing  tin  and  hydrochloric  acid,  together  with  a  little  solution  of 
l^atinie  chloride,  whereby  hydrogen  is  oTolred  at  ordinary  temperatures.  The 
aeeanted  solution  freed  from  tin  by  hydrogen  sulphide,  and  evaporated,  yields  a 
saline  mass,  consisting  of  hydroxylamine  hydrochloride,  sal-ammoniac,  and  a  little 
fenous  chloride.  This  mass  is  washed  with  a  little  absolute  alcohol  to  remove  the 
ferrous  chloride,  then  boiled  with  absolute  alcohol,  which  dissolves  the  hydrochloride 
of  hydroxylamine,  with  only  a  little  sal-ammoniac ;  the  latter  is  precipitated  by 
alcoholic  platinic  chloride ;  and  from  the  filtrate  the  hydroxylamine  salt  is  precipitated 
by  ether  in  small  crystals  which  are  purified  by  recrystallisation  from  absolute 
alcohol  (Ludwig  a.  Hein,  Zeiitchr.  /,  Ckem.  [21  vi.  211).  On  the  preparation  of 
hydroxylamine,  see  also  Maumen^  (Compt.  rend.  Ixx.  147 ;  ZeiUchr.  f.  Chem,  [2] 
vi.  187). 

Hydroxylamine  is  a  veiy  volatile  and  easily  decomposible  base,  and  can  be  obtained 
only  in  solution.  Its  salts  are  decomposed  by  potasn,  with  evolution  of  nitrogen  and 
formation  of  ammonia,  quickly  in  concentrated,  gradually  in  dilute  solutions. 
Solutions  of  hydroxylamine  may  however  be  obtained  by  decomposing  the  salts  in 
other  ways,  an  alcoholic  solution,  for  example,  by  decomposing  the  nitrate  dissolved  in 
alcohol  with  alcoholic  potash.  Alkaline  carbonates  also  separate  hydrojnrlamine, 
with  evolution  of  carbon  dioxide.  The  solutions  have  an  alkaline  reaction,  and 
precipitate  many  metallic  salts ;  with  the  salts  of  lead,  iron,  nickel,  and  zinc,  and 
with  chrome-iAum  and  common  alum,  they  form  precipitates  insoluble  in  excess  of 
hydroxylamine.  With  aqueous  cupric  sulphate,  hydroxylamine  forms  a  grass-green 
precipitate,  which  when  boiled  with  water,  is  reduced,  with  evolution  of  eas,  to 
cuprous  oxide ;  an  ammoniacal  cupric  solution  is  decolorised  by  iL  Mercuric  chloride 
is  reduced  to  mereurous  chloride,  and  if  the  hydroxylamine  is  in  excess,  to  metallic 
mercury.  Silver  solutions  yield  a  black  precipitate,  which  is  quickly  reduced,  with 
evolution  of  gas,  to  metallic  silver.  It  also  reduces  acid  potassium  chromate.  In 
many  of  these  reactions  the  hydroxylamine  appears  to  bo  completely  decomposed, 
with  formation  of  nitrogen  or  its  monoxide. 

The  salts  of  hydroxylamine  decompose  when  heated,  with  copious  and  sudden  evolu- 
tion of  gas ;  most  of  them  easily  form  supersaturated  solutions ;  none  of  those  yet 
examined  contain  water  of  crystallisation.  The  hydrochloride^  NH'O.  HCl,  crystallises 
from  alcohol  in  long  spicular  crystals  resembling'  urea ;  from  water  in  laiige  irregular 
six-sided  tables,  monoclinic  according  to  v.  Lang;  it  melts  at  100^,  and  then  decom- 
poses, with  violent  evolution  of  gas,  into  nitrogen,  hydrochloric  acid,  water,  and 
sal-ammoniac  The  nitrtUtj  NH'O.HNO',  solidifies  slowly  by  spontaneous  evapora- 
tion to  a  radio-crystalline,  very  deliquescent  mass,  easily  soluble  in  absolute  alcohol, 
decomposing  at  100^.  The  sulphatet  2NH*0  .H*SO^  remains  on  evaporating  a  solution 
of  the  hyorochloride  with  an  equivalent  quantity  of  sulphuric  acid.  It  is  very 
soluble  in  water,  is  precipitated  by  alcohol  in  needles,  and  crystallises  by  slow 
evaporation  in  well-defined  monoclinic  crystals,  mostly  with  numerous  faces.  The 
pho^hate,  (NH'O)'H'PO*,  is  sparingly  soluble  in  cold  water,  and  separates  in  small 
cubic  ciystAls  on  mixing  dilute  solutions  of  sodium  phosphate  and  an  easily  soluble 
salt  of  hydrozylamine.  The  acetate,  NH'O.CH^O*,  crystallises  from  warm  absolute 
alcohol  inprisms  very  slightly  soluble  in  water,  melting  at  87^-88^.  The  oxalate^ 
(NH'0)*C'H^OS  cijstallises  from  water  in  shining  tridinio  prisms.  The  pwratCt 
NH'O . CH*^NO')'0,  dissolves  easily  in  water  and  alcohol,  forming  red  solutions; 
less  easily  in  ether  and  benzol,  crystallising  therefrom  in  lemon-yellow  prisms 
melting  at  100^. 

Hydiroxylamine  unites  directly  with  hydrocyanic  acid,  forming  a  compound  isomeric 
with  urea. 

With  ethyl  oxalate,  hydroxylamine  forms  two  acids  consisting  of  CH*N*0\  or  a 
multiple  thereof: 

2NH»0   -I-   C«0*(C»H*)«  «  C«H*N«0«  +   2C?H«0. 

3a2 
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One  of  these  acids,  called  oxalo-hydroxamic  acid,  separates  as  hydroxylamine 
Halt,  NH*0 .  CH^N'O*,  in  thin  lamine,  when  an  alcoholic  solution  of  1  moL  ethyl 
oxalate  and  somewhat  more  than  3  mol.  hydroxylamine  is  boiled  for  a  few  minutes 
and  then  left  to  cool.  The  acid  C^H^N'O*,  separated  firom  this  salt  by  decompositioa 
with  hydrochloric  acid,  forms  microscopic  prisms  sparingly  soluble  in  cold  water,  and 
detonating  at  105°.  Its  salts  are  sparingly  soluble  or  insoluble  in  water,  and 
detonate  loudly  at  130°-180°,  or  when  moistened  with  strong  sulphuric  acid.  The 
hydrorylamine  salt  decomposes  slowly  at  100^,  detonates  at  105°,  and  producee  on 
paper  or  on  the  skin  a  reddish  colour  which  is  removed  by  the  stronger  acids.  The 
potassium  salt  C^H'K^N'O*  crystallises  fron  boiling  water  in  nodular  groups  of 
crystals;  the  sodium  salt  C^H'Na'N'O^  in  small  tables.  The  calewm  salt 
C«H*CaN«0*,  and  the  zinc  salt  C«H«ZnN«0*,  are  flocculent  precipitates,  gradually 
becoming  granulo-crystalline,  and  quite  insoluble  in  water.  The  barium  salt, 
perhaps,  C*H*Ba*N*0"  (43  p.  c.  Ba),  is  nearly  insoluble  in  water,  forms  microscopic 
lenticidar  crystals,  and  is  decomposed  by  nitric  acid,  with  formation  of  oxalic  acid 
and  carbonic  acid  (Lessen). 

roc«H» 
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CH*  (Lossen,  loe, 
H 

cit.) — This  ethylated  base  is  formed,  together  with  others,  in  the  reduction  of  ethyl 
nitrate  by  tin  and  hydrochloric  acid,  the  hydrochlorides  of  these  bases  being  contained 
in  the  last  mother-liquors  af^er  the  sal-ammoniac  and  hydroxylamine  hydrochloride 
have  been  removed  as  completely  as  possible.  By  converting  these  hydrochlorides, 
first  into  sulphates,  then  into  oxalates,  three  kinds  of  oxalate  crystals  are  obtained, 
the  most  abundant  of  which  consist  of  the  aeid  oxalate  of  diethyl-kydroxylamine, 
C*H"NO.C'^H'0'.  This  salt  crystallises  from  water  in  stellate  groups  of  shining 
prisms ;  from  strong  boiling  alcohol  in  microscopic  needles ;  when  heated  it  decom- 
poses, with  evolution  of  ammoniacal  vapours.  The  neutral  oxalate,  (C*H"NO)' .  C*H*0*. 
obtained  from  the  acid  salt  by  precipitating  half  the  acid  with  milk  of  lime,  is 
insoluble  in  absolute  alcohol,  and  crystallises  from  water  in  prisms  apparently  mono- 
clinic.  By  decomposition  with  zinc  sulphate,  it  yields  the  sulphate  (C^H"NO)*.H*SO\ 
which  is  precipitated  by  ether  from  solution  in  absolute  alcohol,  in  very  delicate 
microscopic  crystalline  laminae.  The  hydrochloride  is  uncrystallisable,  soluble  in 
absolute  alcohol,  and  precipitated  therefrom  by  ether  as  a  syrup.  The  platinoddoride, 
(C'H>*NO.nCl>'PtClS  is  soluble  in  water  and  in  boiling  absolute  alcohol,  and 
separates  from  the  latter  in  large  orange-red  crystals.  A  phosphate,  (OH"N0)*H'P0*, 
obtained  by  neutralisation,  crystallises  from  water  in  prisms,  from  strong  boiling 
alcohol  in  capillary  needles. 

The  base  C^H"NO,  separated  by  mixing  any  of  its  salts  with  potash-ley,  agitating 
with  ether,  and  evaporating  the  ethereal  solution,  forms  a  strongly  alkaline,  mild* 
tasting  syrup,  easily  soluble  in  water,  and  not  easily  volatilising  with  aqueous 
vapour.  Its  aqueous  solution  forms  with  ferric  chloride,  chrome-alum,  cobalt  nitrate, 
and  lead  acetate,  precipitates  insoluble  in  excess ;  with  cupric  sulphate,  a  bluish- 
white  precipitate  soluble  in  excess  with  violet-brown  colour;  it  reduces  silver  nitrate 
on  adding  potash  and  heating ;  with  mercuric  chloride  in  (heboid  it  forms  a  cloud, 
which  dissolves  very  easily  in  excess,  the  solution  yielding  a  copious  precipitate  on 
boiling. 

The  formation  of  diethyl-hydroxylamine  is  probably  preceded  by  that  of  ethyl- 
hydroxylamine,  as  shown  by  the  equations : 

NO».OC»H»  +  3H«  «  2H«0  +  NH«(OC«H») 
Bthyl  nitrate,  Bthyl-hydrozyl- 

amine, 
and 

2NH«(0C»H*)  -  NH»(OH)  +  NH(C«Hn(0(?H») 

Ethyl-hydrozyl-  Hydroxyl-  Diethyl-hydzozjl- 

amine.  amine.  amine. 

Dlbenxbjdrosjrlamlde.  N(C'H^O)*OH  (E.  A.  Heints,  Zeiischr./.  Chem.  [2]  v. 
733). — Produced  by  heating  dry  hydroxylamine  hydrochloride  with  twice  its  weight  of 
benzoyl  chloride  to  110°  for  twelve  hours  in  a  vessel  from  which  the  air  is  excluded. 
On  treating  the  brownish  product  with  boiling  water,  as  long  as  benzoic  aeid  is  thereby 
dissolved,  there  remains  a  neavy  oil  which  solidifies  on  cooling,  and  dissolves  for  the 
most  part  in  cold  aoueous  sodium  carbonate,  forming  a  solution  from  which  hydro- 
chloric acid  throws  down  dibenhydroxylamide  as  a  white  flocculent  very  bulky  preci- 
pitate, to  be  purified  by  repeated  crystallisation  from  alcohol. 

Bibenzhydroxyl amide  is  insoluble  in  cold,  neiirly  insoluble  in  boiling  water,  but 
easily  soluble  in  alcohol,  ether,  carbon  bisulphide,  chloroform,  and  benzol.    From  its 
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solutions,  which  hare  an  acid  reaction,  it  may  be  obtained  in  shining  white  needles, 
sometimes  2  or  3  centimetres  long.  It  melts  witli  decomposition  at  156°-168^,  giving 
off  oolonrless  Tapours  which  strongly  attack  the  mncons  membranes.  It  dissolves 
▼eiy  easily  in  alkalis,  but  the  resulting  compounds  have  not  been  obtained  in  definite 
form. 

TrlbenslijdrosyUuiildet  N(C^*0)'(OC'H*0),  is  obtained,  though  not  quite 
pure,  by  crystallising  from  alcohol  the  portion  of  the  product  of  the  action  of  benzoyl 
chloride  on  hydroxy lamine  hydrochloride  which  is  insoluble  in  cold  aqueous  sodium 
carbonate.  It  crystallises  in  small,  white,  extremely  light  needles,  which  molt  at 
143^-146^,  and  may  be  heated  to  210^  without  decomposition. 

Both  di-  and  tri-benzhydroxylamide  are  decomposed  by  boiling  with  caustic  or  car- 
bonated alkalis,  the  resulting  solutions  yielding  with  hydrochloric  acid  a  precipitate  of 
benzoic  acid  (K.  H.  Heints,  loc.  cit,). 

See  the  next  article. 


CH*N«0»  =  CH»(HO)N«0  (Dressier  a.  Stein,  Zeitsehr,/. 
Chem.  [2]  t.  202). — Produced  by  transformation  of  hydroxylamine  cyanate,  which  is 
formed  by  double  decomposition  of  potassium  cyanate  with  a  salt  of  hydroxylamine, 
best  with  the  nitrate.  A  quantity  of  hydroxylamine  sulphate  equivalent  to  that  of 
the  potassium  cyanate  to  be  usea,  is  decomposed  with  barium  nitrate ;  the  filtered 
solution  of  hydroxylamine  nitrate  is  evaporated  to  a  syrup  at  a  very  gentle  heat ;  this 
syrup  is  dissolved  in  2  or  3  vol.  of  perfectly  absolute  alcohol ;  the  liquid  cooled  to 
between  — 109  and  — 16^ ;  and  the  potassium  cyanate,  dissolved  in  the  smallest  pos- 
sible quantity  of  cold  water,  is  added  by  successive  portions,  the  additions  being 
discontinued  as  soon  as  the  temperature  of  the  mixture  has  risen  to  between  +  5°  and 
+ 10°,  till  it  has  again  been  cooled  to  — 10°.  By  proceeding  in  this  manner  the 
solutions  may  be  mixed  without  perceptible  evolution  of  gas  or  formation  of  ammonia. 
A  sample  of  the  solution  filtered  from  the  separated  saltpetre  is  then  to  be  mixed  with 
absolute  ether,  and  if  a  watery  layer  then  separates,  more  absolute  alcohol  must  be 
added  to  the  liquid  till  ether  no  longer  separates  a  watery  liquid,  but  only  a  crystalline 
precipitate  (chiefly  saltpetre).  The  alcoholic  solution  is  then  to  be  mixed  with  about 
1^  time  its  volume  of  ether,  the  liquid  again  filtered  as  rapidly  as  possible,  carefully 
evaporated  over  the  water-bath  to  a  small  volume,  and  the  hyoroxyl-urea  which 
separates  on  cooling,  purified  by  recrystallisation  from  absolute  alcohol. 

JSydroxyl-urea  is  very  soluble  in  water ;  crystallises  on  cooling  from  boiling  alcoholic 
solutions  in  needles  or  rosette-shaped  aggregations ;  dissolves  less  easily  in  cold  abso- 
lute alcohol;  and  is  precipitated  from  the  latter  by  ether  in  microscopic  rhombic 
laminae,  having  their  acute  angles  partially  truncated.  Its  solutions  are  neutral  to 
litmus-paper.  It  melts  at  128°-130^,  and  is  decomposed  by  prolonged  fusion,  giving 
off  gas,  yielding  a  sublimate  of  ammonium  carbonate,  and  leaving  a  residue  chiefly 
consisting  of  ordinary  urea,  which  at  higher  temperatures  yields  its  usual  products  of 
decomposition.  Hvorox^l-uroa  is  decomposed  by  boiling  potaah-Ui/,  with  evolution  of 
ammonia ;  by  filming  nitric  acid,  with  abundant  evolution  of  gas.  A  solution  of 
hydroxyl-urea  mixed  with  silver  nitrate  becomes  turbid  after  a  while,  from  separation 
of  silver,  and  yields  a  silver  speculum  when  heated ;  addition  of  ammonia  causes 
immediate  reduction.  Heated  solutions  of  hydroxyl-urea  reduce  mercuric  oxide  to 
metal,  chromio  aoid  to  chromic  oxide,  cupric  oxide  on  addition  of  potash  to  cuprous 
oxide.  Ferric  chloride  colours  the  solution  of  hydroxyl-urea  deep  blue-violet;  in 
aqueous  solution  the  colour  disappears  quickly  on  standing,  still  more  quickly  on 
boiling ;  in  alcoholic  solution  it  is  permanent,  and  with  excess  of  ferric  chloride  nearly 
black,  or  in  dilute  solution  dark  green ;  all  these  colours  are  destroyed  by  addition  of 
hydrochloric  or  nitric  acid. 

Salts  of  hydroxyl-urea  have  not  yet  been  obtained,  its  solution  in  nitric  or  hydro- 
chloric acid  decomposing  even  by  spontaneous  evaporation  over  sulphuric  acid. 

Mj^rvm^Utiiwt^t  (?).  C*H*N*0*  (Dressier  a.  Stein,  loc.  <»^.)<— When  modoracelv 
concentrated  aqueous  solutions  of  hydroxylamine  sulphate  and  potassium  cyanate  are 
mixed  together,  the  potassium  sulphate  precipitated  bv  absolute  alcohol,  the  alcoholic 
solution  carefully  concentrated  over  the  water-bath,  then  mixed  with  ether,  and  the 
decanted  ethereal  solution  partially  distilled  and  then  left  to  evaporate  over  sulphuric 
acid,  gases  and  ammonia  are  evolved,  indicating  decomposition,  and  ultimately  a 
crystalline  mass  remains,  whidi  after  recrystallisation  from  hot  alcohol  of  80  p.  c.  haa 
the  composition  C«H*N»0«. 

This  Dody  contains  the  elements  of  2  mol.  cyanic  acid  and  1  mol.  hydroxylamine, 
and  may  be  formed  either  by  direct  combination  :  2CHN0  +  NH»0  «  C«H*N*0«,  or 
by  separation  of  1  mol.  hydroxylamine  from  2  mol.  hydroxyl-urea :  2CH*N*0«  — 
NH*0    =    CH*N*0'.     Empirically  it    has   the    composition    of  hydroxyl-biurett 
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Cr'H\HO)N*0'.  It  dissolves  in  water  and  in  aqueous  alcohol,  especially  when 
but  only  slightly  in  absolute  alcohol,  even  at  the  boiling  heat^  From  the  aloiiliQlie 
solution,  it  is  separated  by  ether  in  microscopic  four-sided  prisms,  i^paiently  oUiqnelT 
rhombic  Its  solutions  are  neutral  to  litmus-paper.  It  melts  at  134^,  aod  Ihea 
decomposes  suddenly,  with  phenomena  similar  to  those  which  accompany  the  deoompo- 
sition  of  hydroxyl-urea.  Potash  and  fuming  nitric  acid  act  upon  it  as  npoo  hydrazjl- 
urea.  With  tilver  nitrate  it  forms,  on  standing  or  warming,  a  wlute  floocoleoi 
precipitate  which  dissolves  in  ammonia,  the  solution  being  gradually  reduced  in  the 
cold,  quickly  on  heating,  with  formation  of  a  silver  speculum.  When  a  solntioa  of 
hydroxyl-biuret  is  heated  with  cupric  oxide  not  in  excess,  the  two  unite,  fanning  lig^t 
green  microscopic  capillary  needles.  Alkaline  cvprie  tolutums  and  meromric  oiSde  are 
reduced  by  it  on  heating.  With  ferric  chloride  it  does  not  yield  any  chaneteristk 
reaction. 

A  solution  of  hydroxyl-biuret  in  dilute  hydrochloric  acid  evaporated  over  sulphuric 
acid,  leaves  a  mixture  of  hydroxyl-urea  and  ammonium  chloride ;  the  hydrochloric 
acid  has  therefore  eliminated  1  mol.  cyanic  acid  from  1  moL  hydioxyl-binvst : 

CH'N'O*  -  CHNO   -  CH«NK)«. 

MTQgOT A MlMMm  On  the  preparation  and  properties  of  this  alkaloid  see 
Rennard  (N.  Repert.  Pharm,  xvii.  91  ;  Jahresb.  1867,  p.  629). 

According  to  Hohn  a.  Reichardt  (Ann.  Ch.  Pharm.  clvii.  98),  hyoscyamine  has  the 
composition  C'^H'NO',  and  is  resolved  by  boiling  for  several  hours  witJi  saturated 
baryta-water  into  an  acid  (hyoscinic  acia)  isomeric  with  phloretic  acid,  and  a  base 
(hyoscine) : 

C»H«NO«  ^    C»H»»0»  +   C*H»»N 
Hjoacyamine.         Hyoecinic        Hyoadne. 

acid. 

Hyoecinio  acid  crystallises  in  long  glistening  needles,  melts  at  104^-105^,  and  smells 
somewhat  like  benzoic  acid.  It  is  monobasic,  its  barium  salt  oontainiiig  (C*H'0')'Bs 
+  2H»0. 

Hyoacine  was  obtained  as  an  oily  liquid  having  a  strong  alkaline  reaction,  and 
crystallising  over  sulphuric  acid.    Its  platinochloride  contains  2(CH"N.HCl).PtGll 

WTBWMMTMMMM  from  Farsund  yields  by  analysis  47*81  p.  c  SiO',  10*47  Al^, 
3-94  Fe*0*,  1004  FeO,  slight  traces  of  nuinganouB  oxide,  26*81  HgO,  and  212  GaO 
( «  09-69) :  hence  the  formula  OM'SiO*.  AlFeO*  (A.  Bemeli,  ZtUackr.f,  Ckem.  [2]  iv. 
412). 

KTVOCMBIO  AOIB.  C'«H~0«-  ^**5*^|o  =  C»H«» .  COOH.— The  denYativei 

of  this  acid  have  been  examined  by  H.  Schr&dcr  {Ann.  Ch.  Pharm.  cxliii.  22).  To 
prepare  the  acid  itself,  and  separate  it  from  the  arachidic  and  oleic  acids  by  which  it 
IS  accompanied  in  oarthnut  oil,  the  mobile  straw-yellow  oil  extracted  by  carbon  bisul- 
phide from  the  seeds  of  Arachie  hypogtsa  is  saponified  by  boiling  for  several  hoon 
with  dilute  soda-ley;  the  white  inodorous  soap  is  decomposed  by  hydrochloric  acid; 
the  mixture  of  fatty  acids  thereby  separated  is  dissolyed  in  the  exact  quanUty  required 
of  hot  alcohol ;  and  the  solution  is  evaporated,  this  treatment  being  repeated  till  the 
alcoholic  solution  no  longer  deposits  crystals  on  cooling.  On  finally  evaporating  it  in 
a  current  of  hydrogen,  pure  hypogseic  acid  remains  in  small  white  crystals  melting 
at  38^ 

Hy^ogaeie  Dxhromide,  C'*H''Br»0',  is  formed  by  direct  combination  of  hypogseic 
acid  with  1  mol.  bromine.  To  prepare  it,  bromine  is  dropped  slowly,  and  with  constant 
stirring,  into  hvpogsic  acid  cooled  with  ice,  till  the  colour  of  the  bromine  becomes 
permanent ;  and  the  crude  product,  which  has  become  syrupy,  is  left  for  some  time  in  a 
cool  place  to  allow  any  excess  of  bromine  to  evaporate.  It  is  then  saponified  in  the 
cold  with  the  exact  quantity  of  potash-ley  requii^ ;  the  gelatinous  soap  is  dissolved 
in  alcohol ;  and  the  solution,  diluted  with  water  and  filtered,  is  decomposed  by  hydro- 
chloric acid.  The  buttery  compound  thereby  separated  is  washed  witli  water  tail  the 
acid  reaction  disappears,  and  then  dried  in  a  vacuum.  Hypcgasic  dibromide  is  solid, 
nncrystallisable,  yellow  or  brownish,  melts  at  29^,  and  is  easily  dissolved  by  aloobol 
and  ether,  but  is  insoluble  in  water.  It  is  very  unstable,  and  decomposes  even  during 
saponification  if  this  process  is  performed  with  concentrated  potash-ley  or  an  excess  <n 
it,  or  if  it  is  aided  by  heat.    Its  salts  are  nncrystallisable  and  difficult  to  prepare. 

Bromohypogaeic  acid,  C>*H**BrO*,  is  produced  by  heating  the  dibromide  in 
alcoholic  solution  with  2  mol.  potassium  hydrate : 

Ci«n«»Br'0»  +   KHO   «   KBr   -f   H'O   +   C'«H»BrO>. 
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AmidodiglTOollie  acid  also  forms  salts  with  the  stron^r  acids.  The  hydrochloride 
t7*H'N0^.HCl  forms  large,  laminar,  right  rKombie  pnsms  easily  soluble  in  wat^r. 
iparingly  in  aloohoL  The  nitrate  C^H'NO^. NO*H  ia  a  crystalline  deliquescent  nm >. 
A  solution  of  amidodiglycoUic  acid  in  2  mol.  sulphuric  gniduallv  deposits  the  neiiim! 
sttlphataof  amidodiglycollic  acid,  as  a  crystathna  mass  which  is  resolved  by  wir(>r 
or  alcohol  into  the  acid  salt  and  free  amidodiglycoUic  acid  (Heintc,  Ann.  Ch.  Phurm. 
czxzri.  219). 

An  acid  isomeric  with  the  preceding,  which  foft  distinction  may  be  ciilled 
difflycollamic(  DiglycoUamiin8aurt\  is  produced  by  treating  diglycoUimide  (p.  6  49 }, 
wiUi  excess  of  warm  baijrta-water.  The  solution  treated  with  carbonic  acid,  filtered, 
and  0T&poxated,  leayee  an  amorphous  residue,  from  which  hot  alcohol  extracts 
di^jeollaimie  add.  The  portion  insoluble  in  alcohol  is  barium  diglycolUmate, 
((^*NO«)'Ba  -f  HK),  which,  by  ooTering  the  erapoiated  solution  with  a  ktyer  of 
alcohol,  may  be  crystallised  in  small  apparently  oblique  rhombic  prisms  This  salt  is 
neutral,  moderate^  soluble  in  water,  insoluble  in  alcohol  and  ether,  decompf)seb  Hhoye 
146^,  and  i»  decomposed  by  prolonged  boiling  of  its  squeous  sohition  (mure  easily  in 
pesence  of  excess  of  baryta),  giving  off  aramonia,  and  forming  diglycollic  acid,  which 
IB  partly  precipitated  as  barium  salt  DigTycollamic  acid  separated  from  the  iMrium 
salt  by  ndphuric  acid  forms  unsymmetrical  rhombic  j>risms  of  84^  15.  It  is  per- 
manent in  tne  air,  moderately  soluble  in  hot  water,  less  in  cold  water  and  in  hIcdIiuU 
neariy  insohihls  in  ether;  melts  aboTB  126^  to  amass  which  slowly  solidifies  and 
becomes  opaque  on  cooling (Hetntz,^nn.  Ch,  Pharm.  cxxviii.  129;  Jahretb.  1 863,  p.  864). 

Amidodi^Iyoollie  and  INglyoollamic  acids  are  respectively  isomeric  with  aspartic 
and  malamie  acids,  which  are  amidated  acids  derived  from  malic  acid.  Aspartic  aud 
amidodiglyoollie  acids  are  bibasic ;  malamie  and  diglycoUamic  acids  are  monobasic. 
The  oonstitutional  formula  of  these  acids,  and  their  mode  of  dedvatioa  from  mali^ 
and  diglyeollie  add^  are  indicated  by  the  following  Ibrmulte : 
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Amidodiglyoollie. 

Th«  formation  of  amidodiglyoollie  acid  by  the  action  of  ammonia 
eUoiaeetie  aeid  (2  mol.)  is  repriosented  by  the  equation : 

COOH  COOH 

I    '  imHH  I 

CK*ci  yim* 

+  HHHH    »     2NH*a     +     fiN< 
CH*C!  \CH» 

[  NHHH  I 

COOH  COOH. 

DigljeoIIuDie  add,  being  fbrmed  ij  addition  of  I  moL  St'O  to  diglyooUimide, 
CU^NO* — ^whieh  is  itself  produced  m>m  add  ammonium  diglyeollato  by  abstraction 
of  2HK> — ^may  evidentlj  m  reeaided  as  formed  from  the  same  add  ammonium  salt 


hy  abfltBBCtion  of  1  aioL  H*d ;  thus : 
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For  Hermann'tt  investigations  of  the  oompoiuids  of  this  element, 
which  he  supposes  to  exist,  together  with  tantalum  and  niobium,  in  tantalites,  &c., 
and  for  the  cnticisms  of  Marignac  thereon,  who  regards  Hermann's  analjtacal  tw^ImA 
as  defectivei  and  the  separate  existence  of  ilmenium  as  by  no  means  proved,  see 
J.  pr.  Chem,  xct.  65;  xcix.  80,  279,  287,  290;  ci.  459;  di.  399;  cxi.  873;  ZeUackr. 
/.  Chem,  [2]  iii.  124,  125,  398  ;  '\w.  91 ;  T.  311 ;  Jakrub.  1B65,  p.  209 ;  1866,  p.  207; 
1867,  p.  209  ;  1868,  p.  216). 


When  indigo-blue  is  heated  with  tin  and  hydrochloric  acid,  a  compound 
of  indigo-white  with  stannous  oxide  is  first  formed,  as  a  green  powder  whidi,  oa 
further  heating,  is  oonrerted  into  the  yellow  tin-oompound  of  a  further  redoeed 
indigo.  This  last  compound,  on  account  of  its  extreme  oxidability,  has  not  yet  been 
isolated ;  in  contact  with  the  air  it  is  immediately  converted  into  a  zed  body,  aoluble 
in  alcohol,  and  resembling  the  condensation-products  allied  toindin.  It  is  remariEable 
that  this  more  completely  reduced  indigo  cannot  be  reoonrerted  into  indigo-blue, 
although  the  first  reduction^product,  vis.  indigo-white,  immediately  passes  into  indigo- 
blue  in  contact  with  the  air.  When  the  yellow  tin-oompound  is  triturated  to  a  p>frta 
with  water  and  sine-dust,  a  green  pulverulent  mass  is  formed,  the  tin-oompouod  being 
apparently  converted  into  a  sine-compound,  and  this  green  subetanoe  when  heatea 
vields  a  cqpsiderable  quantity  of  indol,  C*H'N.  The  loss  of  colouring  matter  in  the 
indigo-vat  is  perhaps  due  to  the  formation  of  the  more  highly  re£iced  oamponnd 
above  mentioned  (Baeyer,  Deut.  Chem.  Ge8,  Ber.  1868,  p.  17  ;  ZeiUchr.  /.  CSfcem.  [2] 
iv.  200^. 

On  the  reduction  of  indigo-blue  by  stannous  chloride  and  cuprous  chloride^  see 
CD.  Braun  {Zeitdchr.  anal.  Chan.  vi.  74;  Jakre^b.  1867,  p.  729);  by  oobaltons 
nitrate  and  ammonia,  with  simultaneous  formation  of  roseo-cobaltic  chloride :  CoBixr 
Basbs,  Ajcmokiacai.  (p.  477). 

Indigo-blue  heated  with  80  times  its  weight  of  saturated  aqueous  hydriodic  acid  is 
completely  decomposed,  yielding,  as  nomud  product,  octane,  C*H'',  together  with 
laiger  quantities  of  methane  and  heptane  (Berthelot,  Jahreah.  1867,  p.  348). 

For  the  valuation  of  commercial  indigo-blue,  Leuchs  {Zeitachr.  f,  Chem,  [2]  v.  159) 
converts  it  into  indigo-white  by  digestion  with  ferrous  sulphate  and  milkof  bme,  mixes 
the  clear  solution,  acidulated  with  sulphuric  acid,  with  a  solution  of  ammonio-fenic 
sulphate,  and  determines  the  quantity  of  ferrous  salt  thereby  produced  by  means  of  a 
v^g  normal  solution  of  potassium  chromate.  The  convecsion  of  indigo-whits  into 
mdigo-blue  by  ferric  salts  takes  place  as  shown  by  the  equation : 

C»«H"N»0«  +  Fe»0«  -  2FeO  +  H«0  +  C"H"N«0«. 

1'31  grm.  of  the  sample  of  indigo  is  mixed,  in  a  tall  cylindrical  well-closed  vessel, 
with  a  quantity  of  lime  and  solution  of  ferrous  sulphate  occupying  800  cnb.  cent ; 
100  c.  c.  of  the  clear  solution  are  then  added  to  66|  c.  c.  of  a  solution  of  anmioniacal 
iron-alum  acidulated  with  sulphuric  acid ;  the  liquid  is  filtered,  and  100  c  c  of  it 
titrated  with  the  <^th  chrome-solution.  If  the  latter  be  added  from  a  measuring 
tube  divided  into  i  c.  c.,  each  division  will  correspond  to  1  p.  e.  indigo-blue  in  the 
sample  under  examination. 

Yellow  Colouring  Matter  from  Indigo. — Bengal  indigo,  either  crude  or  purified, 
yields  by  sublimation  a  small  quantity  of  a  golden-vellow  colouring  matter,  apparently 
free  from  nitrogen.  It  forms  long  needles  which  volatilise  at  about  130°;  is 
nearly  insoluble  in  water,  veiy  slightlv  soluble  in  alcohol,  more  easily  in  soda-ley, 
strong  sulphuric  acid,  and  nitric  acid.  The  greenish-yellow  alcoholic  solution  is 
decolorised  by  soda-1^  (but  not  by  ammonia)  ;  the  solution  in  nitric  acid  is  yellov 
(BoUey  and  Chrinsos,  Zdtschr.f,  Chem.  [2]  ii.  573). 


C"H*'N*0^. — A  resinous  substance  produced,  together  with 
dioxindol,  by  the  action  of  alcoholic  potash  upon  isatane  (p.  734) ;  also  by  boiling 
isatin  with  tin  and  hydrochloric  acid.  By  removing  the  tin  with  hydrogen  sulphide, 
neutralising  the  filtrate  with  sodium  carbonate,  adding  caustic  soda  till  it  turns  yellow. 
Agitating  with  ether,  dissolving  the  evaporated  residue  of  the  ethereal  extract  in 
alcohol,  and  decoloirising  with  animal  charcoal,  indiretin  is  obtained  in  the  form  of  a 
resin,  which  gradually  solidifies  to  a  mass  of  prismatic  needles,  easily  soluble  in 
alcohol,  ether,  and  potash,  and  precipitated  from  the  latter  by  acids.  The  solutions 
smell  like  benzoic  ether,  and  oxidise  on  exposure  to  the  air.  The  silver-oompoand 
C'H'^Ag'N'O*  separates  in  yellow  scales  on  mixing  the  alcoholic  solution  with 
%mmoniacal  silver  nitrate  (Knop,  J.  pr.  Chem.  xcvii.  65). 

The  name  indiretin  is  also  applied  by  Schunck  to  a  resinous  body,  C"H"NO*, 
produced,  together  with  others,  by  the  action  of  sulphuric  acid  on  indican  (iii.  268). 
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Atomic  Weight,  75*63.  Symbol^  In.  Bivalent,  belonging  to  the 
nuigneBiiiin  group. 

This  metid,  dtaooTwed  in  1863  bj  Reich  a.  Richter  (iii.  268),  has  since  been  farther 
examined  bj  the  same  chemists  (J.  fr,  Chem,  xcii.  480 ;  Chem.  News,  x.  219  ;  Jahresb. 
1864,  p.  240);  also  by  C.  Winkler  (J.  pr.  Chem.  xciv.  1 ;  Chem.  Newt,  xi.  289; 
Jahreeb.  1866,  p.  231 ;  J.  pr.  Chem,  cii.  273 ;  BttU.  8oe.  Onm.  [3]  ix.  207;  Jahresb, 
1867,  p.  260) ;  by  Bottger  (J.  pr.  Chem.  xcriii.  26 ;  cvii.  39 ;  BuU.  8oc.  Chim.  [2]  vi. 
452 ;  Jahrteb.  1866,  p.  222 ;  1868,  p.  240) ;  and  by  R.  £.  Meyer  {Ann.  Ch.  Fharm.  cl. 
137 ;  BvU.  Soo.  Chim.  [2]  x.  18,  360;  Jahresb.  1868,  p.  241). 

Indinm  is  an  extremely  rare  metal,  occurring  always  in  very  small  quantity,  asso* 
dated  with  sine  and  other  metals,  from  which  it  is  separated  with  difficulty.  It  was 
originally  discovered  in  the  sine-blende  of  Freibezg,  and  has  since  been  found  by 
Bottger  in  the  flue-dust  of  the  zinc-furnaces  of  the  Julius  works  at  CK)slar  in  the 
Harts  (to  the  amount  of  about  0*1  p.  c.) ;  by  Winkler  in  the  black  blende  (christophite) 
of  Breitenbmnn  in  Saxony  (0*0062  p.  c) ;  by  Hoppe-Seyler  (^Ann.  Ch,  Pharm.  cxl. 
247)  in  small  quantity,  together  with  cine,  in  the  wolfram  of  Zinnwald,  and  in  another 
specimen  of  wolfram  of  unknown  origin ;  and  'hj  Kochler  (Jahreab.  1865,  p.  231)  in 
the  blende  which  ooeurs  in  the  steatite  (matrix  of  tin-stone)  of  Schonfeld,  near 
Schlaggenwald. 

Extraction. — Indium  is  more  easily  prepared  from  crude  metallic  sine  than  frr^m 
the  original  ore,  as  it  passes  orer  in  the  distillate  obtained  in  the  metalluieic  dis- 
tillation of  the  ore,  but,  not  being  very  rolatile,  accumulates  in  the  distilled  metal 
more  abundantly  than  in  the  zinc-dust,  which  is  the  first  product  of  the  distillation. 
Winkler  prepares  it  by  the  following  methods,  depending  upon  its  precipitation  in  the 
metallic  state  by  zinc,  as  oxide  or  carbonate  by  barium  carbonate,  and  as  basic 
sulphate  from  solutions  containing  sulphuric  acid  by  boiling  with  sodium  acetate. 

a.  Granulated  Freibexg  zinc,  which  contains  0*0448  p.  c  indium,  together  with  small 
quantities  of  lead,  arsenic,  cadmium,  and  iron,  is  digested  with  dilute  sulphuric  or 
hydrochloric  acid  till  it  is  nearly  (but  not  completely)  dissolred ;  the  liquid  is  heated 
as  long  as  it  continues  to  give  oiF  gas ;  the  residual  metallic  sponge,  consisting  chiefly 
of  lead,  but  containing  also  the  whole  of  the  indium,  together  wiUi  arsenic,  cadmium, 
and  iron,  is  disaolyed  in  nitric  acid;  the  greater  part  of  the  lead  is  precipitated  by 
sulphuric  acid ;  and  the  flltered  liquid,  after  being  freed  from  all  the  metals  precipit- 
able  by  hydrogen  sulphide  from  acid  solution,  is  heated  with  potassium  chlorate  to 
convert  the  ferrous  into  ferric  salt^  and  then  precipitated  with  excess  of  ammonia. 
The  washed  precipitate  of  indium  oxide  containing  iron  and  zinc  is  dissolved  on  the 
filter  in  warm  dilute  acetic  acid,  and  the  indium  (together  with  a  little  iron  and  zinc) 
is  precipitated  from  the  filtrate  as  sulphide  by  sulphydric  acid.  To  purify  it,  the 
precipitate  is  dissolved  in  dilute  hydrochloric  acid ;  the  sulphydric  acid  is  expelled  by 
warming ;  the  cooled  liquid  is  agitated  several  times  in  a  closed  vessel  witn  barium 
carbonate,  whereby  the  indium  oxide  is  completely  precipitated  in  a  few  minutes ;  the 
washed  precipitate  is  treated  with  hot  dilute  sulphuric  acid ;  and  the  pure  indium 
hydrate  is  precipitated  from  the  filtrate  by  ammonia. — /9.  The  metallic  sponge 
remaining  after  treating  the  impure  zinc  with  dilute  sulphuric  acid  may  also  bo 
triturated  to  a  paste  wiui  an  equal  weight  of  strong  sulphuric  acid  ;  the  mixture  left 
to  itself  till  it  becomes  a  diy  friable  mass ;  this  mass  heated  to  dull  redness  to  expel 
the  excess  of  sulphuric  acid,  then  pulverised  and  thrown  into  cold  water;  the  water 
gradtially  heated  to  the  boiling  point;  the  solution  filtered  from  the  lead  sulphat^^, 
and  precipitated  by  excess  of  ammonia ;  and  the  precipitate  of  ferruginous  indium- 
oxide  treated  as  above,  or  in  the  followiug  manner:  The  solution  of  the  crude  oxide 
in  hydrochloric  add  is  mixed  with  an  equivalent  quantity  of  sodium  chloride  and 
evaporated  to  dryness ;  the  residue  is  dissolved  in  a  large  quantity  of  cold  water ;  the 
solution  saturated  with  hydrogen  sulphide,  whereby  the  greater  part  of  the  indium  is 
separated  nearly  free  from  iron ;  and  the  acid  filtrate  is  evaporated  to  dryness  and 
treated  in  like  manner ;  after  the  third  precipitation  the  solution  retains  only  traces  of 
indium,  together  with  ferrous  oxide.    (See  also  Bottger,  Jahreeb.  1868,  p.  240.) 

To  detect  indium  in  zinc-blende,  and  prepare  it  therefrom,  Winkler  precipitates  the 
hydrochloric  acid  solution  of  the  roasted  ore  with  metallic  zinc  at  the  boiling  heat ; 
dissolves  the  precipitate  in  nitromuriatic  acid ;  removes  the  arsenic,  cadmium,  &c,  by 
hydrogen  sulphide  ;  and  precipitates  the  indium  as  oxide  by  barium  carbonate.  Anv 
iron  that  this  precipitate  may  contain  is  removed  by  redissolution,  heating  witK 
sodium  sulphite,  and  digestion  with  barium  carbonate  in  a  closed  vessel.  The  indium 
may  also  be  precipitated  from  the  original  solutions  either  directly  by  barium  car- 
bonate, or  from  a  solution  containing  sulphuric  acid,  by  neutralisation  with  sodium 
carbonate  till  a  precipitate  begins  to  form,  and  addition  of  sodium  acetate :  it  is  then 
precipitated  as  a  basic  sulphate  containing  zinc 


730  INDIUM. 

Bottger  prepAres  indium  from  the  flue-dust  of  the  Julius  nnc-ftimaoeB  at  CKxdar 
(containing  0*1  p.  c.  of  the  metal)  as  follows.  Six  or  eight  pounds  of  the  dust,  also 
containing  copper,  iron,  eine,  cadmium,  arsenic,  and  thallivm,  together  with  ehazooal 
and  foreign  suhstances  derived  from  the  chimneys,  is  hoilad  for  half  an  hoar  with 
hydrochloric  acid ;  the  solution  is  strained  through  linen ;  and  alter  it  has  been  clazified 
by  standing  fbr  some  time,  plates  of  zinc  are  immersed  in  it  for  about  six  hours,  the 
liquid  being  continually  stirred.  The  metallic  precipitate  theieby  formed,  oontaisiag 
copper,  arsenic,  cadmium,  thallium,  and  indium  (and  perhaps  also  lead),  is  colleeted 
on  a  double  filter,  freed  from  the  adhering  ferruginous  liquid  by  careful  wasfaiiig,  thai 
boiled  fbr  half  an  hour  with  a  concentrated  solution  of  oxalic  add  ;  and  the  hot  mix- 
ture is  diluted  with  a  laige  quantity  of  hot  water,  and  filtered.  The  solution  oontainiqg 
the  oxalates  of  cadmium,  thallium,  and  indium  is  supersaturated  with  ammonia;  the 
gelatinous  precipitate  of  indium  hydrate  is  repeatedly  boiled  with  ammonia  to 
separate  the  ca<unium  and  thallium  still  remaining,  and  washed  till  it  no  longer 
euiibits  the  spectrum  of  thallium.  The  indium  oxide  thus  obtained  is  mostly  pure ; 
any  iron  that  it  may  oontain  may  be  remoyed  by  Winkler's  method. 

According  to  Meyer,  the  separation  of  the  last  traces  of  lead  and  iron  from  indium 
oxide  by  Winkler's  method  is  not  complete.  Meyer  prefers  the  following  method, 
based  upon  the  reaction  of  indium  salts  with  potassium  cyanide.  The  solution  of 
indium  sulphate,  previously  freed  from  the  greater  part  of  the  iron,  is  mixed  with 
potassium  cyanide  till  the  bulky  precipitate  at  first  formed  is  redissolved,  then  diluted 
with  water  to  ten  times  its  volume,  and  heated  to  the  boiling  point,  whereby  the  whole 
of  the  indium  is  separated  as  pure  hydrate  in  the  form  of  a  heavy,  amorphous,  easily 
washed  precipitate,  whilst  the  iron  remains  dissolved  as  potassium  furocyanide.  A 
trace  of  lead  which  adheres  to  the  precipitate  can  only  bo  removed  by  dissolving  it  in 
sulphuric  acid,  expelling  the  excess  of  that  acid  by  evaporation,  and  tieating  the 
residual  sulphate  with  alcohol  and  a  few  drops  of  sulphuric  acid,  whereby  the  ii^ium 
sulphate  is  dissolved,  while  the  lead  sulphate  remains  behind. 

Metallic  indium  maybe  obtained  in  smaU  quantities  by  reducing  the  oxide 
with  hydrogen ;  its  reduction  by  charcoal  or  carbonaceous  fluxes  requires  a  very  high 
temperature  and  entails  loss  by  volatilisation.  For  the  preparation  of  larger  quan- 
tities, sodium  is  the  best  reducing  agent.  The  finely  pulvensed  oxide  is  mixed  in  a 
porcelain  crucible  with  an  equal  weight  of  sodium  cut  into  thin  slices ;  the  mixture  is 
covered  with  previously  fused  sodium  chloride ;  and  the  porcelain  crucible,  placed 
within  a  coverod  earthen  crucible,  is  heated  in  an  air-furnace,  moderately  at  firat  till 
the  reaction  is  ended,  and  then  to  redness.  On  breaking  up  the  mass  when  eold,  s 
regulus  of  indium  containing  sodium  is  found,  from  which  the  greater  part 'of  the 
sodium  may  be  separated  by  immersing  it  in  cold  water,  pressing  it  together  after  the 
violent  evolution  of  hydrogen  is  over,  washing  it  with  water,  then  with  alcohol  and 
other,  heating  it  in  a  porcelain  crucible,  and  fusing  it  with  potassium  cyanide. 
The  regulus  thus  obtained  is  brittle,  of  the  colour  of  nickel  ansenide,  and  still 
contains  sodium.  For  further  jpurification,  a  lump  of  the  metal  weighing  1  or  3 
grams,  and  previously  warmed,  is  dropped  into  a  layer  of  fused  sodium  carbonate, 
about  2  millimetres  deep,  in  a  porcelain  crucible.  It  then  quickly  liquefies,  gives  off 
vapours  of  sodium,  and  becomes  covered  with  a  film  of  indium  oxide.  If  the  flaaie 
be  then  removed,  and  the  crucible  left  to  cool,  a  pure  and  perfectly  malleable  regulus 
of  indium  is  obtained.  The  reduction  of  indium  diloride  with  sodium  does  not 
yield  good  results  (WinklerV  Bottger  precipitates  the  indium  by  sine,  preeses  the 
spongy  metal  in  hot  water,  then  between  filtering  paper  in  a  screw-press,  and  finally 
melts  it  with  potassium  cyanide. 

Propertiet.^lndvam  is  a  silver-white  metal,  soft,  ductile,  compact,  and  destitute  of 
crystalline  structure.  Its  specific  gravity  is  7*421  at  168°,  and  is  not  altered  bj 
hammering  or  rolling.  It  melts  at  176°  without  oxidising  in  contact  with  the  air. 
but  at  a  higher  temperature  it  becomes  covered  with  a  grey  film  of  suboxide,  which 
subsequently  exhibits  iridescent  colours  and  is  finally  converted  into  the  yellow 
monoxide.  At  a  bright  red  heat  the  metal  burns  with  a  violet  flame  and  brown 
smoke,  forming  the  same  yellow  oxide.  It  is  much  less  volatile  than  cadmium  or 
zinc,  and  cannot  be  distilled  in  a  glass  tube  in  a  stream  of  hydrogen ;  moreover,  the 
hydrogen  which  has  passed  over  it  does  not  bum  with  a  blue  flame.  Its  electrical 
relation  to  cadmium  and  zinc  is  represented  by  the  series 

-In  Cd  Zn  + 

hence  it  is  precipitated  from  its  solutions  by  cadmium  as  well  as  by  zinc,  and  is  less 
easily  oxidised  than  either  of  these  metals  in  air  containing  carbonic  acid.  It  is 
Hlowly  dissolved  by  dilute  sulphuric  and  hydrochloric  acid,  witli  evolution  of  hydrogen. 
quickly  by  strong  hydrochloric  acid;   oxidised   by  nitric  acid  with  evolution  of 


INDIUM.  731 

nitrogen  dioxide ;  aud  conrerted  by  Btxong  flulphuric  acid  into  a  pnlTBndent  anhydrous 
sulphate. 

The  meetrum  of  the  indium  flame  exhibits,  besides  the  violet  line  a  and  the  blue  line  $ 
(iii.  268),  two  fainter  blue  lines,  if  the  burner  be  fed  with  hydrogen  gas  under  pressure, 
instead  of  coal  gas  (Winkler).  The  wave-length  of  the  a  line  is  0*000466  mm. 
(J.  Miiller.  PhU,  Mag,  [4]  xxx.  76). 

BeaeHtms, — Hydrogen  sulphide  precipitates  indium  completely  from  a  solution  of 
its  acetate,  and  from  neutnd  solutions  of  indium  salts  in  general ;  from  solutions 
slightly  acidulated  with  a  mineral  acid  partially,  and  from  strongly  add  solutions  not 
at  all ;  but  an  acid  solution  of  an  indium  salt  saturated  with  hydrogen  sulphide 
becomes  turbid  on  dilution  and  deposits  indium  sulphide.  The  lemon-yellow  to 
fiery-yellow  precipitate  heated  with  ammonium  persulphide  turns  white,  sometimes 
dissolves  partially,  and  separates  on  cooling  as  a  white  bull^  precipitate.  A  solution 
of  indium  oxide  in  ammonium  carbonate  is  also  precipitated  by  hydrogen  sulphide. 
(See  f^her,  p.  733.) 

Ammonia^  neuinu  eodiutn  carbonate,  and  acid  sodium  carbonate  produce  white 
precipitates  (in  the  last  case  with  evolution  of  carbon  dioxide)  insoluble  in  excess  of 
the  precipitant ;  the  presence  of  tartaric  acid  prevents  the  precipitation  by  ammonia. 
Caustic  potash  and  soda  produce  a  white  precipitate  of  indium  hydrate,  soluble  in 
excess,  but  the  solution  graduallv  becomes  turbid  at  ordinary  temperatures,  and 
immediately  on  boiling  or  on  addition  of  sal-ammoniac.  Ammonium  carbonate  also 
produces  a  white  precipitate  soluble  in  excess,  and  reprecipitated  on  boiling.  Barium 
carbonate  precipitates  indium  completely.  Sodium  phosphate  forms  a  white  pre- 
cipitate, soluble  in  caustic  potash,  but  separating  again  immediately  from  the  solution. 
Fotastium  monochromate  forms  a  yellow  precipitate.  Oxalic  add  forms  a  crystalline 
precipitate  in  concentrated  neutral  indium  solutions,  but  the  precipitation  is  never 
complete.  Potassium  cyanide  forms  a  white  precipitate  of  indium  cyanide,  soluble  in 
excess,  and  forming  a  solution  from  which  all  the  indium  is  precipitated  on  boiling  in 
the  form  of  hydrate.  Potassium  ferrocyanide  forms  a  white  precipitate  ;  the  ferri- 
cyanide,  potassium  diehromate,  and  tincture  of  galle  do  not  precipitate  indium  salts. 

Quantitatkfe  Estimatian. — Indium  is  most  conveniently  estimated  by  precipitating 
it  as  hydrate  with  ammonia,  dissolving  the  washed  precipitate  in  hot  dilute  nitric 
acid,  evaporating,  igniting,  and  weighing  the  oxide  thus  obtained.  The  ignited  oxide 
is  not  hygroscopic,  and  does  not  increase  perceptibly  in  weight,  even  after  prolonged 
exposure  to  moist  air.  For  exact  determinations  it  is  not  advisable  to  ignite  the 
precipitated  oxide,  on  account  of  the  loss  attending  the  burning  of  the  filter. 
J^recipitation  by  hydrogen  sulphide  does  not  give  exact  results,  on  account  of  the 
solubility  of  the  indium  sulphide. 

For  the  exact  quantitative  separation  of  indium  fh>m  iron,  the  following  process 
must  be  adopted.  The  iffnited  oxides  are  weighed  together,  and  converted  into 
sulphates  (wnich,  if  much  iron  is  present,  is  best  effected  bv  fusion  with  add 
potassium  sulphate) ;  the  solution,  at  the  boiling  heat,  is  nearly  neutralised  with 
sodium  carbonate ;  the  free  carbonic  add  expelled  by  boiling ;  and  the  solution,  when 
quite  cold,  is  mixed  with  a  quantity  of  potassium  cyanide  sufficient  to  produce  a 
strong  alkaline  reaction.  The  solution,  coloured  red  by  formation  of  potassium 
ferricyanide,  is  diluted  to  ten  times  its  volume,  and  heated  to  boiling  (whereupon  the 
ferrieyanide  is  reduced  by  the  excess  of  cyanide  to  ferrocyanide),  and  the  precipitated 
indium  oxide  is  ftirther  treated  as  above.  In  the  liquid  filtered  therefrom,  and 
evaporated,  if  a  non-ferruginous  potassium  cyanide  has  been  used,  the  iron  may  be 
estimated  with  concentrated  sulphuric  acid  (Meyer). 

Atomic  Weight. — By  converting  the  pure  metal  into  anhydrous  oxide,  InO,  the 
atomic  weight  was  found,  in  three  experiments,  to  vary  between  75*67  and  75*76.  By 
decomposing  sodio-auric  chloride  with  pure  indium,  and  determining  the  quantity  of 
gold  tnereby  predpitated,  the  atomic  weight  of  indium  was  found  to  be  75*46  and 
75*60.    Mean  of  all  the  experiments :  In  »  75*63  (Winkler). 

Compounds  of  Indium. 

Br«Miii4«»  InBr'. — Formed  by  heating  metallic  indium  with  rather  more  than 
an  equivalent  quantity  of  bromine  in  an  atmosphere  of  dry  carbon  dioxide,  and 
distilling  off  the  excess  of  bromine.  It  is  white,  crystalline,  and  easily  volatile 
(Meyer). 

OtaloHOe.  InCl*. — Indium  immersed  in  chlorine  gas  becomes  covered  at  ordinary 
temperatures  with  a  white  film ;  when  heated  in  chlorine  it  melts  to  a  brown  mass, 
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and  at  a  higher  teniporature  bums  with  a  yellow-green  light,  forming  indium 
chloride.  This  compound  sublimes  without  fusion  at  an  incipient  white  hoit  iu  soft 
white  laminse ;  in  contact  with  the  air  it  sublimes  with  partial  decompofition,  and 
formation  of  non-volatile  oxychloride.  The  same  decomposition  takes  place  in  the 
aqueous  solution  when  evaporated  at  a  temperature  above  100^  (Beich  a.  Bichter; 
Winkler). 

Indium  chloride  forms  double  salts  with  the  chlorides  of  the  alkali -metaln.  Th« 
ammonium  saltt  4NH*Cl.3lnCr''  +  2HK>,  separates  on  evaporating  a  aolQtio&  of 
equivalent  quantities  of  indium  oxide  and  sal-ammoniae,  in  small  shining  easilT 
soluble  crystals,  permanent  in  the  air.  The  potauium  salt,  2KCl.InCl'  +  H*d, 
crystallises,  together  with  potassium  chloride,  from  a  solution  of  equivalent  quantities 
of  its  component  salts,  in  thin  plates  which  gradually  change  into  six-sided  prisDis 
belonging  to  the  quadratic  system,  and  exhibiting  the  combination  ooP  .  ooPoo  .  oP, 
with  P  subordinate.  Ratio  of  secondary  to  principal  axis  s  1  :  0-8196.  Angle 
P  :  oP  a  130<'  4r ;  F  :  QoP  »  139<*  25'.  The  lithium  salt  obtained  in  like  maniwr 
ciystallises  in  tufts  of  very  deliquescent  needles  (Meyer). 

Iodide.  Inl*. — Prepared  like  the  bromide.  Yellow  hygroscopic  substance,  easily 
melting  to  a  dark  brown-red  liquid,  distilling  with  difficulty,  and  solidifying  to  a 
crystalline  mass  (Meyer). 

Ozides*  Indium  forms  several  oxides.  The  monoxide  InO,  obtained  by  ignitiiig 
the  nitrate  or  the  precipitated  hydrate,  is  of  a  pale  yellow  colour  (dark  yellow  if  it 
contains  iron),  becoming  darker  when  heated.  On  igniting  roasted  indium  sulphide 
with  nitre  and  sodium  carbonate,  and  removing  the  soluble  salts  bv  boiling  vith 
water,  the  monoxide  remains  in  the  form  of  a  finelv  divided  white  powder.  It  is  not 
volatile  even  at  a  white  heat;  dissolves  in  acids,  with  rise  of  temperature.  By 
precipitating  a  cold  solution  of  an  indium  salt  with  ammonia,  the  hydrate  is  obtained 
as  a  white  gelatinous  precipitate,  which  dries  up  in  the  air  to  homy  lumps,  and  vh» 
ignited  leaves  the  oxide  in  compact  lumps  of  a  light  yellow  to  white  colour.  The 
hydrate  precipitated  at  the  boiling  heat »  compact  and  heavy,  and  yields  an  earthy 
oxide  when  ignited.  The  air-driM  hydrate  consists  of  5ln0.6H'0  or  6liiHH)*.HH), 
and  ia  converted  at  100^  into  the  normal  hydrate,  InO  .HK)  or  InH*0'. 

The  monoxide  heated  in  a  stream  of  hydrogen  becomes  green  or  blue-gnen  at  180°- 
190°,  grey  at  220°-230,  deep  bUck  at  300°,  and  is  reduced  to  the  metallic  state  at  a 
low  red  heat.  The  black  oxide  formed  at  800°  is  dinndie  oxide^  In'O.  It  is  a  light 
loose  powder  ^hich,  if  exposed  to  the  air  while  still  warm,  is  converted  quickly,  but 
without  incandescence,  into  the  monoxide.  It  does  not  yield  any  metallic  indium  to 
mercuiy ;  is  rapidly  attacked  by  strong  nitric  acid,  with  evolution  of  nitrogen  dioxide ; 
and  is  dissolved  by  dilute  acids  with  evolution  of  hydrogen.  The  green  oxide 
appean  to  consist  of  In'O*  —  6InO  .ln*0  ;  the  grev  oxide  of  ln*0^  «  4lnO.In'0 ;  it 
has  not^  however,  been  proved  that  these  two  reduction-products  ara  definite  com- 
pounds. The  green  colour  may  perhaps  be  due  to  a  trace  of  iron  ;  in  one  instance  of 
the  incomplete  reduction  of  very  pure  indium  oxide,  a  light  blue  product  was  obtained 
(Winkler). 

Ozjren-MatB,  The  nitrate,  (N0')*ln  +  SH'O,  crystallises  from  an  acid  solution 
(with  difficulty  £rom  a  neutral)  in  long  prisms  or  needles,  which  give  off  2  moL  water 
at  100°,  and  when  more  strongly  heated  ara  converted  into  a  baisic  salt  pravions  to 
complete  decomposition  (Winkler).  The  sulphate,  SO^In  +  3H'0,  remains  on  evapo- 
rating its  aqueous  solution  at  100°  as  a  gummy  mass,  and  is  converted,  betveeo 
260°  and  300°,' into  the  spongy,  tumefied  anhvdrous  salt,  which  when  heated  to  rednotf 
leaves  first  a  sparingly  soluble  basic  salt,  and  finally  the  anhydrous  oxide  (Winkler). 
The  neutral  chwmate  is  an  insoluble  precipitate ;  ue  acid  diromate  remains  as  an 
uncrystallisable  syrup  when  its  solution  is  evaporated  (Meyer).  The  carbonate  is  a 
white  gelatinous  precipitate,  soluble  in  ammonium  carbonate,  precipitated  therefrom 
by  boiling,  insoluble  in  the  carbonates  of  the  fixed  alkalis ;  the  white  predpitate 
formed  by  the  acid  carbonates  of  potassium  and  sodium  is  likewise  insoluble  in  excess 
of  the  reagent  (Winkler).  The  oxalate,  C'^O^In  -h  2H'0,  is  precipitated  from  neutral 
solutions  by  oxalic  acid  or  alkaline  oxalates,  as  a  white  crystalline  powder  sparingly 
soluble  in  cold,  more  soluble  in  boiling  water,  and  separating  therafrom  in  small 
transparant  crystals.  When  ignited  in  a  close  vessel,  it  leaves  the  velvet-black 
suboxide  ln*0  ;  by  ignition  in  hydrogen  it  is  reduced  to  metallic  indium  (Winkler). 
The  acetate  is  obtained,  by  dissolving  the  cold-precipitated  hydrate  in  glacial  acetic 
acid,  and  evaporating  to  the  crystallising  point,  as  a  mass  of  white,  interlaced,  micro- 
scopic needles,  but  so  easily  decomposible  that  it  cannot  be  obtained  of  constant 
composition.     The  formate  is  obtained,  by  evaporating  a  solution  of  the  hydrate  in 
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whieli  gms  op  nothing  to  water,  but  when  treated  with  potash  or  baryta-water  ia 
eoDTeited  into  a  bromoglyoollate :  hence  thii  yellow  powder  appears  to  contain  bromo- 
glycGlLide^  finrmed  according  to  the  equation  : 

CHBr*  ^^CSBt 

U-  AgBr     +     0<f  I 
Ag  ^^CO 

BDrer  Dfbrom-  BromogljooIIidei. 


i 


This  reaction  renders  it  probable  that  silrer  bromoelycollate  when  heated  will  also 
jiekU  not  an  acid,  but  an  anhydride.  In  fact,  when  this  salt  is  heated  in  a  sealed  tube 
with  ashydrons  ether,  a  yellow  powder  is  formed  quite  insoluble  in  ether,  and  the 
ether  does  not  acquire  any  acid  reaction,  whereas  if  ^lyox^lic  acid  had  been  formed, 
it  woold  hare  dissoWed  m  the  ether  and  rendered  it  acid.  The  yellow  powder  is 
likewise  insoluble  in  water,  but  when  heated  with  baryta,  it  immediateW  yields  the 
decomposition-products  of  glyozylic  acid,  viz.  oxalate  and  glyoollate.  These  results 
indicate  that  uie  yeUow  powder  contains  glyoxylide,  CHH)',  from  which  glyozylic 
sdd  is  afterwards  formed  by  addition  of  the  elements  of  water.  The  formation  of 
the  ^ya^Ude  is  represented  by  the  equation, 

CHBrOH  ^CHOH 

rm    AgBr     +     O: 

JOOAg 

BIlTer  Bromo-  Olyoxylide. 

glyooUate. 

When  dry  silTer  bromoglyoollate  is  heated  in  a  sealed  tube  for  several  hours  in  the 
water-bath  with  absolute  aJcohol,  a  yellow  powder  is  formed,  together  with  a  clear 
liquid  which  is  perfectly  neutral  to  diy  litmus-paper,  but  instantly  reddens  the  paper 
when  moistened.  On  evaporatins  the  alcohol,  a  neutral  liquid  is  left  perfectly  soluble 
ia  water,  and  exhibiting  when  heated  with  lime-water  the  reactions  of  glyoxylio 
add.    This  liquid  is  ethyl  glyoxylate,  formed  according  to  the  equations, 

C*H«BrAgO«  a  AgBr  +  C*H«0« 
BXlTtT  Bromo-  Oloxyllde. 

glyooUate. 
aal 

C*H*0»     +     C«H»OH  -  C«H»0«.C«H» 
GlTOZjUde.  A3ctAoh  BChyl 

i^ozylate. 

This  leaction  seems  to  show  that  the  bodv  CH'O'  is  an  anhydride,  and  not  glyoxylie 
add ;  for  in  the  latter  case  water  would  nave  been  formed,  and  would  have  imparted 
an  acid  reaction  to  the  liquid : 

rC«H»0«  +  C«HK)H  -  C«H(C«H»)0«  +  H«0]. 

olyosQrUo 

•oid(T). 

A  further  argument  in  favour  of  the  formula  CH^O*  for  glyozylic  acid  is  afforded 
by  the  behaviour  of  that  add  with  the  pentachloride  or  pentebromide  of  phosphorus. 
Perieetly  dry  caldum  glyoxylate  distilled  with  phosphorus  pentebromide  yields 
hydrobromieadd,  phosphorus  oxybromide,  and  dibromacetyl  bromide,  which  when  dis- 
solved in  absolute  alcohol,  and  treated  with  excess  of  water,  yields  ethyl  dibromacetete : 

CH(OH)*  CHBr* 

I  +     8PBr«     -      I  +     3PBr»0     +     8HBr. 

OOOH  COBr 

The  compound  CiH(5H^)0',  from  which  Debus  deduced  the  formuhi  G>H*0*  for 
glyozylic  add,  is  regarded  by  Perkin  a.  Duppa  as  an  amide  which  is  converted  into  an 
ammonium  salt  when  dissolved  in  water. 

D17  sodium  bromogl^llate  heated  to  120^-130^  is  gradually  decomposed;  and  on 
treating  the  product  with  cold  water,  sodium  bromide  dissolves,  and  a  white  powder 
remaioa  which  dissolves  in  boiling  water,  forming  a  solution  which  exhibite  the 
fharactftn  of  glyoj^lic  acid.  This  white  substence  appears  to  be  glyoxylide.  It 
dMBolTeB  in  ammonia,  forming  ammonium  glyoxylate.  GlycoUide  similarly  treated 
yields  glyooUamide ;  and  it  mi^ht  be  expected  that  glyoxylide  would  also  yield  an 
amide  ;  but  the  latter  appears  immediately  to  take  up  water,  which  converte  it  into 
an  ammonium  salt. 

The  flowing  is  a  very  characteristic  reaction  of  glyoi^lic  acid :  When  a  solution 
of  csJcnon  glyozalate  is  mixed  with  aniline  oxalate,  and  the  liquid  is  Altered  fh>m 
caldiim  oza^te,  a  coloorless  solution  is  obteined,  which  when  boiled,  or  even  when  left  to 
itself  Ibr  a  few  hours,  deposite  a  bright  orange-coloured  precipitete  (Perkin  a.  Duppa). 
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Indol  IB  especially  distingnisbed  by  tbe  fieolty  vith  whidi  it  fomui  red  enmpfwwk 
Od  mixing  its  aqueous  solution  with  faming  nitne  acid  ■onMvbat  conaiderabLy  dilated, 
a  red  bulky  precipiute  separatee,  formed  of  amall  noedleo  and  probably  eoaaiatiitg  el 
indol  nitrite,  since  it  yields  indol  when  boiled  with  water  or  alkaliik  This  ltd 
compound  dissolves  in  alcohol,  but  is  apparently  deoomposed  thereby.  The  akohoiic 
Kolution  of  indol  treated  with  nitrous  acid  yields  large  needles  of  anothor  red  bodr. 
The  alcoholic  solution  mixed  with  hydiocbloric  add  ooloors  firewood  eheny-iwl, 
chnnging  after  a  while  to  dirty  brown-red. 

Bydroxjrl-deriwattTea  of  Xadol  (C.  A.  Knop,  J,  pr,  Chem.  zerii.  65 ;  Jaired. 
1865,  p.  682.  Baever  a.  Knop,  Ann,  Ch.  Pharm.  cxl.  I ;  Jakretb.  1866,  p.  638).— 
Isatic  acid,  C«H'NO*.  has  the  composition  of  trioxindol,  C»H*(HO)*N,  and  this  sod, 
or  isatin,  which  is  its  anhydride,  yields  by  redaction,  dioxindol  or  hydzindie  sod, 
C«H'NO«  -  C«H*(HO)«N,  and  oxindol,  C«H'NO  or  C»H\HO)»,  Omw  tkna  bedifs 
being  related  to  one  anothor  in  the  same  mannev  as  pjrqgallie  acid,  oxyphenic  aciil. 

and  phenol : 

C«H»(HO)  C"H*(HO)«  C«H«(HO)» 

PheooL  Ozypboiic  FyrogBltic 

■old.  acid. 

C«H«N(HO)  C«H»N(HO)«  C«H<N(HO)» 

Oxindol.  DloxindoL  Triozindc^. 

Isatin  in  acid  solution  is  easily  reduced  to  isatyde  (iii.  41 1) ;  and  thslattar  is  e(»THtcd 
by  sodium-amalgam  into  dioxindol,  which  again  may  be  reoonTerted  by  ozidafeioB  istD 
isatyde  and  isatin,  so  that  isatyde  is  intermediate  in  oomposition  between  di-  aod  tri- 
oxindol : 

C«H*NO«  G»«H'*NK)*  C«H»NO« 

Isatin.  iMtyde.  Dioxindol. 

Baeyer  a.  Emmerltng  (loo.  cit.)  represent  these  eomponnds  by  the  following  eosstito- 
tional  formulae,  derived  from  their  formula  of  indol  (p.  733) : 

/C— OH  /C— OH  yC-0 

<       C— OH       C«H<       C— OH        C«H«<      C-0 


C«U*'^  C  C«H'V  KJ—VJUL  V^-U'X  v.— 

^NH  \n— OH  ^NH 

Oxindol.  Dioxindol.  Trioxindol  Isatin. 

(laatlc  add). 

According  to  this  view,  isatin  is  a  quinone,  and  in  its  potassium  salt,  C*H*S^O',  the 
metal  is  in  direct  union  with  the  nitrogen,  as  in  the  salts  of  maloxyl-urea  and  other 
derivatives  of  urio  acid.  Isatic  acid  is  formed  from  it  by  resolution  of  the  quinoDe* 
group,  with  simultaneous  oxidation  of  the  group  NH ;  <uozindol  is  a  hydroquiaooc, 
and  oxindol  a  kind  of  phenol. 

Kekul^  (Zeittchr.  /.  Ch^m.  [2]  vi.  264)  takes  a  somewhat  different  view  of  the  eon- 
stitution  of  indol  and  its  derivatives.  He  considers  it  improbable  that  isatic  add  csn 
have  the  constitution  of  trioxindol,  inasmuch  as  the  suocessive  reduction  of  this  Sfcid 
to  indol  requires  the  employment  of  three  different  reducing  sgents,  which  seems  to 
imply  that  the  three  oxygen-atoms  in  this  acid  are  united  to  ue  other  elements  in 
difTerent  ways.  For  Kekul^'s  views  of  the  constitution  of  these  compounds,  see  Ikti. 
Chem.  Ges.  Ber.  ii.  748 ;  Zeittchr.f,  Chem,  [2]  vi.  263. 

Dioxindol  or  Htdbindic  acid,  OH^NO*,  is  produced  by  the  action  of 
nascent  hydrogen,  generated  by  sodium-amalgam  and  water,  on  isatin,  C*H*N0',  or 
isatyde,  C'*H"N'0* ;  also  by  heating  isatyde  with  alcoholic  potash : 

C'«H»«N«0*  -  C»H»N0«  +   C"H»NO« 
laatyde  iMtin  Dioxindol; 

and  as  a  potassium  salt^  together  with  indiretin,  by  heating  isatane  with  alcoholic 
potash  to  130°: 

C"H"N<0«  +  2KH0  =»  2C«H«KN0«  +   C"H>«N«0* 

Isatane.  Fotaasium-  Indiretin. 

dioxindol. 

It  is  prepared  by  gradually  adding  sodium-amalgam  to  cold  water  in  which  isatin  is 
suspended  ;  the  isatin  then  dissolves,  and  the  action  is  complete  when  a  sample  of  the 
liquid  mixed  with  hydrochloric  acid  no  longer  yields  a  precipitate  of  isatin.  The 
sodium  salt,  which  separates  after  some  days  from  the  concentrated  solution  in  warty 
crusts,  is  dissolved  in  water,  neutralised  with  hydrochloric  acid,  and  mixed  with  s 
saturated  solution  of  barium  chloride  ;  and  the  iMirium  salt  which  crystallises  out  is 
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digested  with  a  iHght  ezcefls  of  salpharie  acid.  The  flltrate  freed  from  sulphuric 
aeid  by  addition  of  a  little  baryta-water,  and  eraporated  as  quiekly  aa  possible  under 
the  air-pump,  yields  diozindol  in  groups  of  yellowish  needle-shaped  crystals.  From  a 
moderately  concentrated  solution  it  crystallises  when  left  at  rest  m  nearly  transparent 
yellowish  prisms,  which,  according  to  Rammelsberg,  are  monoclinic,  exhibiting  the 
combination  o6P.(ooPoo).oP.  +  F.  +  fiFao,  and  ^Ting  the  clinodiagonal  to  the 
orthodiagonal  as  1012  :  1.  Angle  ooP  :  ooP  -  78^  40'  and  101<>  20^;  ( ooPoo  ) :  »P 
wm  129°  20';  oP :  ooP  »  117^,  approximately.  From  hot  alcohol  it  crystallises  in 
dazzling  white  transparent  crystals  permanent  in  the  air.  It  dissolyes  in  12  pts.  cold 
and  10  pts.  boiling  absolute  alcohol,  also  in  a  mixture  of  alcohol  and  ether.  It  decom- 
poses when  heated  above  130°  ;  melts  at  180^  to  a  riolet  liquid ;  and  is  eonyerted  at 
195°,  with  sTolution  of  a  small  quantity  of  aniline,  into  a  rose-coloured  amorphous 
mass.  The  light  yellow  aqueous  solution  beoomee  dazk  rose-red  on  exposure  to  the 
air,  deeper  red  when  heated,  and  then  leaves  a  mixture  of  isatin  and  indin. 

A  solution  of  dioxindol  in  A^rocA/<>rte  octc^ deposits  dioxindol  hydrochloride, 
C'H'NO'.HCl,  in  laige  nodular  crusts ;  from  a  solution  in  strong  sulphuric  acid,  water 
throws  down  dioxindol  sulphate,  C"H'NO'.H*SO«  -f  HK>,  in  flocks  which  turn 
violet  on  exposure  to  the  air,  and  appear  crystalline  when  dry.  Ammonia  eolours  the 
solution  violet,  and  on  boiling  throws  down  a  violet  oolonring  matter  soluble  in  hydro- 
chloric acid.  The  fixed  allcabs  and  baryta  produce  a  dark  violet  coloration,  changing 
to  red  and  finally  to  li^ht  yellow,  just  as  with  isatin  or  isatyde. 

The  metallic  derivatives  of  dioxindol,  or  kydHmdaUs,  excepting  the  sodium  salt,  are 
sparingly  soluble  in  water ;  they  crystallise  slowly  and  are  precipitated  in  the  crystal- 
line state  by  a  mixture  of  alcohol  and  ether;  they  are  permanent  in  the  air  in  the  dry 
state,  but  oxidise  quickly  in  solution.    The  following  have  been  analysed : 

Sodium  salt,  C*H<NO>Na  t-  2H'0,      silvery  scales. 

Silver  salt,    CH'NO'Ag,  yellowish-white  precipitate. 

Barium  salt,  (C*H«NO>)*Ba  +  4HK),  white  cubic  crystals. 

Lead  salt,      (G*H*NO*)«Pb  +  2H«0,  white  crystalline  precipitate. 

When  the  moist  silver  compound  is  heated  to  60°,  drops  of  benxoic  aldehyde  separate, 
and  the  silver  is  reduced.  Silver  nitrate  is  also  reduced  by  dioxindol,  with  formation 
of  isatin.  Dioxindol  is  attacked  by  nitric  aeid,  more  easily  than  isatin,  with  formation 
of  decomposition-products. 

A  solution  of  dioxindol  boiled  for  some  time  with  pfyeerim  deposits  a  violet-red 
amorphous  powder,  insoluble  in  boiling  water,  and  isomerio  with  indin,  C*'H'*NK)' 
(iii.  264)  (Enop). 

When  chlorine  is  passed  into  a  cold-saturated  alcoholic  solution  of  dioxindol, 
chlorodioxindol,  C'H*C1N0',  first  separates  in  yellowish  needles,  and  afterwards 
dichlorodioxindol,  C*H*Cl*KO',  in  opaque  scales.  Aqueous  didKind<d  agitated 
with  bromine  deposits  red  laminin  of  dibromodioxlndol,  C'H'Br'NO',  and  the 
supernatant  liquor  yields  on  evaporation,  light  redezystallinegronpsof  monobromo- 
dioxindol,  C-H«BrNO«  (Knon). 

Nitrosodioxindolf  C*H'(NO)NO',  is  produced  bypassing  nitrons  aeid  vapour  into 
an  alcoholic  solution  of  dioxindol,  but  is  converted  by  th*  prolonged  action  of  the 
nitrous  acid  into  ethyl  bensoate.  To  prepare  it,  10  pts.  of  ahMlute  alcohol  are  satu- 
rated with  nitrons  acid,  a  concentrated  alcoholic  solution  of  1  pt.  dioxindol  is  added, 
and  the  whole  is  shaken  up  with  5  pts.  of  pulverised  potassium  carbonate  till  the  mass 
becomes  red  and  slightly  warm.  The  powder  when  cold  is  washed  with  absolute  alcohol 
and  dissolved  in  water,  and  the  product,  precipitated  with  hydrochloric  acid,  is  purified 
b^  repeated  solution  in  potash,  treatment  with  animal  charcoal,  and  repredpitation 
with  nydrochloric  acid. 

NitroBodioxindol  forms  a  yellowish  oystalline  powder  or  interlaced  needles,  sparingly 
soluble  in  water,  and  crystallising  therefrom  in  yellow  brittle  moss-like  needles.  It 
melU  at  300°-S10°,  solidifies  again  in  the  crystalline  form,  and  sublimes  at  840°  in 
white  needles.  When  boiled  with  alcoholic  ammonia  it  does  not  give  the  violet^red 
reaction  characteristic  of  dioxindol.  Ammonium  nOroBodioxindol,  C"H*(NO)KO'(NH^) 
+  l^H^O,  separates  in  white  silky  laminieon  evaporating  the  solution  of  nitrosodiox- 
indol  in  very  dilute  ammonia.  The  barium  eompound  G"H^NO)NO'Ba  is  a  white 
precipitate ;  the  silver  compound  C"H*(NO)NO*Ag  a  yellowish-white  precipitate. 

BroTnomirosodioaindol,  C*H<Br'(NO)NO*  &  3H>0,  is  precipitated  on  mixing  the 
aqueous  solution  of  nitrosodioxindol  wkh  bromine-water,  and  crystallises  from  alcohol 
in  tufts  of  needles.  It  dissolves  without  alteration  in  fuming  nitric  and  sulphuric 
acids  and  in  potash-ley,  is  not  coloured  violet  by  boiling  with  alcoholic  ammonia, 
gives  o£f  its  water  at  140°,  melts  at  275°,  and  sublimes  in  white  laminse. 
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Azodioxindol,  C'H'N'O  ,  is  produced  bj  boiling  nitzvwodioxindol  with  6  pts. 
feiTous  sulphate,  excess  of  potash-ley,  and  a  lazga  quantity  of  water,  and  is  pMdpitated 
from  the  filtered  liquid  by  hydrochloric  add  in  white  needles  slightly  aolnUe  in  wstfsr, 
easily  in  boiling  alcohol,  insoluble  in  hydrochloric  acid.  Bromine-water  added  to  tlie 
aqueous  solution  throws  down  white  flocks  of  a  bromine-oompound.  It  melts  at  300^, 
but  sublimes  at  260^  in  colourless  square  plates.  Its  aqueous  solution  mixed  with 
silver  nitrate  and  ammonia  yields  a  white  crystalline  precipitate  of  the  oomponni 
C«H*Ag«N«0«. 

OxiNDOL.  C*H'NO. — Dioxindol  cannot  be  further  reduced  in  alkaline  solutioa; 
but  in  acid  solution  it  is  reduced  to  oxindol  by  tin  and  hydrochloric  acid,  or  better  bj 
sodium-amalgam.  To  prepare  oxindol,  isatin  is  first  oonrerted  as  abore  into  diox- 
indol ;  the  solution  is  diluted  with  water  in  the  proportion  of  100  pts.  water  to  I  pt 
isatin,  then  acidulated  with  dilute  sulphuric  or  hydrochloric  add,  and  heated  in  Um 
water-bath;  and  sodium-amalgam  is  gradually  added,  keeping  the  add  alwajs  is 
excess.  If  after  six  hours  the  liquid  remains  light  TeUow,  even  when  it  has  beooma 
alkaline,  and  an  ethereal  extract  immediately  yields  needles  on  eTa|>Qration,  it  is 
neutralised  with  sodium  carbonate  and  evaporated,  till  drops  of  oil  make  thor 
appearance  on  the  surface  of  the  liquid.  The  oxindol  which  sepasates  after  24  hoan 
is  purified  by  recrystallisation  from  hot  water.  It  forms  long  colourless  needles  or 
feathery  groups,  melts  at  120*^,  solidifies  again  at  110^,  and  at  higher  temperstuM 
distils  in  small  quantities  without  decomposition,  as  a  colourless  or  reddish  oil  whidi 
immediately  soliaifies  in  the  arstalline  form.  In  hot  water  the  crystals  melt  sod 
dissolve  abundantly,  the  liquid  yielding  crystals  on  cooling.  On  evaporating  tli» 
concentrated  solution,  oily  drops  of  fused  oxindol  separate  on  the  surfiuie;  on  expassre 
to  the  air,  it  is  partly  converted  by  oxidation  into  dioxindol.  It  dissolves  in  aloohol 
and  ether,  and  crystallises  therefrom  in  needles ;  forms  a  crystalline  oompoond  witb 
potash,  precipitates  with  salts  of  barium,  copper,  and  caldimi,  and  with  basic  lead 
acetate,  and  a  specular  deposit  of  silver  when  boiled  with  ammoniacal  silver  nitrate. 
Silver  oxindol^  C"H*AgNO,  is  formed  on  mixing  a  cold-saturated  solution  of  oxindol 
with  silver  nitrate,  and  then  with  a  little  ammonia,  as  a  precipitate  which  beeomei 
granular  on  standing,  and  does  not  yield  bensoic  aldehyde  when  heated  to  70^-80°. 
OxiH^dol  kydroohloride,  C*H'NO.HCl,  is  deliquescent,  and  forms  groups  of  spieolar 
crystals. 

Bromoxindol,  C*H*BrNO,  separates  on  mixing  the  cold-saturated  solution  of 
oxindol  with  bromine-water,  in  white  feathery  crystals.  It  is  insoluble  in  water, 
slightly  soluble  in  alcohol,  melts  at  176^,  and  is  predpitated  by  acids  from  the  alka- 
line solution  without  alteration.  Ttribromoxindoit  OH^Br'NO  +  2H'0,  produced  bj 
adding  bromine  to  the  aqueous  solution  of  oxindol,  and  removing  the  excess  of  bromine 
by  heat,  is  insoluble  in  water,  dissolves  without  alteration  in  potash,  crystallises  in 
feathery  tufts,  and  decomposes  without  fHision  at  270°. 

Nitrosoxindolf  C"H'(NO)NO,  is  formed  on  passing  nitrous  acid  into  a  1  percent 
aqueous  solution  of  oxindol,  till  a  sample  of  the  liquid  rubbed  with  a  glass  rod  deposits 
crystals  after  a  while.  The  liquid  then  solidifies  immediately,  or  after  24  houn,  to  a 
pulp  of  very  slender  golden-yellow  needles,  which  dissolve  sparingly  in  water,  more 
easuy  in  alcohol,  and  with  dark  brown-red  colour  in  potash.  The  compound  decom- 
poses when  heated,  yielding  oily  drops  which  smell  like  nitrobensene.  The  silver 
gait,  0'H.*(NO)NOAg,  is  an  orange-coloured  gummy  precipitate  which  detonates  when 
heated. 

Bromonitroioxindol,  C«H*Br(NO)NO,  separates  on  mixing  the  cold  solution  of 
nitrosoxindol  with  bromine-water,  in  light  yellow  needles,  slightly  soluble  in  water, 
more  easily  in  aloohol,  and  decomposing  at  240^  without  fusion  or  sublimation. 
Tribr<mionitro9oxindcl,  C«H»Br«(NO)NO,  formed  by  treating  the  preceding  compound 
with  excess  of  bromine,  is  insoluble  in  water,  easily  soluble  in  hot  al<y)hol,  ciystallises 
in  needles  of  a  dingy  violet  colour,  melts  at  162°,  and  sublimes  at  190^. 

Amidoxindol,  C'H*(NH*)NO,  is  formed  by  redudng  nitrosoxindol  with  tin  and 
strong  hydrochloric*  add.  The  add  solution,  freed  firom  tin  by  hydr^n  sulphide  and 
evaporated,  yields  colourless  nodules  of  amidoxindol  hydrochloride,  C£^NH')NO .  HCl. 
This  salt  is  decomposed  by  water,  with  separation  of  a  red  resinous  simstance  soluble 
in  alcohol,  gives  off  hydrochloric  add  at  80°,  and  is  completely  decomposed  at  170°, 
without  pravious  fusion.  Nitrosoxindol  reduced  vrith  ferrous  sulphate  and  potash 
yields  a  metallic-green  colouring  matter  not  yet  examined. 

Axoxindol,  C*H*N'0. — The  sodium-derivative  of  this  compound  is  formed  by 
treating  nitrosodioxindol  with  sodium-amalgam  and  a  small  quantity  of  water,  as  an 
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:.  1.  When  falphoearbftnilide  ii  distilled,  carbon  biralphida  and  hydrogen  ■olphide 
■le  giTen  of(  wbile  an  amorphona  Titzeona  maaa  remaina,  oonaiating  of  triphenylt 
guamdina  mixed  with  aniline.  The  deoompoaition  ia  represented  by  the  following 
eqiiationa: 


CS 


Bolphocarb-  Aniline.               Snlplio- 

anilide.  carbanil. 

N'UC'H*)*   +  n|^.    -  CS«  +  N»|(C«H»)» 

Bnlphoearb-  Bnlpbo-                             Tripbenyl- 

anUide.  carbaniL                             gnjuiidina. 

f     ^  ir*Tf*                                 f     ^ 

N«j(C«H»)«   +  Nj^     -  H'S  +  N«j(C^»)« 

Bulphocarb-  Anlllna.                             Triplienjl- 

gnimidine. 


The  deoompoaition  b^gina  below  the  boiling  point  of  aniline,  and  after  heatinff  for 
MTeral  hoois  to  160^,  oonaiderable  qnantitiea  of  triphenyl-gnanidine  are  obtained. 
Ckrbaailide,  N'(CO)'*(C'H*)'H*,  when  thoroughly  dry,  aplita  up  in  the  same  manner, 
yielding  triphenyl-gnanidine,  together  with  aniline,  carbon  dioxide,  and  water.  The 
decompoaitaon  is  repreaented  by  eqnationa  predaely  aimilar  to  the  abore,  the  anlphnr 
in  each  being  replaoed^by  oxygen. 

2.  Mphenyl-gnanidine  ia  alao  prodnoed,  aa  a  hydrochloride,  when  aolphocarbanilide 
is  fdaed  with  le^  chloride : 

3N«|(C«H»)*  +  PbCl«  «  2  rNM(Cra»)«.HCl J  +  CS«  +  PbS. 

On  ezhanating  the  product  with  a  little  alcohol,  addinff  a  laige  quantity  of  water,  and 
eTBpomting  the  filtrate,  the  pure  hydh)chloride  cryBtaUiiiea  out. 

3.  Ammonium  aulphocyanate  heated  with  exoesa  of  aniline  yields  BUOoeaaiTely 
■°^pMiirK^j*<^^™'*l^  (phenylaulphocarbamide),  anlphocarbanilide  (diphenylaulphoear- 
bomide),  and  triphenyl-guanidine ;  thus: 

^InH*   +  ^•H».NH«  -  NH«  +  N«|c«H» 
f  CS  f     08 

(     CS  f    O' 

N«J(C»H»)«  +    C»H».NH«  -  H«S   +  NN(C«H»)« 

I     H«  {    W 

4.  Triphenyl-guanidine  is  likewise  produced  by  heating  sulphocarbanilide  with 
Betallie  copper,  cuprous  sulphide  being  also  formed,  together  with  greasy  secondary 
prodoeta  consisting  of  hydrocarbona,  probably  resulting  from  the  decomposition  of 
methylene  formed  in  the  first  inatance : 

f    CS  f    C"* 

«in^(C»H»)»  +  3Cu«  -  8Cu«S  +  CH«  +  2N«J(C«H»)». 
I    H«  I    H« 

6.  Together  with  phenvlaulphoeyanate,  when  aulphocarbanilide  ia  heated  to 
160^-17^  with  concentrated  hydrocmoric  acid  (Merz  a.  Weith) : 

n4(c^»)*  +  Ha  -  N|^*.Ha  +  n|^. 


and 


niUde.  An 

ohlorua.  solpbopTaoete. 


BolpliocarfaaaiUde.  AnDiiie  hTdzo-  Phen  jl 

>rlda. 


1PJ(C«H»)«  +  N|^*.Ha  =  H»S  +  N«|(C»H»)».Ha 

SiilpiMcartMinMe.      Aniline  hydro-  Tripbenyl-cnanldine 

chloride.  bydrochloride. 
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ftixlher  addition  of  the  chlorine  solution,  from  formation  of  iodine  chloride.    If 
bromine  is  also  present,  the  carbon  bisulphide,  immediately  after  deooloration, 
an  orange-vellow  tint. 

On  the  detection  and  estimation  of  iodine  in  presence  of  bromine  and  chlorine, 
also  p.  868. 

The  detection  of  iodine  is  often  hindered  by  the  presence  of  oigianic  sobataneea. 
According  to  Hlasiwetz  (Zeitschr.  anal,  Chem.  yi.  447)i  the  aqoeons  aolntions  of 
resorcin,  ordn,  and  phloroglucin  take  up  iodine  without  coloration,  or  peroeptlbfe 
formation  of  hydriocuc  acid,  in  considerable  but  definite  quantity,  and  withdrav  it 
from  ite  solution  in  carbon  bisulphide.  In  these  solutions  the  iodine  can  neither  be 
detected  by  the  ordinary  reagents,  nor  volatilised  by  boiling.  Nereithelesa,  the  looss 
combination  into  which  the  iodine  has  entered  is  broken  up  when  the  solatioB  is 
eyaporated  in  a  vacuum,  the  organic  substance  crystallising  out  in  its  original  state, 
and  the  iodine  subliming. 

For  the  estimation  of  iodine  in  iodates  and  iperiodates,  Bammelaberg  {B^.  Anm, 
czzzT.  493)  decomposes  these  salts  with  potassium  iodide  and  dilute  ralphuric  add, 
and  titrates  the  separated  iodine  with  sodium  hyposulphite : 

HIO«  +   6HI  «  8H«0   +   8I«;   and  HIO«  +   7HI  =  4H«0   +   4l». 

On  the  estimation  of  iodine,  see  also  Bobiezre  (Zeitsckr./,  Chem,  [2]  t.  192) ;  Strnve 
{ibid.  883) ;  Siewert  (ibid,  807). 

Mydrtodlo  JLeid.  On  the  preparation  of  aqueous  hvdriodie  add  by  means  of 
iodine  and  phosphorus,  see  Mich.  Pettenkofer  {Ann,  Ch.  Piarm.  cxxxviii.  67  ;  JaknA, 
1866,  p.  188].  According  to  Vigier  {ZeiUehr,  f.  Ckem,  [2]  ▼.  412),  the  most  snitaUs 
proportions  tor  the  preparation  are  represented  by  the  equation 

P»  +   6P  +   6H«0  -  PK)»  +    lOHI. 

Winkler  {J,  pr.  Chem.  cii.  38)  passes  hydrogen  sulphide  into  an  nnsatasHed  sdu- 
tion  of  iodine  in  recently  distilled  carbon  bisulphide,  covered  with  a  layer  of  water, 
and  contained  in  a  cylindrical  vessel  immersed  in  cold  water.  The  passags  of  the  ^ 
must  be  continued  till  the  liquid  is  decolorised,  and  the  quantity  of  carbon  bisnlphid* 
present  must  be  sufficient  to  hold  in  solution  all  the  separated  sulphur.  The  hydriodic 
acid  formed  dissolves  in  the  water,  and  may  be  obtained  of  any  required  degree  of 
concentration  by  diminishing  the  quantity  of  the  latter.  After  Ming  freed  fkoia 
hydrogen  sulphide  by  heating  it  for  a  short  time  in  a  retort,  it  is  perfectly  pursw 
A.  Naumann  {Zeitschr,  /.  Chem.  [2]  v.  486)  modifies  this  process  by  leaving  out  the 
carbon  bisulphide,  and  operating  at  first  on  a  small  scale,  till  the  reaction  beeomes 
considerably  accelerated  by  the  solubility  of  the  iodine  in  the  hydriodic  acid  ptodnesd. 
The  liquid  is  then  cooled,  and  iodine  and  water  are  added  from  time  to  time  as  the 
action  slackens.  In  this  manner,  even  a  very  rapid  stream  of  hydrogen  sulphide  is 
completely  absorbed,  and  in  a  short  time  laige  quantities  of  hy£iodic  add  are 
obtained  of  sp.  gr.  1*66.  Of  this  acid  only  a  small  portion  distils  below  127^,  the 
greater  part  remaining  and  exhibiting  a  sp.  gr.  of  1*67. 

Reaetuma. — ^The  decomposition  of  hydriodic  acid  by  heat^  and  its  action  on  varieot 
substances,  have  been  examined  by  Hautefeuille  {Butt.  8oe.  Chim,  [2]  vii.  198,  200, 
203;  Jahrtth,  1867«  p.  171).  When  the  pure  gaseous  acid  is  gradually  heated,  it 
exhibits,  at  about  180°,  a  faint  violet  colour,  indicating  a  commencement  of  decom- 
position, which  increases  slowly  up  to  440°,  and  rapi^y  between  440°  and  700°,  its 
amount  being  infiuenced  by  the  extent  of  heated  surface,  and  at  a  given  temperature 
also  bv  the  pressure.  Thus,  when  the  gas  was  passed  under  ordinary  pressure 
through  a  tube  filled  with  fragments  of  glass,  the  decomposed  portion  amounted  at 
440°  to  2*6,  and  at  700°  to  84  p.  c  On  passing  it  through  a  glass  tube  filled  with 
platinum-sponge,  the  results  were : 

At  about   ....     700°        440°        250°        196°       176** 
Decomposed  portion  .        .     22*2         19*6  18*7         17*6      10*6  p.  c. 

In  a  dosed  glass  tube  at  the  boiling  point  of  sulphur : 

Under  a  pressure  of     .    0*760        1*497        1*717        1*910        1*960  met 
Decomposed  portion  2*6  8*1  8*7  6*1  6*4  p.  c 

Under  constant  pressure,  therefore,  the  decomposition  is  considerably  fiidlitated  by 
the  presence  of  platinum- sponge  (below  180°  iodine  condenses  on  the  surface  of  the 
platinum,  and  interferes  with  its  action).  When,  on  the  other  hand,  a  mixture  of 
equal  volumes  of  iodine-vapour  and  hydrogen  is  passed  over  heated  platinum-sponge, 
the  two  elements  partly  combine,  the  unoombined  portion  being  equal  to  that  which 
is  separated  from  pure  hydrogen  iodide  by  platinum-sponge  at  the  same  temperature. 
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OUm  Tetsels  are  aUf  Itftd  bj  hydrogen  iodide  even  below  a  red  heat,  with  fonnation 
of  water,  an  iodide  of  alkali-metal,  hydrogen  sulphide  (from  sulphur  in  the  glaaa), 
and  separation  of  iodine ;  the  decomposition  of  the  gas  in  glass  vessels  began  at  a 
lower  temperature  than  in  porcelain  vessels.  On  the  other  hand,  heated  glass  induces 
the  formation  of  hydriodic  acid  from  a  mixture  of  iodine-rapour  and  hydrogen,  to  a 
small  amount  at  440°  under  ordinary  pressure,  more  abundantly  in  closed  tubes  at 
the  same  temperature,  the  quantity  of  hydriodic  acid  formed  increasing  with  the 
proportion  of  iodine  present.  Out  of  100  c  c.  hydrogen,  there  remained  after  heating 
with: 

Iodine  in  miUigr.  .  .  461  510  613  709  751  764  840  987  1351  4141 
Uncombined  H  in  c  c  .     62      54      45      45      37      85      36      26      14*8      5*7 

In  this  case,  therefore,  as  when  platinum-sponge  is  used,  a  state  of  equilibrium  is 
obtained,  varying  with  the  proportions  of  the  reacting  substances. 

Sulvkur  deoompoees  gaseous  hydriodic  acid  gas,  or  a  oold-satxuated  aoneous  solution, 
at  oroinary  temperatures,  with  formation  of  hydrosen  sulphide  ana  separation  of 
iodine ;  dilute  aqueous  solutions  only  with  aid  of  heat.  These  conditions  are  the 
reverse  of  those  on  which  the  preparation  of  aoueous  hydriodic  acid,  by  passing 
hydrogen  sulphide  into  water  containing  iodine,  aepends.  If  the  moderately  con- 
centrated aqueoas  acid  be  enclosed  with  sulphur  in  a  glass  tube,  application  of  heat 
gives  rise  to  the  formation  of  hydrogen  sulphide  ana  separation  of  iodine,  whereas 
on  cooling,  hydriodic  acid  is  produced  and  sulphur  separated,  which  after  repeated 
alternations  of  temperature  (between  not  verv  wide  limits)  crystallises  in  transparent 
octohedrons.  When  gaseous  hydriodic  acid  is  passed  into  sulphur  cMorids,  hydro- 
chloric acid  is  at  first  evolved,  and  iodine  (or  sulphur  iodide)  separated ;  afterwards 
hydrogen  sulphide  is  formed  in  large  quantity.  S^enium  acts  on  hydriodic  acid  in  the 
same  manner  as  sulphur,  and  the  reaction  may  be  made  available  for  the  preparation 
of  hydrogen  selenide,  and  of  beautifully  crystallised  selenium.  Pkotfpkanms  chloride 
and  oraeniims  chloride  exposed  to  a  stream  of  the  gas  at  ordinary  temperatures  are 
converted,  with  spontaneous  rise  of  temperature  and  evolution  of  hydroehloric  aeid^ 
into  the  corresponding  iodine-compounds,  which  dissolve  in  the  excess  of  chloride  and 
finally  crystallise  out.  Titanium  chloride  is  decomposed  at  its  boiling  point; 
ammonium  chloride  at  the  temperature  at  which  it  volatilises ;  silicium  chloride  not 
below  440O. 

These  resulta  show  that  a  number  of  chlorides  are  decomposed  by  hydriodic  acid 
at  ordinary  or  at  higher  temperatures.  On  the  other  hana,  metallic  iodides  (and 
bromides^  are  decomposed  when  strongly  heat<^  in  excess  of  hydrochloric  acid  gas, 
silver  iodide,  for  example,  at  about  700°.  For  the  continuance  of  the  decom* 
position,  however,  it  is  necessary  that  the  hydriodic  acid  be  removed  as  fast  as  it 
18  formed :  hence  it  appears  that  hydriodic  acid  can  also  decompose  silver  chloride  at 
high  temperatures.  Lead  iodide  is  decomposed  by  hydrochloric  acid  gas,  even  below 
its  melting  point ;  mercuric  iodide  and  ammonium  iodide  are  but  slightly  acted  upon 
(Hautefeuille) ;  compare  Lieben  (p.  437). 

Nitrogen  dioxide  is  slowly  decomposed  by  concentrated  aqueous  hydriodic  acid, 
with  /ormation  of  ammonia  and  separation  of  iodine  (Chapman  a.  Smith,  C^lmi. 
Soc.  J,  [2]  V.  166). 

The  reducing  action  of  hydriodic  acid  on  organic  compounds  has  been 
elaborately  investigated  by  Berthelot  (BvU.  Soo.  Chim,  [2]  ix.  8,  91,  178,  266; 
Jahresb,  1867,  p.  342),  who  has  vhown  that  all  such  compounds,  except  the  paraffins, 
OH*"'*'*,  are  decomposed  by  the  concentrated  aqueous  acid,  at  sufficiently  high 
temperatures,  with  formation  of  hydrocarbons.  The  products  of  the  reaction  vary 
with  the  proportion  of  hydriodic  acid  used ;  when  it  is  pushed  to  its  utmost  limits, 
the  only  products  (besides  water,  carbon  dioxide,  carbon  monoxide,  and  ammonia)  are 
paraffins,  either  containing  the  same  number  of  carbon-atoms  as  the  original 
substance,  or  formed  from  this  substance  by  division.  To  ensure  this  complete 
reduction,  however,  the  organic  substance  must  be  heated  in  a  sealed  tube  for  10  to 
24  hours  to  270^-280°,  with  a  saturated  solution  of  hydriodic  acid  (sp.  gr.  «  20) ; 
alcohols  and  acids  of  the  fatty  series  with  20  to  SO  times,  aromatic  bodies  with  80  to 
100  times  their  weight  of  this  concentrated  acid ;  in  general,  the  exoess  of  acid 
required  above  the  theoretical  quantity  is  greater,  as  the  proportion  of  hydrogen 
in  the  organic  substance  is  less.  With  smaller  quantities  of  nydriodic  add,  inter- 
mediate products  are  obtained.    The  following  are  the  principal  results : 

A.  Fatty  Bodies, — 1.  The  cl^finee  OH*"  are  converted  at  ordinary  tempeiratures, 
and  taioro  quickly  at  100°,  first  into  alcoholic  iodides,  then  into  pandfins ;  ethylene, 
for  example,  into  ethyl  iodide  and  ethane :  C*H*  +  HI  a  C*H*I  ;  and 
C»H»I  -I-  HI  -  I*  +   OH*. 
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2.  The  k^roearbons  CR*^\  homologous  with    aeetyleBe,  xeact    in  a  luuhr 
tqanner:  e.y., 

0«H«  +   2HI  -  C*B*I* 
and 

C«H«P  +    2HI  -  2I«  +  C*H«. 

3.  The  chlorine^  bromine^  and  tcKltM  deriwUivu  of  the  l^dfoearbom  likeviii 
exhibit  similar  transfonnatioxis ;  e^,, 

C«H»I      +     SHI  -  2P       +     C»H« 
lodopropjrlene.  PropuM. 

C«a«      +    12HI  -  6HC1   +  61*  +   C«H« 
Barohlor-  tiAmn^ 


4.  The  paraffine,  as  already  observed,  remain  unaltered  under  the  inflnenes  of 
hydriodic  acid,  and  oonstitate  the  ultimate  products  resulting  from  its  actaon,  uaka 
they  are  decomposed  by  the  heat. 

5.  Alcohols  are  converted,  first  into  iodides  and  then  into  paraAns ;  aliikyim 
yield  the  same  products,  being  first  oonyerted  into  alcohols.  They  however  yield, 
together  with  the  normal  paraffin,  small  quantities  of  its  lower  homolognes ;  thus 
acetic  aldehvde  yields  ethane  with  a  little  methane ;  aeeiane  yields  chiefly  propsnt, 
together  with  ethane  and  methane. 

6.  All  the  acids,  monobasic  or  polybasic,  of  this  group,  are  reduced  under  ths 
above-named  conditions — if  they  do  not  split  up  by  themselves  -  to  paraffins  eontainiqg 
the  same  number  of  carbon-atoms  ;  thus  acetic  acid  yields  ethane  : 

C*H*0«  +   6HI  -  2H«0  +   3I«  +   C«H«, 

and  butyric  acid  yields  butane,  CH*.  Formic  acid  yields  only  water  and  carboo 
monoxide,  the  latter  not  being  attacked  by  hydriodic  acid.  Oxalic  acid  is  resolved  in 
like  manner  into  carbon  dioxide,  carbon  monoxide,  and  water.  Succinic  acid  yields 
butane : 

C<H«0*  +   12HI  «  4H»0   +   6I«  +   C*Hw 

Tartronic  acid,  CHH)*,  forms  ethane  and  carbon  dioxide,  being  first  oouTerted  into 
malonic  acid,  CH^O^,  which  is  then  resolved  into  acetic  acid  and  carbon  dioxide. 
Bibasic  acids,  treated  with  a  quantity  of  hydr\pdic  acid  not  sufficient  for  complete 
reduction,  are  converted  in  great  part  into  the  corresponding  monobasic  acids,  succinic 
acid,  for  example,  into  butyric : 

C«H«0«  +  6HI  -  2H«0  +  SI«  +  C«H»0«. 

7.  Compound  ethers  behave  like  their  components,  into  which  they  are  in  the  fint 
instance  resolved  by  assumption  of  water ;  ethyl  formate,  for  example,  yields  carbon 
monoxide,  water,  and  methane. 

B.  Aromatic  Compounds, — Bsngen/S  heated  for  24  hours  to  280^  with  80  parti 
of  the  aqueous  acid  is  almost  wholly  converted  into  hexane ;  but  at  the  same  time  s 
smnll  quantity  of  propane  is  formed  by  splitting  up  of  the  benseue : 

OH*  +  SHI  -  4I«  +  C*H" 
and 

C«H«  +  lOHI  «  6P  +  2CH". 

With  15  to  20  pts.  of  the  acid,  benzene  is  resolved  into  carbon  and  propane : 

2C*H«  +  6HI  =  60  +  H»  +  8P  +  2C^«; 

• 

with  30  to  40  pts.  it  appears  to  yield  hexane,  and  in  the  first  instance  hexylene, 
which  is  afterwards  resolved  into  difficultly  volatile  condensation-products.  The 
chlorinated  derivatives  of  benzene  are  first  reduced  to  benzene,  which  then  reacts 
with  the  excess  of  acid  as  above. 

Phenol  treated  with  insufficient  quantities  of  acid  is  partly  reduced  to  benzene, 
parUy  converted,  with  separation  of  carbon,  into  propane ;  with  excess  of  add  it 
yields  the  same  products  as  benzene. 

•  Benzoic  acid  treated  with  80  pts.  hydriodic  acid,  yields  heptane  as  normal  product, 
nod  hexane  in  consequence  of  the  resolution  of  the  benzoic  acid  into  carbon  dioxide 
and  benzene.     With  20  pts.  acid  toluene  is  produced : 

C'H«0«  +  6HI  »  2H»0  +  8P  +  CH», 
and   in   smaller  quantities,  benzene  and  carbon  dioxide.     Beneoie  aldehyde  with 
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20  pCs.  acid  yields,  M  normal  product,  toluene,  together  with  gmaller  quantities 
of  beniene,  xylene,  and  perhaps  higher  homolognes. 

Tolume  heated  with  80  pts.  of  this  acid  is  completely  oonrerted  into  heptane,  C*H**, 
with  simnltaneouft  ahuncunt  decomposition  of  hydriodic  acid ;  heated  with  20  pts. 
acid  it  yielda  charoaal  and  propane : 

OB*  +  2HI  -  4C  +  H«  +  P  +  C«H«. 

Cmnene,  CH",  is  oonverted  by  80  pts.  acid  into  nonane,  C*H**,  with  abundant 
decomposition  of  the  hydriodic  acid.  With  23  pts.  acid  it  yields  charcoal  and 
propane : 

C»H'«  +  6HI  -  8C  +  H«  +  8P  +  2C»H». 

Cymmi,  C**H**,  is  oonrerted  by  excess  of  the  acid  into  decane,  C"H" ;  xylens,  C«H*», 
apparently  into  octane,  C*H**. 

According  to  Baeyer  {ZeiUekr.  /.  CMem,  [2}  iy.  445),  hydriodic  acid  combined  with 
vAomAtntf,  (PH* .  HI),  does  not  act  upon  bensene  even  at  860^,  but  converts  toluene 
into  C*H».H»,  xyUne  into  C«H".H*,  naphthalene  at  170*»  into  C'»H».H«. 

G.  The  more  complex  hydrocarbons  allied  to  the  aromatic  group  are  partly  resolred, 
by  saturation  with  hydrogen,  into  several  groups.  Diphenyl^  CH'*,  treated  with  80 
pts.  add  is  almost  wholly  converted  into  hexane,  C*b'* ;  with  20  pts.  of  the  acid, 
partly  (to  })  into  bensene,  partly  (to  |)  into  propane  and  charcoal : 

C»«H»«  +  2H1  -  P  +  2C^«;    and    C"H"  -  0C  +  H«  +  C*H". 

Cinname%e,  (/"H",  treated  with  80  pts.  of  the  acid  yields,  as  chief  i»oduct,  an  octane 
boiling  at  1 16^  to  120®i  with  small  quantities  of  ethane  and  hexane : 

0»H»  +  lOm  -  6P  +  C«H";  and    C«H»  +  12HI  =  6P  +  C«H«  +  C«H". 

With  20  pts.  of  the  add,  it  is  for  the  most  part  converted  into  cinnamene  hydride, 
C*H**  (?  ethyUphenyl),  with  benxene,  ethane,  and  a  difficultly  volatile  resinous  hydro- 
carbon as  secondary  products : 

C«H»  +  4HI  =  2P  +  C«H«  -»-  cm*. 

Ethyl'pkenylt  Cfi'*,  and  hrwaethyl-fhenyl,  C*H'Br,  yield  with  80  pts.  of  the  acid,  octane 
and  small  qtmntities  of  ethane  and  hexane. 

Naphtkidene,  C»«H",  may  yield  the  hydrides  C"H",  C»»S",  C'«H",  C"fl" ;  also  ethyl- 
phenyl  and  ethane  ;  octane  and  ethane ;  bensene  and  etliane ;  hexane  and  ethane. 

Antkraeene,  C**H**,  treated  with  80  pts.  of  the  acid,  yields  as  chief  product,  tetra- 
decane,  C'*H**,  together  with  heptane,  hexane,  ethane,  and  a  paraffin  boiling  at 
360^,  perhaps  cHe^.  With  20  pta.  acid  it  yields  chiefly  toluene,  with  small  quanti- 
ties of  benxene,  ethane,  and  a  liquid  hydrocarbon  boiling  at  260^,  perhaps  C**H". 

D.  Bodies  allied  to  the  preceding  hydrocarbons.  Alisarin  is  converted  by  20  pts. 
of  the  add  into  a  carbonaceous  mass ;  by  100  pts.  it  is  gradually  but  completely  con- 
verted into  paraffins,  among  which  have  been  distinguished  C^'M*^  (boiling  at  270°-> 
280°),  one  boiling  above  360°,  and  in  smaller  quantity,  hexane  and  ethane.  Pkthalie 
acid,  C^fi*0\  wiu  10  pts.  hydriodic  add  yields  heptane  and  octane : 

C"H«0«  +  14HI  =  CO*  +  2H»0  +  7P  +  C'H>« 
and 

C*fl*0*  +  20HI  =  4B[«0  +  lOP  +  C»H". 

The  isomeric  compound  tenphthalio  acid  similarly  treated  yields  only  heptane. 

E.  Polytbieric  hydrocarbons  treated  with  excess  of  hydriodic  acid  are  partly  converted 
into  paraffins  containing  the  same  number  of  carbon-atoms,  and  are  partly  split  up 
into  simpler  compounds,  with  addition  of  hydrogen ;  thus  polyethylene  (oil  of  wine), 
C»«H",  boiling  at  about  280°,  yi^lda  the  paraffins  C"H«,  C"H",  C«H»*,  and  C*R\ 
Similar  results  are  obtained  with  ih^polypropyleHee  Midpolyennylenes,  Oil  qfturpenHne, 
C»«H»*,  gires  C»H»  and  OH".  With  20  pts.  of  the  acid,  decane,  C»«H",  is  at  first 
produced,  and  finally  lower  hydrocarbons  of  the  same  series,  together  with  xylene. 

F.  Substances  richer  in  carbon.  Bitumene  (p.  849)  heated  with  100  pts.  of  the 
acid  is  for  the  most  part  converted  into  hexane  and  an  oily  paraffin,  CH"*  or  C^H^. 
Vlmin,  fooodi  and  wood-charcoal  are  converted  more  or  less  completely  into  paraffins, 
the  principal  of  which  are  C^'H**,  C*H*^,  and  an  oily  body  volatilising  only  at  a  red 
heat  (C'H^  ?).  Coal  is  attacked  by  106  pts.  of  the  acid,  to  the  amount  of  about  60 
p.  c,  and  converted  into  similar  hydrocarbons ;  the  residue  has  the  constitution  of  a 
resin.  Qraphite  and  charcoal  ignited  in  a  stream  of  chlorine  are  not  attacked  by  hydri* 
odic  acid.    But  charcoal  heated  to  whiteness  in  chlorine  (after  which  treatment  it  may 
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be  regarded  as  puro  carbon)  dipsolves  alowly  in  strong  nitric  acid  at  80^, . 
brown  extractive  substance  which  is  acted  upon  by  hj&odic  acid  like  wood. 

G.  Nitroaenous  §uhstance»  heated  with  excess  of  hjdriodic  add 
essential  products,  ammonia  and  saturated  hydrocarbons.  Metkj/immme  yields 
and  methane ;  ethylamine,  ammonia  and  ethane ;  amiine,  with  20  pta.  of  the  add,  yiekb 
ammonia  and  benzene  ;  toluidine,  with  80  pta.  acid,  yields  ammonia  and  heptane : 

C'H'N   +   12HI  -  NH«  +  H«  +  6I«  +  (TH", 

a  large  portion  of  the  hydriodic  acid  being  at  the  same  time  deoompoeed.  MM^ 
aniline^  isomeric  with  toluidine,  yields,  under  similar  circumstances,  methane  m. 
hexane ;  ethylaniline,  ethane  and  hexane ;  amylanilmet  quintane  and  hexane.  Amiitt 
and  niirilea  are  first  conrerted,  by  assumption  of  water,  into  the  cotreepoBding 
ammonia-salts,  after  which  the  acid  further  decomposes.  Respecting  the  reactkiB  <tf 
hydriodic  acid  with  cyanogen  and  cyanides,  see  pp.  521,  588 ;  with  mdigo,  p.  728. 

fir<<«T  OtalorMas*  The  trichloride  ICl'  acts  at  ordinaiy  temperatnres  on  Mries 
hitMlpkitUt  farming  a  brown-red  liquid  containing  sulphur  chloride,  carbon  tctn- 
chloride,  and  a  crystallisable  compound.  The  same  products  are  formed  when  a 
solution  of  iodine  in  carbon  bisulphide  is  saturated  with  chlorine  gas.  Am  the  liquid 
eools,  the  compound  separates  in  large  well-defined  prismatic  czystals,  harii^  the 
colour  of  potassium  diduromate,  and  so  deliquescent  that  they  can  only  be  dried  in  a 
stream  of  dry  chlorine  gas  and  preeerved  in  a  sealed  tube,  when  gently  healed  in  a 
closed  yessel  they  melt,  pairing  off  a  small  quantity  of  iodine  chloride,  sjid  forming  a 
liquid  which  solidifies  m  the  crystalline  form  on  cooling ;  they  are  deoompoeed  by 
water  and  by  hydrogen  sulphide.  These  crystals  have  the  composition  ICl'.SG' 
(Weber,  Pd^.  .^n.  cxxyiii.  459;  Jakretb,  1866,  p.  188).  Jaillard  (Jakretb,  IS$^, 
p.  95^,  by  passing  chlorine  over  a  mixture  of  iodine  and  sulphur,  obtained  a  compoosd 
to  which  ne  assigned  the  formula  2IC1*.SC1*;  according  to  Weber,  however,  it  it 
identical  with  that  just  described. 

Iodine  monochloride,  ICU  added  in  aqueous  solution  to  the  acidulated  hydrochlorides 
of  various  organic  bases,  forms  crystalline  compounds  which  separate  as  yellow  prad' 
tates,  and  in  some  cases  may  be  rec^tallised  without  decomposition  from  diluts 
hydrochloric  acid.  The  tetrethylammtmium  compound  (CH*)^NC1 .  CU  forma  fem-liks 
groups  of  needles,  which  are  decomposed  by  water.  The  triethdamme  eompcumd 
oxystallises  in  needles.  The  caffrine  compound  C"Hi*N«0* .  Ha .  ClI  is  easily  obtained 
pure,  and  forms  crystals  which  appear  to  be  oblique  rhombic  prisms.  QituNne  M**- 
chloride  forms  a  yellow  precipitate  which  assumes  a  dark  colour  when  reeiystaUised 
ttoxa  dilute  hydrochloric  add  (Tilden,  Chem,  8oc.  J,  [2]  iv.  145). 

Oxygen^acide  of  Iodine, 

lodle  Aelda  According  to  Stas  {Jahreab.  1867)  p.  162),  the  iodic  acid  prepared  by 
decomposing  barium  iodate  with  dilute  sulphuric  add  always  retains  in  solution  a 
small  quantity  of  barium  sulphate,  from  which  it  cannot  ie  freed.  Perfectly  pme 
iodic  acid  may  be  obtained  by  oxidising  pure  iodine  with  fuming  nitric  add  in  a  retort 
of  glass  not  attacked  by  the  acid,*  evaporating  to  dryness,  redissolving  in  water,  again 
evaporating,  and  heating  the  white  sobd  acid  for  some  time  to  200^,  till  it  is  convwted 
into  anhydride,  and  all  the  nitric  acid  is  driven  off  with  the  water.  The  quantity  of 
iodic  acid  thus  obtained  does  not  exceed  i  pt.  of  the  iodine  used.  If  the  oxidation  ii 
performed  in  a  vessel  of  common  glass,  tlie  iodic  add  is  contaminated  with  traces  of 
soda  and  lime. 

The  following  table  of  the  specific  gravity  of  aqueous  iodic  add  of  different 
strengths  is  given  by  H.  Kiimmerer  {Pogg,  Ann.  cxxxviii.  390 ;  Zeiteckr,/.  Ckem,  [2] 
277): 


Percent,  of 

8p.  gr.  at 

Feroent.of 

^gr.at 

rO»                                 14' 

I'D* 

140 

1         .         .        .     10058 

40 

.     1-5371 

5 

.     10263 

45 

.     1-6315 

10 

.     10626 

50 

.     1-7356 

16 

.     11223 

55 

.     1-8689 

20 

.     1-2008 

60 

.     1-9954 

25 

1-2778 

65 

.     21269 

30 

.     1-3484 

100*5      . 

.    4-7887  (et  9®) 

35 

.     1-4428 

*  SUM  finds  that  an  ensUf  f  luible  gton  not  attacked  by  adds  may  be  mode  by  replodng  half  tba 
potuh  in  ordinary  potoah-llmo  frlaaa  with  soda,  such  glass  coatolning  77*0  p.  c.  SiO*,  7*7  X*0, 
fo  Ka*0,  and  1S*S  CaO  (Jahntb.  18«7,  p.  930). 
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From  a  compariBon  of  theie  denutiM  with  those  of  aqueous  chloric  add,  Kammerer 


infers    that   the   corresponding    hydrates   of  the   two  adds  occupy  equal   atomic 

Tolumes : 

Formalsof 
theHydrmto 

HaO«.7HH) 

HI0«.7H«0 
HC10».16H«0 

HI0».16H»0 
HClO«.20H«O 

mO*.20H«O 


Pflxcest.  of 
Anhydrido 

3573 

55-3 

2129 

37-44 

16*98 

31-16 


Moleoolar 
Wdght 

210-5 

304 

354-5 

446 

444-5 

536 


8p.gr. 

1*262 

18266 

1161 

1-489 

1128 

1-389 


Atomio 
Volnnie 

166-7 
165*4 
306-2 
299*6 
894-2 
391-6 


(Lautsch,  J,  or.  Chtm,  e.  65.  Femland,  Ubid,  c.  99.  Hammels- 
beig,  t6tf.  dii.  278;  cut,  434;  Pogg,  Amn,  czzzir.  134,  368,  499.  Jakretb.  1867, 
pp.  162,  166 ;  1868,  p.  162.  Kammerer,  loe,  eii,), — Kammerer  prepares  this  add  by 
decompodng  the  silrer  salt  with  chlorine,  or  better  with  bromine.  The  solution  era- 
pofBted  in  a  Tacaum  leares  the  pure  add  H*IO'  or  PO*.  5H*0.  Lantech  confirms  the 
observation  of  Langlois  (iii.  808)  that  periodic  acid  PO* .  5H*0  or  H*IO*  melts  at  1 30<>, 
and  is  oouTorted  into  iodic  anhydride,  PO*,  by  loss  of  water  and  oxygen,  between  200^ 
and  210^.  He  finds,  howerer,  that  the  pure  acid  effloresces  rather  quiddy  in  the  air 
at  ordinary  temperatures.  According  to  Rammelsberg,  on  the  other  hand,  the  crystals 
of  periodic  add  remain  quite  nnalteiid  when  left  oyer  sulphuric  add  or  when  heated 
to  100® ;  they  melt  between  130^  and  136^,  and  are  completely  resolved,  even  at  that 
temperature,  into  iodic  anhydride,  oxygen,  and  water.  Neither  periodic  anhydride, 
I*0^  nor  the  normal  monohydrate  HIO*  has  yet  been  obtained. 

The  baddty  of  periodic  add  is  still  a  matter  of  discussion.    Rammelsberg  regards 
it  as  monobasic,  and  dasdfies  the  metallic  periodates  as  follows : 


1.  Normal  Fsriodaiea. 

'mo*     jrpo» 


KIO«      NalO*       SrPO"  +    6H"0 
(NH*)IO*       LilO*      MgIK)«  +  10H»0 
Agio*       Ckll«0» 

2.  T^ree-fifihi  Ftriodatea. 

1 2rf»P0* 

Ba»I«0"  +  18H«0 
Sr*IK)»  +  14HK) 

3.  F^our-sevenths  PerukUUes. 

l3lfa«0» 

NilK)"  +  49(63)H«0 

4.  Hemi^MrioeUUes 

t * X 

rf«PO» 


M*PO» 


K*PO* 

K*I«0»  + 

(NH*)«I«0»  + 

Na«IK)»  + 

Li«PO»  + 

Ag*IK)»  + 

Ag*I«0»  + 


9H«0 
3H«0 
3H»0 
3IP0 
3H«0 
H«0 


Ba«PO» 
Ba«PO»  + 
Ba«I«0»  + 
8r»I«0»  + 
Sr»I«0*  + 
Ca»PO»  + 
Mg*PO»  + 
Zn«l«0»  + 
Cu»PO«  + 
Gd«PO»  + 

6.  I\o(hJifthM  Bmodatss, 

irfipo-  -  (^^'^'^ 

llf^PO" 


6.  Thre$-mglUhB  PeriodaUi. 

I  tf*I«0" 

Ba«PO»  +  20H«O 
Ca«PO»  +    «H«0 

7.  TriUhpmodaiei, 
rf«IH)'« 


6HH) 
7H«0 
H«0 
4H«0 
9HK) 
15H«0 
6H«0 
6H«0 
9H«0 


•o'» «  I ' 


Ba*PO'»  +  12H»0 
Zn»I«0'»  +  14H»0 


Pb«I«0"  +  2HH) 
Cd"IK)'«  +  5H»0  (?) 

8.  TetarUhperiodaUt. 
rf*PO»» 

Mg*I«0»»  +  6H«0 

+  9H»0 

Zn*PO"  +     H«0 

Cd*PO"  +  3HK) 

Cu*I«0»  +  7HK) 

(2ag)«l«0» 

9.  On^^fifih  P»iodat«9. 
M»IO«  M?PO»« 


H»IO« 
Na»IO« 

Li»IO« 
Ag*10« 


Ba»PO»« 
Sr*PO" 
Ca»PO'» 
Hg»IH)»« 
Cu»PO"  +  5HK) 


10.  On^-iixth  Periodates, 
Fe^PO"  +  21H«0 
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Uie  gntte-pereha  is  expoeed  to  light  and  to  the  alternate  action  of  air  and  WEter. 
Chitta-paicfaa  kcrpt  onder  pore  water  or  sea-water  retains  its  original  properties  for  s 
loQg  tiine ;  but  if  exposed  in  sunshine  to  the  alternate  action  of  air  vA  water,  it 
g:radiially  increases  in  weight,  becomes  brittle,  resinous,  more  soluble  in  alcohol  md 
in  dilute  alkalis.  Pure  milk-white  gutta-percha,  perfectly  soluble  in  benzol,  ether, 
and  eaibon  bisulphide,  has  the  composition  of  a  hydrocarbon,  C^H"*.  Heated  to 
100®  it  softens  and  gradually  takes  4*4  p.  c  oxygen,  becoming  brown,  rerinoiu,  aod 
brittle ;  the  oxidised  portion  is  insoluble  in  benzol.  Gommerdal  gutta-percha,  lodi 
as  is  used  for  the  manufacture  of  cables,  becomes  liquid  at  100®,  and  contains,  together 
with  the  pure  hydrocarbon  and  mechanically  enclosed  water,  a  considerable  qruoti^ 
of  the  resmons  oxidation-product,  as  shown  by  the  following  analysis : 

HjdroosrtMa  Beain  Woody  fllse  Watar  Ash 

79-70  1610  218  26  0-62  =  100. 

After  drying  at  100®  it  exhibited  the  composition  A ;  the  oxidised  portion  sdable  in 
alcohol  had  the  comnoeition  B ;  the  portion  soluble  in  benzol,  and  precipitahle  there- 
from  by  alcohol,  had  the  composition  C : 

Oarben  E^ydrogea  OxjgtKk 

A  .    .    .    84-66                    1115  4-19  »  100. 

B  .     .     .     7616                     1116  12-69  »  100. 

C  .     .    .    87*22                    12-04  0*74  «  100. 

Oommercial  gutta-percha,  if  excluded  ^m  lights  may  alio  be  kept  for  months  or  even 
years  under  water  or  in  air ;  but  when  it  is  exposed  to  li^ht  in  the  open  air,  tha 
portions  on  iHiich  the  light  &I]a  quickly  assume  the  composition  abore  giTen. 


H 

See  iBjKMATOTTLa  (ti|/^)» 

See  Blood  (p.  366). 

lTOZBIV.  This  substance,  QriginaUy  found  in  blood  and  afkerwudiii 
bile  (iii.  8),  is  most  easily  obtained,  according  to  Hulm  (^Bulk  Soe.  Ckim.  [2]  Yin.  W), 
from  the  Corpus  luieum  of  the  cow.  Acoo^Ling  to  Piooolo  a.  Lieben,  however,  tbe 
dichroic  crywbals  obtained  from  the  latter  source  are  not  identical  with  hamatoidiB. 
These  chemists  also  consider  it  most  probable  that  hematoidin  is  identical  vxth 
bilirubin,  and  propose  to  designate  the  new  substance  from  the  Corpus  ksUum  as 
luteohaematoidin  or  haemolutein  (p.  497).  Ja£S  (Jukred^.  1862,  p.  6S7) 
finds  that  hsematoiklin  (from  the  brain  of  an  apoplectic  patient)  exactly  ressmblw 
bilirubin  in  its  reaction  with  nitric  acid,  becoming  tirst  green,  then  blue,  Tiolet,  && 

XJnBikTaZT&Z««  C>*H>«0*.— A  solution  of  this  substanoe*  or  p^pv  sataBtad 
with  it,  is  recommended  by  Wildenstein  (ZmUckr,  anal.  Ckem,  ii.  9)  as  a  test-papir, 
especially  for  the  detection  of  ammonia,  ue  fixed  alkalis,  alkaUne  eaxtha,  and  certaia 
metals  (iii.  6).  Swedish  filtering  paper  thus  pr^»fed  has  a  yellowish  eote 
when  dry,  and  is  coloured  red,  violet^  or  violet-blue  by  the  smallest  tarace  of  an  alkah. 

As  hematoxylin  reduces  silrer  salts,  it  may  be  used,  like  pyrogaUie  acid,  ftr 
deyeloping  photographic  pictures.  A  solution  for  the  purpose  may  be  prepared  vitk 
0*6  pt  hsematoxylin,  80  pts.  distilled  water,  and  22  pts.  acetic  add:  a  little  ^jeoia 
m^  also  be  advantageously  added  (Tabensl^,  Zeiiackr,/,  Ckem,  [2J  ir.  S86). 

Haematein  may  be  quickly  pfepared  by  passing  Bit  oontsiniBg  aBmaBia,bj 
means  of  an  aspirator,  into  a  bottle  containing  h»natQxylin  suspended  in  water,  tlii 
deUvery-tube  terminating  just  above  the  sur&ce  of  ^e  liquid :  by  this  anaqgeneaW 
an  excess  of  ammonia  is  avoided,  which  would  produce  a  brown  amorphous  sabateaok 
When  a  considerable  quantity  of  hseniatoxylin  is  used,  it  may  be  simply  dreacfatd 
with  ammoniacal  water.  The  process  yields  a  solution  having  a  fine  violet  eoknr, 
and  forming  with  acid  ammonium  sulphite  a  precipitate  soluble  at  the  boiling  hMt 
(Tkbensky). 

According  to  Schutzenber^  a.  Paraf  {Jakresb,  1862,  p.  496),  the  violet  soluftioa  of 
hnmatoxylin  in  ammonia  is  decolorisea  by  heating  to  100®  for  48  hoois  io  an 
exhausted  tube,  a  colourless  pasty  mass  being  formed,  which  the  authon  deqgnite 
88  haematinamide;  on  exposure  to  the  air  it  quickly  takes  up  oxjgen,  and  tonn 


\ 
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mUL   It  IB  fllighUy  soluble  in  water,  easily  in  alcohol,  etiier,  and  hydzoohlorie  acid^ 
•nd  is  precipitated  nom  the  latter  by  ammonia  in  white  flocks. 

See  Blood  (pp.  862,  856). 

See  CoBPVS  Ltttbum  (p.  497). 

A  fluoride  occnrring  at  Arksutfioid  in  Chreenland,  together 

▼ith  ctyolite  and  paehnolite.    It  is  opaque,  has  an  ochre-yellow  or  wax-yellow  colour, 
tod  aneren  fmetore ;  hardness  »  8  to  8*5 ;  sp.  gr.  2*69  to  2*60.    Contains : 

Al  fiB  Oa  Vg  Ka  7  Si  H*0  Inaol. 

1206        6*96         IMS        2*80        8*46         40-80         779         10*44         108 

(Shepsid  a.  Hagemann,  iSlL  Am.  J,  [2]  zli.  119). 


LT,    TBUEKoionrBT. — A  conyenient  form  of  aw^ihermomeUr,  for  the  approzi- 
xDste  mcasuze  of  temperatures  aboye  300°,  has  been  oontriyed  by  Berthelot  {Ann.  Chi 
Pl^t,  [i]  xiii.  144,  and  zy.  413).    It  consists  of  a  cylindrical  bulb  of  glass  or  silyer, 
yjth  thin  sides,  of  about  4  cubic  centim.  capacity,  oommunicating  at  the  upper  end 
with  a  capillary  tabe  of  uniform  bore,  about  1*2  metre  long  and  0*2  mm.  in  diameter. 
At  ft  distance  ftcm.  the  bulb  of  about  200  nun.  this  capillary  stem  is  bent  so  as  to 
become  hcrisontal,  and  at  about  260  mm.  further  on  it  is  bent  downwards  at  a  right 
ftogle,  and,  alter  proceeding  yettically  downwards  for  a  length  of  about  730  mm.,  it  is 
KgAta  bent  up,  and  terminates  in   a  wide   open   bulb.    A  double   graduation  is 
stteched  to  the  yertical  part  of  the  stem :  on  one  side  a  scale  of  millimetres,  and  on 
the  other  a  scale  of  thermometric  degrees.    These  two  scales  are  both  diyided  upon  a 
flat  etrip  of  wood,  which  is  supported  so  as  to  be  capable  of  being  moyed  a  short  dis- 
tance up  or  down  the  stem,  and  then  clamped  in  any  required  position.    The  bulb  and 
•tem  haying  been  made  thoroughly  dry,  a  small  quantity  of  pure  dry  mercury  is  poured 
into  the  bnlb  at  the  lower  end  of  the  stem,  and  by  means  of  an  air-pump  the  pressure 
in  the  bulb  is  redoced  to  20  or  26  centim.  of  mercury ;  in  this  way  part  of  the  air  is' 
nmored  from  the  thennometer,  and  on  restoring  the  atmospheric  pressure,  mercuiy  is 
driTea  up  towards  the  top  of  the  yertical  part  of  the  stem.    If  the  thermometer  is  to. 
be  need  for  indicating  temperatures  near  600°,  the  quantity  of  air  remoyed  ought  to  be 
ioch  that  a  diflforence  of  temperature  of  1°,  at  ordinary  atmoepheric  temperatores,* 
makes  a  difference  of  about  1  mm.  in  the  height  of  the  mercury  in  the  stem.    The 
thermometer  is  graduated  empirically  by  maiUng  on  the  scale  the  points  at  which  the 
fflereaiy  stands  in  the  stem  inien  the  bulb  is  surrounded  by  ice,  and  by  the  yapours  of- 
haUing  water,  baUimg  mereury,  and  boiling  eulpkur  respeetiyely.    These  points  being'^ 
maiked  0**,  100^,  860°,  and  440°,  the  intermediate  temperatures,  as  well  as  tempera- 
tQivs  below  0°  tokd  above  440°,  are  supplied  by  inter-  and  extrapolation.  It  is  eyident 
that  the  four  fixed  points  must  be  determined  ^^n  the  barometric  pressure  is  sen- ' 
•ibly  eonstantw    Beraslot  does  not  admit  greater  yariations  than  1  mm.  of  mercury. . 
When  the  instrument  is  used  to  indicate  unknown  temperatures,  the  barometri<^^ 
pnesore  will  in  general  be  different  from  that  under  which  it  was  graduated ;  but  the 
nqoisite  adjustment  can  be  made  by  immersing  the  bulb  in  poundMl  ice,  and  pushing 
the  gadnated  scale  up  or  down  the  stem  until  the  sero-mark  agrees  with  the' 
cztremitj  of  the  mereuzy-oolumn. 

The  action  of  the  apnaratus  is  easily  understood  by  reference  to  the  laws  of  the 
expansion  of  air.  Witn  the  dimensions  of  bulb  and  stem  that  haye  been  indicated,  the* 
changes  of  yolume  of  the  air  in  the  thermometer  consequent  on  the  mercury  standing 
at  diSerent  heights  may  be  nefclected  without  sensible  em>r ;  hence,  if  Ho  be  the  pressure 
(measnred  in  miUimeties  of  mercury)  which  the  air  stipports  at'0°,  and  Ho  +  A  the 
presBoie  suppcxrted  by  it  at  ^,  we  haye  the  equation  (oomp.  iii.  49) 

H.  ♦  *-Ho(l  +  (K),. 

whence 

1  +  ^  -  1  +  «<, 

or 

which  shows  that  the  temperature  indicated  is  proportional  to  the  depression  h  of  the 
memoy-eolumn  ftom  the  position  occupied  b^  it  when  the  thermometer  is  at  0°,  since 
the  denominator  HqA  of  the  expression  for  t  is  constant.  This  calculation,  howeyer,  is 
only  approximate,  as  the  expansion  of  the  bulb,  the  expulsion  of  some  air  from  the 
bulb  into  the  stem,  and  the  effect  of  yariation  of  temperature  in  the  part  of  tha  stem 
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dibaric  poriodate  may  be  converted  by  ammonia,  with  separation  of  periodic  acid,  into 
the  f-periodate  Ba»I*0'»,  or  the  |-periodate  Ba"l*0» ;  thus : 

6Ba«I»0»  +  oH«0  «  2Ba*I*0»"  +  2H>I0« 
and 

4Ba«I20»  +  5H«0  -    Ba»I«0«  +  2H»I0«. 

The  yellowish  pentabaric  salt  which  remains  on  treating  with  water  the  residue 
obtained  by  igniting  the  dibaric  salt  in  a  platinum  crucible,  dissolves  easily  in  nitric 
acid,  and  this  solution  likewise  yields  with  ammonia  a  precipitate  of  the  {-periodate ; 
thus: 

2Ba»I*0"  +  6H»0  =  Ba»I*0"  +  6BaH«0«. 

Kiimmerer,  by  mixing  a  hot  aqueous  solution  of  normal  potassium  periodate  with 
a  hot  solution  of  barium  nitrate,  and  adding  potassium  or  sodium  acetate  after 
cooling,  obtains  an  amorphous  precipitate  to  which  he  assigns  the  composition 
fia'H*IO* .  ENO*.  HNO*.  From  a  solution  of  this  salt  the  barium  is  not  precipitated 
by  alkaline  carbonates  or  sulpliates ;  this  reaction  (with  ammonium  carbonate)  am>rds  a 
means  of  distinguishing  periodic  from  iodic  acid  {Zeitschr.  f.  Chem.  [2]  v.  276). 

Strontium  Salts. — The  normal  salt^  SrPO'  +  6H'0,  crystallises  firom  acid  solu- 
tion over  sulphuric  acid  in  transparent  or  milk-white,  six-sided,  often  tabular  prisms 
acuminated  with  three  faces,  and  probably  belonging  to  the  triclinic  system.  The 
diatrontio  salt  Sr'PO*  +  4H'0  crystallises  from  a  solution  nearly  neutralised  wiUi 
strontium  carbonate,  in  crystalline  crusts,  mixed  with  the  normal  salt^  which  may  be 
dissolved  out  by  water.    It  gives  off  one-third  of  its  water  at  200°  (Rammelsbeig). 

Calcium  Salts. — The  normal  salt,  Cal*0*,  separates  from  a  highly  concentrated 
add  solution  together  with  crystals  of  the  acid.  The  dicaleic  salt,  Ca*I'0*  +  9HH), 
is  obtained  by  imperfectly  saturating  periodic  acid  with  calcium  carbonate,  and 
evaporating  over  sulphuric  add,  in  soluble  crystals  whidi  when  heated  above  100** 
give  off  their  water,  with  partial  decomposition.  From  the  aqueous  solution  ammonia 
throws  down  a  gelatinous  predpitate  of  the  salt  Ca'PO^  (BammelBbeig). 

Magnesium  Salts. — A  solution  of  magnesium  carbonate  in  excess  of  periodic 
acid  deposits  first  the  dimagnesio  saU^  Mg*IH)',  then  the  normal  salt,  MglK)*  +  lOHH), 
which  dissolves  in  water  with  acid  reaction.  The  dimagnesic  salt  is  also  produiMd  by 
mixing  the  solutions  of  a  magnesium  salt  and  normal  sodium  periodate,  and  crystal- 
lises in  small  tabular  rhombic  prisms  of  116°.  When  magnesium  carbonate  is  digested 
with  ifAter  and  a  slight  excess  of  periodio  add,  the  tstramagneaie  salt,  Mg^IK)", 
separates  as  a  crystalline  powder ;  the  same  salt  is  obtained  as  an  amorphous  predpi- 
tate on  saturating  the  mother-liquor  of  the  preceding  salt  with  sodium  carbonate.  It 
contains  between  6  and  9  mol.  water,  effloresces  over  sulphuric  add,  and  partially  also 
on  exposure  to  the  air.  Potassio-maffnesie  periodates  are  obtained  on  adding  magnesium 
sulphate  to  a  solution  of  the  potassium  salt,  E^I*0'  +  OH'O.  The  liquid  thenbecomes 
add,  and  a  crystalline  precipitate  is  formed,  varying  in  composition  according  to  the 
proportioas  and  concentration  of  the  solution,  but  apparently  always  consisting  of  the 
normal  potassium  salt  and  the  tetramagnesic  salt  Mg^IH)".  The  reaction  takes  place 
in  the  manner  shown  by  the  equations : 

K«PO»  +  2MgS0*  -  Mg«I«0»  +  2K«S0« 
Mg*I«0»  +  2MgS0«  +  2H«0  «  Mg*PO"  +  2H«S0^ 
K*PO»  +  H«SO*  -  2KI0«  +  K«SO*  +  H«0. 
Remmelsberg  observed  the  salts 

When  the  magnesium  sulphate  is  added  in  excess,  the  precipitate  may  also  contain 
the  saltMg>I*0".  Ammonuhmagnesie  periodate,  (NH<)HgIO*  +  3H*0,  is  predpitated 
by  ammonia  from  a  solution  of  the  salt  Mg'I'O*  in  nitric  add,  as  a  finely  crystalline 
precipitate  which  may  be  washed  with  cold  water.  The  salt  may  be  regarded  either  as 
(NH*)«PO».Mg«I«0"  +  12H»0,  or  as    (NH*)»IO».Mg»I»0'»  +  6HK). 

Zinc  Salts. — ^The  salt  Zn*I'0*  +  6H*0  separates  as  a  white  powder  on  partially 
saturating  a  dilute  solution  of  periodic  acid  with  zinc  oxide.  The  salt  Zn*I*0** 
+  14H'0  is  thrown  down  on  adding  normal  sodium  periodate  to  a  solution  of  sine- 
sulphate,  as  a  pulverulent  precipitate,  in  small  quantity  in  the  cold,  more  abundantly 
when  the  liquid  is  heated.  The  filtrate  mixed  with  ammonia,  not  to  saturation,  yields 
an  amorphous  precipitate  having  the  composition  Zn*I*0"  +  12H*0.     Zinco-potassic 
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pirtoaaU,  2KI0^ZnU'0>>  +  4H'0,  ia  precipitated  by  tetmpotassic  periodate  from  a 
■olution  of  siAc  anlphate ;  the  acid  filtrate  contains  zinc  aa  well  ae  periodic  add,  and 
gradually  deposits  crystals  of  normal  potassium  periodate  (Bammelsbeig). 

Nickel  Salts. — Becently  precipitated  nickel  carbonate  dissolves  in  periodic  acid, 
with  green  oolonr,  and  formation  of  peroxide,  iodate,  and  insoluble  basic  periodate  of 
nickel.  The  add  green  solution  evaporated  at  a  very  gentle  heat,  or  over  oil  of  vitriol, 
yields  light  green  crystals  (rectangular  four-sided  prisms  with  oblique  end-&oes)  of 
the  salt  Ni1*0**  or  NilK)* .  8Ni*P0*,  with  variable  amount  of  water  (49  to  63  moL). 
It  is  insoluble  in  water,  but  blackens  when  heated  with  water,  forming  iodate  and  per- 
oxide of  nickel.  The  same  compound  is  predpitated  from  the  add  mother-liquor  by 
incomplete  saturation  with  ammonia  (Bammelsbeig). 

Cobalt  8alt$. — Lautsch  by  treating  dir  tetrasodic  periodate  with  excess  of  cobalt 
sulphate,  or  by  evaporating  a  solution  of  the  two  salts  to  dryness,  obtained  a  dark 
yellow-greenish  powder,  to  which  he  assigns  the  composition  Col^O'*  +  IGH'O  or 
7GoO .  21*0*  -f  16HK)  ;  he  finds,  however,  that  it  gives  off  chlorine  when  dissolved  in 
hydrochloric  acid:  hence  it  should  contain  a  cobaltie  compound.  According  to 
Rammelsberg,  alkaline  periodates  produce  in  solutions  of  oobaltous  salts  a  precipitate 
consisting  of  hydrated  cobalt  peroxide  mixed  with  cobaltous  iodate  (part  of  the  latter 
also  remaining  in  solution) ;  tne  same  nroducts  are  likewise  formed  when  cobaltous 
carbonate  is  dissolved  in  periodic  add.  Exactly  similar  results  are  obtained  with 
manganous  salts.  Ferrous  salts  yield  with  alkaline  periodates  a  brownish-yellow 
predpitate  of  ferrous  iodate. 

Ferric  Periodate,  (Fe*ynH)^*  +  21H«0  or  2Fe«0M«0»  +  21H'0,  is  formed 
on  adding  tetrapotassic  periodate  to  solutions  of  ferric  salts,  as  a  light  brownish- 
yellow  precipitate,  which  dries  up  to  dark  brown  lumps  having  a  shining  fracture. 

Cadmium  8alt$, — ^The  normal  salt,  CdlK)',  is  formed  as  a  heavy  white  powder 
mixed  with  a  small  quantity  of  the  following  salt,  on  treating  cadmium  carbonate  with 
a  hot  solution  of  periodic  add.  If  an  insufficient  quantity  of  the  add  is  used,  the 
tetracadmic  salt  Cd^PO"  +  8H*0  is  produced.  The  acid  mother-liquor  of  these  two 
salts  yields  by  spontaneous  evaporation,  the  salt  Cd*PO*  +  9H'0  in  rectangular  four- 
sided  tables  belonging  to  the  rhombic  system.  It  is  insoluble  in  water,  and  is  con- 
verted by  boiling  therewith  into  a  yellowish  powder.  A  fourth  salt,  Cd^*X*0**  + 
16HK),  or  perhaps  Cd<I*0*.2Cd«IH)"  +  ISHH),  is  obtained  as  an  insoluble  white 
predpitate,  on  pouring  cadmium  sulphate  into  normal  sodium  periodate. 

Copper  Salts. — The  pentacuprio  salt,  Cu*PO"  +  5H*0,  separates  as  a  green 
powder  on  adding  cupric  carbonate  to  aqueous  periodic  add :  it  gives  off  half  its  water 
at  200^.  When  a  solution  of  cupric  nitrate  is  mixed  with  normal  potassium  periodate, 
a  green  predpitate  is  formed  at  first,  and  the  blue  acid  filtrate  afterwards  deposits  the 
tetracupric  salt,  Cu'PO"  +  7H'0,  in  dark  green  microscopic  crystals.  A  solution  of 
recently  predpitated  cupric  hydrate  in  periodic  add  first  deposits  the  pentacupric  salt, 
and  then,  by  spontaneous  evaporation,  the  dicupric  salt  Cu'PO'  +  6H'0,  in  dark  green 
crystalline  aggregates.  A  potasHo-cupric  salt  of  uncertain  composition  is  formed  as  a 
bright  green  predpitate  on  mixing  the  solutions  of  cupric  nitrate  and  tetrapotassic 
periodate  (Bammelsberg).  Lauts<£  obtained  the  salt  Cu^Hl'O"  or  4CuO.PO'  +  H'O, 
as  a  green  crystalline  mass,  by  treating  the  dry  sodium  salt  witJi  aqueous  cupric 
sulphate,  or  as  a  siskin-ffreen  powder,  by  mixing  the  solutions  of  cupric  sulphate  and 
tetrasodic  periodate  (whereby  no  precipitate  is  produced),  evaporating  to  dryness, 
redissolving,  again  evaporating,  and  wasning  (Rammelsberg). 

Lead  Salt, — ^The  lead  periodate  predpitated  on  mixing  the  solutions  of  normal 
sodium  periodate  and  lead  nitrate  has  the  composition  Fb'PO**  +  2H'0  established 
by  Langlois.  When  heated  with  a  solution  of  periodic  add,  it  acquires  a  yellowish- 
red  colour  without  giving  up  any  of  its  lead,  and  is  afterwards  insoluble  in  nitric  acid 
(Kammelsbezg). 

Mercury  Salte. — ^A  slightly  acidulated  solution  of  mercurous  nitrate  forms  with 
normal  sodium  periodate  a  predpitate  of  cctomercurous  periodate,  Hg'I'O"  or 
4HgH).I*0',  having  a  fine  yellow  colour.  It  is  anhydrous,  soluble  in  nitric  add,  and 
when  heated  is  resolved  without  reddue  into  yellow  and  red  mercuric  iodide,  metallic 
mercn^,  and  oxygen  (Bammelsberg).  A  deoamereuroits  salt,  Hg**PO'*  or  5^*0 .1*0', 
is  obtained  by  predpitating  the  solution  of  the  tetrasodic  salt  with  mercurous  nitrate, 
or  by  digesting  the  same  sodium  salt  in  the  solid  state  with  the  mercurous  solution,  as 
a  light  yellow  precipitate,  affording  a  characteristic  reaction  of  periodic  add ;  it  becomes 
somewhat  darker  at  100^,  dissolves  in  nitric  add,  and  likewise  in  hydrochloric  acid, 
with  evolution  of  iodine  chloride.  Hydrogen  sulphide  throws  down  mercury  from 
these  solutions,  without  previous  separation  of  iodine.    Stannous  chloride  converts  the 
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BAlt  into  green  mercaroiu  iodide  (Lantech).  Afircurie  periodate,  Hg^IK)*^  » 
dHg^O .  PO',  ie  prepared,  similarly  to  tne  corresponding  mercurone  ult,  with  mercnne 
nitrate  (not  with  the  chloride).  It  is  a  red  precipitate,  easily  soluble  in  hydrochloric 
acid,  sparingly  in  nitric  acid,  and  is  precipitated  from  the  latter  eolation  both  by 
dilution  with  water  and  by  saturation  with  ammonia,  but  is  redissolyed  by  exoees  of 
ammonia  (Lantech ;  Rammelsberg). 

ZKZBZVM.  W.  T.  Schneider  {Ann.  Ck,  Pharm,  Svffil.  ▼.  261 ;  Jakresb.  1867,  p. 
314)  prepares  pure  iridium  from  the  aqueous  solution  of  impure  potassium  chloriridiate 
by  a  process  founded  on  the  observation  of  Bunsen,  that  iridium  is  much  less  easily 
reduced  from  the  aqueous  solution  of  its  tetrachloride  by  hydrogen  than  the  other 
platinum  metals.  The  portion  of  platinum-ore  insoluble  in  nitromuriatie  add  is 
freed  from  osmium  by  heating  it,  mixed  with  sodium  chloride,  to  low  redness  in  a 
stream  of  chlorine ;  the  remaining  mixture  of  chlorides  is  triturated  with  the  smallest 
possible  quantity  of  water,  and  then  washed  on  a  filter ;  the  solution  thus  obtained 
IS  treated  with  chlorine ;  and  after  addition  of  a  little  hydrochloric  acid,  agitated  to 
saturation  with  pulverised  potassium  chloride.  The  resulting  precipitate,  after  being 
washed  with  water  and  with  a  saturated  solution  of  potassium  chloride,  consists  of 
the  nearly  pure  potassio-chlorides  of  iridium,  ruthenium,  and  platinum.  It  is  dissolved 
in  a  laige  quantity  of  boiling  water ;  the  solution  is  placed  in  a  vessel  closed  with  a 
perforated  caoutchouc  stopper ;  and  hvdrogen  gas  is  passed  into  it  for  several  dajs, 
till  the  nlatinum  and  ruthniinm  are  wholly  precipitateii  in  the  metallic  state,  which 
may  be  Vnown  by  testing  the  remaining  ohve-green  liquid  with  potash,  whereupon  it 
will  first  become  colourless,  and  after  some  time  blue  or  turbid.  The  hydrogen  in  the 
apparatus  must  then  be  expelled  by  a  stream  of  carbon-dioxide  (otherwise  explosions 
will  happen  on  opening  the  vessel,  resulting  from  the  action  of  the  precipitatea  metals 
on  the  mixture  of  hydrogen  and  oxygen) ;  and  the  solution,  which  contains  the  greater 
part  of  the  iridium  as  trichloride,  is  subjected  to  continued  treatment  with  hydrogen. 
The  iridium  is  then  precipitated  on  the  surface  of  the  liquid  in  large  brittle  lamins 
having  a  metallic  lustre. 

Respecting  Gibbs*s  methods  of  separating  iridium  fh>m  other  platinum  metals, 
founded  on  the  reactions  of  the  chlorides  with  potassium  nitrite  and  with  Inteo-oobaltic 
chloride,  see  PiAmrnic  fiiiPTALs. 

Zrldlnm  Bromides  (Bimbaum,  Ann.  Ch,  Pharm.  cxxxiii.  161). — ^These  compounds 
are  not  obtained  bv  boiling  iridium  with  nitric  and  hydrobromic  acids,  or  by  passing 
bromine  over  a  red-hot  mixture  of  metallic  iridium  and  sodium  bromide.  But,  when 
moist  iridic  hydrate  is  treated  with  hydrobromic  acid,  a  blue  solution  is  obtained, 
which  becomes  more  stable  when  mixed  with  nitric  acid,  and  leaves  on  evaporation  a 
blue  deliquescent  czystalline  mass,  which,  however,  does  not  unite  directly  with  other 
metallic  bromides. 

Potassium  Bromiridiate^  2KBr.IrBr*,  is  obtained  by  mixing  potassium  bromide 
with  iridium  tetrachloride,  or  by  treating  ammonium  chloriridiate  (or  better  the 
sodium  salt)  with  potassium  bromide.  It  forms  black-blue  octohedrons,  and  decom- 
poses when  its  solution  is  evaporated.  With  alkalis  it  yields  first  the  tribromide, 
then  the  hydrated  sesquioxide ;  with  silver  nitrate  it  forins  a  precipitate  of  silver 
bromiridite,  6AgBr.Ir'Bi:'. 

Ammonium  BrcmirtdiaUt  2NH*Br.IrBr*,  prepared  from  the  chloriridiate  and 
sodium  bromide,  resembles  the  potassium  salt.  The  sodium  salt,  2NaBr.IrBr*,  is 
deliquescent  and  unstable. 

The  tribromide^  Ir*Br*  +  SIPO,  is  deposited  in  olive-green  crystals  on  evapo- 
rating the  aqueous  solution  of  the  tetrabromide  (obtained  by  decomposing  potassium 
bromiridiate  with  silicofiuoric  acid).  It  forms  very  stable  double  salts,  which  are 
produced  from  those  of  the  tetrabromide  by  heating,  or  more  quickly  by  the  action  of 
sulphurous  or  sulphydric  acid.  The  potassium  salt  6KBr  .Ir'Br*  +  6H*0  crystallises 
in  laige,  olive-green,  four-sided  needles,  whioh,  if  an  excees  of  sulphurous  acid  has 
been  used  in  their  preparation,  are  mixed  with  white  crystals.  The  sodium  salt 
dNaBr.Ir'Br'  4-  24H*0  ciystallises  in  rhombohedrons ;  the  ammonium  salt 
6NII*Br.Ir'Br*  +  H'O,  in  microscopic  olive-green  needles  j  on  evaporating  the 
aqueous  solution  of  the  tribromide,  the  compound  dHBr.Ir'Bif  +  6HK)  separates  in 
blue  needles,  brown-red  by  transmitted  light. 

The  sulphites  of  iridium  obtained  by  Birnbaum  are  described  under  Sui^phuboui 
Acid  (v.  646). 

ntOV.  Pure  iron,  of  silver-white  colour  and  strong  lustre,  may  be  obtained  by 
heating  nitride  of  iron  moderately  (beloW  the  melting  point  of  lead)  in  a  stream  of 
hydrogen.  Iron  thus  obtained  has  a  sp.  gr.  of  6*03,  and  is  soft  enough  to  be  cut  with 
a  knife.  It  oxidises  in  the  air  more  easily  than  ordinary  iron,  especially  at  high 
temperatures  and  in  contact  with  moisture  (Stahlschmidt,  Jahresh.  1865,  p.  25A). 
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TrooBt  (Bnli.  Soe.  Chhn,  [2]  iz.  260)  prepaies  pore  iron  b^  tvaing  pig  icon  in  &  lime 
crucible  by  the  ozyhydrogeo  flame,  assisted  towards  the  end  of  the  process  by  a  stream 
of  oxygen  to  oxidise  the  foreign  constituents.  On  removing  the  slag  from  the  surface, 
the  iron  remains  pure,  and  in  the  form  of  a  f^ised  mass.  According  to  Matthiessen  a. 
Szczeparowski  {Chem.  News,  zviii.  114),  iron  cannot  be  obtained  perfectly  free  from 
sulphur.  The  metal  obtained  by  igniting  ferric  oxide  or  chloride  purified  as  com- 
pletely as  possible,  in  a  stream  of  hydrogen,  or  by  electrolytic  precipitation,  or  by 
Igniting  purified  potassium  ferrocyanide,  always  yielded  distinct  traces  of  hydrogen 
sulphide  when  dissolved  in  dilute  hydrochloric  acid. 

On  the  absorption  of  gases  by  iron,  and  on  its  permeability  by  hydrogen  at  a  red 
heat,  see  Gasbs  (p.  634). 

Beachons. — 1.  From  experiments  by  Calvert  (Chem,  Nnoi,  zxiii.  98),  it  appears 
that  the  rusting  of  iron  is  due,  not  to  free  oxygen  or  aqueous  vapour  of  the  air, 
but  to  carbonic  add.  Iron  does  not  rust  in  perfectly  pure  water.  Caustic  alkalis  and 
alkaline  carbonates  prevent  the  oxidation.  When  a  plate  of  iron  half, immersed  in  a 
weak  alkaline  solution  is  exposed  to  the  air,  not  only  the  immersed,  but  also  the 
prqjecting  part,  remains  bright  and  unaltered  for  months. 

2.  Malleable  iron  (turnings  or  wire)  is  attacked  by  dilute  nitrie  aeid  of  sp.  gr.  1*03 
to  1*06,  either  with  elimination  of  hydrogen  and  formation  of  ferrous  salt,  or  with 
elimination  of  nitrogen  dioxide  and  formation  of  ferric  salt,  or  without  any  evolution 
of  gas.  Sometimes  hydrogen  is  evolved  at  the  banning  of  the  action,  and  nitrogen 
dioxide  afterwards,  in  which  case  the  solution  contains  both  ferrous  and  ferric  salt. 
Ammonium  nitrate  may  be  formed  in  either  of  these  reactions,  but  always  in  small 
quantity ;  nitrites  do  not  appear  to  be  formed.  The  passivity  of  iron  and  steel  pro- 
duced by  nitric  acid  of  given  specific  gravity  depends  upon  a  particular  temperature. 
With  acid  of  sp.  gr.  1*38,  it  is  produced  after  a  short  time  at  31^ ;  if  the  initial  tem- 
perature was  32^,  the  passive  state  is  not  developed.  A  colourless  acid  of  sp.  gr.  1*42 
produces  passivity  at  65^,  but  not  at  66^ ;  in  red  fuming  nitric  add  of  sp.  gr.  1*42, 
iron  remains  passive  at  82°,  but  dissolves  at  83°.  With  cast  iron  the  results  are  not 
equalW  definite  (Ordway,  801.  Am.  J.  [2]  xl.  316). 

3.  Iron  heated  to  200°  in  a  sealed  tube  with  aqueous  sulphurous  acid  forms  a 
solution  of  ferrous  sulphite  e^d  hyposulphite,  together  with  orass-yellow  crusts  of 
iron  bisulphide ;  the  latter  compound  is  also  formed  in  distinct  microscopic  crystals 
when  feme  oxide  or  pounded  basalt  is  heated  in  like  manner  with  sulphurous  acid 
(Geitner,  Ann.  Ch.  Pnann,  cxxix.  350^. 

4.  For  the  reaction  of  iron  with  hyorogen  dioxide,  see  p.  719. 

5.  Solutions  of  ferrous  salts  heated  to  130°-140°  in  sealed  tubes  with  sodium 
hyposulphite  are  completely  decomposed,  yielding  ferrous  sulphide,  FeS,  which  does 
not  oxidise  in  contact  with  the  air,  is  not  perceptibly  decomposed  by  strong  hydro- 
chloric or  dilute  sulphuric  add,  but  is  quickly  oxidised  by  nitric  add.  Strongly 
ignited  ferric  oxide  heated  to  redness  with  excess  of  sodium  hyposulphite,  yields  a 
black  sulphide  of  iron  soluble  in  hydrochloric  acid  (Gibbs,  JahreA.  1864,  p.  183). 

6.  According  to  Natanson  {ibid.  1864,  p.  714  ;  1865,  p.  716),  the  smallest  trace  of 
iron  in  the  form  of  ferric  salt  may  be  detected  by  agitating  the  solution,  mixed  with 
recently  prepared  potassium  sulphocyanate,  and  scarcely  coloured  thereby,  with  ether. 
The  ether  then  dissolves  the  ferric  sulphocyanate  and  becomes  rose-red,  or,  with 
somewhat  larger  quantities  of  ferric  salt,  blood-red.  According  to  Erlenmeyer,  the 
purple-red  colour  of  the  ethereal  solution  is  completely  destroyed  by  a  large  quantity  of 

?}tassium  sulphocyanate  or  by  potassium  tartrate ;  in  great  part  also  by  sodium  acetate, 
he  reaction  cannot  be  applied  to  the  detection  of  potassium  sulphocyanate  with  ferric 
chloride,  as  the  ether  in  this  case  [i.e.  with  excess  of  ferric  diloride]  does  not  be(»me 
coloured  (Natanson). 

Volumeiric  Estimation. — Oudemans  (Zeitschr.  anal.  Chem.  vi.  129)  gives  the 
following  method,  founded  on  the  observation  that  sodium  hyposulphite  gniduaUy 
added  to  a  ferric  solution  containing  free  hydrochloric  acid  decomposes  it,  with  forma- 
tion of  tetrathionic  acid,  and  without  evolution  of  sulphurous  oxide  or  separation  of 
sulphur,  according  to  the  equation, 

2Na«8»0«  +  Fe«a«  +  2HC1  «  4Naa  +   2FeCl«  +  H«S*0«. 

The  add  solution,  free  from  ferrous  salts  and  heated  to  40°,  is  mixed  with  a  few  drops 
of  solution  of  cupric  sulphate,  then  with  potassium  sulphocyanate  till  a  dark  red 
colour  is  produc^c^  and  the  standard  solution  of  sodium  hyposulphite  is  added  till  the 
liquid  appears  transparent  and  colourless.  The  cupric  salt  acts  as  a  contact  sub- 
stance, accelerating  the  reduction  of  the  ferric  oxide. 

Mohr  (Zeitschr.  anal.  Chem.  ii.  243^  has  modified  the  method  depending  upon  the 
use  of  potassium  iodide,   starch  solution,    and    sodium  hyposulphite   described  p^ 
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p.  385,  Yol.  iii.,  so  far  as  to  heat  the  ferric  solution  with  potassium  iodide  in  a  closed 
vessel,  add  the  starch-paste  only  after  cooling,  and  then  the  standard  solution  of 
hyposulphite.  This  solution  is  most  readily  titrated  by  means  of  potassium  dichio* 
mate,  20  c  c.  of  a  solution  of  this  salt  (containing  4*919  grms.  in  a  btn)  being  heated 
IB  A  eloeed  flask  with  hydrochloric  acid  and  potasaium  iofUde,  and  the  Gberated 
iodine  detenninad  by  the  hyposulphite  solution  prenously  brought  to  an  equal 
Tolume. 

Winkler  {Jahresb.  1865,  p.  717)  satimstfls  iron  in  a  solution  of  ferric  chloride  by 
reduction  with  cuprous  chloride,  according  to  the  equation 

VeHJi*  +  Cu«a*  -  2FeCI«  +  2CuCl«, 

the  end  of  the  reduction  being  indicated  by  the  disappeaxaace  of  the  red  produced  in 
the  solution  by  a  few  drops  of  potassium  sulphocyanate.  According  to  Hoch  a. 
Clemm  {ibid.  1*866,  p.  803),  this  method  does  yield  accurate  ree^ta. 

On  the  analysis  of  cast  iron,  see  Tosh  {Chem,  News,  ZTi.  ^7i  94,  168) ;  Htee 
{Compt,  rend,  bcriii.  449 ;  2jeitachr.  /.  Ckem,  [2]  v.  SI 5).  On  the  estimation  of 
carbon  in  cast  iron,  see  Elliot  (Chem.  8oc,  J,  [2]  rii.  182) ;  of  sulphur,  Eggerti  {Ckeau 
News,  1868,  p.  207). 

Compounds  of  Iron, 

Iron  belongs  to  the  hexad  group  of  metals,  being  biTaleni  in  the  fenous,  quadri- 
valent in  the  ferric  salts,  and  sexvalent  in  the  ferrates,  its  compounds  being  analogow 
to  those  of  chromium  : 

O 
Fe»'Cl»  1 1 

Fe"Cl«  I  KO--F*— OK 

Fe»'Cl«  l| 

Fferroua  Ferric  Potavinm 

chloride.  chloride.  ferrate. 

• 

cnilorides.  Ferrous  chloride  is  easilv  obtained  well  crystallised  hy  faeatiag 
sublimed  ferric  chloride  in  a  stream  of  dry  hydrogen  (Wohler,  Asm,  CL  Fiam. 
iyuppl.  iv.  255). 

A  compouna  of  ferrous  chloride  with  ethylene,  CH^.FeCl*,  is  obtained  by  heating 
an  ethereal  solution  of  ferric  chloride  in  a  sealed  tube  for  some  hours  to  140^-150^ ; 
more  readily  with  addition  of  a  small  quantity  of  phosphorus  dissolved  in  carbon 
bisulphide,  in  which  case  the  heat  of  the  water-bath  is  sufficient.  It  forms  brittle, 
nearly  colourless  ciystals,  without  lustre,  easily  soluble  in  water,  moderately  hygro- 
scopic ;  they  contein  2  mol.  water  of  aystallisation.  If  the  ether  is  quite  anhydrous, 
the  crystals  are  not  formed.  The  recently  prepared  aqueous  solution  of  the  crjstals 
exhibits  the  reactions  of  fenous  salts,  and  oxidises  as  readily  as  fenoua  chloride 
(Kachler,  Dent,  chem.  Ges.  Ber.  ii.  610 ;  ZeiUckr.  f.  Chem.  [2]  vi.  58). 

Ferric  Chloride.— lUie  crystallised  hexhydrated  chloride,  Fe*Cl«.6HH>,  melts, 
accoiding  to  Otdway  {8iU.  Am.  J,  [21  xi.  329),  at  31<> ;  the  decahydrate,  Fe>Cl< .  12HH), 
at  36*5^.  Fresenius  has  shown  {ieUscht.  anal.  Chem,  vi.  92)  that  ferric  chloride  is 
not  volatilised  from  its  solution  mixed  with  hydrochloric  acia,  either  by  evapofatimi 
over  the  water-bath,  or  by  tumultuous  ebullition,  or  when  the  acid  solution  containing 
chlorides  of  alkali-metals  is  evaporated  to  dryness  and  heated  for  some  time  over  the 
water-bath. 

To  prepare  basic  ferric  chloride  for  medical  purposes,  Jeannel  {Compt.  rend.  Ixvi. 
799)  triturates  1,000  pte.  of  recently  precipiteted  ferric  hydrate  free  fhMn  sulphuric 
iicid  (containing  75  p.  c.  water),  with  85  pte.  hydrochloric  acid  of  sp.  gr.  1-2  and 
500  pte.  water,  macerates  for  two  days,  and  then  filters.  The  above  proportions 
correspond  to  the  oxychloride  Fe'Cl* .  9Fe'0*.  The  dark  garnet-red  solution  evaporated 
on  plates  at  50^  leaves  black  scales  which  may  be  heated  without  alteration  to  160^, 
become  insoluble  at  170^,  and  decompose  at  220°.  They  are  easily  soluble  in  water, 
weak  spirit,  and  glycerin.  The  solutions  have  an  astringent,  somewhat  acid  taste, 
are  permanent,  but  yield  precipitetes  with  small  quantities  of  sulphuric  acid,  sulphates, 
citric  acid,  tertaric  acid,  and  even  with  a  few  drops  of  strong  hydrochloric  or 
nitric  acid.  They  coagulate  albumin,  act  as  styptics  in  a  higher  degree  than  ferric 
chloride,  and  do  not,  like  the  latter,  excite  pain  when  applied  to  wounds.  On  the 
pharmaceutical  preparation  of  ferric  chloride,  see  also  Attfield  (Phann.  J.  TVems. 
[2]  vi.  896). 

maoride.  Forric  fluoride  forms  double  salte  with  the  fluorides  of  the  alkali- 
TOctHls.     Berwjliua  obtai ned  the  potassium  salts  2KF .  Fe*F*  and  4KF .  Fe*F«  (iii.  390). 
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Kicklis  (J.  Pharm,  [4]  vii.  16;  Jahrub,  1868,  p.  262)  hM  obtained  the  ammo- 
nium salt  iNH^F.Fe'F*,  and  a  todiam  salt,  both  by  direct  combination  and  by 
deoompoaing  the  alkaline  flnoride  with  a  feme  salt.  All  these  doable  flaaridca 
ctyetalliM  readily,  are  sparingly  soluble  in  water,  and  thMr  anhitiftmi  az«  daeooipoBBd 
by  boiling,  depositing  yellow  flocks.  Thesa  sobitisas  an  not  reddened  by  potassium 
snlphocyanate  till  the  alkali-metal  htm  bm  precipitated  by  means  of  an  alcoholic 
solution  of  silicium  fluorida, 

Fe=N=:Fe 
Vttritea    IPFe^  or  |         . — This  compound,  analogous  in  composition   to 

Fe=N=Fe 
aamioninm,  is  produced,  according  to  Stahlschmidt  (Pogg.  Ann.  cxxv.  87 ;  Jahreab. 
1865,  p.  258),  by  the  action  of  ammonia  on  metallic  iron  or  ferric  oxide.  Sublimed 
ferrous  chloride  absorbs  a  considerable  quantitr  of  ammonia  gas  at  ordinary  tem- 
peratures, forming  femunmonium  chloride,  whicn  when  heated  nearly  to  redness  is 
conyerted  into  the  nitride : 

4FeCl«  +  4NH«  -  N»Fe*  f  8HCI  +  2H»  +  N«. 

The  nitride  thus  obtained  forms  a  grey  powder  or  thin  laminae,  sometimes  also  a 
compact  Teiv  brittle  silrer-whita  mass,  which  may  be  rubbed  to  a  yery  fine  powder, 
burning  with  dacding  light  when  thrown  into  a  flame.  When  moderately  heated  in 
hydrogen  gas,  it  is  redac«l  to  pure  iron,  with  formation  of  ammonia.  Heated  alone, 
or  in  a  stream  of  nitrogen  or  ammonia,  it  giyes  off  all  its  nitrogen,  the  last  portions 
howeyer  with  difficulty:  hence  the  contradictory  statements  respecting  its  com- 
position. I^ited  in  aqueous  yapour  it  forms  ammonift  and  ferroso-ferric  oxide.  It 
M  slowly  and  imperfectly  decomposed  by  boiling  with  water ;  dissolyed  by  nitric  acid 
with  eyolution  of  nitrogen  dioxide,  by  dilute  sulphuric  or  hydrochloric  acid  with 
eyolution  of  hydrogen  (but  not  of  nitrogen,  as  stated  by  Desprets,  iii.  891) : 

N«Fe*  +  lOHa  =  4Fea»  +  2NH*a  +  H«. 

Heated  with  chlorine,  bromine,  and  iodine,  in  presence  of  water,  it  is  decomposed, 
with  eyolution  of  hydrogen  (and  probably  idso  of  nitrogen)  and  formation  of 
ammonia  and  a  ferric  salt.  Stahlschmidt  is  of  opinion  that  this  compound  some- 
times exists  irregularly  diffused  in  steel,  and  attributes  to  its  occurrence  the  contra- 
dictory statements  respecting  the  presence  of  nitrogen  in  steel. 

Oxldaa.  When  borax  is  saturated  in  the  outer  blowpi{#-flame  with  ferric  oxide 
till  the  bead  acquires  a  blackish-green  colour  and  exhibits  a  dull  crystalline  surface 
on  cooling,  and  the  bead  is  then  dissolyed  in  hot  nitric  acid,  the  feme  oxide  remains 
in  three-  or  six-sided,  sometimes  rhombic  plates,  appearing  yellowish  red  or  black 
according  to  their  thickness.  Ferroso-ferric  oxide  may  also  be  obtained  in  the  cry- 
stalline form  by  similar  means  (Chatelier,  Jakreab.  1867,  p.  10).  According  to 
Eisner  (ibid,  1866,  p.  36),  ferric  oxide  is  somewhat  volatile  at  the  heat  of  a  porcelain 
Airnace.  Sidot  {Ckmpt.  rend.  Ixyii.  176)  has  obtained  an  oxide  exhibiting  maffnetio 
polarity  by  heating  ferric  oxide  in  an  earthen  tube  placed  in  the  magnetic  meridian  to 
a  temperature  not  sufficient  to  fuse  the  oxide ;  also  by  placing  iron-foil  rolled  up  into 
a  tube  in  a  vertical  position  in  a  furnace,  and  heating  it  till  it  is  completely  oxidised. 

When  a  solution  of  ferric  chloride  diluted  till  its  colour  is  scarcely  perceptible  is 
heated  to  27°  and  aboye,  it  again  becomes  strongly  coloured,  exhibiting  the  charac- 
teristic tint  of  basic  ferric  chloride.  This  change  is  not  due  to  loss  of  hydrochloric 
acid,  for  it  takes  place  even  in  closed  yessels.  The  solution  retains  its  colour  on 
cooling,  but  its  chemical  properties  are  completely  altered ;  with  potassium  ferro- 
cyanide  it  yields  only  a  pale  blue  prf<:ipitate  inst«ui  of  Prussian  blue,  and  with  sodium 
chloride  when  warmed  a  gelatinous  precipitate  of  pure  ferric  hydnte,  which  if  im- 
mediately washed  dissolyes  in  pure  water,  but  loses  its  solubility  if  left  for  a  day  or 
two  in  contact  with  the  saline  solution.  When  the  solution  modified  by  a  heat  of 
about  7^  is  dialysed,  hydrochloric  acid  free  from  iron  passes  through,  and  ferric  oxide 
remains  on  the  aialyser,  soluble  in  water  and  in  dilute  hydrochloric  acid,  insoluble  in 
saline  solutions,  and  identical  with  G^raham's  colloidal  ferric  oxide  pii.  718).  When 
the  dilute  solution  of  ferric  chloride  is  heated  to  100^,  the  water  being  replaced  as  it 
evaporates,  the  soluble  hydrate  gradually  passes  into  the  modification  discovered  by 
P^n  de  St.  G-illes  (iii.  396),  which  is  insoluble  in  dilute  mineral  acids  and  in  most  saline 
solutions,  but  forms  with  water  a  solution  clear  by  transmitted,  turbid  by  reflected 
light  This  modification  was  obtained  by  St.  GKUes  by  prolonged  heating  of  ferric 
acetate,  and  by  Scheurer-Kestner  in  like  manner  from  the  nitrate.  All  these  ferric 
salts  of  monobasic  acids  therefore  exhibit  the  same  reaction,  splitting  up  at  first  into 
acid  and  soluble  oxide,  which  remain  separate  if  much  water  is  present,  while  ll.e 
soluble  oxide  is  afterwards  converted  into  the  meta-oxide  of  St.  Qillos.    The  salts  of 
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bibasic  adds,  the  sulphate  for  example^  yield  when  heated  only  insoluble  basic  salts. 
Lastly,  if  the  solution  be  heated  to  250°  -300°|  at  which  temperature  neither  the 
colloidal  oxide  nor  the  meta-oxide  can  exists  ciystallised  anhyorona  ferric  oxide  is 
precipitated,  as  obserred  by  S^narmont.  These  obaerrations  explain  the  necessity  of 
the  precautions  to  be  observed  in  the  quantitatire  precipitation  of  iron  with  sodium 
acetate.  The  precipitate  formed  on  heating  is  the  colloidal  oxide,  which  is  insoluble 
in  the  saline  solution,  but  dissolves  for  the  most  part  when  washed  with  cold  water, 
and  must  therefore  be  washed  with  solution  of  ammonium  chloride  or  acetate  (Bebmy, 
Zntschr.f,  Chem,  [2]  v.  290). 

According  to  F.  Muck  {Znt9chr.  /.  Chem.  [2]  iv.  41),  the  ferric  hydrates  formed 
from  ferrous  hydrate  or  carbonate  by  atmospheric  oxidation  differ  in  Uieir  properties 
(though  not  in  their  amount  of  water)  from  those  which  are  precipitated  ^m  ferric 
suits.  The  latter  when  recently  precipitated  are  bulky  and  gelatinous,  dry  up  with 
considerable  diminution  of  bulk  to  brittle  lumps  having  a  shining  fracture,  and  when 
heated  to  redness  are  converted,  with  incandescence,  into  hard,  black,  vitreous  ferric 
oxide.  The  ferric  hydrates  formed  from  ferrous  hydrate,  on  the  other  hand,  are 
pulverulent,  and  dry  up,  without  much  diminution  of  volume,  to  friable  lumps,  which 
have  no  shining  fracture,  do  not  glow  when  heated,  and  leave  a  brown-red  lustreless 
earthy  oxide.  When  ferrous  sulphate  is  precipitated  at  the  boiling  heat  by  sodium 
carbonate,  with  addition  of  hypochlorite  (1  mol.  NaClO  and  2  moL  Na*CO*  to  2  moL 

FeSO*),  the  precipitate  dried  at  100°  has  the  composition  Fe»0*.H«0  or  ^^*^[o*.  If 

the  precipitation  takes  place  in  the  cold  (in  which  case  the  complete  conversion  into 
ferric  oxide  takes  several  hours)  the  amount  of  water  in  the  precipitate  dried  at  100® 
corresponds  to  the  formula  Fe*0' .  2HH).  At  intermediate  temperatures  hydrates  of 
intermediate  composition  are  obtained.  The  precipitates  thrown  down  at  the  boiling 
heat  exhibit  peculiar  changes  of  colour  when  ignited ;  at  a  red  heat  they  leave 
brown  ferric  oxide,  which  at  a  higher  temperature  becomes  light  brick-red,  and  at  a 
white  heat,  light  ochre-yellow  and  gradually  violet-red.  In  spite  of  their  soil  and 
friable  consistency,  these  oxides  do  not  differ  in  their  specific  gravity  (6*19  to  5*21) 
i'rom  iron-glance.  An  oxide  of  this  character  cannot  be  prepfum  from  feiric  salts  io 
the  wet  way,  but  it  may  be  obtained  by  adding  basic  ferric  sulphate  (precipitated 
from  solutions  of  ferrous  sulphate  in  contact  with  the  air)  to  fused  potassium 
hydrate,  and  lixiviating  the  fused  mass.  Such  a  preparation  dried  at  100°  exhibited 
approximately  the  composition  3Fe'0*.5H'0,  and  when  ignited,  was  oonveited, 
without  incandescence,  into  a  light  brick-red  and  ultimately  yellow  oxide.  By  con- 
tinued fusion  with  potassium  hydrate,  the  precipitate  loses  water,  and  then  assumes  a 
violet  colour  when  ignited  (Muck). 

Respecting  the  reactions  of  ferroso-ferric  hydrate  with  acids,  see  Lefort  (ZeiUchr./, 
Chem.  [2]  vi.  607). 

Pliospliiaefl.  These  compounds  have  been  examined  by  Freese  (P^g*  Ann, 
cxxxii.  225 ;  Jahresb.  1867,  p.  282),  who  finds  that  of  all  those  which  have  been 
hitherto  described,  only  three  are  really  definite  compounds,  vix.  Fe^,  Fe'P",  and 
Ffi«P". 

The  phosphides  of  iron  are  non-magnetic  and  nearly,  if  not  quite,  iniVisible ;  a  small 
addition  of  iron  carbide,  however,  renders  them  more  ftisible  than  cast  iron.  They 
are  not  attacked  by  cold  hydrochloric  acid ;  are  dissolved  and  completely  oxidised  by 
hot  nitric  or  nitromuriatic  acid,  also  by  hot  strong  sulphuric  acid,  with  evolution  of 
sulphurous  oxide,  and  formation  of  phosphoric  acid  and  ferrous  oxide ;  very  slowly 
by  boiling  dilute  hydrochloric  acid,  J  of  the  phosphorus  passing  into  the  solution  as 
phosphonc  acid,  while  |  are  given  off  as  pnosphine :  16P  +  15H'0  «  lOPH'  + 
SPO^ ;  the  undissolved  portion  has  the  composition  of  the  original  substance.  They 
are  also  slowly  attacked  by  dilute  sulphuric  acid  at  the  boiling  heat,  with  evolution  of 
phosphine. 

1.  The  compound  Fe*P\  which  Hose  obtained  by  heating  iron  pyrites  in  phosphine, 
may  also  be  prepared  : 

a.  By  heating  finely  divided  iron,  anhydrous  ferrous  chloride,  or  magnetic  pyrites 
in  phosphine : 

3FeCl«  +    4PH"    =»    Fe»P<    +    6HC1    +   8fl», 

8Fe»S»  +   32PH*  -  8Fe^«  +   27H«S   +  2lH«; 

also,  mixed  with  ferric  phosphate,  by  heating  ferric  oxide  in  phosphine  as  long  as 
water  continues  to  form.  The  pure  phosphide,  F6*P\  forms  a  dark  bluish-grey 
powder  of  sp.  gr.  5*04.  It  is  permanent  m  the  air  at  ordinary  temperatures,  but 
burns  when  heated,  giving  off  a  fourth  of  its  phosphorus  and  forming  ferroso-ferrie 
phosphate,  Fe*P<0'*.    Ignited  in  hydrogen  or  carbon  monoxide,  it  gives  off  part  ci 
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Vta  pluMphorns,  and  is  apparontly  eonyeited  into  Fe^P* ;  it  is  not  altered  by  heating 
in  carbon  dioxide. 

2.  The  eompound  Fe^P*  ia  formed :  a.  Very  slowly,  by  heating  ferrons  sulphide  in 
a  stream  of  phoephine : 

2FeS  +  2PH«  «  Fe«P«  +  2H«8  +  H«. 

fi.  By  passing  phosphorus  rapour,  carried  forward  by  a  stream  of  hydrogen,  orer 
red-hot  ferric  oxide,  this  oxide  being  first  reduced  by  the  hydrogen  to  metallic  iron, 
which  then  unites  with  the  phosphorus. — y.  By  decomposing  anhydrous  ferric  chloride 
with  phosphine  at  a  red  heat : 

Fe«Cl«  +  2PH*  =  Fe*P«  +   6HCL 

The  product  obtained  by  this  last  process  is  a  black  lamino-crystalline  mass ;  the  first 
two  methods  yield  the  compound  as  a  bluish -gprey  powder  of  sp.  gr.  5*21,  very  much 
like  the  preceding  phosphide,  but  of  lighter  colour.  When  heated  in  the  air,  it  burns 
brightly,  without  evolution  of  phosphorus,  and  likewise  forms  ferroeo-ferric  phosphate. 
It  is  not  altered  by  ignition  in  hydrogen,  but  gives  off  part  of  its  phosphorus  when 
heated  to  redness  m  carbon  monoxide. 

3.  The  compound  Fe^P',  which  has  been  frequently  obtained  by  dififerent  methods 
in  an  impure  state  and  with  various  properties,  mav  be  prepared  by  mixing  3}  pts. 
anhydrous  ferric  phosphate  with  1  pt.  of  lampblack  in  a  Hessian  crucible,  covering 
the  mixture  with  a  layer  of  common  salt,  and  heating  it  to  whiteness  for  several  hours. 
On  exhausting  the  contents  of  the  crucible  with  dilute  hydrochloric  acid,  the  phos- 
{^ide  Fe^P*  remains  as  a  light  grey,  crystalline,  non-magnetic  powder,  of  sp.  gr.  574, 
and  resembling  the  preceding  phosphides  in  its  other  physical  characters.  When 
ignited  in  hydjnogen,  carbon  monoxide,  or  carbon  dioxiae,  it  retains  its  pulverulent 
form  and  undeigoes  no  alteration ;  ignited  in  contact  with  the  air,  it  bums  brightly 
and  melts  to  a  bluish  mass  of  ferric  phosphate.  To  obtain  this  compound  pure,  it  is 
necessarv  that  the  iron  salt  (ferrous  or  ferric)  be  in  excess,  to  prevent  the  formation 
of  carbide  of  iron,  and  that  the  air  be  excluded.  As  the  phosphide  Fe^P*  is  not 
altered  by  ignition  in  carbon  monoxide,  whereas  the  phosphides  Fe'P*  and  Fe'P*  give 
up  phosphorus,  it  is  probable  that  the  two  latter  are  converted  by  prolonged  ignition 
in  carbon  monoxide  into  the  first.  Freese  is  also  of  opinion  that  this  compound  is 
the  only  phosphide  present  in  pig-iron. 

•illel4es«  1.  By  fusing  a  mixture  of  60  grms.  sodium  silicofluoride,  20  sodium, 
22  cast  steel,  and  60  zinc,  with  common  salt  in  a  blast-furnace,  a  brittle  ciystallo- 
laminar,  perceptibly  magnetic  regulus  is  obtained,  containing  lO'l  p.  c.  silicon, 
having  a  sp.  gr.  of  7*018  at  17^,  and  not  attacked  by  strong  hydrochloric  acid. — 
2.  Sodio-ferrous  chloride  (obtained  by  melting  40  grm.  iron,  160  sal-ammoniac,  and 
80  sodium  chloride,  6  ffrm.  silicium,  and  25  grm.  sodium),  fused  for  2|  hours  with 
26  grm.  fluor-spar,  yields  a  well-fused,  white,  brittle  silicide  of  iron,  Fe'Si  (  20-29  p.  c. 
silicon  and  79*71  iron),  having  a  sp.  gr.  of  6'611.  On  dissolving  a  oonsiderable 
quantity  of  this  compound  in  dilute  hydrofluoric  acid,  there  remained  a  crystalline 
residue,  containing  nearly  equal  parts  of  silicon  and  iron. — 3.  Sodio-ferrous  chloride 
(prepared  from  60  grm.  iron),  60  grm.  sodium  silicofluoride,  and  46  grm.  sodium, 
heated  together  to  the  melting  point  of  nickel,  yielded  about  9  grm.  of  a  very  brittle 
iron  silicide  imbedded  in  the  slag;  it  contained  30-86  p.  c.  silicon  and  69*14  iron, 
answering  to  the  formula  Fe**8i'*,  and  was  probably  therefore  a  mixture  of  FeSi  and 
Fe*Si.  It  was  but  slightly  magnetic,  non-crystalline,  and  had  a  sp.  gr.  of  6*239  at 
19°  (Hahn,  Ann.  Ck.  Pkarm,  cxxix.  67). 

■vlpbld«s«  When  dry  hydrogen  sulphide  is  passed  over  precipitate  feiroso- 
ferric  oxide  heated  to  whiteness  in  a  tube,  the  oxide  is  flrst  convertea  into  magnetic 
gmtee,  Fe*S^,  which  at  a  very  intense  heat  is  partly  reduced  by  monosulphide,  FoS. 
The  latter  is  found  in  the  cooler  part  of  the  tube,  in  non-magnetic  black  to  lemon- 
yellow  six-sided  prisms  with  double  pyramids,  belonging  to  the  hexagonal  system ; 
the  former  in  the  part  of  the  tube  which  has  been  strongly  heated,  as  a  greyish- 
vellow,  metallically  lustrous,  strongly  polar  magnetic  mass;  it  is  decomposed  by 
hydrochloric  acid,  with  evolution  of  hydrogen  sulphide  and  separation  of  sulphur 
(Sidot,  Conmt.  rend,  Ixvi.  1257). 

On  the  double  sulphides  of  iron  with  potassium,  sodium,  and  silver,  see  SuIpPHXTb 
8ai.ts. 


?AXAinMIT  OF.    So  far  as  relates  to  the  chemistry  of  this  branch 

of  industry,  little  advance  has  been  made  since  the  publication  of  the  article  in  the 

Dictionary.    In  smelting  iron  ores,  the  attempt  to  realise  still  greater  economy  of 

fuel  by  the  use  of  the  hot  blast  has  been  continued  with  some  further  success,  and,  with 

8up.  3  C 
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tho  same  object,  useful  ezpen'menta  hare  been  made  in  augmcfDiing  the  height  aint 
capacity  of  blast  fumaccd  ;  but  the  improvement  thus  attained  has  not  ioTolved  any 
new  chemical  facts,  and  it  has  consisted  chiefly  in  canying  ont  to  a  fortiier  extent  the 
principles  previously  understood  to  obtain. 

In  the  conversion  of  pig  metal  into  nalleable  iron  or  itari,  the  practice  of  the 
method  introduced  by  Bessemer  has  been  laigely  extended  ;  but  otherwise  there  has 
been,  as  in  iron  smelting,  an  equaT  absence  <k  any  direct  advance  of  a  chemical 
nature.  Apart  from  the  multitude  of  merely  speculative  or  supposititious  inventions; 
there  has  been  indcod  only  one  suggested  improvement  in  the  manufacture  of 
malleable  iron  and  steel  which  could  be  regarded  as  novel  and  intelligible  on  chemical 
principles,  while  even  that  claims  mention  here  more  as  a  matter  of  history  than  other- 
wise, since  it  has  not  been  found  available  in  practice.  The  method  referred  to  was. 
introduced  by  Mr.  Heaton,  who  claimed  that  it  was  applicable  to  the  production  of 
malleable  iron  and  steel  of  good  quality  from  the  inferior  brands  of  pig  iron 
obtained  by  smelting  ores  containing  phosphorus.  This  claim  gave  a  special  interest 
to  the  Heaton  method,  in  consequence  of  tho  necessity  of  using  pig  iron  practically  free 
trom  phosphorus  in  making  malleable  iron  by  Bossemer's  method,  for  that  necessity 
had  been  found  a  very  serious  limitation  to  tho  applicability  of  the  Bessemer 
method. 

Beaton's  method  of  decarbnration  consisted  in  bringing  the  melted  pig  iron  in 
contact  with  nitrate  of  soda,  mixed  with  sand  and  lime  in  such  proportion  as  to 
mitigate  the  mechanical  effect  of  the  explosive  decomposition  of  the  nitrate  on  its 
coming  in  contact  with  tlie  melted  pig  iron.  The  operation  was  performed  in  • 
cylindrical  iron  vessel  lined  with  flre-clay,  the  mixture  of  nitrate,  lime,  and  sand 
being  retained  at  the  bottom  by  a  perforated  plate  of  cast  iron,  while  the  melted 
metal  was  run  into  the  converter. 

Aorording  to  the  description  of  the  late  Fh)fessor  Miller,  the  reaction  between  the 
nitrate  and  the  melted  iron  commenced  in  a  very  short  time  after  the  charge  was  ran 
in,  a  moderate  quantity  of  brown  nitrous  fumes  escaped,  and  then  there  was  a 
copious  discharge  of  dark  vapour,  carrying  out  with  it  a  portion  of  the  liquid  slag. 
After  the  lapse  of  five  or  six  minutes  there  was  a  violent  deflagration,  attended  with 
loud  roaring  noise  and  a  burst  of  brilliant  yellow  flame,  lasting  for  about  a  minute 
and  a  half.  When  that  had  subsided,  the  contents  of  the  converter  were  emptied 
out  on  the  ground,  and  the  pasty  mass  of  decarburetted  metal  was  Tendered  compact 
and  homogeneous  by  the  usual  operations  of  hammering  and  rollinff. 

The  oxygen  evolved  from  tne  nitmte  of  soda  daring  its  decomposition  was 
undoubtedly  the  agent  of  decarburation,  and  probably  the  sodium  of  the  nitrate 
operated  at  the  same  time  in  such  a  way  as  to  separate  sulphur  and  phosphorus  from 
the  iron.  The  exact  nature  of  the  reaction  taking  place  has  never  been  rendered 
evident,  and  though  the  experimental  trials  of  the  method  left  some  nncertainty  as 
to  the  extent  to  which  phosphorus  was  separable  in  this  way  from  pig  iron,  there  was 
reason  to  believe  that  tne  treatment  of  pig  iron  in  this  way  wonld  be  in  any  case  too 
costly,  by  reason  of  the  amount  of  nitrate  required.  Another,  and  at  least  equally 
serious  objection  to  this  method,  as  a  means  of  making  steel,  arose  from  the  condition 
in  which  the  decarburised  metal  was  left;  after  the  operation ;  for  it  may  now  be 
regarded  as  an  axiom  established  by  experience,  that  any  method  of  producing  steel, 
to  bo  practically  admissible,  must  ensure  the  perfect  liquefaction  of  the  metal  during 
the  decarburation,  so  as  to  give  the  highest  degree  of  homogeneity,  and  must  also 
yield  tho  malleable  metal  in  a  liqnid  state,  so  as  to  afford  the  possibility  of 
dealing  with  laige  masses  of  the  melted  metal,  independent  of  the  consumption  of 
fuel  hitherto  needed  for  remelting. 

It  is  in  regard  to  this  particular  point  that  the  chief  recent  advance  has  been  made 
in  the  manufacture  of  malleable  iron  and  steel.  This  has  been  done  indirectly  by 
means  of  the  regenerative  furnace  introduced  by  Mr.  C.  W.  Siemens,  the  principle  of 
which  is  the  gradual  accumulation  of  the  heat  that  would  be  wasted  under  ordinary 
conditions  by  passing  off  in  the  gaseous  product  of  combustion.  By  this  accumula- 
tion of  heat  within  the  furnace,  a  very  much  higher  temperature  may  be  attained  than 
is  possible  with  oidinary  furnaces ;  it  may  also  be  maintained  more  easily  and  with  a 
smaller  consumption  of  f^el. 

The  fuel  employed  in  the  regenerative  furnace  introduced  by  Mr.  Siemens  is  com- 
bustible gas  produced  by  burning  coal  with  a  limited  supply  of  air  insufficient  for 
perfect  combustion.  Any  description  of  carbonaceous  material  may  be  worked  in  a 
suitable  gas-producer,  so  as  to  furnish  gas  sufficiently  good  for  the  supply  even  of 
those  furnaces  in  which  the  highest  degree  of  heat  is  required.  Goal  is  the  ftiel 
rhiefly  used  for  these  gas  furnaces  in  England ;  small  coal  has  been  employed  in  some 
eases,  as  in  gasworks,  where  it  is  to  be  had  at  a  cheap  rate  ;  wood  is  usea  in  France^ 
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doheidtK,  and  Spun  ;  s&wdiut  in  Sirsden.  furDiehing  gna  for  velding  nnd  other  high- 
beat  fnrnacM ;  lignite  in  rorioiu  parts  of  Qermaii;  and  AuatHa ;  pant  in  Ittlj  and 
elsewhere.  The  gaa-prodncer  used  for  noDKskitig  conl-alack  conaista  of  a  rectangular 
flre-brirk  cbambOT.  one  side  of  nhich,  a*  shown  at  b  in  the  section,  fig.  29,  is  inclined 
»t  an  angle  of  from  iS"  to  60°,  and  proTJded  with  a  Bre-gnilp,  c,  al  the  lower 
part.  The  f^l  is  filled  in  at  the  top  of  this  inrline  at  a,  to  sa  to  form  a  thick  bed 
upon  the  grate.  Air beingsdluiUed  at  thsgrate,  the  fnet  is  bnmt  immediate!;  in  oontai-t 


with  it  to  □iTb<uiie  acid,  but  ths  gaseous  product  of  eombustioD  pauea  slnwl;  upwards 
throi^h  (he  OTerlying  red-hot  fuel,  while  the  carbonic  acid  it  contains  takes  up  an 
sddilJonal  quantilj  of  carbon,  and  is  converted  into  carbonic  oxide,  while  at  (he  same 
time  the  gBsbeconiBB  miiad  with  hjdrocarbon  gasea  and  vapours  diitilled  off  from  ths 
raw  fuel  during  ite  gradual  descent  along  toe  inclined  plane  a  towards  the  giale, 
The  combustible  gas  Uiui  prodaeed  ia  led  off  b;  a  flue,  h.  into  the  fiimsce  where  it 
is  to  be  hiimt.  Any  ashes  or  clinkers  that  occnmulate  on  the  grate  ara  removed  at 
intervals  of  one  or  two  days. 

The  composition  ot  the  gas  varies  with  the  nature  of  the  fuel  nied  and  tbe  arTange> 
ment  of  the  gaa-producer.  At  the  Plate  Glass  Works  of  SL  Oobain  the  gaa  pbtaioed 
from  a  mixture  of  caking  coal  with  ooe-thicd  its  weight  of  oon-caking  cool  comristcd  of 


The  oxjgeD  was  no  doubt  due  to  some  leakage  of  aic  into  the  floe,  and  allowing  fw 
that,  the  percentage  compoeition  of  tbe  gas  would  be  aa  stated  in  the  second  column 
of  flgurer,  ths  combustible  constituenta  omoantiog  to  about  36  per  cent,  hj  volume. 
The  presence  of  ao  large  an  amount  of  inert  gas  as  6S  per  cent,  randers  it  dij&CDit  to 
maintain  a  high  heat  when  gas  of  thin  description  is  burned  is  the  oidinarf  waj,  bat 
When  the  gas  is  burnt  in  a  regenerative  furnace  that  difficulty  is  overcoine. 

The  principal  feature  of  the  rwenerative  furnace  consists  of  four  detached  chamben 
eitoated  beneath  the  fomace,  andBlled  with  fire-bricks  etacked  loosely  together,  so  as 
to  expose  as  much  surface  as  possible.  The  chambers  ere  mode  to  communicato  in 
pairs  bj  means  of  flues,  and  these  ore  fitted  with  valves  in  such  a  way  that  the  hot 
waste  K^sea  from  the  flame  may  be  mods  to  pass  from  the  furnace  down  through  either 
pair  of  chambers  at  will.  In  this  wfty  tbe  gaseous  product  of  combustion,  passing 
over  Borfoces  successively  cooler  and  cooler,  gives  up  its  heat  to  tbe  layers  of  brick  in 
the  chambers,  and  at  length  escapee  to  the  chimney  nearly  cold.  The  current  of  hot 
gas  throogh  one  pair  of  chambers  is  kept  up  until  the  brickwork  is  uniformly  heated 
to  a  considerable  depth  from  the  top,  up  to  a  tempctatute  nearly  cquol  lo  that  of  the 
gii  entering  them.  Then  by  means  of  the  vnlvcs  the  direction  of  the  draught  is 
ehon^,  so  that  the  hot  gas  passes  down  through  the  other  pair  of  chambers,  while 
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M  Eliduimc  timo  ilie  coniliiieliblKgiiBsiiiipliod  [othe  fnnucf,  Mwellu  UiAairnqnind 
for  burning  it,  arc  made  to  pusa  upwanla  through  the  boitsd  pair  tA  ebamben,  wbara, 
tiy  contnct  wilb  Iho  brickwork,  they  became  hoitf^l  ai  tlie;  ■sccnd.  At  some  dieUnu 
from  the  top  Ilia  combuBlible  gas  and  air  thus  attaia  a  t^mpciatur*  nearly  equal  lo 
the  initial  hoat  of  the  waste  gaiet,  and  vhen  they  aft«r«urai  bum,  on  eomiog  iato 
conloct  in  the  furnace,  the  temperature  pnidueed  by  combuition  ii  of  Contse  greater 
than  if  the  gas  and  nir  had  been  sapphed  to  the  furnace  at  the  otdinary  temperature. 
By  the  time  tlie  tcmpemtnm  of  the  combustible  gat  and  air  be^ua  lo  decroue 
the  other  pair  of  ehnmberg  will  hare  been  eufficienliy  heated,  and  the  draught  ii  to  b« 
again  reversed,  ho  ae  to  make  the  combustible  gai  and  air  piue  throogh  the  henttd 
chambeim,  while  the  gaeeoufl  product  of  com buAtionpaesea  through  the  cooled  chamben. 
By  thus  reTersing  tbe  draught  at  regular  intervals,  nearly  all  the  beat  ia  retained 
Id  the  furnace  that  would  bo  ollierwieo  carried  off  by  the  gaseous  product  of  oombii»- 
lion.  If  the  beat  of  the  furnace  be  not  abstracled  continnatly  by  charging  into  it 
cotd  materials,  the  temperature  will  increase  aller  each  rerersal  of  the  draught,  and 
by  the  gradual  accumuLatiou  of  best  in  this  way  it  ia  poaaible  to  obtain  Tery  high 
temperatures.  But  it  is  probable  there  must  soou  b«  a  limit  reached  beyond  which 
iaerenso  of  tempeiatura  is  impossible,  for  at  a  high  temperature  water  raponr  and 

Erobably  carbonic  acid  are  decomposed,  and  by  that  change  a  eoosidnmUe  quantity  of 
But  in  rendered  latent. 

With  a  regeneratin  furnace  of  this  kind  JSi.  Siemens  haa  aaeceeded  in  prodocing 
mallenble  iron  and  steel  directly  from  the  ore  in  a  single  operation.  The  faruBce 
ui«d  for  this  porpoae  il  shown  in  section  by  fig.  30,  where  tt  is  "*""    -- *  -  -'  - 

Fio.  30. 


chamber,  and  r&br  the  regenerators ;  a  are  hoppers  formed  of  caal-iron  cylindaia 
supporting  clay  cylinder*  attached  to  them  at  their  lower  ends  and  reaching  down 
into  the  fornsce.  Bound  each  hopper  is  a  Gre  space,  ss,  into  which  Qame  aacends 
from  the  furnac«  sofficiently  to  keep  the  hopper  and  its  contents  red  hot.  Eadi 
hopper  has  also  a  wronght-iron  pipe,  o,  dipping  down  into  it  and  connected  with  a 
main  aboTe,  so  that  a  current  of  ordinary  combostible  gas  tmm  the  gas-pnidaccr  may 
be  forced  in  amongst  the  heated  ore. 

These  hoppers  are  fllled  with  iron  ore,  which  is  charged  inti]  them  from  abore,  after 
some  charcoal  has  at  first  been  introduced  to  form  a  ^Is  for  the  ore  in  starting,  and 
aliout  half  a  ton  of  pig  iron  is  placed  upon  the  bed  or  hearth  of  the  furnace  through 
port-hulee  at  the  back  or  front  By  the  time  the  pig  iron  has  meltc4,  the  on;  in  the 
lower  part  of  the  hoppers  will  hKTe  been  reduced   by  the  action  of  the  gag,  and  th« 
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motallie  ipong^e,  einkiug  down  into  the  bath  of  melted  pig  in>n,  is  reAdily  dissolred  by 
it,  thus  making  room  for  the  upper  portions  of  ore  to  sii^  down,  become  reduced  and, 
in  due  course,  dissolved  in  the  bath  of  melted  iron,  fresh  ore  being  continually 
supplied  ttom.  above.  This  is  continued  until  such  time  as  the  amount  of  carbon  in 
the  melted  metal  has  been  so  far  reduced  as  to  correspond  with  the  kind  of  steel 
required,  and  then  the  charge  is  ran  off  into  an  ingot  mould. 

This  kind  of  furnace  has  also  been  used  for  manufacturing  steel  from  scrap  iron 
and  old  malleable  iron  rails,  the  only  diiference  in  this  case  being  that,  in  place  of 
the  vertical  hoppers  above  described,  the  furnaces  have  slanting  hoppers,  through 
which  the  bars  of  iron  are  introduced,  so  that  their  ends  rest  in  the  bath  of  liquid 
metal,  the  bars  sliding  down  as  the  metal  is  dissolved. 

It  is  probable  that  in  this  operation  the  atmosphere  of  the  ftimace  may  itself  con~ 
tribute  in  part  to  the  production  of  steel  by  direct  carburation  of  the  malleable  iron,  in 
consequence  of  its  being  free  from  the  surplus  oxygen  present  in  an  ordinary  rever- 
beratory  puddling  furnace,  and  being  relatively  much  more  highly  carburetted.  But, 
however  this  may  be,  there  can  be  no  doubt  as  to  the  practical  advantage  of  the  non- 
oxidising  nature  of  the  furnace  atmosphere.  In  consequence  of  this,  and  of  the  small 
consumption  of  fuel,  the  charge  of  metal  may  be  kept  for  some  length  of  time  in  a 
melted  state  without  suffering  injury.  The  progress  of  the  operation  may  be  ascertained 
by  removing  from  time  to  time  a  sample  of  the  metal,  and  thus  the  character  of  the 
product  may  be  regulated  as  required. 

This  metJiod  of  producing  steel,  or  that  kind  of  steely  iron  which  is  now  so  much  in 
demand  for  rails,  has  also  a  further  adrantige  beyond  efi^cting  economy  of  fuel  and 
admitting  of  old  material  being  made  serviceable  again  ;  for,  while  the  ones  from  which 
rails  are  made  generally  contain  too  much  phosphorus  to  admit  of  steel  being  mads 
from  them  directly,  the  malleable  iron  obtained  by  puddling  pig  iron  smelted  from 
those  ores  is  comparatively  poor  in  phosphorus,  the  puddling  operation  being  up  to 
the  present  time  Uie  most  efiectual  means  of  separating  phosphorus  and  sulphur  from 
iron.  B.  H.  P. 


C^'H^N*©'. — ^This  compound,  which  Laurent  obtained  by  boiling 
disulphisatyde  with  acid  ammonium  sulphite  (iii.  404),  is  likewise  produceid  by  the 
action  of  sodium-amalgam  on  isatin,  in  a  solution  kept  acid  by  continual  addition  of 
sulphuric  acid.  It  may  be  extracted  by  ether  from  the  neutralised  solution,  and 
crystallises  from  ether  or  hot  absolute  alcohol  in  small  white  cubes  insoluble  in  water. 
The  alcoholic  solution  forms  with  ammoniacal  silver  nitrate  a  white  precipitate  of 
silver  isatane,  C^H^A^N^O*.  Heated  with  alcoholic  potash  to  130^,  it  forms  potas- 
sium diozindol  and  indiretin : 

C«H"N<0«  +  2KH0  =  C>«H>«K«N«0«  +  C««H»WO* 

(Knop,  J.  pr,  Ckem,  xcvii.  65). 

ISATIC  AOXB*    Syn.  with  TBXoxnmoL.    (See  Indol,  p.  784.) 
The  following  salts  of  bromisatic  acid  have  been  examined  by  Crericke  («/*.  pr»  Chem, 
xcv.  176,  267): 

Potassium  salt,  OH'BrKO'E,  easily  soluble,  cauliflower-like  crystals. 

Sodium  salt,       G*H*BrNO'Na,  warty  crystals. 

Silver  salt,         CH^BrNO'Ag,  light  yellow  needles. 

Barium  salt,  (C*H*BrN0')'6a,  sparingly  soluble  yellow  crystals. 

Copper  salt,  ( C«H»BrNO»)*Cu  +  2H»0,  red  granular  precipitate. 

Lead  salt,  (0>H»BrNO')'Pb  +  2HK),  scarlet  crystalline  precipitate. 

Zinc  salt,  (C«H»BrNO«)«Zn  +  2H«0,     „ 

The  potassium  salt  also  forms  yellow  or  brown  precipitates  with  most  other  metallic 
salts. 

ISJkVnr.  CH*NO'. — On  the  preparation  of  isatin,  see  Gericke  and  Knop  (Jakresb. 
1865,  p.  480).    On  the  constitutional  formula,  see  Indol  (p.  734). 

Isatin  suspended  in  water  is  converted  by  sodium-amalgam  into  dioxindol  or 
hydrindic  acid  (p.  734).  With  tin  and  hydrochloric  acid  it  forms  indiretin,  C'^H^'NK)^ 
(p.  728)^  together  with  another  body  which  separates  as  a  violet-red  powder  on 
evaporating  the  liquid  filtered  from  the  tin  sulphide.  This  body  heated  to  180^  is 
converted  into  a  sublimate  of  yellow  shining  spanffles,  insoluble  in  alcohol,  ether,  and 
bensol,  and  not  attacked  even  by  concentrated  acids  and  alkalis  (Knop). 

Isatin  heated  to  100^  with  hydriodic  acid  of  sp.  gr.  1*4  is  converted,  with  sepa- 
ration of  iodine,  into  isatyde,  Ci*H"N*OS  and  then  at  140°  into  a  dark  green  insoluble 
mass,  which  when  freed  from  iodine  by  washing  with  sulphurous  acid  and  with  water, 
consists  of  three  bodies.    On  treating  this  mass  with  boiling  alcohol,  a  grey,  nearly 
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Llack  residue,  isatochlorin,  is  left,  whilst  a  white  and  a  red  body  pass  into  solution. 
On  mixing  the  alcoholic  solution  with  water,  and  treating  the  resulting  precipitate, 
after  drying,  with  ether,  the  white  substance  is  a  tone  remains  undissolved,  while  th« 
red  substance  isatopurpurin  dissolves. 

hatochlorin,  CH^N^O^,  is  insoluble  in  alcohol,  ether,  and  acetie  add,  bums  with* 
out  melting  on  platinum  foil,  and  dissolves  when  heated  with  tin  and  caustic  soda,  to 
a  yellow  liquid,  from  which  hydrochloric  acid  throws  down  white  flocks  turning  green 
on  exposure  to  the  air. 

Isatone,  C'^H^^N'O',  recrystallised  from  warm  alcohol,  forms  yellowish-white  slender 
needles,  which  melt  when  heated,  and  then  carbonise  without  subliming. 

laatopurpurin,  C*'H*"N*0',  obtained  by  evaporating  the  ethereal  solution  above 
mentioned,  freed  from  a  yellow  substance  by  treatment  with  hot  soda-ley,  and  recry- 
stallised from  glacial  acetic  acid,  forms  slender  needles,  dark  red  in  the  moist  state, 
violet-red  when  dry.  It  is  distinguished  from  indin  (iii.  264)  by  its  larger  amount  of 
carbon,  and  by  its  greater  solubility  in  acetic  acid  and  carbon  bisulphide.  Treated 
with  tin  and  soda-ley,  it  dissolves,  and  the  solution  yields  with  hydrochloric  acid  a 
white  precipitate  wluch  turns  red  in  contact  with  the  air  (Schutzenbergor,  Bull,  Soc. 
Chim.  [2]  iv.  170). 

An  alcoholic  solution  of  bromisatin  heated  with  ammonia  and  evaporated,  deposits 
bromimasatin,  C'*H*Br*N"0",  in  brownish-yellow  crystalline  masses  or  granules. 
On  boiling  bromisatin  with  strong  alcoholic  ammonia,  and  leaving  the  dark  brown> 
red  solution  to  evaporate,  bromimesatin,  C*H*BrN^O,  is  deposited  as  a  yellow- 
brown  crystalline  substance.  Bromamasatin,  C'^H'^Br'N^O'  (?),  is  produced  by 
evaporating  an  aqueous  solution  of  ammonium  bromisatate,  and  remains  on  treat- 
ing the  pasty  residue  with  water,  as  an  orange-yellow  substance,  slightly  soluble 
in  water,  insoluble  in  alcohol  and  ether,  but  dissolving  with  violet  colour  in  acids. 
Bromisamicacid,  C"H"Br'N'0*,  separates  from  the  potash-solution  of  bromama- 
satin, on  neutralisation  with  dilute  hydrochloric  acid,  as  a  powder  of  a  fine  red  colour, 
nearly  insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether.  Its  potassium  salt. 
C'«H'»Br»N»0*K,  and  its  barium  salt,  (C'«H'»Br«N»0*)»Ba,  crystallise  in  sparingly 
soluble  yellow  needles ;  the  solution  of  the  potassium  salt  gives  yellow,  brown,  or 
bluish-red  precipitates  with  most  metallic  salts.  A  hot  alcoholic  solution  of  bromi- 
satin treated  with  hydrogen  sulphide  deposits  a  yellowish- white  powder  consisting 
of  trisulphobromisatyde,  C'H*BrM0JSJ  (?),  and  disulphobromisatyde, 
C«H»BrN0S  (Gericke.  J,pr.  Chem,  xcv.  176,  267  ;  Jaftresb.  1866,  p.  680). 

Compounds  of  laatin  with  Sulpkites  (H.  Schiff,  Ann,  Ch.  Pharm,  cxliv.  45 ;  ZeiUchrn 
f.  Chem.  [2]  iv.  13). — Laurent  showed  that  isatin  unites  at  the  boiling  heat  with  the 
acid  sulphites  of  ammonium  and  potassium,  forming  compounds  which  he  regarded  as 
salts  of  a  peculiar  acid  called  isato-stUpkurous  acid  (iii.  410).  According  to  Schiff, 
these  compounds  are  easily  formed  at  ordinary  temperatures,  and  are  analogous  in 
composition  to  the  compounds  of  the  aldehydes  with  alkaline  bisulphites,  so  that 
the  assumption  of  a  peculiar  isatosulphurous  acid  is  unnecessary.  Isatin,  like  the 
aldehydes,  also  combines  directlv  with  the  acid  sulphites  of  primary  monamines. 

Aniline  salt,  C«H»NO*.C«H'N.SHK)>.  On  mixing  the  solutions  of  isatin  in 
aqueous  aniline  and  in  aqueous  sulphurous  add,  the  colour  of  the  mixture  immediately 
changes  from  orange-red  to  light  straw-yellow,  the  liquid  previously  saturated  with 
isatin  becomes  capable  of  taking  up  fresh  quantities  of  it,  and  the  solution  yields 
on  evaporation  crystals  of  the  compound  of  isatin  with  add  sulphite  of  anilineii 
This  compound  when  separated  from  aqueous  solution  is  always  yellowish;  from 
solution  in  ether  it  is  obtained  in  white  needles  which  shrink  together  consider- 
ably when  pressed  and  dried.  The  corresponding  amylamne-compound  ciystallised 
^m  eAer  has  the  composition  C»H*NO«.C*H»N.SHK)«,  and  is  likewise  easily 
soluble  in  water  and  in  alcohol.  Similar  compounds  are  obtained  with  the  sulphitec 
of  ethylandne  and  toluidine. 

The  preceding  compounds  are  decomposed  by  acids,  with  separation  of  isatin ;  by 
alkalis  with  formation  of  isatates ;  hence  in  an  acid  or  ammoniacal  atmosphere 
they  gradually  assume  a  yellowish  colour.  The  aniline-compound  heated  by  itself 
first  gives  off  sulphurous  anhydride,  then  water,  leaving  a  resinous  mass  which 
solidifies  on  cooling,  and  when  several  times  recrystallised  from  ether-aloohol  yield« 
brownish  crystals  ofphenylimesatin,  C"H"N'0: 

C»H»N0«.C«H'N.SHH)»  -  SO*  +  2H«0  +   C"H"N«0. 

This  latter  compound,  which  contains  the  elements  of  isatin  and  aniline  minus 
H*0,  was  obtained  by  Kngelhardt  by  the  action  of  aniline  on  isatin  in  boiling 
alcoholic  solution  (iv.  486). 

In  like  manner,  amy limesa tin,  C"H'«NK)  «  C»H»NO«  +  C»H'»N  -  U»0,  an4 
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that  an  iodefinifa  number  of  different  Talues  might  be  found  for  the  coefficient  of 
expansion  of  the  same  substance,  by  measuring  it  in  as  many  different  directions. 
These  diffarent  rates  of  expansion  may  however  in  all  cases  be  referred  to  three 
principal  rates  of  expansion  in  three  directions  at  right  angles  to  each  other,  so  that 
the  expansion  in  any  given  direction  may  be  rogaided  as  the  resultant  expansion  due 
to  three  independent  components,  each  of  which  takes  part  in  the  resultant  expansion 
to  an  extent  proportional  to  the  length  of  the  projection  upon  its  own  direction 
of  a  line  parallel  to  the  direction  of  the  resultant  expansion.  Hence  if  a,  a ,  and  a"  are 
the  three  primaiy  coefficients  of  expansion,  the  coefficient  of  expansion  in  any  direction 
making  tke  angles  9,  IT,  and  8^  respectively  with  the  directions  of  the  three  primary 
directions  of  expansion  may  be  represented  by 

D -acoe«»  +  a'eos'J'  +   a"cos»r         .        .        .    (1). 

But,  since  the  angles  8,  V^  and  8"  are  the  angles  made  by  the  same  straight  line  with 
three  axes  at  right  angles  to  eadi  other,  .they  fulfil  the  relation 

cos«  8  +     cos«  8'    +  cos«  r  =r  I        .  .        ,    (2). 

In  the  case  of  amorphoua  substances,  and  those  which  crystallise  in  forms  belonging 
to  the  eiUnoal  system,  the  three  coefficients  of  expansion  are  equal,  or  a  »  a'  »  a'' : 
hence  fonnula  (1)  becomes  D  «-  a  (cos*  8  +  cos*  8'  +  cos*  V)  mt  a.  That  is  to  say, 
the  expansion  of  such  substances  is  the  same  in  all  directions. 

In  crystallised  substances  belonging  to  the  guadratio  and  hexagonal  systems,  the 
coefficient  of  expansion  has  a  special  value  corresponding  to  the  direction  of  the 
principal  erystallographic  axis,  but  the  coefficients  for  all  directions  equally  inclined  to 
the  principel  axis  are  the  same.  Hence  the  expansion  of  such  crystals  can  be  repre- 
sented l^  making  a*  «*  a  in  formula  (I),  which  then  becomes  D  ^  a  cos*  8  + 
a  (cos*  V  +  COS*  V^ ;  or,  since  by  formula  (2)  cos*  8*  +  cos*  8*  =  1  —  cos*  8  =  sin*  8, 
the  expansion  ma^  be  expressed  by  D  »  a  cos*  9  -^  a'  sin*  8.  For  all  directions  perpen- 
dicular to  the  axis,  8  «  90^,  and  consequently  cos  8  »  0,  and  sin  8  »  1 ;  hence  for 
all  such  directions  D  «  i^. 

In  crystals  belonging  to  the  right  prienuUic  eyetem  the  three  principal  axes  of 
expansion  are  parallel  to  the  erystallographic  axes,  but  the  coefficients  of  expansion 
oorresponding  to  them  are  all  unequal.    The  expansion  of  monodinie  crystals  corre- 

2onds  also  to  three  unequal  coefficients  in  directions  at  right  angles  to  eadi  other,  but 
e  relation  between  the  positions  of  the  erystallographic  axes  and  those  of  the  axes 
of  expansion  cannot  be  stated  in  general  terms. 

In  all  eases  the  coefficient  of  eulncal  expansion  is  equal  to  the  sum  of  the  three 
coefficients  of  linear  expansion,  or 

a^  -   a'   +  a  +   o" (8), 

a  relation  which  becomes  a^  »  3a  when  applied  to  amorphous  substances  or  to 

crytftala  belonging  to  the  regular  system,  and  becomes  a^  a  a  -i*  2a'  when  applied  to 

snbsitances  emtallised  in  forms  bdonging  to  the  quadratic  or  hexagonal  systems. 
In  all  eases  also  the  coefficient  of  meanlmear  expansion  is  given  by  the  expression 

««  -  i  («  +  a'  +  O  -  i  V 

Th«  mean  linear  or  the  cubical  expansion  may  thus  be  deduced  from  the  measurement 
•f  one,  two,  or  three  coefficients  of  linear  expansion,  according  to  the  crystalline 
sjstem  to  which  the  substance  belongs.  It  may  however  be  obtained  from  a  single 
meamirement  of  the  coefficient  of  expansion  in  a  direction  equally  inclined  to  the 
three  axes  of  expansion;  for  if  in  sanation  (I)  we  make  8  a  8'  ■■  8^*,  we  get 
D  ■»  (a  -f  •'  4>  a*^  COS*  8.  But,  under  these  conaitions,  equation  (2)  gives  cos*  8  «  ^, 
cxr  a  a  64^  44',  and  therefore  D  »  ^  (a  +  a'  +  a")  «  a^. 

In  the  fbllowing  tables  of  results,  the  letters  A,  B,  and  C  denote  the  coefficients 
of  expansion  parallel  to  the  three  principal  axes  of  expansion  respectively,  M 
denotes  the  coefficient  of  mean  linear  expansion  obtained  by  direct  measure- 
moot  in  a  direction  inclined  at  64^  44'  to  the  axes,  and  M^  the  same  coefficient  cal- 
cnlftted  by  the  formula  «„  «-  i  (a  +  a'  +  a"),  or  when  two  coefficients  are  equal, 
•  -■  K«  +  ^a*).  The  numbers  in  the  first  table  are  given  chiefly  by  way  of  illustra- 
tion  of  the  above-mentioned  relations  between  expansion  and  crystalline  form : 
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the  ailvar  aaU  is  pasty  and  reducible  by  heat ;  the  letd  salt  C^'PbO*  it  %  bnlkj 
precipitate,  becoming  crystallo-granular  when  heated  with  water. 

laOMBBXSNC.    On  the  sinmltaneoofl  fonnation  of  iBomerie  bodies  in  definit* 
|xrop(»rtions,  see  Bosenstiehl  {Compi,  rend.  Izz.  260 ;  Zeiisckr.  /.  Ckem.  [2]  rii.  249). 

laOMOSZV.     See  Mohxk. 

I80VZTB0PBaV0&.     See  Fhskol,  DsiuTATnrBS  ov. 

ZBO-OJLI BUTI JUC   AOZB.     See  Ibobuttbio  Acid,  under  Bumuc  Aon 
(p.  878). 
ZSOPBTBAXZO  ACTDm    See  Fbthauc  Acid. 

Z80PZVZC  ACZB.    See  Oranc  Acn>. 

ZBOPROPACSTZC  AOSD.    See  Valubio  Acid. 

ZBOPmOP AOarova.    See  Eetomss. 

ZBOPSOPn-OAXBT&AIKZra.    See  CrAinDxs,  Alcoholic  (p.  550). 

ZSOPBOPIX-OOMPOUVBS.    See  Pboftl-oomfoumds. 

ZSOP'nOMB&&ZTZC  ACZB.    See  Mellitic  Acid. 

ZSO-WZTZO  AGZB.    C"HK)*.— See  Gavbogb  (p.  628). 

ZTABSOKOP'mOTJkSTAmZO  ACZIM. 


.  See  pTBOTABTABio  Acid. 

ZTACnUbOKOPrmOTAKTAJUC  ACZB8. 


B.) 


ZTACOVZC  AOZB.  C»H«0*  or  CO'H— CH«— C— CH«— CO«H  (see  Acim, 
Organic,  p.  48). — Wilm  (Ann.  Ch.  Pharm.  cxli.  28)  prepares  this  acid  by  sobjectiiig 
citric  acid,  preriously  dehydrated  oyer  the  water-bath,  to  diy  disUllation,  till  the 
distillate  exhibits  a  light  brown  colour,  and  heating  this  distillate,  which  is  a  con- 
centrated solution  of  citraconic  acid,  to  120^-130^  in  sealed  tubes,  whereby  it  is 
quickly  converted  into  itaconic  acid.  The  contents  of  the  tube  solidify  on  cooling  to 
a  cr}'8talline  mass  of  itaconic  acid,  which  separates  from  concentrated  aqueous 
solution  in  rhombic  octohedrons,  aggregrtted  into  a  hard  crust. 

Itaconic  acid  heated  with  aqueous  hydrobromic,  hydrochloric,  and  hydriodic  acids, 
unites  directly  therewith,  forming  itamonobromopyrotartaric  acid,  (>H^rO^  and 
the  corresponding  acids  OH'CIO*  and  C*H'IO^  With  excess  of  hydriodic  acid 
iodine  is  separated,  and  pyrotartaric  acid,  OHH)*,  is  produced.  Itaconic  acid  treated 
with  chlorine  is  converted  into  itadichloropyrotartaric  acid,  G*H*CI'0*  (Swarts, 
BuU.  Soc.  Chim.  [2]  iv.  374;  Jakreab.  1865,  p.  392;  1866,  p.  404).  See  Ftbo- 
TABTARic  Acid. 

Paraoonlo  Aotd.  OH*0^ — An  acid  isomeric  with  itaoonie  acid,  produced  by 
abstraction  of  HCl  from  itamonochloropyrotartaric  acid.  It  is  prepared  by  heating 
this  chlorinated  acid  with  water  to  140°  for  several  hours  in  a  sealed  tub»— Kir  better 
by  boiling  it  for  48  hours  in  an  open  vessel — neutralising  with  calcium  carbonate, 
precipitating  the  calcium  salt  of  itamalic  acid,  formed  at  the  same  time,  with  alcohol, 
mixing  the  filtrate  with  ether,  and  decomposing  the  calcium  paraoonate  thereby 
separated,  with  oxalic  acid.  A  better  mode  of  preparation  is  to  boil  the  solution  of 
itachloropyrotartaric  acid  with  silver  carbonate.  The  filtered  liquid  on  codLing 
deposits  hard  shining  crystals  of  silver  paraconate,  from  which  the  acid  may  be 
separated  by  hydrogen  sulphide. 

Paraconic  acid  forms  a  crystalline  mass  resembling  itamalic  add.  It  is  veiy 
soluble  in  water  and  in  alcohol,  sparinglv  in  ether ;  melts  at  about  70® ;  is  converted 
by  dry  distillation  into  citraconic  anhydride,  C^H^O',  and  by  hydzobromie  add  into 
itamonobromopyrotartaric  acid. 

Paraconic  acid  is  monobasic.  The  metallic  paraconates  have  a  great  tendeiM^  to 
change  into  itamalates,  the  latter  being  formed  indeed  whenever  paraconic  acid  is 
neutralised  with  a  base.  The  paraconates  are  prepared  by  decomposing  silver 
paraconate  (obtained  as  above)  with  a  metallic  chloride,  but  even  then  the  product  is 
sometimes  not  a  paraconate,  but  an  itamahite.  The  most  stable  paraconates  are  the 
calcium  and  silver  salts.  The  calcium  salt  ^C^H^O^)*Ca  +  3HH)  is  easily  soluble, 
and  crystallises  in  slender  shining  needles,  which  give  up  1  mol.  water  on  exposure 
to  dry  air,  the  other  two  at  120"^.  The  silver  salt  C*H*0«Ag  oystaUiaes  ^m  hot 
water  in  stellate  groups  of  needles,  and  when  boiled  with  silver  oxide  is  eoaveited 
into  itamalate.  The  sodium  salt  C^H^O^Na,  crystallises  by  evaporation  in  a  vacuum 
in  confused  deliquescent  needles ;  its  solution  becomes  acid  when  heated,  and  then 
after  neutralisation  yields  the  gelatinous  sodium  salt  ai  itamalie  acid  (Swarts, 
Jahresb.  1867,  p.  474). 

ZTA-ZOSOPTBOTJULTBJUC  ACZDB.    See  Pyrotabtabic  Acid. 
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CO  AOUK  G*H*0*  (Swarts,  BvU.  Acad.  Bdg.  [2]  zziy.  26 ;  BM, 
.Sdc.  Clwm.  [2]  iz.  817 ;  Laboratorv^  p.  869). — ^This  acid,  homologoiu  with  malic  add, 
is  produced  by  heatiog  itamonochloropyiotartario  aeid  with  bMes,  tho  change  con- 
siaUng  in  the  replacement  of  the  chlorine  by  hydrozyl : 

C»H'C10«  +  HK)  -  C«H»0»  +  HCl. 

When,  howerer,  water  alone  \b  used,  paraoonic  add  is  formed  at  the  nme  time^  which 
is  difficult  to  separate.  It  is  better,  therefore,  to  boil  the  chlorinated  acid  in  dilute 
solution  with  an  alkaline  carbonate  till  it  is  neutralised,  then  eyaporate,  saturate 
with  hydrochloric  acid,  expel  the  excess  of  the  latter  by  heating  over  Uie  water-bath ; 
extract  the  itamalic  acid  by  means  of  ether  free  from  alcohol ;  distil  off  the  greater 
part  of  the  ether ;  and  crystallise  the  itamalic  add  over  sulphuric  add.  A  still 
better  method  is  to  heat  a  solution  of  the  chlorinated  acid  with  caldum  carbonate  as 
long  as  carbon  dioxide  continues  to  escape,  then  cTaporate  to  a  syrup,  and  add  a 
large  quantity  of  alcohol,  which  dissolves  the  calciimi  chloride^  and  throws  down  a 
gummy  mass  consisting  of  a  soluble  modification  of  itamalate.  On  decanting  the 
alcoholic  liquid,  and  heating  this  mass  with  a  fresh  portion  of  alcohol,  it  is  trans- 
formed into  a  pnlTerulent  insoluble  predpitate,  which  is  easily  washed,  and  may  then 
be  suspended  in  water,  and  decomposed  with  a  quantity  of  oxalic  add  exactly 
suffident  to  remove  the  calcium.  The  filtered  solution  may  then  be  evaporated  and 
left  to  crystallise  over  sulphuric  acid. 

Itamalic  add  ciystallises  from  a  syruny  solution  in  long  white  interlaced  needles. 
It  is  extremely  soluble  in  water,  and  rapialy  absorbs  moisture  from  the  air ;  dissolves 
also  in  alcohol  and  in  ether ;  has  a  pleasant  sour  taste,  but  no  lonelL  It  melts  at 
60^-66^,  and  volatilises  with  vapour  of  water  even  at  100^.  It  is  resolved  by  dry 
distillation  into  water  and  itaoonic  add,  OH'0^  which  is  partly  converted  by  fiorther 
dehydration  into  dtraconic  anhydride,  G*H^O',  just  as  malic  add,  C^H'O*,  is  resolved 
into  water  and  Amiaric  acid,  G^H^O*,  and  converted  by  fteher  dehydration  into 
maleic  anhydride,  C*H*0*. 

The  relation  of  itamalic  add  to  itaoonic  and  itachloropyrotftrtaric  add  is  represented 
by  the  following  formulse : 

COOH  COOH  COOH 

CHH  CHH  GHH 

C  CHCl  CHOH 

CHH  CHH  CHH 

COOH  COOH  COOH 

Itaoonio*  Itachloro-  Itamallo. 

pyrotartaiio. 

Itamalic  add  is  therefore  triatomic  and  bibasie,  and  may  be  represented  by  the  typical 

^       )o 

formula  (C^H'O*)"  \  ^,.    When  heated  in  a  sealed  tube  with  hydrobromic  add,  it  gives 

H«       )" 
up  its  alcoholic  hydroxyl  in  exchange  for  bromine,  and  is  converted  into  itamonobrano* 

Br       ) 
pyrotartaric  add,  (C»H*0«)'  \  0«. 

H»  j 
Itamalic  acid  forms  both  add  and  neutral  salts*  The  latter  may  be  formed  by  double 
decomposition,  when  insoluble,  or  by  decomposing  itachloro-  or  itabromo-pyrotartaric 
acid  with  metallic  hydrates  or  carbonates.  They  have  a  remarkable  tendency  to 
assume  at  first  a  pitcher  or  gummy  state,  but  may  be  rendered  pulverulent  and  crystal- 
line by  prolonged  boiling  with  water.  A  neutralised  solution  of  itamalic  add  forms 
a  brownish-red  gelatinous  predpitate  with  ferric  salts ;  greenish-blue  with  cupric  salts 
after  some  time  or  on  boiling ;  white  with  lead  nitrate  (with  the  acetate  only  on  addi- 
tion of  ammonia) ;  and  with  silver  nitrate  a  white  gelatinous  prednitate,  soluble  m 
boiling  water,  insoluble  in  a  solution  of  silver  nitrate,  and  depodted  after  prolonged 
boiling  in  the  form  of  a  crystalline  powder.  The  add  itamalatea  may  be  obtahied  by 
the  oidinaiy  methods,  or  by  heating  the  aqueous  solutions  of  the  paraconatea :  . 

C»H»M'0*  +  H*0  -  C»H«(Mia)0» 
Paraconate.  Acid  Itamalate. 

Sodium  Itamalate,  C^H'Na'O*,  is  obtained  by  boiling  itachloropyrotartaric  acid  with 
sodium  carbonate,  cmd  mixing  the  neutral  solution  with  alcohol,  as  a  syrupy  liquid, 
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which  by  prolonged  boiling  with  water  is  cunreited  into  a  ciTstalline  hhub.  Tde  aoJ 
ammonium  salt  C*H^(NH*)0*.OH*0*  remains  on  erapcxating  its  aolntion  orer 
sulphuric  acid,  as  a  fibrous  mass,  separating  ftom  hot  alcohol  in  small  heocagpoiial 
tables  like  barium  chloride.  The  calcium  salt  OH*GaO*  +  H*0,  ptefand  as  abofv 
described,  forms  a  chalky  powder  more  soluble  in  oold  than  in  hoi  water,  ajid  eonToted 
by  long  contact  with  cold  water  into  the  gummy  soluble  modifieationL  Kitrie  add 
Gonrerts  it,  not  into  an  add  salt,  but  into  the  trihydrated  salt  C*H*C^O*  +  3HK>,  wiikk 
separates  in  small  hard  crystals.  The  lead  salt  OH'PbO*,  obtained  by  precipitatieQ, 
forms  a  curdy  mass  which  melts  in  hot  water  (like  the  malate),  bat  loaea  this  propatj 
after  long  boiling.  The  silner  salt  C*H*AgH)*  is  a  gelatinous  precipitate,  probaUj 
containing  1  mol.  water ;  it  dissolves  in  hot  water,  and  separates  after  pcoloDgBd 
boiling  as  a  crystalline  powder.  The  copper  salt  C'H'CnO^  is  preci|Htated  sloviy 
from  hot  solutions  as  a  greenish-blue  ciy^alline  powder ;  by  neutraliaing  the  free  arid 
withcupric  hydrate,  the  baste  salt  2C*H*CuO\CuO  is  obtained.  Etl^iie  Uamalak 
is  a  colourless  liquid  baring  an  agreeable  peppezy  odour,  but  not  dJK^ilHng  wit*^  ^ 
decomposition. 

ITATJkSTAmZO  AOIB.  C*H*0*  (Wihn,  Ann.  Ck.  Pkarm.  cxlL  28).— An 
produced  by  the  action  of  hvpochlorous  acid  upon  itaoonic  acid.  When  a  1  p.  cl  Br>l*- 
tion  of  hvpochlorous  acid  mixed  with  the  levigated  mercuric  oxychloride  fomied  in  its 
preparation  (p.  438)  is  gradually  added  to  a  solution  of  sodium  itaoonate  eontainiog 
not  more  than  2  p.  c.  of  the  salt,  cooled  by  ice  and  excluded  from  light,  the  liquid  is 
five  or  ten  minutes  loses  the  odour  of  hypochlorous  acid  and  acquires  an  agreeable  odour 
of  chloroform.  With  more  concentrated  solutions  the  action  is  so  violent  that  eoni- 
plete  decomposition  takes  place,  attended  with  evolution  of  carbon  diozidai  Tbs 
filtrate  freea  from  mercurv  by  hydmgen  sulphide  contains  the  additive  prodiKt 
C'H'CIO*  (which  may  be  dissolved  out  by  ether,  but  cannot  be  separated  in  the  pun 
state),  and  on  evaporating  the  solution,  this  compound  is  converted  into  itatartaric  add, 
as  shown  by  the  equation : 

C»H»C10»  -I-  H«0  -  Ha   +  C^"0«. 

To  obtain  the  itatartaric  acid,  the  liquid,  freed  from  hydrochloric  add  by  repeated 
evaporation,  is  precipitated  by  lead  acetate  with  addition  of  ammonia ;  the  washed 
precipitate  is  decomposed  by  hydrogen  sulphide ;  the  filtrate  is  carefully  concentrated^ 
tlien  freed  from  the  rest  of  the  chlorine  by  silver  carbonate,  and  from  silver  by  hydro- 
gen sulphide,  and  left  to  evaporate  in  a  vacuum.  Or  the  residue,  coosistiog  of 
itatartrate  and  chloride  of  sodium,  is  mixed  with  the  requisite  quantity  of  sulphuric 
acid,  and  the  acid  extracted  from  the  dried  mass  is  purified  by  conversion  into  a  lead 
salt. 

Pure  itatartaric  acid  is  amorphous,  vitreous,  smells  like  honey  when  gently  heated, 
deliquesces  in  the  air,  dissolves  easily  in  alcohol,  and  does  not  volatilise  perceptibly  at 
100®  with  aqueous  vapour.  The  itamalates  of  the  alkali-metals  do  not  crystallise ; 
they  prevent  the  precipitation  of  ferric  oxide  and  cupric  oxide  by  alkalis.  Calcium 
itatartratSf  0*H*CaO'  +  H'O  (?),  forms  crystalline  masses  sparingly  soluble  in  water. 
The  barium  salt  C^H'BaO'  (at  100°)  is  amorphous,  easily  soluble  in  water,  and  pre- 
cipitable  therefrom  bv  alcohol.  The  copper  and  tine  salts  are  amorphous  and  easily 
soluble.  The  lead  salt  C*H*PbO*  is  sparinglv  soluble  in  water,  and  crystaUises  from 
a  mixture  of  the  ammonium  salt  with  lead  acetate  in  highly  lustrous  monodinie 
tabular  crystals  with  trancated  summits.  The  silver  salt  OH*^*0'  is  a  bulky  pre- 
dpitate  soluble  in  water,  but  not  recrystallisable  without  decomposition. 

Itatartaric  acid  is  resolved  by  dry  distillation  between  125®  and  170®  into  cariwn 
dioxide,  water,  and  pyro-itaracemicacid,  C^H*0*,  which  condenses  in  oily  streaks 
in  the  neck  of  the  retort : 

C»H«0«  -  C0«  +  H«0   +   OHW; 

between  190®  and  280®  coloured  empyreumatic  products  are  formed.  On  evaporating 
the  distillate  over  sulphuric  acid  in  a  vacuum,  pyro-itaracemic  acid  remains  as  a  mass 
having  an  add  odour,  easily  soluble  in  water  and  in  alcohol,  volatilising  with  vapour 
nf  water.  Its  salts  do  not  crystallise.  The  banum  salt  (C*H*0»)*Ba  +  H»0  (dried  at 
100®)  is  amorphous  and  glossy;  the  lead  salt^  which  is  likewise  amorphous,  is,  after 
drying,  sparingly  soluble,  but  hygroscopic;  the  silver  salt  is  soluble  and  very  easily 
ieoomponblo. 
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I.    On  the  composition  and  localitiefl  of  several  Tarieties  of  this  mineral,  see 
Damour  {Qympt.  rend.  Ivi.  861 ;  Ixi.  813,  867 ;  Jahresb,  1866,  p.  880). 

JABOSZTSi    This  mineral,  from  the  Sierra  Almagrera  in  Spain,  has,  according 
to  Ferber  (Jakredf.  1864,  p.  860),  the  composition  K>S0\6FeH)*.S0*  -i-  lOaq. 


An  ochre-yellow  jasper  of  sp.  gr.  2*69  from  Isle  Boyale  in  Lake 

Superior,  has,  according  to  Stieren  (Mresb.  1864,  p.  848),  the  composition  67 '38  p.  c 
SiO«,  24-87  A1*0«,  168  MgO,  3-23  Fe«0»,  1*29  K«0,  and  168  water. 


This  name  is  given  bj  Brash  (Sill.  Am.  J.  [2]  xli.  248)  to  the 
chloritic  mineral  from  the  serpentine  of  Westchester,  Pennsylvania,  formerly  regarded 
by  him  as  a  variety  of  vermiculite  (v.  997),  but  now  recognised  as  a  distinct  species, 
inasmuch  as  it  is  optically  biaxial.  A  similar  mineral,  also  laminar  and  decrepi* 
tating,  hub  lately  been  found  in  Japan,  on  the  peninsula  of  JB^adausa,  south  of  Yeddo. 

jroUbTTB.  A  mineral  related  to  hisingerite,  from  Bodenmais  in  Bavaria.  It  is 
compact,  with  flat^conchoTdal  and  splintery  fracture,  of  dark  brown  colour,  translucent 
wiUi  green  or  brown* red  colour  in  thin  splinters ;  powder  leek-green  to  light  greyiuh- 
green.  Lustre  faintly  unctuous.  Hardness  »*  3.  Sp.  gr.  s  2*61.  Melts  with  diffi- 
culty before  the  blowpipe,  with  slight  intumescence,  to  a  black  slightly  magnetic  or 
non-magnetic  mass.  Gives  by  analysis  86*66  SiO«,  27*77  A1*0",  16*67  FcO,  6*66  MgO, 
and  13-18  water,  corresponding  with  the  formula  3(2FeO ;  HgO.SiO*}.2(2Al*0*.SiO*) 
+  12H«0  (v.  Kobell,  J.  pr.  Chem.  xciv.  496). 

70X]>AVZTa«  A  rhombic  sulphur-compound,  not  yet  analysed,  but  probably  a 
sulpharsenite,  occurring,  together  with  dufrenoysite  (ii.  347),  in  Uie  Binnenthal  (G.  v. 
Bath,  Pog^.  Ann.  cxxii.  371 ;  Jahresb.  1864,  p.  827). 

JVOSJkVB.  The  green  shell  of  the  walnut  (JugUtns  regia)  contains  a  yellow 
substance  {remanin)  which  crystallises  in  elongated  octohedrons  or  needles,  dissolves 
easily  in  alcohol  and  in  benzol,  and  changes  in  a  few  hours  into  an  acid  (re^rt'ontc  acid), 
C*H>^^  which  is  black,  amorphous,  resinous,  forms  with  alkalis  soluble  salts  having 
a  fine  purple  colour,  and  with  lead  oxide  an  insoluble  brown-violet  salt,  PbO .  C*H"0' 
(Phipson,  CoTnpt.  rend.  Ixix.  1372).  Regianin  appears  to  be  identical  with  Vogel  a. 
Bei8chauer*s  nuein  (iv.  143).    The  episperm  ox   the  nut  contains  a  tannin.    (See 

NucrTANKIM.) 


K 

L  J.  B.  Pearse  {SiU.  Am.  J.  [2]  xxxvii.  211)  has  analysed 
three  differently  coloured  varieties  of  this  mineral  from  Lancaster  County,  Pennsyl- 
vania, in  rhombic  crystals  of  hardness  2*76,  resembling  many  varieties  of  chlorite :  A. 
pure  green ;  sp.  gr.  2*356 ;  B.  reddish-green  ;  C.  red ;  sp.  gr.  2*383. 

8I0*  A1»0"  CrH>"        FeO  NIO  OaO  MgO  H«0 

A.  28-622  18*376  1*967  3*734  0*370  1*446  32126  14026  •>  100*664. 

B.  31*867  13*746  2164  2*370  0*216  1*273  34*901  13*982  -  100*498. 
0.  31*316  12*840  2*986  2*476  0*460  0*816  36020  13*200  -  99*100. 

From  these  analyses,  Pearse  calculates,  for  the  green  variety  the  formula 
2A1K>'.  9MgO .  6SiO'  +  8H'0,  and  for  the  red  and  reddish-green  varieties,  which  may 
be  regarded  sa  identical,  the  formula  2Al*OM3Mg0.7SiO*  +  10H>0. 

According  to  J.  P.  Cooke  {ibid,  xli  v.  201),  the  crystals  of  kcemmererite  are  optically 
biaxial,  exhibiting  faint  hut  distinct  positive  double  refraction ;  they  are  also  dichroib, 
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the  crystals  of  the  yiolet  variety  (yiolet  chrome-chlorite)  transmitting  light  with  Tk>kt 
colcur  in  the  direction  of  the  optic  axis,  while  in  all  directions  at  right  angles  to  ths 
axis  the  ordinary  ray  is  violet,  the  extraordinazy  ray  hyacinth-red. 


(Ax>m  Kaip6s,  new).  A  double  salt,  consisting  mainly  of  _ 
chloride  and  magnesium  sulphate,  occurring  in  the  Leopold  shaft  of  the  Stasifait 
salt-works.  It  forms  a  fine-grained  mass  of  yellowish  or  grey  oolour ;  doe^  not 
become  moist  in  the  air,  but  effloresces  over  sulphuric  acid.  According  to  Rammd«- 
berg  (J.  pr.  Chem.  xcix.  63;  Jahresb.  1867,  p.  961),  it  consists  of  KCi.ldf^*  -t- 
3HK),  about  |  of  the  potassium  being  replaced  by  sodium.  The  purer  yellow  vazvt; 
gave  by  analysis  14*52  p.  c  CI,  13*54  &,  130  Na,  32*98  SO*.  16*49  MgO,  and  Sli» 
water.  Its  aqueous  solution  first  deposits  the  known  double  salt  K'Mg^SO*)'  'i- 
6H'0;  afterwards  magnesium  sulphate,  MgSO^  +  7HH),  while  the  chlorides  of 
magnesium  and  potassium  remain  in  the  mother-liquor.  The  magnesio-potsisBe 
sulphate  is  likewise  precipitated  from  the  solution  of  kainite  by  alcohol  (Rjuninds- 
berg).  See  also  Zin^n  and  Reichardt  (Jaknsb,  1865,  pp.  899,  900).  Aceordii^  to 
Frank  {Jahresb.  1868,  p.  1019),  kainite  contains  36*34  E*SO«,  25*24  HgSO«.  18-95 
MgCP,  and  19*47  H*0,  agreeing  with  the  formula  K'Mg(SO«)'.Hga*  +  6HK). 


.,  ■«^r,»-^«—  S.  W.  Johnson  and  J.  M.  Blake  (SliS.  Jm.  J.  [^] 
zliii.  351,  405)  propose  the  name  Kaoiinite  for  the  minerals  hitherto  designated  as 
phalerite,  nacrite,  lithomarge,  and  kaolin.  They  also  describe  a  kaoiinite  oocurriiig 
on  Summit  Hill,  Pennsylvania,  in  small  scaly  crystals,  and  containing  46  ^3  p.  e: 
SiO*,  39*81  A1*0*,  with  traces  of  feiric  oxide,  and  1402  water.  Fw  analysis  of 
kaolin-earths  from  various  localities,  see  L.  Knaffl  {Dingl,  pol.  J.  dzxiv.  292; 
Jahresb.  1864,  tk  846). 

To  distingush  kaolin  from  common  day,  Eisner  {Dingl.  dxxv.  85)  agitates  it  in  a 
test-tube  with  pure  strong  sulphuric  acid,  till  a  uniform  mixture  is  pTOdaced ;  decants 
the  acid  after  subsidence;  oilutes  it  carefully  with  six  volumes  of  water;  and 
supersaturates  the  cooled  solution  with  ammonia.  Kaolin  thus  treated  separates  but 
slowly  from  the  strong  acid,  and  the  diluted  add  solution  gives  an  immediate  whita 
precipitate  with  ammonia;  whereas  ordinary  clay  is  but  slightly  attacked  by  ths 
acid,  separates  quickly  f^m  it,  and  the  acid  after  dilution  gives  but  an  insignificant 
precipitate  with  ammonia. 


or  OlBIOTiITB  (i.  836).  An  apple-green  variety  of  this  mineral, 
from  Lake  Itkid  in  the  Ural,  was  found  by  R.  Hermann  (J.  pr»  Chem,  xcv.  134)  to 
contain  47*06  p.  c  SiO',  31*81  MgO,  2*80  NiO,  and  18*33  water. 

MMKOmwrn*  AoeUmu  (Friedel,  Compt.  rend,  zlv.  1013;  zlvii.  652;  Iv.  53; 
Ann.  Ch.  Pharm.  cxii.  236,  376.  Freund,  Ann.  Ch.  Pharm.  cxriii.  1.  Frankland  a 
Duppa,  Phil.  TVoflM.  dvi.  37 ;  C^«m.  Soe.  J.  [2]  ir.  396;  v.  102;  Jakretb.  1865, 
p.  304;  1867,  p.  394.  Geuther,  Jahresb.  1863,  p.  323;  1865,  p.  302.  Wanklyn, 
Chem.  Soe.  J.  [2]  ii.  371 ;  Chem.  News,  xviii.  121,  181 ;  Jahresb.  1864,  p.  461 ;  1868» 
p.  509). — Oiganic  oompounds  consisting  of  carbon  monoxide  united  with  two  aleofad- 
zadides;  e.g,. 

Common  Acetone,  CO  j  q^s' 

The  two  alcohol-radicles  may  be  either  similar,  as  in  the  example  just  given,  or 
they  may  be  dissimilar ;  e.g., 


Methyl-ethyl  Ketone,  CO  j  ^^'^ 


.  Sometimes  the  ketones  are  written  as  consisting  of  add-forming  ladide  united 
with  aloohol-radide.  This  was  the  case  in  Gerhardt's  7\raiti  de  C&mie  organijue. 
But,  inasmuch  as  it  has  been  shown  that  methyl-propionyl  and  acetyl-eUiyl  are 
identically  the  same  things  (see  Popoff,  Jaharesb.  1867,  P.  399),  we  are  compelled  to 
regard  the  distinction  between  the  acid-forming  and  alcohol-radide  as  lost  in  the 
production  of  the  ketone.  Moreover,  ketones  are.  actually  generated  by  union 
between  carbon  monoxide  and  nascent  alcohol-radides ;  e.g., 

CO  +  2NaC»H»  -  Na*  +  CO(C»H»)«. 

The  ketones  form  a  very  well-marked  natural  family,  and  exhibit  the  closest 
resemblance  to  one  another.  All  the  lower  members  of  the  family  are  thin  colourless 
liquids,  possessing  a  peculiar  penetrating  smell,  which  deserves  to  be  called  the 
ketone-smoll.  The  lowest  ketone,  viz.  common  acetone,  is  soluble  in  water  in  all 
proportions;   and  all  the  ketones  are  perceptibly  soluble  in  water,  and  likewise 
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dissolve  a  oortftiii  qoAotity  of  water,  which  thej  retain  with  some  degree  of  obstiiiacy. 
Ketones  have  little  or  no  tendency  to  take  up  oxygen  from  the  air,  in  this  respect 
being  different  from  aldehydes,  which  hare  this  tendency,  and  are  composed  of 
carbon  monoxide  with  one  equiTalent  of  aloohol-radide  and  one  equivalent  of 
hydrogen;  «.y., 


Ketones  undergo  very  precise  oxidation  by  treatment  with  a  mixture  of  bichromate 
of  potash  and  dilute  sulphuric  acid  of  a  certain  strength  (viz.  a  solution  containing 
8  per  cent,  of  the  bichromate,  and  just  enough  sulphuric  acid  to  form  chrome-alum). 

The  products  of  oxidation  bv  means  of  sncn  a  chrome-solution  employed  at 
temperatures  not  exceeding  100°  are  acids  of  the  acetic  series.  A  very  simple  law 
appears  to  govern  the  course  taken  by  the  oxidation,  viz.  that  the  carbon  monoxide 
becomes  attached  to  the  lower  of  the  two  alcohol-radicles.  Thus  methyl-amyl  ketone 
gives  acetic  and  valerianic  acids : 

COJ^g'i  +  O*  -  C«H«0»  +  C»H"0«. 

In  accordance  with  this  law,  methyl-ethyl  ketone  gives  only  acetic  acid,  and  not 
acetic  and  propionic  acids : 

COIS.?!  +  0«  -  2C«H«0«. 


!8.i:  ^  0* 


In  the  instance  of  the  simplest  possible  ketone,  viz.  dimethyl-ketone,  which  is 
common  acetone,  the  products  are  acetic  acid  and  formic  acid,  the  latter,  however, 
from  its  instability,  rapidly  passing  into  carbonic  acid  and  water  on  prolonged 
oxidation : 


COJ^]^  +  0«  -  C«HW  +  C0«  +  H«0. 


In  the  instance  of  ketones  containing  any  other  normal  alcohol-radicles,  and  even 
when  the  radicles  are  to  some  degree  iso-compounds,  the  oxidation  of  the  ketone  by 
means  of  the  above-mentioned  chrome-solution  is  an  operation  yielding  two  atoms 
of  acid  with  almost  mathematical  precision.  When,  however,  the  alcohol-radicles  are 
in  a  marked  degree  iso-radides,  the  oxidation  becomes  irregular.  Thus,  methyl- 
isopropyl  ketone  may  be  expected  to  give 

^^lcH(CH«)«  +  0*  -  2C«H*0«  +  C0«  +  H»0. 
Ketones  can  also  take  up  hydrogen,  and  thereby  pass  into  secondary  alcohols ;  «.y.. 


C0J^5*+H« 


CH» 


rcH« 

CH» 
H 
OH 


This  reaction  is  effected  by  the  employment  of  sodiun^-amalgam  in  presence  of  water 
(Friedel). 

Those  ketones  which  contain  methyl  en,ter  iQto  combination  with  alkaline  bisul- 
phites, and  form  compounds  which  are  often  beautifully  crystalline,  and  from  which 
by  distillation  with  a  caustic  alkali  the  ketone  i^y  bp  recovered  in  its  original  state. 
Ketones  not  containing  methyl  do  not  form  compounds  with  alkaline  bisulphites,  or 
form  them  only  with  the  utmost  difficulty. 

The  ketones  are  produced  in  the  following  reactions : 

1.  By  the  action  of  carbon  monoxide  on  the  compounds  of  the  alkali-metals : 
CO   +   2NaC«H»  «  Na«  +   CO(C«H»)«  (Wanklyn). 

2.  By  the  action  of  the  chloride  of  an  acid-radicle  on  the  zinc-compound  of  an  alcohol 
radicle:  C»H»0C1  +  Zn(CH»)«  =  C*H«a.CH^  +  ZnClCH*  (Pebal  a.  Freund). 

8.  By  distillation  of  the  baryta-  or  lime-salts  of  the  fatty  acids,  this  being  the 
original  process  by  which  common  acetone  was  first  piepared : 

(OOCffOIjo.  .  CO  jo,  ^  CD(CH.).. 

If  a  mixture  of  the  salts  of  two  different  fatty  -acids-  be  employed,  the  product  is  a 
ketone  containing  different  alcohol-radicles  (Williamson)  : 
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HEAT. 


The  phenomena  attending  the  Taporisation  of  liqnidB  under  Toy  greet  praran 
(already  mentioned  in  yol.  iii.  pp.  96,  96)  hare  been  fiirther  inrestigated  bj  Andmri 
U^M'  2Vai».  1869,  p.  575),  for  an  aooount  of  whose  reeulte  see  the  aitide  Cuaa 
OziDBS  in  this  Tolume  (p.  401). 

Seat  of  Cliemloal  Aotton.  Nnmerons  determinations  of  the  heating  efbda  of 
chemical  action,  eepeciaUy  in  relation  to  the  mntoal  action  of  adds  and  buei,  hn 
been  made  by  Thomsen  of  Copenhagen  {Pogg.  Ann,  czzzriii.  65,  205,  495 ;  ozxix. 
198;  czL  88,  497  *,  abetr.  ZaUckr,  /.  Ckem.  1870,  p.  538).  His  principal  rmilti  an 
contained  in  the  tables  ^ren  on  this  and  the  preceding  page,  the  first  nf  which  pm 
the  quantity  of  heat  (in  hundreds  of  gramme-degrees)  produced  by  the  action  of 
1  moleenlar  pro]^rtion  (in  grammes)  of  each  of  the  acids  named  upon  a  moleedfls  of 
sodium-hydrate  u  aqueous  solution ;  the  second  g^ree  the  quantity  of  best  (similulj 
expressed)  which  is  produced  by  the  action  of  1  molecule  of  sodium-hyditte  on 
a  molecules  of  each  acid,  also  in  aqueous  solution  (200  molecules  of  water  to  1  mole- 
eule  of  sodium-hydrate  or  of  acid). 

Tablb  n. 
1  Mtieemk  of  Sodium  h^rate;  a  fMteouiea  qf  Adi. 


i 

a 

' 

Nameof  Aold 

• 

'       2 

1 

i 

i 

i 

k 

1.  Monohano  acids : 

Hydrochloric 

187 

137 

68-5 

Hydrobromic 

187 

137 

68-5 

Hydnodic     .... 

186 

137 

68-5 

Hydrosulphuric 

77 

77 

39 

Hydrofluoric 

160 

163 

82 

Hydrocyanic 

28 

28 

14 

Nitric  .        •                .        . 

136 

187 

68 

Hypophoephorous . 

154 

152 

76 

1 

Metaphosphoric    . 

142 

144 

— 

Formic          .... 

_ 

132 

— 

• 

Acetic 

132 

132 

66 

2.  Bibasie  acids : 

Hydrofluosilicic    . 

— 

133 

183 

-^ 

— 

Sulphuric     .... 

142 

146 

155 

— 

78 

Selenic          .... 

148 

152 

« 

76 

Sulphurous    .... 

— 

159 

145 

_ 

78 

Selenious      .... 

— 

148 

135 

—^ 

69 

Hyposulphuric 

— 

— 

135 

—' 

— 

Chromic        .... 

131 

124 

— 

68 

Phosphorous 

149 

148 

142 

96 

— 

Carbonic  (aqueous  solution)  . 

— 

110 

101 

.... 

51 

Boric 

129 

111 

100 

68. 

— 

14 

Silicic 

65 

43 

26 

13*5 

— 

Stannic         .... 

^_ 

... 

•_ 

24 

— 

Ozalio 

138 

138 

141 

^-. 

71 

— 

Succinic        .... 

— 

124 

121 

_• 

61 

— 

Tartaric        .... 

_ 

124 

127 

86 

... 

— 

3.  TMasicaeids: 

Citric 

124 

125 

127 

69 

Orthophosphoric  . 

147 

148 

135 

.    118 

-— 

S9 

Arsenic         .... 

147 

150 

138 

12Q 

— 

62 

4.  Tetrabasic  acid : 

Pyrophosphoric     • 

— 

144 

143 

-  1 

133 

91 

From  these  results  Thomsen  draws  the  following  general  conclusions : 

a.  When  1  molecule  of  an  acid  acts  upon  sodium  hydrate  in  aqueous  solution,  th« 

evolution  of  heat  is  very  nearly  proportional  to  the  quantity  of  soda,  until  thissmwBts 

to  1,  2,  8,  or  4  molecules  aocoraing  as  the  acid  is  monobasic,  bibasie,  trihssici  <* 

tetrabasic  respectively. 
5.  When  1  molecule  of  sodium  hydrate  acts  upon  an  acid  in  aqueous  sohitioo,  the 

evolution  of  heat  is  very  nearly  propnlional  to  the  quantity  of  acid,  until  this  BmoBBts 


KETONES 


12.  Methyl-iBOamyl  keton« 

13.  Methyl-isoamyl  ketone 

14.  Methyl-iaoamyl  ketone 

15.  Methyl-isoomyl  ketone 

16.  Methyl-iaounyl  ketone 

17.  Diethyl  ketone 

18.  Ethyl-propyl  ketone 

19.  Ethyl-ieopropyl  ketone 

20.  Ethyl-butyl  ketone 

21.  Ethyl-isobutyl  ketone 

22.  Ethyl-ieobutyl  ketone 

23.  Ethyl-iflobutyl  ketone 

24.  Ethyl-amyl  ketone. 
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CO 
CO 


CO 


CO 


JCH' 

iCH«C{CH«)» 

1CH» 

JCHJ^' 


<CH» 


1 


CH 
CH' 


CH*CH»CH" 

CH» 
CH(CH»)« 

CH«CH« 


^^  \  CH*CH« 
^CH« 

(CH«y 


^^}^UCH-)« 

^)CH«CH« 
Prt  c  CH'CH« 
^^  J  CH«CJEl« 

CO  5^^* 

^"  5  CHKJH'CH* 

CO  P^* 
^"  j  CH(CH»)« 

coP* 

^"  \  CH»CH«CH«CH« 

CO  5^^' 

^"  }  CH«CH(CH>)« 

COJC'H* 


} 


CH 


CH« 


|cH«CH» 

[» 
C(CH»)» 

^^  )CH«CH*CH«CH«CH» 


coj 


C«H» 

C(C1 

^C«H» 


&e.  &c. 


The  methyl-ketones  (1-16)  form  compounds  with  Alkaline  bisulphites,  nnd  yield 
Acetic  acid  by  '  limited '  oxidation  (p.  160).  The  eth^l-ketones  (17-24)  do  not  form 
compounds  with  alkaline  bisulphites ;  they  yield  propionic  acid  by  limited  oxidation. 

The  modes  of  formation  and  principal  properties  of  the  methyl-ketones  are  as 
follows : 

1.  Dimethyl  Ketone,  CO(CH*)*.— Common  acetone.  Boils  at  SS'd^'.  Sp.  gr.  0*7921 
at  18°.    Prepared :  a.  By  dry  distillation  of  barium  or  calcium  acetate : 

(«>^^>.  -  ^l0«   .  COJgHj. 

^.  By  the  action  of  sine-methyl  on  acetyl  chloride  (Pebal  a.  Freund) : 
Zn(CH«)«  +   COCH«a  -  Zn(CH«)Cl  +   CO(CH»)«. 

y.  By  limited  oxidation  of  dimethoxalic  acid  (Chapman  a.  Smith)  : 

C«0(CH«)«|q,  +  o  -  C0«  +  H«0  +  CO(CH«)«. 

8.  By  the  action  of  alkalis  on  acetate  of  acetylinated  ethyl : 

t.  By  oxidation  of  isopropyl  alcohol : 

CH(CH>)«|q  +  o  «  H*0  +   CO(CH«)«. 

2.  Methifl-ethyl  Ketone,  C*H«0"  «  CO  J^^q^*  J  *^"^  methylated  acetone  (i.  81).— 

Boils  at  81°  ;  sp.  gr.  1-  0*8126  at  13°.    Obtained :  a.  By  the  action  of  xinc-ethyl  oo 
acetyl  chloride : 

Zn(C»H*)«  +   CO(CH»)a  =  Zn(C«H»)01  +   CO(CH»)(C«H»). 
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fi.  Bj  the  action  of  cine-methyl  on  propionyl  chloride : 

Zn(CH«)«  +   CO(C«H*)Cl  «  Zn(CH»)Cl  +  CO(CH«)(C«H*). 
7.  Bj  the  action  of  alkalis  on  propionate  of  acetylinated  ethjl : 

*"=*<^^^llJi0  -  ^ jo.  -  CH^  .  ^JO.  .  CO j^^, 

%.  Methyl-fropyl  Ketone,  ^^  ]  qh^cH'CH'' — ^^  at  101°  (barometer  760  wm.\ 

Sp.  gr.  at  18°  -  0-8182 ;  sp.  gr.  at  22<'  »  0-8046. 

Discovered  by  Geuther;   also  described  by  Frankland  a.  Dnppa  as  ethylaeetont. 
Obtained  by  the  action  of  butyrate  of  acetylinated  ethyl  on  potash  or  bazTtsb-vater : 

4.  Nethyl-iaoprf/pyl Kettme.     CO  j ^]^!q^,x^— Boils  at  93«5<>.    Sp.  gr.  at  ir  - 

0*8099.  Discovered  by  Genthetr  (described  by  Frankland  a.  Duppa  as  dimethylatad 
acetone).  Prepared  by  the  action  of  isobutyrate  of  acetylinated  ethyl  on  baryta-vater : 

^CK^IO  -  i:j0.  .  CH.>  .  C0j^(,^  .  ^[O.. 

The  isobutyrate  of  acetylinated  ethyl  is  produced  by  acting  on  acetate  of  ethyleoe* 
sodium  with  methyl-iodide. 

6.  Methyl-hutyl  Ketone,    CO  j  Qutont CH'GH'* — Obtained  by  the  action  of  chlorida 
of  valeryl  on  dno-methyL 

6.  MethyUuobutyl  Ketone.    C^»«0  =  CO  j^gl^^.^^^jv^— The    ieapropacdoM 

of  Frankland  a.  Duppa.  The  ketone  obtained  by  oxidising  fi  hexylie  alcohol  from 
mannite  appears  to  have  this  constitution.  It  boils  at  127°  0.  Sp.  gr.  0'829B  at  0^ 
(Wanklyn  a.  Erlenmeyer).  By  oxidation  it  gives  acetic  and  isobutyrie  adds.  It 
forms  crystalline  compounds  with  alkaline  bisulphites.  It  is  also  produced  by  the 
action  of  alkalis  on  isovalerate  of  acetylinated  ethyl : 

COCH«CH(CH«)»J   "*■  Baj"    -  ^  ii"^  +  '^^ )  CH«CH(CH«)«  +    BaJ^' 

Isovalerate  of  acetylinated  ethyl  was  obtained  by  Frankland  a.  Duppa  by  the  action 
of  isopropyl  iodide  on  sodium-triacetyl,  and  designated  by  them  as  isopropocetose- 
carbonate. 

7.  Methvl-ieobuiffl    Ketone,       CO^nir^CH'       . — It  appears  to  be    unknown. 

<™}CH«CH» 
Theoiy,  however,  indicates  that  it  should  be  formed  similarly  to  the  ketone  just 
described,  viz.  from  the  isovalerate  of  acetylinated  ethyl  which  is  obtainable  by 
acting  with  mixed  iodide  of  methyl  and  iodide  of  ethyl  on  acetate  of  othylcoe- 
sodium. 

8.  Methyl^eobutyl  Ketone.     CO  J  ^^'^.v,.— Unknown. 

16.  Methyl'ieoamyl  Ketone,    CO  J  ^S(i«h»x,  .— Boils  at  187*6°  to  189°.  Sp.  gr.  at 

22°  «  0*8171.  Discovered  by  FranUand  a.  Duppa,  and  named  by  them  diethylated 
acetone.  Prepared  by  the  action  of  caproate  of  acetylinated  ethyl  on  hydrate  of 
barium : 

The  caproyl  was  diethylated  acetyl,  CO.  CH(CHP)*,  and  therefore  the  resulting  amy! 
was  diethylated  amyl.  The  caproate  of  ace^linated  ethyl  was  obtained  by  the  actios 
of  iodide  of  ethyl  on  acetate  of  ethylene-sodium.  J.  A.  W. 


^TVTOraAVZO  AOISa    Syn.  with  CiiTPTOFHAinc  AciB. 

SLVBA  ^VOOSt  the  best  kind  of  fustic,  from  Morue  tinctorial  contains  a  substance 
which  exhibits  the  kind  of  fluorescence  observed  by  Hlasiwets  a.Pfaundler  in  isomorin. 

*  The  bntgrryl  wae  noimsl  bntyiyl,  obtained  by  the  action  of  ethyl  iodl<1e  od  sodiom  triaoetyl. 
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The  alcoholic  solution  of  the  aqueous  extract  of  kuba  wood  is  dark  garnet-red  by 
transmitted  light,  and  fluorescent,  with  dark  green  colour,  by  reflected  light.  Ailcff 
being  considerably  diluted  with  alcohol,  and  then  mixed  with  alum  or  an^  other 
aluminium  stdt,  it  exhibits  a  fluorescence  similar  to  that  of  uranium  glass,  which  dis- 
appears on  addition  of  excess  of  alkali  or  hydrochloric  acid,  but  reappears  on  exact 
neutralisation.  The  solution  of  the  extract  in  ether,  amylic  alcohol,  or  methylic 
alcohol  exhibits  similar  properties  (Qoppelsroder,  Fogg,  Awn,  cxxxi.  464). 

IgjrWTWWBKKTMm  An  emerald-green  variety  of  hornblende,  allied  to  actinolite, 
occurring  imbedded  in  the  coarse-grained  calcspar  in  the  country  of  the  Uralian 
Cossacks;  also,  imbedded  in  garnet,  in  the  Ilmen  mountains.  It  forms  prismatic 
crystals  (ooF  :  odP  s  124^  Id'),  cleaving  parallel  to  ooP,  transparent  in  thin 
splinters,  with  glassy  lustre;  hardness  =  5'5  ;  sp.  gr.  »  3*08.  Crystals  from  the  Ilmen 

mountains  gave  by  analysis : 

LoMby 
BtO*         Cr^)*         NIO  FeO  CftO  MgO         Alkalis      Ignition 

57-46         1*21        0*66        605        2*93        30-88        trace        082  »   100 

(B.  Hermann,  Jahrewb.  1862,  p.  726 ;  Kokscharow,  ibid,  1866,  p.  927). 

KUVHAVXliZn.  A  name  applied  by  Reimann  to  the  aniline  oil  obtained  from 
that  portion  of  crude  benzol  which  boils  at  temperatures  not  above  100^.  It  con- 
tains 90  p.  c  aniline  and  5  p.  c.  toluidine,  and  distils  at  100^-150^  {Dingl.  pol.  J. 
dxxxv.  49 ;  Jakresb.  1867,  p.  460). 

Syn.  with  CTAFHBiniaE  (p.  589). 

According  to  Voit  a.  Richter  {JakfreUf,  1865,  p.  676), 
the  quantity  of  this  acid  in  dogs'  urine  increases  when  fat  or  carbohydrates  are  added 
to  the  food.  Sodium  sulphate,  on  the  other  hand,  has  no  influence  in  this  respect, 
contrary  to  the  statement  of  Seegen  (ibid,  1864,  p.  650). 

Kynurenic  acid  does  not  decompose  barium  carbonate.  Its  barium  salt  has  a  neutral 
reaction,  is  not  decomposed  by  carbonic  acid,  but  is  precipitated  thereby,  together  with 
barium  carbonate,  from  the  strongly  alkaline  solution.  If  after  the  passage  of  the 
carbonic  acid  gas,  the  liquid  be  heated  to  boiling,  the  neutral  barium  salt  separates  on 
cooling  in  stellate  groups  of  needles,  and  the  remaining  liquid  is  found  to  be  free  from 
kynurenic  acid  (Liebig,  Ann,  Ch,  Pharm,  cxl.  148). 


A  poisonous  alkaloid,  occurring,  together  with  cytisine,  in  the 
unripe  seeds  of  the  common  laburnum  (p.  539). 

KACTAlAVimr  and  XJICTOPROTBIW.  Two  albuminous  substances, 
occurring,  according  to  Commaille  (J.  Pharm.  [4]  iv.  108),  in  milk  together,  with 
casein. 


I.  According  to  Wislicenus  (Ann.  Ch.  Pharm,  cxxxiii.  257),  the 
only  products  obtained  by  the  action  of  dry  ammonia  gas  on  dilactic  acid,  CH'*0*, 
are  ammonium  lactate  and  lactamide,  CH'NO*.  Laurent's  lactamic  acid  (iii.  451) 
has  no  existence. 

C«H*OH 
&AOno  AOZO.    C*H*0>  »    I  .—The  structure  of  the  two  modifications 

COOH 
of  this  acid,  known  as  ordinary  or  fermentation  lactic  acid,  and  paralactio  acid,  is 
represented  by  the  following  formuliB : 

CH«  CH«OH 

CHOH  CH« 

COOH  COOH 

Lactic.  Paralactio. 

Sup,  3  D 
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Ordinary  lactic  acid,  which  may  be  supposed  to  contain  the  radicle  ethylideM* 
CH"— CH,  is  produced:  a.  By  the  oxidation  of  propylene  glycol,  CH*— CHOH— 
CH'OH  (iii.  454).— i9.  By  the  action  of  water  and  silver  oxide  on  A-bromopiopionie 
acid,  CH*— CHBr— CO*H  fFriedel  a.  Machuca,  iii.  454 ;  Buff,  Ann.  Ck.  Pkarm.  cxl. 
156).— 7.  By  the  action  of  nydrochloric  add  on  a  mixture  or  compound  of  aldehyde 
and  hydrocyanic  acid  (Wislicenus,  Ann,  Ch.  Pkarm,  cxxriii.  1 ;  Simpson  a.  Gautier» 
ibid,  cxlvi.  254) : 

fCH» 
+   CNH  s    JCHOH 

ICN 


<CH« 
JCOH 


CH« 

CHOH 

CN 


fCH» 
+   2H«0   +   HCl  -  NH*a  +   J(!HOH 

(COOH 

Paralactic  acid,  which  is  an  ethylene  compound,  is  formed :  «.  By  heatisf 
ethylene  chlorohydrate  (glycolic  chlorhydrin)  with  an  alcoholic  solution  ofjpotasaium 
cyanide,  and  boiling  the  resulting  ethylene  cyanohydrate  with  potaah  (Wislicenus, 
loc.  cit.) : 

rCH«OH  (CH«OH 

CH«         +  KCN    -  KCl   +    JCH« 
a  (CN 

/CH«OH  fCH«OH 

CH«         +    2H*0   -  NH»  +    JCH« 
CN  (COOH 

/B.  By  the  action  of  nitrous  acid  upon  alanine  (amidopropionic  acid)  (Buif,  Ann,  Ck, 
Pharm.  cxl.  156)  : 


fCH«(NH«) 
CH» 
CO»H 


+  NO(OH)  -  HK)  +  N«  + 


fCHH)H 

JCH« 

(C0«H 


7.  By  combining  ethylene  with  carbonyl  chloride,  whereby  paralaetyl  chloride, 
CH*Cl— CH* — COCl,  is  produced,  and  decomposing  this  chloride  with  an  alkali  * 


1 


CH«C1 
CH«       + 
COCl 


2H0H  -  2HC1  + 


/CHK)H 

JCH« 

(cOOH 


8.  By  the  action  of  silver  oxide  and  water  on  ^-iodopropionie  add, 
CH'I — CH' — COOH,  produced  by  treating  glyceric  acid  with  iodine  and  phosphons. 
Piirt  of  the  paralactic  acid  is,  however,  converted  by  molecular  transformation  into 
ordinaiy  lactic  acid  (Wichelhaus,  Ann.  Ch.  Pharm.  cxliv.  61  ;  Jahredf.  1867.  p.  402). 

Beilstein  (Ann.  Ch.  Pharm.  cxxii.  369),  by  treating  j3-iodopropionic  add  with 
recently  precipitated  silver  oxide,  obtained  a  tribasic  acid,  C'^H^O",  which  he  named 
hydraczylic  acid.  Moldenhauer  (ibid,  cxxxi.  380),  by  boiling  this  acid  with  silver 
oxide  or  alkalis,  or  by  treating  it  with  sodium-amalgam,  obtained  an  acid  having  the 
composition  of  lactic  acid  ;  and  this  observation  is  confirmed  by  Wislicenus  (ZHUchr. 
f.  Chem.  [2]  iv.  684),  who  has  moreover  shown  that  the  so-called  hydracrylic  acid, 
when  simply  neutralised  with  soda,  likewise  yields  a  sodium  salt  of  laiotic  acid :  hence 
ho  infers  that  the  supposed  hydracrylic  acid  has  no  existence,  but  that  the  add  formed 
by  the  action  of  moist  silver  oxide  on  /3-iodopropionic  acid  is  one  of  the  modijka- 
tions  of  lactic  acid.  Hydracrylic  acid  may,  however,  be  an  anhydride  of  lactic  &d, 
4C«H*0»  -  H«0  «  C'*H«0'»,  and  may  be  converted  into  lactic  add  by  the  action  of 
alkalis.  Socoloff  (t^.  v.  123),  by  treating  /3-iodopropionic  add  with  moist  silver 
oxide,  likewise  obtains  an  add  of  the  composition  CH*0' ;  but  on  account  liPtertain 
peculiarities  in  the  characters  of  the  sine,  calcium,  and  barium  salts,  he  regards  this 
acid  as  different  from  either  of  the  known  modifications  of  lactic  acid.  He  finds, 
moreover,  that  the  calcium  salt  of  this  acid  forms  crystalline  double  salts  with  the 
acid  sulphites  of  calcium  and  sodium,  and  hence  he  thinks  it  probable  that  the  acid 
in  question  may  be  an  aldehydic  acid— in  fact,  the  aldehyde  of  glyceric  acid  : 


(CH'OH 

f   H«0H 

rCH»OH 

.  CHOH 

4 

HOH 

■ 

CHOH 

CH^OH 

OH 

COOH 

Olycerin. 

Glyceraldehydio 

Qljceric  acid. 

acid. 

It  is  difficult,  however,  to  imagine  how  /3-iodopropionic  acid,  CH*I— CH* — CO*H, 
can  give  rise,  by  substitution  of  OH  for  I,  to  anything  but  paralactic  acid.    Moreover, 
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Wifllicenns  (ibid,  yi.  169)  points  oat  that  the  acid  in  queatioD  yields  bj  oxidation,  not 
glyeeric,  but  (as  first  product)  carbacetoxylic  acid;  that  it  is  not  converted  into 
glycerin  by  nascent  hydrogen ;  and  when  treated  with  hydriodic  acid  is  easily  trans- 
formed into  /3-iodopiopionic  add.  Sarcolactic  acid  appears  to  be  a  mixture  of  two  acids, 
inasmuch  as  its  sine  salt  may  be  separated,  by  treatment  with  strong  alcohol,  into  a 
sparingly  soluble  crystalline  salt  and  an  easily  soluble  amorphous  salt.  The  acid  of 
the  ]atter  appears  to  be  identical  with  paralactic  or  /9-oxypropionic  acid ;  but  that  of 
the  crystalline  cine  salt  is  not  identical  with  ordinary  lactic  acid,  inasmuch  as  it 
exerts  a  strong  dextrorotatory  action  on  polarised  light,  whereas  both  ordinary  lactic 
and  paralactic  acids  aro  optically  inactive.  See  father  Heints,  Jmh,  Ch.  Pkarm» 
dvii.  291,  296 ;— Erlenmeyer,  ibid.  dviiL  262 ;  also  Ckem.  Soe.  J,  [2]  ix.  861,  646. 

Beaetumt.-^l.  Paralactic  acid  oxidised  with  potastimm  diekromate,  or  with  dilute 
miirie  acid,  or  by  fusion  with  jxiiash,  is  conyert^  into  malonie  acid,  CH^O* ;  but 
ordinary  lactic  acid  treated  with  sulphuric  acid  and  potassium  dichromate,  is  con- 
Tsrted  into  formic  and  acetic  acids  (I)o88io8,  Jahretb,  1866,  p.  884) : 

f  CH«OH  ( COOH 

\  OH*        +  0«  -  H«0         +      CH» 

I COOH  (COOH 

ParaUctio.  Malonie 

{  <  H  \  CH* 

COOH    "*"  ^    "    icOOH   +    JCOOH 
Lactic  Formie.  Aoetiio. 

According  to  Chapman  and  Smith  (p.  162),  the  products  are  acetic  add,  carbon 
dioxide,  and  water :  C»HK)«  +  0«  -  C«H*0«  +  C0«  +  H«0. 

2.  Ordinary  lactic  acid  heated  for  several  hours  to  180^  with  dilute  nUpkuric  acid 
is  converted  into  aldehyde  and  formic  acid : 

fCH*  (CH»     .„ 

JCHOH  +  HOH  -  JCHOH  +  }pnnw 
(COOH  (OH      ICOOU 


Lactic  add.  Sthylidane      Fonnio  acid. 

glycol. 


I 


Etbylidene  glycol.      Aldebyde. 

Buralactic  acid  similarly  treated  would  probably  be  resolved  into  formic  add  and 
ethylene  glycol  (Erlenmeyer,  ZtiUchr.  f.  Ckem.  [2]  iv.  848). 

8.  Lactic  add  mixed  with  eupric  stdphate  forms  a  deep  blue  liquid  without  precipi- 
tation, whereas  naralactic  acid  is  almost  completely  predpitated  (Dossios,  ioe.  eit.), 

4.  Lactic  add  heated  to  160^-180^  in  a  stream  of  gaseous  hydrobrwnie  acid,  or  to 
100^  in  sealed  tubes  with  saturated  aqueous  hydrobromic  acid,  is  converted  into 
bromopropionic  add,  C'H^BrO*  (Kekui^,  Ann,  Ch.  Pharm,  cxxx.  11). 

6.  An  ethereal  solution  of  lactic  acid  treated  with  bromine  in  a  well-cooled  vessel, 
and  afterwards  heated  to  100^  in  a  retort  with  upright  condenser,  yields  a  liquid 
from  which  water  throws  down  a  gradually  cryataUising  oil,  while  ordinary  lactic 
acid  romains  dissolved.  The  crystalline  product,  which  contains  about  6*8  p.  c. 
bromine,  is  neutral,  melts  at  83^-85°,  dissolves  easily  in  ether,  separating  therefrom 
in  large  acute  rhombic  prisms,  and  is  decomposed  by  silver  oxide  and  acetate,  also  by 
sodium-amalgam,  yielding  products  not  yet  examined  (Wicheihaus,  Jahretb.  1867. 
p.  402). 

According  to  Claus  {Ann.  Ch.  Pharm.  cxxxvi.  287),  calcium  lactate  yields  by  dry 
distillation,  acrylic  acid,  phenol,  and  a  fetid  oil  varying  in  boiling  point  from 
76®  to  210°.  Potassium  lactate  subjected  to  electrolysis  yields  l&W  quantities  of 
carbon  dioxide  and  aldehyde-resin  (Brester,  Jahretb.  1866,  p.  87).  Ethyl  lactate  is 
converted  by  phosphorus  trichloride  into  ethyl  chloropropionate  (Frankland  a. 
Ihippa.  tM.  1865,  p.  386): 

3C«H»(C«H»)0«  +  PCl«  =  PH»0«  +   3C«H«a(C»H»)0«. 

Dibromolaetie  acid,  C*H*Br'0*,  is  formed  by  enclosing  1  mol.  pyroracemicacid. 
C*H*0'  (dried  by  standing  over  oil  of  vitriol  and  quick  lime),  with  1  mol.  bromine  in 
a  sealed  tube,  and  leaving  the  tube  for  several  hours  in  ice-cold  water.  A  viscid 
product  containing  capillary  crystals  is  then  formed,  and  the  colour  of  the  bromine 
disappears,  without  perceptible  formation  of  hydrobromic  acid.  The  product  quickly 
absorbs  moisturo  from  the  air,  and  decomposes  with  evolution  of  hydrobromic  add ;  it 

3d  2 
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is  also  deodmposed  by  alcohol,  and  melts  when  heated,  giving  off  hjdiobroniic  acid. 
Its  salts  have  not  been  prepared.  When  more  than  I  mol.  bromine  is  naed,  the  exoesi 
remains  free,  and  may  be  removed  by  a  stream  of  dry  air.  Sodium-amalgam  eonTerts 
the  product  into  ordinary  lactic  acid.  It  appears  therefore  to  be  dibromolactie  add 
formed  from  pyroracemic  acid  by  a  simultaneous  process  of  addition  and  subiftitutHui: 

(CH»  (CH«Br  fCH«Br 

J  CO  +     Bi»     =^C0  4-     HBr    =     jCBrOH 

ICOOH  ICOOH  ICOOH 

Pyroraoemic.  Dlteomo- 

laofeio. 

Dibromolactie  acid  is  converted  by  water,  or  by  exposure  to  moist  air,  intoefystalliiie 
monobromopyroracemic  acid,  CH*BrO*.  In  one  experiment,  in  which  oonnderable 
quHntities  of  dibromolactie  acid  were  dissolved  in  water,  the  crratallised  prodncft 
appeared  to  have  the  composition  of  dibromodilactic  acid,  G*H"6i'0'  (Wialieenii8» 
Ann.  Ch,  Pkarm.  oxlviii.  208  ;  ZeUsehr,  /.  CAm.  [2]  v.  256.  See  also  Be  Clermoiil 
a.  Silva,  Deut,  Ckem,  Qea.  Berlin.  1869,  p.  40). 

fCH' 
Bengolactic   acid.    CH'^O^  »    JCHO(CHK)),  which  Streeker  obtained  by 

ICOOH 
heating  lactic  acid  with  bensoic  acid  (i.  661),  is  also  produced  by  the  action  of  bensoyl 
chloride  on  lactates,  the  oaUium  salt  for  example.  When  rociystallised  from  water,  it 
always  yields,  besides  the  crystallised  acid,  C'*H'*0\  an  oily  hydrate,  G**H**0*.HK>, 
which  in  dry  air  is  slowly  converted  into  the  crystallised  aoid.  Ethyl  BrntzolactiMte, 
C^'ni»0*.C»II*,  formed  by  heating  ethyl  lactaU  to  100°  with  benzoyl  chloride,  or  by 
the  uction  of  ethyl  iodide  on  silver  bensolactate,  is  a  oolourless  oily  liquid,  insoluble 
in  water,  misciblo  in  all  proportions  with  alcohol  and  ether ;  boiling  at  288°  ;  resolved 
by  water  at  160^  into  lactic  acid  and  ethyl  bonsoate.    Alcoholic  ammonia  converts  it 

(CH» 
intobenzolactamide,  C>«H"NO>  -    -^  CHO(C'Hm  which  cmtallisM  in  white 

lC0NH« 
sublimable  nodules,  melting  at  124Q,  slightly  soluble  in  water,  easily  in  aloohoL    By 
boiling  with  potash,  it  is  resolved  into  lactic  acid,  benK>ie  aeid,  and  ammonia; 
alcoholic  ammonia  converts  it  into  bensamide  and  lactamide  (Wislioenus,  Attn,  CK 
Pharm,  cxxxiii.  257  ;  Jakresb,  1865,  p.  363). 

XJkOTZO  AVKTBBZBBS.  1.  Laotide.  C*H^*.-Aeooiding  to  Erupsky 
{Zeitschr.f.  Chem.  [2]  v.  179),  this  substance  is  fotm»A  veiy  eamly  during  the  distilla- 
tion of  lactic  acid,  before  the  temperature  rises  to  200°,  but  the  most  favourable 
tcrapernture  for  its  production  is  from  210°  to  216^.  It  may  be  obtained  in  8plendi4 
rhombic  crystals  by  spontaneous  evaporation  of  its  alcoholic  solution  in  ji  cuirent  of 
air. 

(CH*©)") 

».Dilactic Acid.  C'WO*^((^R*Oy\0*    «    2C»H«0«  -  H^O    (iii.  461).— 

H*       J 
Wislicenus  (Ann.  Ch.  Pharm.  cxxviii.  1 ;  cxxxiii.  257)  regards  this  compound  as  an 
ethereal  derivative  of  two  molecules  of  lactic  acid,  one  of  which  acts  an  an  acid.  th« 
pther  as  an  alcohol ;  thus  : 

Cn*  CH»  CH» 

I  I 

3H0H    +     CHOH    «    H*0     +     CHOH       CH« 


COOH  COOH  COO \ 


CH 

COOH 

Lactio  LsoUo  DOsctlo  scid. 

acid.  add. 

This  view  has  recently  been  corroborated  by  the  experiments  of  K.  von  der  Bruggen 
{ZeiUchr.  /.  Chem.  [2]  v.  338),  from  which  it  appears  that  dilactic  acid  is  produced  by 
heating  a  mixture  of  equivalent  proportions  of  bromopropionic  acid  and  potassium 
lactate  to  100°- 120°  in  a  well-corked  flask: 


CH»  CH»  CH» 

CHOH     +     CHBr     »     KBr     +     C 

COOK     COOH  COO CH 


CHOH   CH* 

I       I 


CO 


OH 
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Tfie  portion  of  the  product  which  was  Bolnble  in  ether  gare  with  dry  ammonia  tho 
chamctoristic  reaction  of  dilactie  acid,  rit,  the  formation  of  ammonium  lactate  and 
lactamide  (p.  769). 

A  compoond  isomerie  with  the  neutral  ethylic  ether  of  dilactie  acid,  G'H'(CS'H*)*0*, 
is  produced  by  heating  ethylic  sodio-lactate  (iii.  463)  with  ethylic  chloropropionate  to 
110^-120®  for  twenty-four  houn : 

C?H«NaO«.C«H*  +  C»H«aO».C»H»  «  KaCl  +  C«HK)».(0«H»)«. 

The  resulting  light  brown  viscid  liouid  may  be  freed  from  sodium  chloride  by  washing 
with  water,  and  from  undecomposca  chloropfopionic  ether  by  heating  it  to  110°  in  a 
rarefied  distillatory  apparatus.  The  distillate  is  a  colourless  oil  having  a  faint 
ethereal  odour,  not  decomposed  by  aqtieous  caustic  soda  eren  at  the  boiling  neat,  but 
completely,  though  slowly,  by  alcoholic  soda,  yielding  lactic  and  ethyl-lacUc  acids. 
By  heating  it  for  24  hours  with  a  large  excess  of  ethereal  solution  of  ammonia,  and 
distilling  off  the  ether  and  excess  of  ammonia  over  the  water-bath,  there  is  obtained 
a  non-distillable  oil,  which,  after  being  left  for  some  time  orer  sulphuric  acid  in  a 
vacuum,  exhibits  the  composition  of  ethylic  dilactamate,  G*H'*NO*.  It  is  not 
however  converted  into  dilactamide  by  the  farther  action  of  ammonia,  and  when 
heated  with  potash  yields,  not  dilactie  acid,  but  a  mixture  of  lactic  and  ethyl-lactic 
acids  (t.  d.  Bruggen,  Zeitsekr,/,  Ckem.  [2]  ▼.  260). 

Etkylie  Swxwyl-daaetaU.O^^^'K^  »  (CHH)^  \0\  is  formed  by  heating  1  mol. 

(C*fi»)«  ; 
succinyl  chloride  to  100°  with  rather  more  than  2  mol.  ethyl  lactate,  and  removing 
the  excess  of  the  latter  by  heating  the  product  to  170°  in  a  stream  of  air.  The 
compound,  purified  by  solution  in  alcohol,  precipitation  by  water,  and  distillation,  is  a 
colourless  oily  liquid,  insoluble  in  water,  misdble  in  all  proportions  with  other,  nnd 
boiling  between  300°  and  304°  (Wislicenus,  Ann.  Ck  Pharm,  cxxxiii.  257).  Wurtz 
a.  Fri^el  {Jakreab,  1861,  p.  378)  obtained  this  ether  in  a  less  pure  state,  and  with  a 
lower  boiling  point,  by  heating  neutral  potassium  succinate  with  ethylic  chlofolactate. 

I,  C»H»NO  -  (^^'^^'JN,  is  produced  by  heslting  alanine  in  dry 

hvdrochloric  acid  gas  to  180°-200°  as  long  as  water  continues  to  form :  CH'NO*  ~ 
WO  e  CH^KO.  The  brown  amorphous  product,  treated  ^ith  lead  hydrate  and 
hydrogen  snlpliide,  and  recrjrsfallised  from  absolute  alcohol,  yields  lactimide  in 
colourless  needles,  melting  at  275°,  subliming  undecomposed  when  cautiously  heatrd, 
having  a  bitter  taste,  easily  soluble  in  water  and  in  alcohol.  Tho  soltition  neither 
riiistfolvra  silver  oxide,  nor  gives  a  precipitate  with  silver  nitrate  or  zinc  chloride. 
Tlie  quantity  of  lactimide  obtained  as  above  is  but  small,  a  large  portion  of  tho 
alanine  being  resolved  into  carbon  dioxide  and  ethylamine  (Preu,  Ann.  Ch.  Pkarm. 
cxxxiv.  372). 

&AOTOVZO  AOIB.    Syn.  with  IsoDiOLVcoL-BTRTLSinc  Acid  (iii  414)« 

•  &AGTOnOTBnr*    See  Lactai.bumik  (p.  769). 


&AC 


A  substance  resembling  dextrin,  contained  in  the  juicie  Of  the  tubers 
of  tho  Jerusalem  artichoke,  fron^  which  it  may  be  separated  by  repeated  treatment 
^ith  alcohol.  It  has  a  sweetish  tastei ;  \p  solui>le  in  water ;  does  not  reduce  cnpric 
oxide  in  alkedine  solution  till  it  has  been  boiled  with  acids  ;  and  is  optically  inactive 
in  its  natural  ^tate,  but  becomes  strongly  laevogyrate  by  treatment  with  hydrochloric 
acid  (Ville  a.  Joulie,  BuU,  Sde.  GIm.  [ii]  vii.  2Bi). 


A  siilphate,  so  called  on  accoilnt  of  its  lustre,  occurring  at 
l^hgbanshytta  in  Wermland,  Sweden,  in  easily  cleavable,  white,  nacreous  masseci 
hiiviug  a  sp.  gr.  ■■  3'07t  and  hardness  »  3.    Analysis  gave 

^Q-.  PbO  MnO  CaO  MgO     KX);Na»0       H'O 

il'l7         2^-00        7*90        24-65        5*26         1402        8*35  »  99*35 

(Tgelstiom,  0^,  of,  Kongl,  Akad.  Fork,  1866,  No.  4,  p.  93). 

I1AVOIT&  A  basi6  cupric  sulphate  occurring,  together  with  others,  in  the  elay<» 
slat^  df  Corhihill.    (See  Sulpuatbs.) 

&JiJrTBJlWBi.  Zschiesche  (J.  pr.  Ckem.  civ.  174)  has  d^terinin^  tfie  atomic 
weiffht  of  this  metal  by  the  decomposition  of  its  sulphate,  which  at  a  white  heat  gives 
oflf  the  whole  of  its  water  and  sulphuric  acid,  leaving  the  pure  oxid6.  Six  experiments 
guAD  Values  of  La  varying  from  69-44  to  91-25 :  mean  90-18. 

Cl.  Winkler  {J.  pr,  Chsm.  xcv.  410;  Jahreib.   18^5,  p.  708)  separates  Unthiitfilttt 
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from  didymiam  in  a  solution  likewise  containing  cerium,  bj  aieaiM  of  potassiam 
permanganate  and  mercuric  oxide.     When  a  hydrochloric  acid  solution  of  tho  three 
metals,  made  as  neutral  as  possible,  is  mixed  with  precipitated  mercuric  oxide,  and  a 
dilute  solution  of  potassium  permanganate  is  stirrea  into  it  till  the  colour  of  the  latter 
disappears,  the  whole  of  the  lanthanum  (together  with  traces  of  didymium^  remains 
in   solution,   whilst  the  resulting  precipitate  oontaina  eerie  oxide  and  didymium 
peroxide,  together  with  mercuric  oxide  and  manganese  dioxide.    This  precipitate,  freed 
from  mercuric  oxide  by  ignition,  is  dissolved  in  hydrochloric  acid ;  the  solntioo  is 
concentrated  by  evaporation  over  sulphuric  acid ;  and  the  sulphates  of  cerium  and 
didymium  are  priH^ipitated  by  means  of  solid  potassium  sulphate.     These  sulphates, 
after  washing  with  a  concentrated  solution  of  potassium  sulphate,  are  precipitated  by 
ammonium  oxalate,  and  the  oxides  of  cerium  and  didymium  obtained  by  igniting  the 
precipitated  oxahites  are  separated  by  known  methods.     The  solution  containing  the 
lanthanum,  after  being  freed  from  mercury  by  hydrogen  sulphide,  is  precipitated  with 
oxalic  acid,  and  tlie  washed  lanthanum  oxalate  is  ignited.     The  lanthanum  oxide  thns 
obtained  contains  only  traces  of  didymium.    This  mode  of  separating  lanthanum  and 
didymium  succeeds,  however,  only  when  cerium  is  present ;  in  the  contiaxy  case  only 
a  small  quaiitity  of  didymium  oxide  is  precipitated. 

For  the  separation  of  lanthanum  and  oidymium  from  cerium,  see  also  Cesium 
(p.  419). 


OPZira.  CttH**NO«  (Hesse,  Ann.  Ch,  Pharm,  cWu.  57;  Ckem.  Cm&. 
1870, 168). — A  base  homologous  with  papaverine,  contained  in  small  quantity,  together 
with  others,  in  the  aqueous  extract  of  opium.  The  mode  of  preparing  it  given  und^ 
Opiux-basis  (a.  v.)  is  founded  on  the  fact  that  lanthopine  does  not  nentxalise  acetic 
acid,  whereas  the  other  bases  present  in  the  aoueons  solution  form  nentxal^ts  there- 
with :  hence  lanthopine  is  precipitated  when  tne  acetic  solution  of  the  whole  of  these 
bases  is  exactly  neutralisea  with  ammonia. 

Lanthopine  is  a  white  powder  consisting  of  microocopic  prisms,  or  fui-ahaped 
groups  of  prisms,  sometimes  a  centimetre  long ;  tasteless;  does  not  alter  the  colour  of 
litmus.  Heated  to  190®,  it  turns  brown  and  gradually  decomposes.  It  is  insolnble 
in  water,  nearly  insoluble  in  alcohol,  very  slightly  soluble  in  ether  and  benaol,  but 
dissolves  pretty  easily  in  chlaro/ormf  and  separates  therefrom  on  evaporation  in  small 
white  prisms. 

Lanthopine  does  not  neutralise  aeids  completely.  It  is  precipitated  from  the 
solutions  of  its  salts  by  potaah-ley  and  milk  qf  linUt  and  redissolvea  by  an  excess  of 
the  reagent ;  also  by  Mat-ammoniac^  like  morphine  and  pseudomorphine  ;  but  it  differs 
from  these  bases  in  not  forming  a  blue  solution  with  ferric  chloride.  Chloroform 
extracts  it  from  the  lime  solution,  but  not  from  the  potash  solution  till  after  addition 
of  sal-ammoniac.  Strong  nitric  acid  dissolves  it  with  orange-red  colour;  strong 
sulphurio  acid  with  faint  violet  colour ;  acetic  acid  dissolves  it  with  difficulty. 

Sulphate  of  lanthopine  forms  extremely  thin  needles  resembling  narceine  in  appear- 
ance. The  hydriodlde  is  a  white  amorphous  precipitate,  melting,  and  ultimately 
dissolving,  in  hot  water,  easily  soluble  in  alcohol.  The  hydrochloride, C'^H^'NO^.HQ 
+  6H'0,  forms  extremely  thin  needles  resembling  narceine,  appearing  like  a  jelly  in 
mass,  easily  soluble  in  boiling  water.  The  j^noehloride,  2(C^H*»N0*.Ha).Pta* 
•f   3H*0,  IS  a  crystalline  powder  insoluble  in  water,  alcohol,  and  hydrochloric  add. 


ra,  C**H**NO'  (Hesse,  Ann.  Oh.  Plarm.  cliii.  627).— A  base  homo- 
logous with  morphine  and  codeine,  also  contained  in  the  aqueous  extract  of  opium. 
For  its  preparation,  see  Opiric-BASBS. 

It  crystallises  fh>m  hot  dilute  alcohol  in  stellate  groups  of  small,  colourless,  six- 
sided  prisms,  terminated  at  both  ends  by  domes.  Melts  at  165^;  solidifies  in  the 
crystalline  state  on  cooling ;  not  sublimable.  Tasteless.  In  the  crystalline  state  it 
dissolves  easily  in  bentol,  chloroform,  and  boiling  alcohol ;  sparingly  in  cold  lOcohol, 
still  less  in  ether  (1  pt.  in  640°  at  ordinary  temperatures) ;  in  the  amorphous  state, 
that  is  when  recently  precipitated,  it  is  much  more  soluble. 

The  ealte  of  laudanine  have  a  bitter  taste.  From  their  solutions  potash  and 
ammonia  precipitate  the  base  in  white  amorphous  flocks,  which  soon  become  crystalline 
and  dissolve  in  excess  of  the  precipitant ;  chloroform  extracts  it  from  the  ammoniacal 
but  not  from  the  potassie  solution.  Laudanine  dissolves  in  strong  eylphuric  acid 
with  rose-red  colour,  in  strong  nitric  acid  with  orange-red  colour,  and  in  ftrrie 
chloride  with  emerald-green  colour. 

Stdphate  of  laudanine  forms  concentric  groups  of  needles  very  soluble  in  water, 
llio  ^fdriodide  forms  g^ups  of  white  crystals,  strung  together  like  a  necklace,  easily 
soluble  in  boiling  water.  The  hydrochloride  crystallises  in  delicate  colourless  prisms, 
easily  soluble  in  water  nnd  in  alcohol,  less  soluble  in  solution  of  common  salt.     The 
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fMreuroehloride  is  a  white  precipitate,  somewhat  soluble  in  boilioff  water,  and 
separating  therefrom  in  ^pnerical  groups  of  crystals.  The  ^aiinochloride^ 
2(C**H»N0'.Ha).PtCI«  •»-  2H*0,  is  a  yellow  amorphous  precipitate,  easily  soluble 
in  water,  especially  at  the  boiling  heat.  StdpkocyanaU  of  laudanine  forms  white 
crystalline  nodules  moderately  soluble  in  boiling  water..  The  oxalaU  ciystallises  in 
delicate,  concentrically  grouped,  colourless  needles,  somewhat  sparingly  soluble  in 
cold  water. 


or  &AVmo&.    C"H>'.— See  BaiizBifB,  Homoixmubs  of  (p.  304). 

S  C"H**0',  is  one  of  the  constituents  of  the  crude  oil  of  bay 
(Bias,  Ann.  Ch.  Pkarm.  czzriv.  1). 

&AintZTB.  A  sulphide  of  ruthenium  and  osmium,  occurring  in  the  platinum 
ore  of  Borneo.  It  forms  veiy  small  grains  or  globules,  of  iron^black  colour  and 
strong  lustre,  and  exhibiting  faces  of  the  regular  octohedron,  cube,  and  other 
forms  of  the  regular  system  ;  veiy  hard  and  brittle ;  with  perfect  octohedral  cleavage 
and  flat-conchoidal  fracture ;  harder  than  quarts ;  sp.  g^.  greater  than  6.  Decrepitates 
like  galena  when  heated ;  does  not  fuse  before  the  blowpipe,  but  gives  off  ^e  odour 
of  sulphurous  oxide  and  afterwards  of  osmic  oxide.  It  is  not  attacked  even  by  nitro- 
muriatic  acid,  or  by  ignition  with  acid  potassium  sulphate,  but  when  fused  in  a  silver 
crucible  with  potassium  hydrate  and  nitarate,  it  dissolves  with  greenish  colour,  and 
the  product  yields  to  water  a  solution  containing  ruthenium  and  osmium.  The 
mineral  ignited  in  a  stream  of  hydrogen  gives  off  hydrogen  sulphide,  but  no  water. 
Analysis  gave  3179  p.  c.  sulphur,  65*18  ruthenium,  and  303  osmium,  agreeing  nearly 
with  the  formnhi  OflSM2Ru'S'  (Wohler,  Ann.  Ch.  Pharm,  czxxix.  116;  JaJkretb. 
1865,  p.  913).  Laurite  is  also  contained  in  the  platinum  ore  of  Oregon  (Wohler, 
ZeiUchr.f.  Ckem,  [2]  vi.  86). 

&AinMIJdXIO  JkCUIt  CH**0'. — An  acid  isomeric  with  xylic  or  xylylic  acid 
(v.  1062),  produced  bv  the  action  of  dilute  nitric  add  on  laurene.  It  is  nearly 
insoluble  in  cold,  slightly  soluble  in  boiling  water,  easily  in  alcohol,  and  separates 
from  tlie  hot  aqueous  solution  as  an  indistinct  crystalline  powder,  from  alcohol  in 
hard  nodules.  Meltinff  point  186°.  The  banum  tait,  (C^H*0*)*Ba  +  4U'0,  and  the 
analogously  oonstitated  calemm  salt,  are  easily  soluble  in  water,  and  crystallise  in 
concentrically  grouped  needles ;  the  aUvtr  bqU^  C*H*0'Ag,  is  a  white  precipitate, 
erystallising  in  small  quantity  from  hot  water. 

Liraxoxylic  acid  is  further  oxidised  by  chromic  acid,  the  ultimate  product  being 
apparently  acetic  acid.  Its  constitution  and  relation  to  laurene  are  probably  repre* 
sented  by  the  following  equation : 

CH»  fCH» 

CH«  +   0»    -  C«HNCH»  +   2C0»  +   3H'0 

CH'  lCO»H 

Laozene.  LanroxTlic  acid. 

(Fittig,  Kobrich,  a.  Jilke,  Ann.  Ch.  Pharm.  cxlv.  129). 

&Airo4l W I'l'M.  A  mineral  occurring  near  the  river  Sljn^janka  in  Russia,  in 
emerald-green  crystals,  having  the  form  of  pyroxene,  with  cleavage  parallel  to  the 
faces  of  a  rhombic  prism  of  87^  7'.  It  contains  silica,  lime,  and  magnesia,  with 
small  quantities  of  alumina  and  iron,  traces  of  manganese,  and  vanadium  as 
colouring  matter  (Kokscharow,  Jahresb.  1866,  p.  927). 

&AX1J&ZTB*  A  summary  of  the  known  facts  relating  to  lasulite  and  ultra- 
marine is  given  by  Schiitxenborger  (BuU.  Soc.  ind.  de  MulhouMt  mars  1866,  p.  97 ; 
ahstr.  BvU.  Soc.  Chim.  [2]  iii.  456). 


C^« 


On  the  physical  properties  of  pufe  and  impure  lead,  and  on  the 
impurities  of  commercial  lead,  see  W.  Baker  {Practical  Afechanie^t  Journal,  1864, 
April  7  ;  Report  33  of  British  Assoc. ^  Notices  and  Abstracts,  p.  32 ;  Dinpi.  pol.  J. 
chain.  119,  122;  Jahresb.  1864,  p.  474). 

When  granulated  lead  is  boiled  with  pure  water,  a  slow  but  continuous  evolution  of 
hydrogen  takes  place  (I  to  2  c.  c.  in  ten  minutes  when  10  to  20  grm.  lead  are  used), 
the  liquid  becoming  turbid  from  formation  of  hydrated  lead  oxide,  and  acquiring  a 
strong  alkaline  reaction.  Hydrochloric  acid  of  sp.  gr.  1*2  in  contact  with  pure  lead 
gives  off  hydrogen  even  at  ordinary  temperatures,  more  abundantly  when  heated« 
and  with  the  finely  divided  metal.  The  evolution  of  hydrogen  from  the  hydrochloric 
acid  is  greatly  accelerated,  especially  at  first,  by  placing  metallic  copper  in  contact 
with  the  lead.  Sulphuric  acid  of  20  p.  c.  does  not  give  off  hydrogen  under  the 
same  circumstances  (Stolba,  J.  pr.  Chem.  xciv.  113). 
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According  to  LAOglois  (J.  Pharm.  [4]  li.  320),  the  proUction  of  lead  firom  the 
action  of  oidinary  wuter  is  chiefly  due  to  the  presence  of  calcium  bicarbonate.  The 
lead  taken  up  by  water  which  does  not  contain  the  carbonates  of  alkaline  earths, 
such  as  distilled  or  rain  water,  is  not  dissolved,  but  suspended,  in  the  form  of  basic 
carbonate,  and,  like  the  corresponding  zinc-compound,  may  be  separated  bv  a  thick 
double  paper  filter,  as  effectually  as  by  a  charcoal  filter.  In  riyer  water,  leaa  becomes 
covered  with  a  compact  film  of  suboxide,  which  protects  the  metal  from  further 
action. 

From  experiments  by  Stalman  (Dingl.  pot.  J.  clxxx.  366 ;  Jaknab,  1866,  p.  230),  it 
appears  that  perfectly  pure  distilled  water  does  not  act  upon  lead,  but  that  the  action 
takes  place  when  the  water  contains  very  small  quantities  of  volatile  substances 
(ammonia  or  nitric  acid).  The  action  on  the  lead  requires,  moreover,  access  of  air 
and  of  free  carbonic  acid ;  if  the  air  is  completely  excluded  (as  when  the  lead  is 
placed  in  a  bottle  quite  full  of  water),  or  if  the  carbonic  acid  is  removed  by  an 
absorbing  agent,  no  action  takes  place.  The  deposit  formed  is  a  mixture  of  basic 
carbonates  of  lead,  and  the  water  filtered  therefrom  is  quite  iree  from  lead.  According 
to  Bottger,  also  {JoAresb.  1866,  p.  232),  the  formation  of  this  deposit  is  &voared  by 
the  presence  of  a  verv  small  quantity  of  ammonium  carbonate  in  the  water,  while 
water  perfectly  purified  by  distillation  with  sulphuric  acid  has  no  action  on  pore  lead. 

According  to  Reichelt  {Dingl.  pol,  J.  dxxii.  155),  pure  lead  immersed  in  a  solution 
of  common  salt  becomes  covered  with  a  crust  of  hydrate  and  carbonate  of  lead,  a 
portion  also  being  dissolved;  common  commercial  salt  acts  in  tiiis  manner  more 
quickly  than  pure  sodium  chloride.  Damp  salt  in  contact  with  lead  or  plumbiferous 
tin  also  quickly  takes  up  lead. 

Eatimation. — ^For  the  estimation  of  lead,  either  in  soluble  or  In  insoluble 
compounds,  Stolba  (J.  pr.  Chem.  ci.  150)  beats  the  compound  in  a  platinum  dish 
with  dilute  hydrochloric  acid  and  pure  sine  till  the  lead  is  completely  reduced.  The 
spongy  lead  thus  separated  is  washed  on  the  dish  with  water  containing  a  drop  of 
sulphuric  acid,  then  dried  at  150^-200°  and  weighed.  The  oxide  thereby  produced  is 
dissolved  out  by  cold  water  containing  from  2  to  4  cub.  cent,  of  standard  nitric  acid, 
and  the  quantity  of  lead  thereby  dissolved  is  determined  by  inverse  titration  of  the 
remaining  nitric  acid. 

For  the  volumetric  estimatum  of  lead,  H .  Schwnrs  (Zeiisckr,  anal.  Ckem.  ii.  378, 
392  ;  Jakreih,  1 863,  p.  685)  precipitates  it  with  a  solution  of  potassium  dichiomate 
containing  14*730  grm.  of  the  salt  in  a  litre,  each  cub.  cent,  of  such  a  solution 
corresponding  to  00207  grm.  of  lead,  and  determines  the  end  of  the  precipitation  by 
mixing  a  drop  of  the  liquid  from  which  the  precipitate  has  separatea  with  a  drop  of 
a  solution  of  silver  nitrate  on  a  porcelain  plate,  whereby  a  red  coloration  is  produced 
as  soon  as  the  chromate  solution  is  in  excess.  For  this  excess  a  deduction  of 
1  c.  c  is  made  from  the  volume  of  chromate  solution  used. 

The  separation  of  lead  fiom  bismuth  may  bo  effected  by  means  of  a  solution  of 
ammonio-thallic  chloride  (v.  748),  which  precipitates  bismuth,  but  not  lead,  exoeptixtg 
from  the  basic  acetate  (Nickl&s,  Bull,  Soc.  Chim.  [2]  v.  49). 

Lead  may  be  detected  in  presence  of  sUt)er^  and  separated  from  that  metal,  b^  the 
insolubility  of  load  chromate  in  sodium  hyposulphite.  When  a  solution  containing  a 
little  lead  and  much  silver  is  mixed  with  excess  of  sodium  hyposulphite,  and  thou 
with  a  small  quantity  of  potassium  chromate,  the  whole  of  the  lead  is  precipitated  as 
chromate  (Chancel,  Jahresb.  1866,  p.  803). 

The  desilvering  of  lead  is  facilitated,  according  to  Blagden  (Mechanic's  Magazine, 
Sept.  1867 ;  Dingl.  pol.  J.  clxxxvi.  474),  by  dissolving  about  j  p.  c.  sine  in  the 
refined  metal  tnelted  at  540°,  and  passing  a  galvanic  current  througn  it  by  means  of 
copper  wires  for  10  to  30  minutes,  or  till  all  the  sine  has  risen  to  the  sur&ce.  This 
crust  of  zinc  contains  the  silver,  and  may  be  removed  after  the  melted  mass  has 
cooled  to  450^.  For  satisfactory  desilverisation  (to  about  ^  p.  c)  the  operation 
inust  be  repeated  several  times. 

Compounds  of  Lead, 

Cliloridb*  PbCl'. — The  solubility  of  this  salt  in  water  and  in  aqueous  hydrochloric 
acid  has  been  determined  by  J.  C.  Bell  (Chem.  Soc.  J.  [2]  xvi.  850;  Chem,  News,  xvi. 
69) :  1  pt.  of  lead  chloride  dissolves  in  105*2  pts.  water  at  16*5°,  the  resulting  solution 
containmg  0*9414  p.  c.  PbCl^  The  quantities  dissolved  by  aqueous  hydrochloric  acid 
Of  various  strongUis  are  given  in  the  following  table: 
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1*1162  exhibits  a  minimum  power  of  dissolying  lead  chloride  at  the  temperuture 
above  specified.  For  a  more  extended  table  see  the  paper  in  the  Chemical  SocUiya 
Joumat, 

It  is*  commonly  stated  that  lead  chloride  crystallises  in  needles,  but  according  to 
Bell's  observations,  the  needle-shaped  crystals  are  obtained  only  from  solution  in  weak 
hydrochloric  acid,  whereas  from  pure  water  the  salt  separates  in  wedge-shaped  crystals, 
and  from  strong  hydrochloric  acid  in  rhombic  crystals.  The  form  of  the  crystals  was, 
however,  determined  more  exactly  several  years  ago  by  Schabns  {Wien,  Akad,  Ber. 
1850,  April,  p.  466),  who  found  that  a  solution  of  lead  oiloride  in  nydrochloric  acid 
yields  by  spontaneous  evaporation  distinct  crystals  belonging  to  the  riiombic  system, 
and  exhibiting  the  combination  P.2P.oF.Pao  .4J^aD  .  ooFoo,  and  often  becoming 
needle-shaped  by  predominance  of  the  faces  P .  2F .  oP  lying  in  one  zone.  Angles  P :  P 
in  the  terminal  edges  » 134^  24' and  98^45';  in  the  Literal  edges  a  98^31'.  Cleavage 
perfect  parallel  to  oP.    Sp.  gr.  «  5*802. 

A  solution  of  lead  chlonde  mixed  with  the  chloride  of  an  alkali-metal,  and  especially 
with  calcium  chloride,  absorbs  a  large  quantity  of  chlorine  gas,  forming  a  deep  yellow 
solution  which  may  be  preserved  for  a  long  time  in  a  closeid  vessel,  even  if  not  pro- 
tected from  the  solar  rays,  but  in  an  open  vessel  is  resolved  into  lead  chloride  and 
free  chlorine.  When  added  by  drops  to  a  large  quantity  of  water,  it  yields  a  precipi- 
tate of  lead  dioxide  and  lead  chloride.  The  dioxide  is  also  precipitated  from  it  by 
caustic  alkalis  and  alkaline  carbonates.  With  manganous  chloride  it  forms  a  precipi- 
tate of  lead  chloride  and  manganese  dioxide.  It  quickly  dissolves  copper,  iron,  zinc, 
gold-leaf,  and  finely  divided  platinum,  and  violently  oxidises  oiganic  bodies,  in  all 
cases  with  separation  of  lead  chloride,  PbCl'.  The  yellow  soluti6n  pi^bably  contains 
an  unstable  tetrachloride  of  lead,  which  cannot  exist  in  the  sepa^te  state.  On  this 
supposition  the  reaction  with  water  may  be  represented  by  the  equation !  PbCl*  + 
211*0  »  4HCI  4-  PbO<  (Sobrero  a.  Selmi,  Ann,  Ch,  Pharm.  Ixxvi.  234.  Nicklis, 
Compt  rend.  Ixiii.  1118;  Jahresb,  1866,  p.  232). 

Xodltf  e.  Pbl'. — This  compound  in  the  dry  state  is  not  affected  by  light,  and  even 
when  moist  it  undergoes  decomposition  only  in  direct  sunshine  and  in  contact  with  the 
air,  iodine  being  separated,  and  carbonate  and  dioxide  of  lead  produced.  This  decompo- 
sition is  extremely  slow  with  pure  lead  iodide,  but  is  accelerated  by  all  substances 
which  absorb  iodine.  Lead  chloride  is  not  altered  by  light  (W.  Schmid,  Poffg.  Ann, 
cxxvii.  493). 

Oadde.  PbO. — The  hydrate,  3PbO .  H»0,  may  be  obtained  in  strongly  refracting 
octohedral  crystals,  by  mixing  1 00  vol.  of  an  aqueous  solution  of  the  basic  acetate, 
3PbO.C«HH>»  +  H»0  or  2PbO . C*H«PbO«  +  H«0  (p.  11).  with  50  vol.  of  deaerated 
water,  and  then  with  a  mixture  of  20  vol.  ammonia  and  30  vol.  water,  and  leaving  the 
solution  exposed  to  a  temperature  of  25^-30^.  When  a  mixture  of  1 00  vol.  of  the 
solution  of  the  triplumbic  acetate  saturated  at  15*^  to  16°,  and  50  vol.  water  boiled  for 
a  short  time  and  then  lelt  to  stand  in  boiling  water,  is  mixed  with  3  vol.  ammonia 
and  20  vol.  water  previously  heated  to  80^,  anhydrous  lead  oxide  is  deposited  in  the 
course  of  a  minute,  in  yellowish  rhombo'idal  lamellse  which  unite  in  radiate  git>up8 
(Payen,  Ann.  Ch.  Phys.  [4]  viii.  802). 

An  alkaline  solution  of  lead  oxide  is  precipitated  by  alkaline  solutions  of  chromic, 
ctannie,  stannous,  anHmonious,  and  arsenious  oxides.  The  precipitate  formed  undoif 
these  circumstances  by  arsenious  oxide  is  the  triplumbic  arscnite  Pb'AsK)'  (Streng, 
Ann,  Ch.  Pharm,  cxxix.  238). 

Balptalde.  PbS. — Hydrogen  sulphide  passed  into  lead  solutions  siifficiontly  acidu- 
lated with  nitric  acid,  immediately  forms  a  heavy  pulverulent  precij  itate  formed  of 
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microscopic  cubes  resembling  galena.  A  solution  of  3  grms.  lead  nitrate  in  2d0  c  c 
10  p.  c.  nitric  acid,  gave  at  15°  cubes  measuring  0*19  mm. ;  at  40^-90^  cubes  of 
0-026  to  0*028  mm.  in  the  side.  Solutions  prepared  in  the  same  proportions,  bat  with 
nitric  acid  of  1  p.  c,  yielded  first  a  granular  or  amorphous  precipitate ;  afterwards, 
when  the  quantity  of  free  add  had  increased  in  proportion  to  the  lead  salt,  a  crystal- 
line precipitate.  Lead  solutions  strongly  acidulated  with  acetic  acid  giro,  on  the  other 
hand,  with  hydrogen  sulphide,  an  amorphous  precipitate.  The  iridescent  film  which 
is  formed  in  the  precipitation  of  neutral  or  slightly  acid  solutions  by  hydroffen  sulphide, 
and  dries  up  to  shining  spangles,  is  likewise  non-crystalline.  Boll-sul^nr  left  for 
some  time  in  a  solution  of  lead  oxide  in  caustic  potash,  produces,  together  with  amor- 
phous lead  sulphide,  cubes  of  this  compound  large  enough  to  be  distinguished  by  ths 
naked  eye  (F.  Muck,  ZeUschr.  /.  Chem,  [2]  iv.  241). 


rOBZO  AOZB.  C>«H>«0'.— Hesse  (Ann.  Ch.  Pharm.  czxxix.  22)  prepares 
this  acid  from  Roccdla  fuetformia  or  R.  tinctoria  by  exhausting  the  lichen  with  ether, 
dissolring  the  greenish-white  crystalline  residue  left  on  evaporation  in  milk  of  lime, 
precipitating  the  filtrate  with  sulphuric  acid,  washing  the  precipitate  with  water,  and 
recrystallising  it  from  hot  alcohol.  The  exhaustion  of  the  lichen  in  the  first  instance 
by  milk  of  lime,  Hesse  finds  less  adyantageous,  because  the  acid  separated  from  the 
gelatinous  solution  is  contaminated  with  a  yellow-brown  colouring  matter  which  can 
only  be  remored  by  repeated  crystallisation  from  alcohol.  In  either  case  the  purified 
add  must  be  treated  with  a  quantity  of  eth^  less  than  sufficient  to  dissolve  it,  iHiereby 
a  difiicultly  soluble  substance  is  removed.  The  ethereal  solution  is  then  evaporated, 
and  the  residue  again  crystallised  from  hot  alcohol. 

The  acid  thus  prepared  has  the  composition  C**H"0' .  HK)  assigned  to  it  by  Schunck, 
and  easily  gives  off  its  water  (6*35  p.  c.)  at  100**.  1  pt.  of  the  acid  dissolves  in 
24  pts.  ether  at  20^  (according  to  Schunck  in  80  pts.  at  16°);  it  melts  at  163^  to  a 
colourless  liquid  which  quickly  decomposes,  with  evolution  of  carbon  dioxide.    By 

Sassing  this  gas  through  a  solution  of  the  add  in  baryta-water,  a  very  stable  solution  of 
arium  lecanorate  is  obtained ;  this  reaction  affords  a  means  of  separating  lecanorie 
add  from  erjrthrin.  When  the  solution  of  this  barium  salt  is  boiled  with  excess  of 
baryta  till  it  no  longer  yields  a  gelatinous  precipitate  with  hydrochloric  add,  it  deposits 
on  cooling  crystals  of  orsellinic  acid.  By  boiling  lecanorie  acid  with  alcohol,  ethyl 
orsellinate  is  produced : 

C'«H>K)»  +  C«H«0  -  C0«  +   C'H"0«  +    C»H'(C«H»)0« ; 
Lecanorlo  Orcin  Ethyl 

add  oiMUioste 

but  the  quantity  of  this  ^ther  obtained  is  always  less  than  the  theoretical  amount 
(67*6  instead  of  61*6  p.  c),  because  part  of  the  lecanorie  add  is  decomposed  by  the 
water  in  the  ^cohol,  in  tlie  manner  shown  by  the  equation : 

C»«H"0'  +  H«0  -  C0«  +   C'HH)«  +  C«HK)* 

Lecanorie  Ordn.  OnelUaie 

add.  Hdd. 

With  amylic  alcohol  in  like  manner  amyl  orsellinate  is  produced, 
Grimaux  (Buil.  8oe,  Ckim.  [2]  iii.  410),  regarding  orsellinic  add  as  a  monobasic  but 

triatomic  add,  ^    g^,.  ^  >  O'  (inasmuch  as  it  is  converted  by  abstraction  of  CO'  into 

the  diatomic  compound,  orcin,  C'H*(OH)*),  represents  lecanorie  add  by  the  formula 
(C«H»0)-) 

H*       j 

Dihromoleeanorie  aeid,  C"H"Br*0',  is  produced  by  mixing  the  ethereal  solu- 
tion of  lecanorie  acid  by  small  portions  with  an  ethereal  solution  of  bromine,  till  the 
latter  is  but  slowly  absorbed.  By  washing  the  evaporation-residue  with  water,  and 
recrystallising  from  hot  alcohol  with  addition  of  animal  charcoal,  it  is  obtained  in 
white  crystals  insoluble  in  water,  less  soluble  in  alcohol  and  ether  than  lecanorie 
acid,  and  produdng  in  alcoholic  solution  a  purple-violet  colour  with  ferric  chloride, 
blood-red  with  chloride  of  lime.  It  melts  at  175°,  with  evolution  of  carbon  dioxide, 
and  is  decomposed  by  boiling  with  baryta-water,  yielding  barium  bromide  and 
carbonate,  and  a  yellow  substance  (Hesse). 

Tetrabrofnoleeanorie  aeid,  0"H'*Br^O',  is  formed  by  dropping  bromine  into 
an  ethereal  solution  of  lecanorie  add,  and  crystallises  from  alcohol  in  pale  yellow 
prisms  melting  at  about  167°t  easily  soluble  in  alcohol,  ether,  ammonia,  and  baryta- 
water,  and  precipitated  from  the  latter  by  adds  in  the  form  of  a  yellowish  oil. 
Its  alcoholic  solution  has  an   acid   reaction,  and   reacts  with    ferric   diloride   and 
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chloride  of  lime  like  that  of  the  dibrominated  acid.  Boiled  with  baiyta-water  it 
jielda  barium  bromide  and  carbonate,  together  with  a  yellow  reeinooe  eabstanee 
(He«e). 

(Diakonow,  Cmira^.  f.  die  fned.  Wiaamseh.  1867,  No.  1  and  7 ; 


Med.'Ckem.  Unterg.  ii.  221 ;  Zeiisckr.  f.  Ckem,  [21  iy.  154.  Strecker.  ZeitscAr.  /. 
Ckem,  [2]  ir.  487). — ^Thia  name  was  applied  by  Oobley  to  a  phoephoretted  fatty  body 
which  ne  euppoeed  to  exist  in  the  yolk  of  eggs,  the  brain,  bile,  blood,  &c.,  but  did 
not  succeed  in  isolating  (iii.  667).  Fhosphorettod  fats,  existing  in  the  brain  and 
other  parts  of  the  animal  orsanism,  have  also  been  described  as  oleophoaphoric  acid 
and  pratagon.  These  phoephoretted  compounds  were  shown  by  Oobley  to  yield  by 
saponification  fiiitty  acios  and  glycerophoe^horic  acid,  ^nd  Liebreich  obtained  from 
his  protagon  a  strong  base,  called  neunne  or  choline  (p.  448).  More  recently, 
Diakonow  has  obtained  fW>m  the  yolk  of  hens*  eggs,  and  from  the  eggs  of  the 
sturgeon,  a  definite  iiJiosphoretted  fat,  having  the  composition  O*H**NP0*  +  H*0, 
and  resolved  by  boiling  with  baryta-water  into  stearic  acid,  glyoerophoephoric  acid, 
and  neurine.  This  subatanoe,  designated  especially  as  lecithin e,  is  regarded  by 
Diakonow  as  a  saline  compound  of  neurine.  In  accordance  with  this  view,  Strecker 
finds  that  the  ethereo-alconolic  extiact  of  egg-yolk  gives  with  an  alcoholic  solution  of 
platinic  chloride  containing  free  hydrochloric  acid,  a  yellow  floccolent  precipitate 
consisting  of  a  compound  of  platinic  chloride  with  lecithine.  This  precipitate  decom- 
posed by  hydrogen  sulphide  yields  a  hydrochloride  of  lecithine ;  and  on  agitating 
the  aloohoiio  solution  of  this  salt  with  silver  oxide,  and  treating  the  filtrate  with 
hydrogen  sulphide  to  remove  dissolved  silver,  lecithine  is  obtainea  in  the  form  of  a 
waxy  subetance.  The  ethereo-alcoholic  extract  of  egg-yolk  also  yields  with  cadmium 
chloride  a  precipitate  of  a  double  salt,  from  which  lecithine  ma^  be  obtained. 

Lecithine  thus  prepared*  when  boiled  with  baiyta-water,  yields  choline,  together 
with  glyearophosphoric,  oleic,  and  palmitic  acids,  and  probably  small  quantities  of 
stearic  acid.  It  appears,  therefore,  to  contain,  not  merely  a  single  fatty  acid,  but, 
like  meet,  animal  &ts,  oleic  add,  together  with  solid  fatty  acids,  among  which 
mlmitic  add  is  the  most  abundant.  There  are  probably,  therefore,  many  varieties  of 
lecithine  and  numerous  mixtures  of  those  varieties. 

Strecker  represents  the  ledthines  by  the  general  formula : 

opISiK)'!     +     ^^'^     +     CH-NO*    -    3H«0. 
Fflttj  acids  or  Olyoerophoqiboiic  Choline. 

Olflio  adds.  add. 

The  particular  lecithine  examined  by  Strecker  agreed  nearly  with  the  formula 
C^^'^NPO',  obtained  by  substituting,  in  the  first  term  of  the  preceding  formula,  1  mol. 

palmitic  acid  and  1  mol.  oleic  acid,  whereby  it  becomes  n\%-uu(\%  \  •    ^i"  formula 

agrees  also  nearly  with  Diakonow*s  analysis  of  lecithine : 


Calc. 

Strecker 

Diakonow 

c« 

.     64-8 

64-6 

64-3 

H»* 

.     10-6 

10-7 

11-4 

N 

3-9 

40 

8-8 

P 

1-8 

^ 

1-8 

Choline,  which,  as  shewn  bv  Wurtz,  may  be  obtained  from  ethylene  oxide  and 
trimethylamine  hydrochloride  (p.  448),  may  be  regarded  as  an  alcoholic  base  and 
represented  by  the  formula 

CH«.OH 


k 


)H«.N(CH»)»OH 
and  lecithine  may  be  regarded  as  a  salt  of  this  base,  represented  by  the  formula 

CH« .  OPO I  OH        }  OC»H"0 


i 


JH«N(CH«)«OH 
containing  the  residues  of  palmitic  acid,  oleic  acid,  and  glycerophosphoric  acid : 

fOH 
PO    OH 

O.C»H»(OH)«. 

Strecker  has  fiirtber  pointed  out  that  Liebreich's  protagon,  which  also  yieldr 
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choline  by  docompoHition  with  alkalis,  has  the  oomposition  of  a  mixture  of  lecitiuDe 
with  a  noo-phoeptioretted  substauce,  probably  cerebrin : 

Locithine  Protagon  Cerebrin 

(Diakonow)  (liebrefch)  (MUUer) 

64-37  66-2  to  67*4  6846 

11-40  111  „  11-9  11-27 

1-80  2-7  „    2-9  4-61 

3-80  11  „     1-6  — 

18-73  —  15-67 

10000  10000 

See  Sapucaia  (v.  195). 

The  composition  of  this  proteide  has  recently  been  examined 
by  Ritthansen  (Zeitschr.  /.  Ckem.  [2]  iv.  541).  It  was  prepared  by  maoenting  the 
pulverised  seeds  of  peas,  beans,  lentils,  and  Tetches,  with  cold  water  (in  snme 
cases  with  addition  of  a  little  alkali) ;  precipitating  the  strained  liquid  with  acetic 
acid ;  washing  the  precipitate  on  a  filter  with  alcohol  of  49  to  50  p.  c,  which 
caused  it  to  shrink  and  separate  easily  from  the  filter ;  again  exhausting  the 
separated  lumps  with  alcohol,  then  with  ether ;  remoTing  the  liquid  as  completely  as 
possible  by  pressnre ;  and  finally  drying  the  mass  in  a  Tacuum  orer  sulphuric  acid 
The  parity  of  legumin  may  be  known  by  the  three  following  cfaaracters  taken 
together :  1.  It  dissolres  completely  in  water. — 2.  Boiled  for  a  few  minutes  with 
sulphuric  acid  diluted  with  an  equal  bulk  of  water,  it  forms  a  clear  brown-yellow 
solution,  which  remains  clear  on  addition  of  more  water. — 8.  On  diasolying  it  in 
water  containing  potash,  adding  a  few  drops  of  solution  of  cupric  sulphate  and  then 
a  few  drops  of  potash-ley,  a  violet  or  reddish-yiolet  colour  is  prodoced.  Legumin 
which  does  not  fulfil  all  these  conditions  may  be  purified  by  solution  in  weak  aqueow- 
potash  (containing  1  to  2  p.  c.  KHO)  and  reprocipitation. 

Legumin,  tree  from  ash,  obtained  from  peas,  lentils,  vetches,  and  field-beans,  gave 
by  analysis  in  100  pts. : 

K  O  8 

16-77  24-88  0*40; 

14-71  26-35  0-45. 

The  phosphorus  in  legumin  appears  to  be  in  the  form  of  phosphoric  acid.  The 
possibility  of  extracting  legumin  from  the  seeds  by  water  appears  to  depend  on  the 
presence  of  mineral  substances,  especially  of  tripotassic  phosphate  and  free  potash, 
both  of  which  in  aqueous  solution  easily  dissolve  pure  legumin.  Wheat-flour  and 
soft  peas  do  not  contain  basic  phosphates,  and  l^om  these  the  protein-substance 
cannot  be  dissolved  out  by  water. 

Jj^^min  treated  with  sulphuric  acid  yields  tyrosine,  leucine,  glutamic  acid  (p.  636), 
active  aspartic  acid  (formerly  regarded  by  Ritthausen  as  a  poeuliur  acid,  and  called 
tegamic  (wid\  and  brown  amorphous  substances. 

Substances  ver^r  closely  allied  to  the  legumin  of  peas,  beans,  &c.,  but  exhibiting 
blight  diversities  in  composition  and  physical  properties,  are  obtained  from  almonds, 
the  kernels  of  plums,  apricots,  and  hazel-nuts,  white  mustard,  the  seeds  of  lupines, 
and  oats.  The  legumin  of  almonds  and  lupines  (Ritthaasen*s  eoHffl^Un)  is  richer  in 
nitrogen  (16*65  to  18  93  p.  c.)  than  that  of  pulse  ;  it  is  also  more  glutinous  and  moro 
solubli^  in  acetic  add  (Ritthausen,  J.  pr,  Chern,  ciii.  65,  78,  193,  273 ;  ZeiUekr,  f. 
Chem,  [2]  iv.  528,  541  ;  vi.  126  ;  OmeUn*8  Handbook,  xviii.  427-437). 


0 
51-48 

H 

7-02 

that  from 

gard< 

sn-beans 

gave 

51-48 

6-92 

C»H»0  (Zinin,  Ann.  Ch,  Phyn.  [4]  xii.  HI;  JakreA,  1867, 
p.  416.  Limpricht,  Zeitwhr.  /.  Ch&m.  [2]  v.  336.  Dom,  ibid.  597).— This  compound 
IS  formed,  together  with  dibentyl  lind  an  oily  body,  when  bentoih  (C**H'»0»)  is 
heated  for  several  hours  to  130^  with  1^  pt.  of  fuming  hydrochloric  acid  saturated 
at  -t-  8^,  whereby  the  beneoEii  is  converted  into  flti  dily  body  whidi  floats  on  the 
Rurface,  and  on  opening  the  tube  immediately  solidifies  to  a  yellow  laminar  mass. 
More  dilute  acid  acts  only  at  170°.  The  laminar  maAs  is  resolved  hy  treatment  with 
solvents  into  lepidene  (28  p.  c),  sparingly  soluble  in  alcohol  and  ether,  and 
partly  rehiaining  undissolved  when  the  product  is  treated  with  ether,  partly  crystal- 
lising in  white  scales  when  the  ethereal  solution  is  mixed  with  alcohol  and  the  ether 
is  distilled  off;  benzyl  (about  40  p.  c).  which  crystallises  from  the  yellow  solution; 
and  a  thick  oil  insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether. 

Lepidene  is  insoluble  in  water,  soluble  in  170  pts.  of  boiling,  scarcely  soluble  in 
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1,000  pis.  of  cold  alcohol  of  94  p.  c. ;  soluble  in  38  pts.  of  boiling  and  about  52  pta.  of 
cold  ether ;  in  28  pU.  boiling  and  about  600  pts.  cold  glacial  acetic  acid ;  in  2  pta.  hot 
and  1  pt.  cold  benzol.  From  volution  in  alcohol  or  acetic  acid,  it  erystallises  in  featheiy 
or  laminated  groups  of  flat  needles;  melts  somewhat  above  175^  to  a  colourless 
liquid ;  and  solidifies  again  in  the  ciystalline  form  only  when  the  tempeiature  has 
not  been  raised  above  a  certain  point.  At  220^  it  boils  and  may  be  distilled 
undecomposed  in  quantities  not  exceeding  10  grams.  It  is  not  decomposed  by  alcoholic 
pot  sh-solution  or  even  by  fusion  with  potassium  hydrate.  Nitric  acid  of  sp.  gr.  1*8 
oonverU  it  into  oz^lepidene.  When  gently  heated  with  phosphorus  pentacmoride,  it 
forms  a  reddish  liqmd,  which  solidifies  when  washed  with  water,  dissolves  easily  in 
alcohol  and  ether,  bjkI  crystallises  thereirom  in  needles  (Zinin). 

JHlfromolqndene,  C^^H^'TBi'O,  is  formed  on  adding  bromine  in  slight  excess  to  a 
solution  of  fepidene  in  acetic  add,  and  separates  in  needle-shaped  crystals  insoluble 
in  water,  soluble  in  410  pts.  of  hot  alcohol,  66  pts.  of  boiling  acetic  acid,  and  50  pts. 
of  boiling  ether,  and  oystallises  therefrom  in  thin  tables  or  lamins.  It  melts  at 
190^,  and  solidifies  in  the  crystalline  or  amorphous  state,  according  to  the  tem- 
perature to  which  it  has  been  raised.  With  nitric  add  it  forms  a  needle-shaped  body 
which  reacts  similarly  to  oxylepidene. 

Oxylepidene,  C"H-*0^  is  most  readily  prepared  by  heating  lepidene  to  the  boiling 
point  with  10  pts.  of  gladal  acetic  acid,  and  adding  a  mixture  of  1  pt.  nitric  acid  of 
sp.  gr.  I'd  and  3  pts.  glacial  acetic  acid,  the  oxylepidene  then  crystallising  out  on 
cooling.  It  forms  yellow  needles  (4-sided  prisms)  insoluble  in  water,  nearly  insoluble 
in  ether  and  cold  alcohol,  soluble  in  200  pts.  of  boiling  alcohol  of  94  p.  c,  in  22  pts. 
of  hot  acetic  add,  and  easily  in  benzene.  It  melts  at  220^  and  resolidifies  in  the 
crystalline  form  on  cooling ;  but  after  being  heated  to  its  boiling  point,  it  forms  on 
cooling  a  yellow  resinous  substance,  easily  soluble  in  alcohol  and  ether,  and  separating 
therefrom  with  different  properties.  Oxylepidene  dissolved  in  hot  acetic  acid  is 
completely  reduced  by  dnc  to  lepidene ;  by  boiling  with  alcoholic  potash-solution  it 
is  converted  into  a  crystalline  body,  separable  by  water  and  diffenng  in  its  properties 
from  oxylepidene  (Zinin). 

Lepidene  and  oxylepidene  are  analogous  in  composition  to  thionessal  and  tolallyl 
sulphide;  thus: 

Lepidene,     C»H~0  Oxylepidene,  C«»H»0« 

Thionessal,  C"H*S  Tolallyl  sulphide,  C»H»S«, 

and  may  be  formed  from  thionessal  and  tolallyl  sulphide  respectively  by  treatment 
with  hydrochloric  acid  and  potassium  chlorate  (Limpricht). 

Oxylepidene  is  converted  by  the  most  various  reducing  agents  into  lepidene,  but  the 
latter  cannot  be  deprived  of  any  ftirther  portion  of  oxygen,  even  by  passing  it  over 
heated  zinc-powder.  Oxylepidene  heated  with  phosphorus  pentaehloride  yields  the 
same  products  as  lepidene,  namely, chlorinated  derivatives  of  the  latter.  The  following 
compoands  have  been  obtained  by  Dom : 

JHchioroxylepidenet  C^"C1^0',  is  prepared  by  treating  dichlorothionessal  with 
hydrochloric  acid  and  potassium  dilorate.  It  forms  white  needles  melting  at  178^, 
and  is  converted  b^  reducing  agents  into  dichlorolepidene,  CH"C1H),  wluch  forms 
white  needles  meltinff  at  156^. 

Oxylepidene  heated  in  sealed  tubes  with  phosphorus  pentaehloride,  or  (to  diminish 
the  pressure)  with  phosphorus  oxychloride,  yielaed : 

1.  PetUackaroUpidene,  0*"H>*Cl*O,  in  white  crystals  melting  at  186^,  very  slightly 
soluble  in  alcohol  and  ether. — 2.  Hexchlorolepidene,  G^H^^Cra,  a  yellow  amorphous 
substance,  melting  at  80^-90^,  easily  soluble  in  alcohol  and  ether. — 8.  Odochhroiepi- 
dene,  C"H"G1*0,  an  orange-yellow  amorphous  substance,  softening  at  70^,  melting  at 
97°,  easily  soluble  in  alcohol  and  ether. 

XiBmOMSbASa.  This  variety  of  mica,  hitherto  found  only  at  one  locality 
in  Sweden  (iii.  574),  occurs,  together  with  danalite,  another  variety  of  mica  called 
cryophyUUe^  and  a  zircon-like  mineral,  in  the  granite  of  Bockport,  Massachusetts. 
The  lepidomehine  occurs  in  black  six-sided  prisms  with  dark  green  streak,  hardness 
about  3,  and  sp.  gr.  8*169.    Analysis  gave : 

ICffO      PO       LfO      H"0 

100*42, 

agreeing  with  the  general  formula  (M« ;  ]SiP)SiO«  (J.  P.  Cooke,  jun.,  8iU.  Am,  J,  [2] 
xliii.  217). 


SIO" 

BiF* 

APO"    Mn*0»    P*^)" 

PeO 

ICgO 

KH) 

Ll-0 

H-0 

39-55 

0*62 

16*73    0-60     12-07 

17-48 

0-62 

10-66 

0*59 

1*50  « 

On  the  methylated  derivatives  of  this  base,  produced  by  the 
decomposition  of  iodine-green,  see  Axiuioi  (p.  f64). 
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T^JWtTllTBB  mnittTy  ■  Aoeordiiig  to  an  analjns  of  this  mineral  from  the 
Cbicbime  mooDtaine  in  the  Ural,  by  Di^  Nieolas  von  Lsnchtenbeig  (N.  Petenb. 
Acad.  Bull,  iz.  188  ;  Jakreab,  1865,  p.  891),  it  appeazs  to  be  a  distinct  mineral  speeieB 
allied  to  the  chloritee. 

C»H»H)H 

imUCXCACm.    C*H*K)'«  I  .— Genther   {Jakrtgb.  1867,   p.   454)  hai 

COOH 
pointed  out  the  following  differences  between  the  salts  of  this  add  and  those  of  its 
isomeride,  diethoxalic  acid  (iT.  273).  The  amrnonium  salt  of  diethoxalie  add  crfstal- 
Uses  bj  spontaneous  evaporation  over  sulphuric  acid  in  large  laminaft ;  ammonimn 
leucate  is  amorphous.  Zinc  diethoxalate  forms  wavellitic  groups  of  needles,  anhjdions, 
less  soluble  in  alcohol  than  in  water ;  zinc  leucate  crystallises  in  scales  oontainiog 
1  mol.  water,  more  soluble  in  hot  alcohol  than  in  water.  Cupne  diethoxalate  is  easily 
soluble  and  unciystallisable ;  the  lencate  is  a  sparingly  soluble  predpitata.  Silver 
diethoxalate  contains  1  mol.  water;  silver  leucate  is  anhydrous. 

C»H»»(NH«) 
UlirCZVS  or  AaOBOCAFBOIO  AOXD.     0^**50*  »    |  .—This 

COOH 
compound  heated  in  a  sealed  tube  with  fuming  hydriodic  add  is  decomposed,  with 
formation  of  caproic  add  and  ammonium  iodide,  aiui  separation  of  iodine : 

OH"N0«  +  SHI  =  C^»«0«  +  NH«I  +  P. 

Conversely  it  is  produced  synthetically  by  heating  bromocaproic  acid  with  strong 
aqueous  ammonia  to  120^-130°  for  five  or  six  hours  in  a  sealed  tube : 

C«H"BrO«  +  NH«  =  HBr  +  C^»»NO« 

(Hiifner,  ZeUeekr.  /.  Chem.  \i\  iv.  391,  616). 

In  the  preparation  of  leucine  by  the  action  of  hydrochloric  and  hydzocraBic  adds  on 
valeral -ammonia  (iii.  681),  the  crystalline  hydrochloride  of  the  base  C'^^N*,  dis- 
covered by  H.  Stiecker  (Jahresh.  1864,  p.  417),  is  first  produced,  and  this  base,  by 
prolonged  contact  with  hydrochloric  ado,  is  resolved  into  ammonia  and  lendne : 

8C»H'»0  +  2NH»  +  8CNH  =  3H«0  +  C»H"N» 
and 

C»«H"N»  +    6H«0   -  2NH«  +  3C«H»«N0». 

After  the  excess  of  hydrochloric  add  has  been  removed  by  evaporation,  the  greater 
part  of  the  leucine  may  be  precipitated  by  ammonia ;  the  portion  remaining  in  solutioo 
may  be  recovered  by  evaporating,  redissolving  in  hydrochloric  acid,  and  again  pivci- 
pitating  with  ammonia.  The  removal  of  the  sal-ammoniac  by  lead-l^ydrate,  as  in 
Limpricht's  process  (iii.  680),  is  not  to  be  recommended,  becaose  Isocine  fonns  a 
sparingly  soluble  compound  with  lead  oxide.  Leucine  solntions  boiled  with  enprie 
acetate  form  a  blue  crystalline  predpitate  of  oopper-leueine. 

Leucine  melU  at  210^,  and  when  heated  to  220^-280^  is  converted,  with  lo«  of 
weight  amounting  to  about  20  p.c,  into  leudmide,  C«H^>N0  *-  (C*H>*0)'NH,  which 
after  repeated  crystallisation  from  alcohol,  forms  slender  needles,  subliming  in  white 
flocks  without  previous  fusion.  Sal-ammoniac  and  a  small  quantity  of  amylamine  are 
formed  at  the  same  time  as  secondary  products  (Kohler,  Ann,  Ch,  Pkarm,  cxxxiv.  16). 


This  name  is  given  by  Zepharovich  (Jahre^.  1867,  p.  973) 
to  an  arsenide  of  iron,  Fe*As*,  occurring,  together  with  lollingite,  (Fe*As*),  in  the 
siderite  vein  at  Hiittenberg  in  Carinthia.  It  is  found  also  in  a  sparry  siderite  is 
the  Schwangrubner  vein  at  Fnibram. 

ZiBVCQXOSO&ZC  ACZB.    See  Bosouc  Acm. 

See  LiBvuLiN. 


XiZOBT.  Relations  between  Befractive  Power  and  Chemical  Cdmposiium. — The 
researches  of  Gladstone  and  Bale,  of  which  an  account  is  given  in  the  artide  Liqht 
(iii.  624-631),  showed :  1.  That  the  specific  refractive  energy  of  a  liquid — expressed  by 

the  formula  ^"T  ,  in  which  fi  is  the  index  of  refraction,  and  d  the  density — is  nearly 

a  coni»tant  quantity  unafiTected  by  change  of  temperature. — 2.  That  the  spedfic  refiae- 
tire  energy  of  a  mixed  liquid  is  approximately  the  moan  of  the  spedfic  refractive 
energies  of  its  constituents. — 3.  That  isomeric  bodies  exhibit  in  many  instances  equal 
specific  refractive  energies. — 4.  That  in  compounds  belonging  to  the  same  homologous 
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801*160,  the  specific  refractire  energy  increases  aa  the  aeries  advances,  but  that  the 

amount  of  its  yariation  is  less  between  the  higher  than  between  the  lower  terms  of  the 

series. 

lAndolt  (JPoag^  Ann.  czxii.  646;  cxziii.  696;  Jakresb.  1864,  p.  101)  simplifies  the 

expression  of  tnese  relations,  especially  of  the  last,  by  adopting,  instead  of  the  specific 

refractiye  eneigy,  the  product  of  this  fraction  by  the  molee^ar  weight  of  the  compound, 

tt— 1 
P.    -j^'t   this  is  called  the   refraction-equivalent.     In  homologous  series 

the  refraction  increases  in  all  cases  for  a  difference  of  CH',  by  a  nearly  equal 
amount,  the  mean  increment  in  the  fiitty  acids,  alcohols,  &c.,  being  7'60.  The  first 
and  third  of  the  above  laws  remain  true  for  refraction-equivalents  to  the  same  extent 
as  for  specific  refractive  energies.  The  expression  of  the  second  becomes:  7%s 
refraction-equivaiemt  of  a  mixture  or  compound  if  the  sum  of  the  refraotum-equiwdente 
of  tie  oomponewte. 

This  last  law  gives  the  means  of  determining  the  refraction-equivalents  of  elements 
from  those  of  their  compounds.  Landolt  has  shown,  by  comparison  of  the  optical 
properties  of  a  large  number  of  organic  compounds,  that  the  refraction-equivalent  is 
increased  by  addition  of  either  carbon,  hydrogen,  or  oxygen,  but  by  somewhat  different 
amounts  according  to  the  type  to  which  the  compound  belongs,  these  values  varying 
for  C  from  4*76  to  6*43,  for  H  from  1*06  to  1*33,  for  O  from  2*46  to  8*24.  The 
mean  refraction-equivalents  of  these  three  elements  in  the  homologous  fatty  alcohols 
and  acids  are : 

OHO* 
6-00  1-30  3*00 

By  means  of  these  values,  the  refraction-equivalent  R  of  a  compound  of  carbon, 
hydrogen,  and  oxygen  may  be  calculated  according  to  the  formula, 

R  »  97ir  +  m'r   +  w'V, 

where  m,  m\  m"  denote  the  numbers  of  the  atoms  of  the  three  elements,  and  r,  r',  r" 
their  refraction-equivalent :  thus  in  the  case  of  ethyl  oxide,  OH**0 : 

4  X  5-0  -f  10  X  1-3  +  3*0  »  360 
Refraction-equivalent  deduced  frt>m  observation   .        .        .a  36*26. 

The  values  above  given  for  the  refraction-equivalents  of  C,  H,  and  O  agree  very 
nearly  with  those  deduced  from  the  experiments  of  Gladstone  and  Dale  already 
cited.  Gladstone  has  8ubse<|uently  determined,  by  similar  methods,  the  refraction- 
equivalents  of  chlorine,  bromine,  tin,  iodine,  and  mercury ;  and  Haagen  {^ogg.  Ann. 
cxxxi.  117),  by  examining  a  variety  of  liquid  haloid  compounds,  has  aeduced  for 
several  of  these  elements,  refraction-equivalents  agreeing  with  those  found  by  Ghid- 
Btone,  toge^er  with  those  of  arsenic,  antimony,  and  silicon. 

The  fact,  previously  established  by  Gladstone  and  Bale,  that  a  substance  when 
dibsolved  retains  the  same  specific  refractive  energy,  and  consequently  the  same 
refracUon-equivalent,  as  in  the  solid  state,  affords  the  means  of  determining,  the 
refraction-equivalents  of  a  great  number  of  solid  bodies  which  could  not  otherwise 
be  ascertained.  By  determining  the  refractive  indices  of  a  series  of  chlorides, 
bromides,  and  iodides  dissolved  in  water,  Gladstone  has  shown  that  a  chloride  has, 
in  each  case,  a  refraction-equivalent  about  6  less  than  the  corresponding  bromide,  and 
about  17  less  than  the  corresponding  iodide ;  and  that  a  potassium  salt  has,  in  each 
case,  a  refraction-equivalent  about  3*2  greater  than  that  of  the  corresponding  sodium 
salt,  about  4  greater  than  the  lithium  salt,  and  about  3*6  less  than  the  ammonium 
salt.  Hence  it  seems  to  follow :  1.  That  the  different  salts  are  really  compcoiible 
with  one  another  in  this  respect — 2.  That  each  halogen  and  each  metal  retains  its 
own  refractive  power,  with  whatever  other  elements  it  is  combined. — 3.  That  if  the 
value  of  any  one  of  these  elements  can  be  ascertained  with  certainty,  all  the  rest  may 
aUo  be  determined. 

Experiments  conducted  on  these  principles  have  been  extended  by  Gladstone  to 
about  180  different  salts,  containing  28  inorganic  salt-radicles  and  33  metals.  The 
results  are  tabulated  in  a  paper  recently  communicated  to  the  Royal  Society  (PAt/. 
Trane.  1870,  p.  9 ;  abstr.  I*roe.  Roy.  8oc.  1868,  p.  439). 

The  refraction-equivajents  of  the  elementary  oodios  deduced  from  these  results  are 
given  in  the  following  table : 

•  These  Tslaes  dUfer  but  digfaUy  from  those  of  the  free  elements  dednoed  \j  Landolt  from  tte 
obwnrstioni  of  Scbrarf,  Bulong,  and  Begnanlt,  tU.  G  s  4*86,  H  »  I'M,  0  ■=  8*04. 


784 


LIGHT. 


Befraeiitm-eguivaienta  of  ike  Elemeniaiy  BodieM. 


Ttlftwyff*^ 


Aluminium 

Autimony 

Arsenic 

Karium 

Bismuth 

Boron    . 

Bromine 

Ciulmium 

CiiHium 

Calcium 

Carbon  . 

Cerium  . 

Chlorine 

Chromium 

CobiUt  . 

Copper  . 

Didymium 

Fluorine 

Glucinum 

Gold      . 

Hydrogen 

Iodine    . 

Iron 

Lend 

Lithium 

Miignesium 

Manganese 

Mercury 

Nickel   . 

Nitrogen 

Oxygen 

Palladiom 

Phosphonu 

Platinum 

Potassium 

Rhodium 

Rubidium 

Silicon  , 

Silver    . 

Stxlium 

Strontium 

Sulphur 

ThiUlium 

Tin 

Titanium 

Uranium 

Vanadium 

Zinc 

Zirconium 


Atomlo 
weight 


27-4 
122 
76 

137 
210 

11 

80 

112 

133 
40 
12 
92 
36*6 
622 
68-8 
63-4 
96 
19 
9-4 

197 

1 

127 

66 

207 

7 

24 

66 
200 

68-8 

14 

16 
106-6 

31 
197-4 

39-1 
104-4 

86-4 

28 
108 

23 

87-6 

32 
204 
118 

60 
120 

61-2 

66-2 

896 


BefncUon-eqniTBlenfc 


8-4 
24-6 
16-4 
16-8 
39-2 

40 
16-3 
13-6 
18-7? 
10*4 

6-0 
13-6? 

9-9 
16-9 
10-8 
11-6 
16-0? 

1-4? 

6-7 
24-0 

1-3 
246 
120 
24-8 

3-8 

7-0 
12-2 
21-3 
10-4 

41 

2-9 
22-2 
18-3 
260 

81 
24-2? 
14-0 

7-6? 
18-6 

4-8 
13  6 
16-0 
21-6? 
27-0 
26-6? 
108 
26-8? 
10-2 
22-3? 


(other  Taluee  ?) 


In  dissolved  salts  16*9 


In  dissolved  salts  10-7 
In  chromates  23  ? 


In  hydmdds  8*6 

In  dissolved  salts  27*2 

In  ferric  salts  201 


In  permanganate  26*2  ? 
In  compound  iodides  29  0 

In  high  oxides  6*3 


(other  values  ?) 


In  silicates  6*8 
(other  values?) 

(other  values  ?) 

In  tetrachloride  19*2 


The  sign  ?  in  the  above  table  indicates  that  the  equivalent  has  been  deduced  fxom 
only  one  compound,  or  that  the  different  determinations  are  not  fairly  aooordant. 

It  will  be  seen  that  many  of  these  elements  have  a  double  value.  An  element 
ususlly  exerts  the  same  influence  on  transmitted  rays  in  all  analogous  compounds, 
and  in  man^  that  are  not  analogous  ;  but  there  are  (ufferences  of  composition  vhich 
do  affect  this  quality,  and  in  some  cases  at  least  these  are  coincident  with  a  change  of 
atomicity.  Thus  iron  in  all  the  ferrous  salts  examined  has  the  equivalent  12*0,  but 
in  the  ferric  salts  20*1.  The  knowledge  of  this  can  be  applied  to  the  examination  of 
other  compounds  of  the  same  element,  such  as  the  ferricyanide  of  potassium.    The 
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lefimetion-eqniTBlent  of  this  body  gives  for  iron  117,  snggesting  that  the  metal  is  in 
the  same  condition  as  in  the  ferrous  salts. 

Again,  in  most  of  the  vegetable  acids,  as  in  other  organic  compounds,  hjdrogen  has 
a  refiracUon-equiyalent  of  1*3,  but  in  hydrochloric,  hydrobromic,  and  hydriodic  acids  it 
exerts  a  far  greater  influence  on  light,  its  refraetion-equivalent  in  these  compounds 
being  8*6. 

The  bodies  of  the  aromatic  group,  two  series  of  nitrogenised  bases,  viz.  the  pyridine 
series  and  chinoline  series,  and  certain  oxidised  essential  oils,  exhibit  refraction- 
equivalents  considerably  higher  than  those  calculated  from  the  values  of  the  elements 
in  the  preceding  table ;  for  example : 


Subttance 

Formii]* 

Eefractlon*«<itilTB]ent 

Difltavnoe 

OtMerred 

GUcnlated 

Bensene 

Aniline 

Salicylol 

ISridiBe 

Chinoline 

Naphthalene 

Anethol 

Eugenol 

Anthracene 

C-H« 

c«n'N 

C'H«0 
C*H»N 
CH'N 

C"H"0 

487 
611 
68-9 
40-1 

667 
750 
81-4 
8M 
100-3 

87-8 
43-2 
48-6 
86-6 
68-2 
60*4 
68-6 
71-4 
830 

6*9 
7-9 

10*3 
4-6 
8-5 

14-6 

12-9 
97 

17-3 

(Gladstone,  Chem.  Soe.  J,  [2]  viii.  147). 
The  specific  lefiraetive  energies,  ^^^f  of  the  metals  are  for  the  most  part  greater 

as  their  combining  proportions  are  less.    This  will  be  seen  from  the  following 
numbers  extracted  from  Gladstone's  table  {ibid.  p.  113) : 

H 
Combining  proportion  1 
Sp.  refr.  energy ) 

M-1  I-         .   1300 


Li 
47 


12 


FiB 

28 


d 


640      292       214 


pa 
266 

208 


Pt 
49-3 

182 


Pb 
103-6 

120 


Th 
204 

103 


There  are,  however,  many  exceptions  to  this  rule. 

On  the  application  of  specific  refractive  energies  to  the  quantitative  analysis  of 
mixtures  of  organic  liquios,  such  as  methyl  and  ethyl  alcohol,  which  cannot  be 
accurately  separated  by  chemical  methods,  see  Landolt  (Ann.  Ch,  Phatm,  Supple 
iv.  1 ;  Zeitaokr,  anal.  Chem.  iv.  390 ;  Jahreab.  1866,  p.  680). 

On  the  relations  between  refracting  power  and  chemical  composition,  see  also 
Schnuf  (Piogff.  Jnm.  exviii.  369 ;  cxix.  461, 663 ;  cxxvi.  177 ;  cxxvii.  176,  844 ;  Jahreab. 
1863,  p.  98;  1866,  p^  84) ;  J.  Regnault  (J.  Pharm.  [3]  xliii.  187 ;  xliv.  187) ;  Fouqu^ 
(Cknnpt.  rend.  Ixiv.  121 ;  PkU.  Mag.  [4]  xxxiii.  666 ;  Jahrut^.  1867,  p.  96). 

fluorescence. — ^When,  instead  of  observing  fluorescence  directly,  a  pure  linear 
spectrum  of  the  fiuorsscont  light  is  subjected  to  prismatic  analysis,  it  is  found  that, 
fbr  each  fluorescent  substance,  the  fluorescence  begins  at  a  distinct  pritmatic  colour, 
and  is  not  excited  by  any  rays  of  lower  refrangibility.  When  sunlight  is  used,  both 
the  limit  of  the  fluorescence  and  its  maximum  intensity,  for  each  particular  substance, 
are  situated  (with  slight  variations)  at  the  same  part  of  the  spectrum,  and  are 
therefore  chs^cteristic  of  that  substance.  Throughout  the  whole  extent  of  the 
fluorescent  portion  of  the  spectrum,  the  predominant  tints  in  the  secondary  spectrum 
are  the  same,  so  that  the  composition  of  the  fluorescent  colour  is  independent  of  the 
nature  of  the  colour  which  excites  it,  and  is  likewise  characteristic  of  each  fluorescent 
substance.  In  light  from  artificial  sources,  or  light  which  has  passed  through 
coloured  media,  the  beginning  and  maximum  of  the  fluorescence  may^  be  situated  at 
points  of  the  spectrum  different  from  those  at  which  thoy  are  placed  in  sunlight 

Composite  fluorescences,  such  as  those  of  tincture  of  litmus  and  alcoholic  tincture 
of  quassia,  exlnbit,  by  prismatic  analysis  of  the  linear  spectrum,  several  secondary 
spectra.  Mixtures  of  fluorescent  substances,  on  the  other  hand,  exhiUt  eithev  a* 
composite  fluorescence  (which  may  be  resolved  by  prismatic  analysis  into  simple 
fluorescences),  or  a  fluorescence  which  cannot  be  recognised  as  composite.  In  the 
latter  case,  therefore  (e.a.  in  a  mixed  solution  of  esculin  and  fraxin)»  Uie  fluorescence 
is  no  longer  characteristic.    In  substances  which  fluoresce  In  solution,  the  solTeii^ 

Snp.  3K 


78G  LIGHT. 

exerta  an  inflnence,  either  on  the  intensity  alone,  or  likewise  on  the  nature  of  the 
fljuorescence.    Thus'  the  aqueous .  volution  of  ssculetin-red  exhihits  a  flnoMoenee ' 
different  from  that  of  the  alcoholic  solution.     The  fluoreecenoe  of  some  ftabotanoes  ia. 
Bprengthened,  and  sometimes  also  modified,  by  addition  of  acids,  that  <xf  othns  by 
addition  of  alkalis.    Solutions  of  sesculin,  sesculetin,  fraxin,  and  similar  oompoonda, 
fluoresce  more  strongly  on  addition  of  ammonia  or  a  fixed  alkali ;  Itea  atrongly  and 
in  a  different  manner  on  addition  of  acids ;  in  this  latter  case,  the  original  flnorescenet 
is  restored  by  saturation  with  an  alkali.    The  feeble  fluorescence  of  neutral  qninise 
salts  is  converted,  by  addition  of  most  acids,  into  the  strong  and  totally  di Arent  * 
Auoresccnce  of  the  acid  salts  ;  but  hydrochloric  and  hydriodic  acids  deBtroy  it  almost  - 
completely  (V.  Pierre,  Wien.  Akad.  Ber.  liii.  (2.  Abth.),  704 ;  Jakrak  lBQ6v  p.  79).    ' 

Fluorcbcence  is  developed  in  an  aqueous  solution  of  quinine  by  the  addition. of  an 
oxygen-acid,  such  as  sulphuric,  phosphoric,  nitric,  iodic,  acetic,  benzoic,  tartaric,  &c^ 
whereas  hydracids,  such  as  hydrochloric,  hydriodic,  hydrofenocyanic,  hydroplatino- 
cyanic,  &c.,  not  only  do  not  develop  fluorescence  in  the  quinine  solution,  but  destiuy 
it  when  previously  developed  by  an  acid  of  the  former  class.  Hyposulphnroos  acid 
resembles  the  hydracids  in  its  effect  on  the  fluorescence  of  a  quinine  eolntion ;  bat 
this  acid,  though  usually  classed  with  the  oxygen-acids,  nevertheless  exhibits  many  of 
the  chemical  characters  of  a  hydracid  (Stokes,  Chem.  8oe.  J.  [2]  vii.  174).  See  Htfo- 
SULPHUROUS  AcTD,  undcr  Sulphub. 

According  to  C.  B.  Greiss  (Po^g*  Ann.  cxxxiii.  171)t  fluorescent  substances  an 
found  in  all  parts  of  plants  and  animala.  Many  organic  compounds  not  oecuiring  in 
nature  (amyl  alcohol,  acetone,  creosote)  likewise  exhibit  weak  fluoroeoence. 

On  the  alteration  of  the  fluorescence  of  certain  vegetable  tinctures,  produced  by 
filtration  through  animal  charcoal,  see  J.  £.  Loughlin  {SiU,  Am,  J,  [2j  xliii.  239; 
Jahresb.  1867,  p.  104). 

The  conversion  of  rays  of  lower  into  rays  of  higher  refrangibility — the  opposite  of  the 
change  which  takes  place  in  fluorescence — ^was  designated  by  Emmsmann  {Pogg.  Ann. 
civ.  651  [1861])  as  'negative  fluorescence.'  An  <»xample  of  it  is  afforded  by  the 
incandescence  of  a  platinum  wire  or  of  a  piece  of  lime  held  in  a  hydrogen  flame,  Uie 
(lark  ultra-red  rays  which  constitute  the  greater  part  of  the  spectrum  of  this  flame  • 
being  then  converted  into  rays  of  higher  refrangibility,  and  so  becoming  luminous. 
This  phenomenon  has  been  further  studied  by  Akin  {The  Reader,  Sept.  1863  ;  Pkil. 
Mag.  [4]  ikxviii.  664 ;  xxix.  28,  136)  and  Tyndall  (Uid.  xxviii.  329  ;  Jtxix.  44,  218,' 
241  ;  Proo.  Roy.  8oc.  jaY.  33,  476).  When  the  luminous  and  calorific  rays  from  an 
electric  lamp  are  passed  through  a  sufficientlpr  thick  stratum  of  a  'solution  of  iodine  in 
carbon  bisulphide,  which  absorbs  all  the  visible  rays,  and  gives  passage  only  to  the 
invisible  ultra-red  rays,  and  these  rays,  which  are  the  least  refhrngible  of  all,  are' then 
made  to  pass  thUDugh  a  system  of  lenses,  a  focus  of  invisible  but  very  hot  rays  is  pro- 
duced, wnich  easily  sets  fire  to  inflammable  substances,  and  raises  metals  and  other 
solid  bodies  held  in  it  to  a  state  of  vivid  incandescence,  causing  them  to  emit  rays  of 
every  degree  of  refrangibility  (Tyndall).  The  same  exaltation  of  refrangibility  may 
be  more  simply  exhibited  by  placing  a  piece  of  fluor-spar  (chlorophane)  in  the  flue  of 
an.  ordinary  stove,  so  that  it  may  be  heated  by  the  dark  rays  radiated  from  the  mode- 
nitely  hot  walls  of  the  flue ;  the  mineral  then  becomes  luminous  in  a  few  minutes 
(G.  Bohn,  Jakresb.  1867,  p.  103).  As  fluorescence  properly  so  called~c.«^<  the  lowering  of 
the  refrangibility  of  rays — ^takes  place  at  ordinary  temperatures,  whereas  the  phenomena 
iuflt  noticed,  designated  by  Emmsmann  as  negative  fluorescence,  take  place  only  at 
lijgh  temperatures,  Tyndall  prefers  to  denote  them  by  the  term  calorescence. 
Akin  uses  the  word  calescence. 

Circular  Polarisation. — The  rotatory  power  of  volatile  substances  is  not  oon* 
8ta,nt»  but  varies  with  the  temperature,  its  variation  being  represented  by  the  general 
foiTuula  a-¥bt  +  cO,  in  which  c  is  very  small  and  sometimes  equal  to  nothing.  For  any 
given  temperature,  the  rotations  of  the  different  rays  are  not  exactly  in  inverse  propor- 
tio|i  to  tlie  wave-lengths,  the  variation  being  different  in  different  substancee.  The 
proportion  of  the  rotations  of  any  one  ray  at  different  temperatures  holds  good  likewise 
for  all  other  rays,  in  the  case  of  any  given  substance.  This  last  law  applies  also  to 
the  vapours  of  camphor  and  certain  volatile  oils,  the  rotation  of  which  is  moreover 
the' same. in  direction,  and  equal  or  nearly  equal  in  amount  to  that  which  would  be 
profluced  by  the  solid  or  liquid  substance  at  the  same  temperature  (Gernes,  CompU 
rend.  hiii.  1108). 

itxABVi  TSMABxmMmMan  of   tbb  cramc^x  actzoit  or. 

According  to  the  method  (lef»cribed  on  p.  689  of  vol.  iii.  (which  consists  in  the  cxart 
estihiatiofl  of  the  tint  which  standard  sensitive  paper  assumes  when  exposed  for  a 
givlVi  length  of  time  to  the  action  of  daylight),  a  regiilar  series  of  mcasureinents  was 
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ODntiniud  for  two  yekn  tt  K««  ObMrrator^  (BoBCOe,  Phit.  TV-ant.  1  SflT,  fififi),  praring' 
that »  Mntiaoad  Mriea  of  nich  dail?  obsnT&tioDB  can  be  effsctoBll;  nad  (atiafBctorily 
earned  onL  The  gutth  fflg».  81,  32)  ahow  the  rise  and  fall  of  ffloodilj  chemical 
intenaily  with  the  hoar  of  Uie  day  at  Kaw  fbr  the  jeor  1860,  irhilst  tha  nombera  in 
the  following  t&bla  give  the  m«D  moDtbly  integrali  of  chemical  iateatity  for  the 


Fia.  SI. 


Fio.  33. 


{UgU  o/tht  InUntity  10  acting  for  21  houn  - 


10.) 


Janoaiy   .        lS-0  I         Maj     .  78'd         I  September.        70-1 

Februtfj ,        21-3  June     .  92  3  Ootober  39-6 

March  SI'S  July     .         lOfl'9  Morember .         lS-6 

April  78'9         I         Augutit.  94'fi  '         December  ,         14'0 

F^om  thaea  eurrea,  aa  from  the  obaarrational  unmbers,  it  ia  aeea  that  [he  chemical 

intenait;  for  honn  equidiutaat  from  doou  ia  the  same.    Thna 

InUnltT 
The  mean  action,  from  S52  morning  obaarvationB  in  18B6-67  at  9.11  x.v.  ia  '^  0*104, 

, 629  afternoon  ,.  „  „      2.27  p.m.  ia  -  0*107. 

So  that  we  nay  conclude  that  when  tha  diaturbing  cauBw  of  clond,  &c..  are  eliminatpd, 
the  doilj  maximum  of  chemical  inteneity  correapoDdi  tjj  the  maximum  of  Bun'a  alti- 
t^ido,  and  that  Uie  chemical  intanHity  exJiibiCa  no  aign  of  a  poat-meridiati  maximumt 
aa  ia  obacrred  in  the  meaaorementa  of  hourly  temperature.  Although  the  eurrea  of 
mean  daily  chemical  intenaity,  ahowingthe  Tarintioa  from  hour  to  faour,u»aymmetri- 
eal.  thia  relation  appears  by  no  means  1«  hold  good  for  the  eurrea  of  yearly  chemical 
"■•■■'-  -'nctly  seen  by  compnring  the  monthly  meana  for  the  two 


h  the  V 


I  about  the  autumnal  eqniooii,  for  IS66,  '86, 


March  1867  . 

April  I  BBS   . 

September  1865    . 

August  JB86 
Or  for  100  chamirally  act 
'67,  at  Eew,  there  fell,  i 


UVnC.L.  ISM                       HeanC.I. 

30'S  Mxrch  1866 .        .        54*6 

97-8  April  lg6fl    .                 G2'4 

107-8  September  1866    .        701 

BS-6  August  1866                  SI'S 
e  rays  fulling  in  the  months  of  March  anil  April  1869,  '66, 

the  months  of  Angnot  and  September  1B6S,  'BB,  '67,  167 

'   '      ■'  ■    ■     ■               —  a  curve  (Bg.  83)  shows 


le  sun's  moui  altitude  being  the  same  in  both 
Fio.  33. 


^/\- 
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the  bieonial  variation  of  cliemical  intensity  at  Kew  for  the  two  yean  ending  April  I; 
1867.  The  yearly  integral  for  the  twelve  months,  Janaary  to  Mazch  1867*  and  April 
lo  December  1865,  is  65*7  per  diem,  whilst  that  for  the  12  months  of  1866  is  647. 
From  careful  comparison  of  the  other  meteorological  elements  it  appears  that  the 
difference  in  chemical  intensity  between  spring  and  autumn  cannot  be  ascribed  to  a 
greater  amount  of  cloud  at  one  of  these  seasons  over  that  at  the  other,  but  rather  to 
the  variation  in  the  transparency  of  the  atmoppherc>,  partly  caused  bv  variation  in  the 
humidity  of  the  air,  and  partly  by  the  presence  of  finely  di^-ided  solia  particles,  which, 
floating  about,  produce  the  phenomenon  of  atmospheric  opalescence. 

Our  knowledge  concerning  the  distribution  of  the  cliemically  active  rays  on  the 
earth's  surface  is  as  yet  but  limited.  It  has  been  frequently  stated  (Golding  Bird, 
Nat  Phil.  6th  edit.  622)  that  the  chemical  intensity  of  light  on  snowy  peaks  and  in 
tropical  climates  is  much  less  than  that  in  our  own  latitudes,  and  that  photographers 
in  Jkexico  have  found  it  impossible,  amidst  the  glaring  rays  of  a  tropical  sun,  to  obtain 
a  picture  which,  in  the  gloomier  atmosphere  of  England,  would  need  an  exposure  of 
only  one  minute. 

A  series  of  experiments  made  according  to  the  above-described  method  (proposed  by 
the  writer  of  this  article)  by  Dr.  Thorpe  at  Para  on  the  Amazons  (long.  48°  80*  W, 
lat.  1^  28'  S.)  paove  that  any  difficulties  which  a  photographer  may  have  in  the  tropics 
cannot  be  ascribed  to  an  insufficient  supply  of  the  sun  s  chemically  active  rays.  The 
following  table  gives  the  mean  daily  chemical  intensities  at  Kew  and  Pari  for  16  days 
in  April  1866: 


▼%^  A.A 

DftilX  Clean  Intensity 

Qatio 

Date 

Kew 

PuA 

April  4,  1866 

269-4 

»i     6     „ 

28-6 

2420 

8-46 

i»     7      It              • 

7-7 

801-0 

39-09 

II         ^           M 

6-9 

826-4 

66-25 

1, 11    II 

25-4 

283-2 

9-18 

II  12      M 

65-8 

208*1 

3-66 

II  18     „ 

62-2 

337*8 

6*46 

M   14      „ 

38-6 

265-6 

6*89 

ti  18      It             ■ 

398 

360-1 

8-80 

H  19     1. 

75-2 

362-3 

4-68 

»  20     „ 

38-9 

3860 

9-90 

.1  23     „ 

80-4 

860-1 

4-35 

M  24      „ 

83-6 

3627 

434 

II  25     „ 

73-7 

307-8 

4*17 

1,  26     „ 

89-1 

.   2611 

6-67 

Mean  intensity  •    . 

46-66 

302-2 

The  changes  in  chemical  intensity,  as  ebserved  from  hour  to  hour,  or  even  fW>m  minute 
to  minute,  are  veiy  sudden  and  remarkable.  These  sudden  variations,  seen  in  figs.  34, 36, 
36,.  are  caused  by  the  passage  of  enormous  thunder- clouds,  which  during  Uie  rainy 
season  spread  quickly  over  the  sky  ;  the  chemical  action  sinks  down  to  zero,  and  as  the 
clouds  pass  away,  with  torrents  of  deluging  rain,  the  chemical  intensity  again  rises.  If 
the  observations  made  when  the* sun's  disc  whs  unobscured  are  tabulated,  and  a  curve 
plotted  from  these  numbers,  we  get  a  good  idea  of  the  march  of  daily  chemical  inten- 
sity under  the  equator  during  sunshine.  This  curve  (fig.  36)  is  a  symmetrical  one, 
and  exhibits  a  maximum  at  noon.  The  dotted  line  is  the  curve  of  mean  chemical 
intensity  for  April  at  Kew,  and  the  relation  of  the  two  intensities  is  as  62*4  to  313-3, 
or  as  1  to  6*98. 

A  vexy  exact  series  of  experiments  (Roscoe  a.  Thorpe,  Proc.  Roy.  Soe.  1870,  301) 
has  been  subsequently  made  in  Portugnl,  when  the  sky  was  cloudless,  for  the  porpoee 
of  determining  the  relation  existing  between  the  sun's  altitude  and  the  chemical 
intensity  of  total  daylight.  This  relation  is  shown  to  be  graphically  represented  by  a 
straight  line /or  altitudet  nhove  10° ;  this  fact  had  previously  been  observed  in  a  less 
complete  way  at  Kew,  Heidelberg,  and  Para.  Hence  we  learn  that,  although  the 
chemical  intensity  for  the  same  altitude  at  different  places  and  at  different  times  of 
the  year  varies  according  to  the  varying  transparency  of  the  atmosphere,  yet  the 
relation  at  the  same  place  Ix'twccn  altitude  and  intensity  is  always  represented  by  a 
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^ighUine.  This  vamtion  in  the  direetion  of  the  .troight  Une  it  due  to  the  o»UfKMi>c6 
or  UiB  stmoBphere,  and  it  hu  been  invariably  observed  that,  for  eqool  ttltitadea,  the 
higher  latensifj  is  nlwaja  found  where  the  mefta  tomperatnrB  of  the  nir  is  greater  aa 
ln  Bammer,  when  obBerratione  ut  the  bodib  phico  at  different  sensoua  are  compared,  oc 
ns  the  equatoi-  le  approached,  when  the  actioni  at  different  pUcee  are  aiamined  The 
dlflerences  in  the  observed  ertiona  for  equal  altitudes  (which  may  amount  to  more  thiui 


Fia.  33. 


f  -^l  If 

"t 

--- 

1  r 

b^lllill 

l±k_ 

FiQ.  36. 


i 


3? 


100  p.  c  at  different  pUicea,  and  lo  nearly  aa  much  nt  different  aeaaoni  of  the  year) 
flfrve  as  exact  meamremenla  of  (1)  the  tronenkrency  imd  (2)  tho  reflcctintt  power  of 
the  atmosphere.  -n  r- 

One  important  concluaion  to  which  these  determinations  have  led  is  the  fact  that  at 
altitudes  below  10°  the  direct  sunlight  is  robbed  of  almost  all  its  chemically  active 
powers.  This  has  been  noticed  in  Manchester,  Heidelberg.  Kew,  Para,  and  Lisbon. 
Thus  at  Mancheeter,  when  the  sun  was  i2°  S  above  the  horizon,  it  was  found 
that  of  100  chemically  active  raj-«  falling  on  the  horiaintal  surface,  less  than  5  were 
dae  to  the  direct  sunlight,  whilst  95  came  from  the  diffused  light  of  the  heavens,  even 
when  the  sky  was  unclouded.  At  the  urns  instant,  of  100  rays  of  visible  light  aa 
affecting  the  eye,  60  came  directly  frcm  the  sun,  and  only  iO  from  the  diOiise  sky- 
light. This  same  preponderance  of  the  chemical  activity  of  the  diffuse  light  eiisls  at 
higher  altitudes.  Thus  at  26"  18"  the  ratio  of  the  chemical  intensities  of  diffhse  to 
direct  sunlight  was  as  100  to  23,  whilst  the  ratio  of  their  visible  intensities  was  as 
'""'"'""'"'"■■■■■ ""  "6«1 


He.oIOti«rv>U«u 

^^^ 

Chemld  Intend? 

8k7 

Toil 

15 

B'sr 

o-ooo 

0088 

0-063 

0-100 

22 

42=  ly 

0-116 

0136 

0-136 

01»6 

0133 

Visa 

0-360 

This  cutting  off  of  the  chemically  active  (most  re&angible)  rays  is  dne  to  the  opal&- 
lance  lif  iht  atmomhtrt  (Baacoe). 

Ihe  small  particles  of  Boating  solid  and  liquid  mattsr  wfileh  art  Men  dancing  in  the 
Snobeom,  and  are  present  in  all  natural  air,  reflect  ths  blue  raya  and  trannnit  the  red, 
giving  rise  to  the  ruddy  tints  of  sourise  and  sunset.  That  mere  traces  of  finely  divided 
particles  completely  cut  off  the  chemically  actira  rajs  can  b«  shown  by  a  simple 
experiment.  If  wo  take  a  verv  slightly  milky  liquid,  sucli  as  water  conUining  ^  of  a 
grain  of  finely  divided  sospended  sulphur  in  ths  gallon — which  prodnces  so  slight  an 
opalescence  that  ws  can  scarcely  detuct  it — and  then  endeavour  to  explode  a  bulb  of 
mjxed  chlorine  and  hydrogen  gases  by  a  bright  Sash  of  light  when  tht  0}ialescMit 
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sextane  required  two  months*  tzeatment  with  potaMinm  permanganate  to  Qxidisa  it 
completeij,  yielding  a  mixture  of  fatty  acids  apparently  oontaining  capnie  idd. 
Solid  ^Miraffin,  melting  at  66^,  boiled  for  three  or  four  days  with  SDl^uric  add  and 
potassium  dichromate,  with  addition  of  a  little  manganese  dioxide  (whidi  ^wtly 
facilitates  the  reaction),  is  oonverted  mainly  into  oezotic  acid,  CH*^0',  meltug  at 
78°.  The  same  paraffin  heated  with  6  or  6  vol.  nitric  acid  diluted  with  1^  toL 
water,  yielded  a  mixture  of  solid  fatty  acids,  melting  after  purification  at  about  78*i 
and  probably  therefore  oontaining  c<notlc  aicid,  also  Tolatile  fiatty  aeida,  the  moit 
abundant  of  which  was  oenanthylic  add,  while  the  nitric  add  solution  oontaiiMd 
hydrocyanic  acid,  suodnic  acid,  and  an  acid  agreeing  in  oomposition  and  meltiiig 
point  with  anchoic  acid  (Gill  a.  Meusel,  loe,  eii,), 

Isomeriam  in  the  Paraffin  SsrtM.— These  hydroearbons  are  sometimes  regaided  ai 
hydrides  of  the  univalent  alcohol-radides  OH^'*'* — methane,  for  example,  aa  meth^- 
hydride,  H.CH*;  ethane  as  ethyl  hydride,  H.CH*.  This  view  of  their  oonstitntKiio 
is  suggested  by  their  formation  by  the  action  of  water  on  the  zinc-oompoonds  of  the 
same  radicles ;  e.ff.t 

Zn(CH»)«  +  2HK)  -  ZnH«0«  +  2(H.CH«); 

Methyl  faydzUe 

and  by  the  facility  with  which  they  giro  up  one  atom  of  hydrogen  in  eichai^  for 
chlorine  and  bromine,  whereas  the  replacement  of  the  remaining  hydrogen-atoBU  i« 
much  more  difficult.  On  the  other  luuid,  all  these  hydrocarbons,  except  methane,  may 
be  regarded  as  compounds  of  two  atoms  or  half-molecules  of  alcohol  radiclea,  OH^*' ; 
thus 

C«H«      =      H.C»H»    or    CH«.CH« 

Ethane.  Bthyl  hydride.  Dimethyl. 

C»H«      «      H.C»H*    or    CH«.C«H» 
Propune.  Propyl  hydride.       MetliyI.«thyL 

C*H'«     «     H.C'H*    or    C*H».C«H»    or    CH«.C^' 

Qnartane.  Qiuutyl  DiethyL  Methyl- 

hydride.  ptxipyL 

This  latter  view  appears  to  accord  with  their  formation  by  the  action  of  bdc  ob  tiie 
iodides  of  the  alcohol-radicles,  which  is  similar  to  that  of  hydrogen  by  the  actka  of 
einc  on  hydriodic  acid ;  thus: 

Zn   -I-   2HI  B  Znl*  +  HH. 
Zn  +   2C«H»I  «  ZnP  +  C»H*.C«H». 
Zn  +  CH>I   +  C«H»I  -  Znl»  +  CH«.C«H*. 

The  first  three  hydrocarbons  of  the  series  however,  viz.  CH«,  CH',  C*fi'.  exhibit 
exactly  the  same  physical  and  chemical  properties  in  whatever  way  they  Day  be 
prepared ;  and  indeed  the  constitutional  formulae  of  these  bodies,  vis., 

H  CH« 

H— C—H  r  CH« 

I  CH>  I 

H  CH« 

show  that  they  are  not  susceptible  of  isomeric  modifications,  inasmuch  as  there  is  Int 
one  way  in  which  the  carbon-atoms  in  either  of  them  can  be  grouped ;  in  ethane  each 
carbon-atom  is  directly  combined  with  three  hydrogen-atoms  and  the  other  eatbos* 

CH« 

atom ;  and  whether  we  regard  it  as  ethyl  hydride,        I        or  as  dimethyl,  H'C— CU', 

this  arrangement  remains  the  same.  In  propane,  CH",  each  carbon-atom  is  diieclly 
combined  with  at  most  two  other  carbon-atoms,  and  there  is  no  other  way  in  wfaieb 
the  atoms  can  be  arranged. 

But  if  we  look  at  the  formula  of  the  4-carbon  paraffin,  OH^*,  we  see  that  it  may  be 
written  in  either  of  the  following  forms : 

CH»  H»C  CH» 

I 

oh«  I 
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chloride  solution.  The  relative  Bensitiveness  of  papers  prepared  in  each  of  these 
solutions  was  accurately  determined,  and  tables  are  giyen  in  which  are  found  the 
relative  times  for  which  pieces  of  these  papers  must  be  exposed  to  a  constant  source 
of  light  in  order  to  gain  a  given  series  of  tints,  and,  therefore,  the  relative  intensities 
of  light  to  which  they  must  be  exposed  for  a  constant  time  to  gain  the  same  series 
of  tints.  From  this  table  the  relative  sensitiveness  of  any  of  these  papers  with 
respect  to  any  tint  can  be  calculated  when  their  relative  sensitiveness  with  respect  to 
some  one  given  tint  is  known.  The  following  numbers  give  the  relative  sensitiveness 
of  5  papers  with  respect  to  the  normal  tint : 

Chloride  .      .     I'OOO    I    Chlorobromide .     .     4*022 
.     Chloriodide   .     1078        Bromide       .     .     .     2396 


Bromiodide  .     .     4060 


Phoiameier  for  Photographic  Purposes 

H.  Vogel  (Ber.  d.  deuUeh,  Chem.  Ges.  1868,  62)  has  described  the  arrangements 
of  a  simple  photometer.  It  consists  of  a  semi-transparent  paper  scale,  of  which  the 
tints  vHry  in  regular  gradation ;  under  this  scale  is  placed  a  paper  sensitised  with 
chromate  of  potash,  which  becomes  darkened  on  exposure  to  bght.  In  order  to 
recognise  the  effect  of  the  light,  black  letters  are  painted  on  the  scale,  and  the 
portions  of  the  paper  under  these  letters  remain  unacted  on.  No  numerical  results 
of  the  working  of  this  instrument  have  yet  appeared. 

Chemical  JDecompoHtkm  of  the  Vapour  of  Volatile  Organic  Bodies  by  the 

Action  of  Light, 

Tyndall  (Proc.  Boy,  Soe,  xvii.  92,  223,  817;  ibid,  xviii.  176),  by  subjecting  the 
tapours  of  volatile  liquids  to  the  action  of  concentrated  sunlight,  or  to  the  con- 
centrated beam  of  the  electric  light,  has  shown  that  a  remarkable  decomposition  is 
brought  about,  which  is  rendered  visible,  by  the  formation  of  singular  cloud-like 
forms.  ,  These  clouds  disappear  when  the  experimental  tube  through  which  the  rays 
pass  from  end  to  end,  is  again  rendered  vacuous.  The  substance  which  was  first 
experimented  upon  was  nitrite  of  amy!  (boiling  from  91^  to  96^) ;  when  the 
slightest  trace  of  this  vapour  was  introduced  into  the  tube,  and  the  electric  beam 
allowed  to  shine  through  it,  the  tube  at  first  appeared  optically  empty;  nothing 
whatever  was  seen  within  it ;  but  before  a  second  had  elapsed,  a  shower  of  liquid 
spherules  wss  precipitated  on  the  beam,  thus  generating  a  cloud  within  the  tube. 
I)ry  oxygen,  hydrogen,  or  nitrogen  can  be  equally  well  used  as  a  diluent,  and  ther 
effect  is,  therefore,  not  due  to  aiiy  interaction  between  the  nitrite  and  its  vehicle.- 
The  seat  of  the  observed  action  is  in  the  vapour  itself,  but  Tyndall  does  not  attempt  to 
determine  strictly  the  character  of  the  decomposition.  Brown  nitrous  fumes  were' 
however  noticed,  and  it  is  probable  that  amyl  nitrate  was  formed.  The  more 
refrangible  rays  are  those  which  especially  produce  these  singular  decompositions, 
though  the  effect  was  observed,  but  to  a  very  much  diminished  degree,  with  the  red 
rays.,  A  solution  .of  yellow  chromate  of  potash,  made  of  such  a  strength  as  to  be 
identical  in  colour  with  that  of  the  liquid  nitrite  of  amyl,  was  found  to  stop  the 
BfitiYQ  rays  more  effectually  than  red  glass ;  but  by  far  the  most  complete  mode  of 
arresting  the  rays  which  produce  these  changes  is  to  allow  them  to  pass  through  a 
screen  of  the  vapour  of  the  nitrite  itself :  a  layer  of  vapour  ^  of  an  inch  in 
thiclyiess,  although  scarcely  affecting  the  luminous  intensity,  was  sufficient  to  absorb 
the  whole  of  the  chemical  energy  of  the  beam  of  the  electric  light.  A  blue  doud  of 
decomposing  nitrite  of  amyl  •  can  also  be  obtained  by  greatly  diluting  the  vapour. 
Qther  organic  liquidsKSUch  as  iodide  of  isopropyl  and  iodide  of  allyl,  as  well  as 
hydriodic  acid,  gave  singularly  beautiful  cloud-foxms  of  varying  tints  when  subjected 
to  a  similar  treament.  H.  £.  K. 


See  Gltcoiionosb  (p.  640). 

>0&VBWanniKt  said  to  be  used  with  good  results  as  a  remedy  for 
intermittent,  fever,  contains  a  somewhat  considerable  proportion  of  brucine,  together ' 
with  a  little  strychnine  (B.  van  Berlekom,  Zeitschr.  f.  Chem.  [2]  ii.  443). 

-JXmOJMKO  AOm.    C*«H>*0*  (iii.  700).— The  ethereal  solution  of  th^  lead  salt 
of  this  acid,  left  fo  evaporate  on  a  glass  plate,  leaves  a  white  amorphous  residue. 
0(fti>i8tinfg  of  the  lead  salt  of  oxylin oleic, acid,  (^'•H**QV^.  The^l^^id^  ^ppf9t^(i^ 
from^iysfBalt  by  hydrogen  siilpHide 'and*  dissolved  in  alcohol;  remains  on  evaporation 
as  a  nearly  colourless  viscid  mass,  which  becomes  blood-red,  but  without  alteration 


792  LINOXYN— LITHIUM. 

of  oompoeitioD,  when  heated  to  100®  or  treated  with  acids  or  alkalis.  Its  eoIOQziaH 
alcoholic  solution  is  not  altered  by  alkaline  carbonates  at  the  boiling  heat,  bat  canstie 
alkalis  torn  it  red  even  at  ordinary  temperatures.  When  liAoleic  acid  is  expoead  to 
the  air  in  a  thin  film  till  its  weight  becomes  permanent,  a  ooloiirleasB  zesinoas 
substance  is  formed,  haying  the  composition  of  a  hydrate  of  ozylinoleie  acii, 
C>«H*0\.H'0.  Heated  to  100°  it  gives  off  67  p.  c  water,  and  becomes  blood-red. 
By  prolonged  contact  with  the  air,  more  quickly  when  frequently  moistened  with 
«ther,  colourless  oxylinoleic  acid  loses  its  viscid  consistence,  and  is  eouTerted  into 
^inbzyn,  C**H*^OH  or  CH^",  a  neutral,  amorphous,  elastic,  non-hygioaoopie 
body,  heavier  than  water,  insoluble  in  water,  dilute  acids,  alcohol,  and  ether,  but 
soluble  in  a  mixture  of  alcohol  and  chloroform.  In  warm  aqueous  potash,  and  moie 
slowly  in  ammonia,  it  dissolves  to  a  red  liquid,  which,  when  snpersatuxated  with  as 
acid,  yields  a  yellowish-red  fiocculent  precipitate,  soluble  in  alcohol,  and  still  more 
in  ether,  and  exhibiting  the  composition  and  properties  of  oxylinoleic  acid.  linazya 
is  also  formed  in  the  drying  of  linseed  or  poppy  oil  exposed  to  the  air  (Q.  W.  Mulder, 
acheikund,  Verkamdl.  en  Onderzoek.  iv.  (1  Stuk),  1 ;  Jethretb,  1865,  p.  324). 

•    See  the  last  article.  * 


contains,  according  to  Mulder  {Joe,  eU,),  77*0  p.  c.  eazboe:, 
ir2  hydrogen,  and  11*8  oxygeh.  Besides  linolein  (about  80  p.  c),  it  contains  elun 
(ix.  a  fat  yielding  sebic  ncid  by  dry  distillation),  palmitin,  and  myristin  (the  tvo 
latter  amounting  to  about  10  p.  c  of  the  oil).  By  dry  distillation  it  g^vee  off  sebic, 
palmitic,  and  myristic  acids,  together  with  acrolein,  and  leaves  a  substance  insoluble 
in  ether  and  resembling  caoutchouc,  from  the  analvBiB  of  which  Mulder  infers  that  it 
is  an  anhydride  of  linoleic  acid,  C'*H*'0'4  or  C"H**0*. 


The  following  method  of  preparing  a  lithium  salt  from  lepidolite  is 
given  by  Mierzinski  {Zeitsehr.  f.  Chem.  [2]  v.  349).  Twenty-fire  pounds  of  pulverispd 
lepidolite  are  digested  for  twenty-four  hours  with  SO  pounds  of  strong  sulphuric  acid, 
and  then  Aised  in  a  crucible  till  all  excess  of  sulphuric  acid  is  driven  off.  On 
exhausting  the  residual  mass  with  hot  water,  the  whole  of  the  silica  remains 
undissolved.  The  iron,  manganese,  and  aluminium  are  precipitated  from  the  solution 
by  ammonium  carbonate,  and  the  sulphuric  acid  from'  the  filtrate  by  barium  chloride. 
The  liquid,  which  contains  only  the  chlorides  of  the  alkali-metals,  is  evaporated  to 
dryness;  the  residue  is  digerted  with  alcohol,  which  dissolves  only  the  lithium 
chloride ;  the  syrupy  lithium  solution  which  remains  on  distilling  off^  the  alcohol  is 
precipitated  by  ammonium  carbonate ;  and  the  precipitate  is  washed  with  alcohol. 
See  also  Lunglmayr,  JHngl.pol,  J.  clxxi.  293;  Jakresb.  1863,  p.  182; — ^Reichanlt, 
DingL  pol,  J,  clxxii.  447  ;  Johrttb.  1864,  p.  186 ; — Schrotter,  J^'  Chem,  xeiii.  27 ; 
also  the  article  Bxtbzdium  in  this  Dictionary,  v.  128; — ^v.  ^uer,  J,  pr.  Cktm. 
xcv.  148. 

Bammelsberg  {Pom,  Ann,  cxJcriW,  311;  Jakretb.  1865,  p.  167;  1866,  p.  167)  has 
examined  tlie  crystalline  form  and  composition  of  several  lithium  salts,  with  the  view 
of  ascertaining  whether  thev  are  isomorphous  with  the  corresponding  salts  of 
potassium  or  solium.  The  twphate^  Li'SO*  +  H'O,  crystallises  in  monodinic  prisnis 
having  the  clinodiagonal,  orthodiagonal,  and  principal  axis  in  the  proportion 
0-8278  :  1 :  1*2021,  and  the  angle  of  the  inclined  axes  -  70^  29'.  A  solution  of 
potassium  sulphate  and  lithium  sulphate  in  equivalent  proportion,  first  deposits  the 
former  salt,  then  potaasio-lilhic  tulphaie^  KLiSO*,  in  double  hexagonal  pyramids  having 
the  secondary  to  the  principal  axis  as  0-6006  :  1 ;  they  agree  with  the  crystals  ^ 
sodio'potassic  sulphate  only  in  their  general  symmetry,  not  in  the  ratio  of  their 
axes  or  the  inclinations  of  their  faces.  The  mother-liquor  ultimately  yields  ven 
small  crystals  having  the  form  of  the  hydrated  lithium  sulphate  above  described, 
and  the  composition  (K«SO*.HH))  +  (4Li«S0*  +  HK))  or  K*IA\80*Y  +  2H«0.  A 
solution  of  Uie  sulphates  of  lithium  and  sodium  in  equivalent  proportions  yields  by 
evaporation  hexagonal  crystab  (combinations  of  a  rhombohedron  having  a  termini 
angle  of  102^  28  with  the  end-face  and  the  second  hexagonal  prism).  The  first 
crop  of  these  crystals  had  the  composition  Na'Li(SO*)*  +  6HK),  the  second  crop 
Na«Li*(SO*)*  +  9H^.  Finally,  crystals  were  obtained  having  the  form  of  the 
hydrated  lithium  stdphate,  but  containing  the  sodium  salt  in  isomorphous  combina- 
tion. The  hyposulpnate^  Li'S'O*  +  2H*0,  obtained  by  decomposing  barium  hypo- 
sulphate  with  lithium  sulphate,  crystallises  in  rhombic  combinations  of  prisms  uid 
pyramids  having  the  axes  a:h',c^  as  0*6086  :  1  :  1*0366,  isomorphous  with  the 
sodium  salt.  The  crystals  become  moist  in  the  air  and  dissolve  very  easily  in  water. 
The  neutral  ekfwnaUt  Li*CrO*  +  H'O,  forms  rhombic  prisms  having  the  axes  a;  hi  6 
as  0-6619  : 1  :  0*4663 ;  very  soluble  in  water.    The  dieknmate,  Li*CrO« .  CrO"  i-  2HK>, 
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y.  Oamtene,  or  Moylene,  0*H**  (or  a  oompoand  iwmerie  vith  it),  is  formed  by  the 
idioo  of  line  etludt  on  allyl  iodide : 

»0^»I  +  Za{(?H»)»  m  Znl«  +  20»H". 

1.  Sotene,  or  hexylene,  C*H'*,  i«  obtaioed  in  combination  with  hydriodic  acid  by 
Um  actioo  of  that  a<ad  on  mannite : 

C«H^HO)«  +   lim  -  6HK)   4-   61*  +  C»H».HI 
Ifaanlli  Seztene 

hydriodlde; 

ud  this  hydriodlde,  heated  with  potaeeium  hydrate,  yields  the  hydrocarbon : 

C^w.HI  +  KHO  -  KI  +  H«0  +  C«H". 

f.  Quztene,  or  bn^Wne,  G*H*,  is  obtained  by  precisely  similar  reactions  from 
CTjthrite.  C«H^OH)*. 

Reactitnu, — 1.  The  oleftnes  are  dyad  radicles,  uniting  with  2  atoms  of  chlorine, 
branine,  Ifcc.,  and  with  1  atom  of  oxygen. 

2.  Theehloridee,  bromides,  and  otiier  haloid  compounds  of  the  oleftnes,  treated 
with  ao  alooholie  solution  of  potasht  giro  up  one  atom  of  hydrocen  and  one  atom  of 
the  halcnd  elsnaent,  yielding  an  dleflne  in  wluch  1  atom  of  hydrogen  is  replaced  by 
chknae,  bromine,  dtc,  together  with  water  and  a  haloid  salt  of  potassium ;  thus : 

0«H«Bi«  +  KHO  m    KBr  +  H«0  +  C"H»Br 


The  xwnlting  chlorinated,  bfominated,  or  iodated  compound  can,  in  its  turn,  take 
op  3  atoms  of  chlorine,  bromine,  or  iodine,  forming  a  body  which  can  likewise  give  up 
hTdroehloric,  hjdrobrom;c,  or  hydriodio  acid,  under  the  influence  of  alcoholic  potash ; 
the  body  thus  formed  can  again  take  up  2  atoms  of  chlorine,  bromine,  or  iodine,  then 
gite  up  HCl,  HBr,  or  HI ;  and  thus,  by  a  series  of  perfectly  similar  reactions,  we  at 
leittth  anhre  st  bodies  ooMisting  of  the  primitiye  oleflne  with  all  its  hydrogen 
lepiaeed  by  chlorine,  bromine,  or  i^ine,  and  the  dichlorides,  dibromides,  and  di-iodidee 
of  these  Isist-mentioned  bodies ;  thus  from  ethene  may  be  derived  the  two  following 
series  of  brominated  compounds : 

Bdwae     . 


^omethene 
Dihromsthraa   . 
TribrometheDe  . 
Tetnbromethene 


C«H« 

C«H»Br 

C»H«Br« 

CHBr* 

(?Br« 


Ethene  bromide        .      .  C*H^Br* 

Bromethene  bromide       .  CH'Br  .  Br* 

Dibromethene  bromide    .  C*H*Br*  .Br* 

Tribromethene  bromide  .  CHBr*  .Br* 

Tetrabromethene  bromide  C*Br*  .  .  Br* 


3.  A  monoehlorinated  or  monobrominated  oleflne  ma^  giro  up  the  atom  of  chlorine 
«r  bromine  which  it  contains,  in  the  form  of  hydrochloric  or  hydrobromicacid,  whereby 
it  is  reduced  to  a  hydrocarbon  of  the  following  series  :  C'H'"'*.  This  reaction  may 
take  pUee  at  130^-160^,  under  the  influenoe  of  alcoholic  potash,  or,  better,  of  sodium 
ethylate ;  thua : 

C«H»Br  +  C>H*lfaO   -  KaBr  +  C*H»OH  +   C«H* 

Rthine. 


4.  Ethene  bromide  and  its  homologues,  treated  with  silver  acetate  or  potassium 
acetate,  exchange  their  bromine  for  an  equivalent  quantity  of  the  halogenic  reeidue  of 
the  acetate,  C*H*0*,  giving  rise  to  diatomic  acetic  ethers ;  thus : 

(C*H«)"3i*  +  2C«HH)'K  -  2KBr  +  (C«H*nC«H*0*)« 
Etlme  Btheoe 

Iraiiide  diaoetote; 

and  these  ethers,  distilled  with  a  caustic  alkali,  yield  diatomic  alcohols  or  glycols ;  for 
example: 

(C«H*r(C«H«0»)*  +  2K0H  «  2C«H»0*K  +  (C*H*r(OH)« 

ECheae  Bthona 

diaoeCate.  alrohftli 

6.  Tba  bromides  OH*"Br*,  heated  to  276^  with  a  mixture  of  potassium  iodide, 
oomr,  and  water,  give  up  their  bromine  and  reproduce  the  original  oleflne,  together 
with  othar  hydrocarbons  (p.  707). 

6.  Some  oleflnes,  when  oriskly  shaken  up  with  strong  sulphuric  add,  unite  with  it, 
ibmiag  add  ethers  of  sulphuric  add,  whidi  contain  the  monatomic  aloohoUc  zadidea 
eoowpondiog  to  the  oleflnes ;  thus : 

cm*  +  SO^H*  -  80«.C«H».H: 
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•    See  the  next  article. 

C"H>*0«.  Morintannic  Acid  (iU.  1049)  (Hlasiwets  a.  P&aodlu, 
J.  pr.  Chem.  xciv.  65;  Jahretb.  1864,  p.  558). — A  moderately  conoentiated  aolution 
of  this  subfitance  boiled  with  sulphuric  acid  and  zinc,  beoomee  deep  red  and  nltimatelT 
yellow,  and  then  contains,  together  with  phloroglucin,  a  substance  which,  from  its 
variations  of  colour,  is  called  machromin.  To  separ^;e  this  substance,  Uie  yellow 
liquid  decanted  from  the  sine  is  mixed  with  ^  voL  alcohol,  and  agitated  with  ether 
as  long  as  the  latter  becomes  coloured ;  the  ethereal  solution  is  eyaporated ;  and  the 
residue  diluted  with  water  is  precipitated  with  lead  acetate,  the  phloqpglitcitt  then 
remaining  in  solution.  The  yellowish  precipitate,  which  quickly  becomes  green  oa 
exposure  to  the  air,  is  decomposed  with  hydrogen  sulphide ;  the  lead  sulphide  is 
washed  with  boiling  dilute  alcohol ;  the  resultiug  liquid  is  evaporated  in  a  Tacnnm ; 
and  the  granular  crystalline  mass  thereby  separated  is  repeatedly  crystallised  from 
•boiling  dilute  alcohol. 

Machromin  thus  obtained  forms  colourless  crystalline  spangles,  appearing  under  tht 
microscope  as  tufts  or  stars  of  slender  needles,  very  sparingly  soluble  in  water  and 
in  alcohol,  somewhat  more  easily  in  ether.  The  crystals  exposed  to  air  and  light,  or 
dried  by  heat,  gradually  acquire  a  dark  blue  colour.  The  hot-prepared  aqueoos 
solution  also  acquires  a  deep  violet-blue  colour  on  exposure  to  Uie  air,  and  then 
yields  with  hydrochloric  acid  an  amorphous  indigo-blue  precipitate ;  ferric  chloride 
produces  (best  in  a  very  dilute  alcoholic  solution)  a  violet-red  colour,  afterwazds 
changing  to  blue ;  the  solution  of  machromin  in  dilute  ammonia,  or  a  caustic  fixed 
alkali,  likewise  turns  blue  on  exposure  to  the  air.  Silver  nitrate  and  meicanc 
chloride  produce  a  violet  coloration,  the  former  with  reduction  of  the  metaL  An 
alkaline  cupric  solution  is  also  reduced  by  heating  with  machromin.  The  solution  of 
machromin  in  strong  sulphuric  acid  is  orange-red  at  first,  then  becomes  yellow,  and 
after  warming  (or  dilution)  emerald-green,  and  after  supersaturation  with  alkalis, 
violet. 

Hlasiwets  a.  Pfaundler  give,  as  the  most  probable  expression  of  the  composition  of 
machromin,  the  formula  C'^HX'O^.SH'O,  and  suppose  it  to  be  formed  from  proto- 
catechuic  acid  (resulting  from  decomposition  of  the  madurin),  according  to  the 
equation : 

2C'H«0«  +  H«  =  C'*H'"0»  +  3H20. 

Machromin  is  not  however  produced  by  the  action  of  nascent  hydrogen  on  ready-* 
formed  protocatechuic  acid. 

When  a  solution  of  maclurin  in  10  pts.  water  is  heated  with  sodium-amalgam,  and 
the  resulting  yellow  liquid  is  saturated  with  sulphuric  acid,  keeping  it  as  much  as. 
possible  excluded  from  the  air,  it  yields  to  ether,  on  agitation,  phloroglucin  and  an 
amorphous  substance,  which  has  nearly  the  composition  C"H*K)*,  and  may  therefora 
also  be  formed  from  mH)tocatechuic  acid  by  addition  of  hydrogen  :  2C^H'0*  -f>  H*  » 
C'*H"0*  +  3H*0.  This  compound  is  soluble  in  water  and  in  alcohol;  easily  tuns' 
brown  ;  is  precipitated  by  lead  acetate ;  forms  with  ferric  chloride  a  grass-green 
liquid,  turning  riod  on  addition  of  sodium  carbonate ;  reduces  silver  soludons  and 
alkaline  cupric  solutions;  and  yields  by  dry  distillation  crystals  having, the  com- 
position of  pyrocatechin. 

Acetyl-maolurin,  C"H»(C*H«0)0*  +  UH«0,  is  formed  by  heating  maclurin- to 
100^  in  a  sealed  tube  with  acetyl  chloride.  It  is  a  viscid  oil,  precipitated  by  water 
from  ike  alcoholic  solution. 


From  experiments  by  Woods  {Phil,  Mag.  [^1  zxx.  49),  the 
calorific  equivalent  of  magnesium  appears  to  be  higher  than  tliat  of  any  other  metal. 
The  oxidation  of  \\  grm.  magnesium  develops  heat  sufficient  to  raise  the  temperature 
of  1,000  grms.  of^  water  10*67^,  whereas  the  heat  produced  by  oxidation  of  an 
equivalent  quantity  of  zinc  raises  it  by  only  5'35°,  and  of  an  equivalent  quantity  of 
potassium  or  sodium,  972^.  The  quantities  of  heat  produced  by  the  combination  of 
eoiiivalent  quantities  of  zinc,  potiissium,  and  magnesium  are  as  the  numbers  6*42, 
l4*78,  and.  14*0,  or  as  1  :  1'99  :  2-17.  According  to  Ditte  (Compt.  rend.  Ixxiii.  108). 
the  calorific  equivalents  of  zinc  and  magnesium  are  as  I  :  1:61. 

Magnesium  in  the  finely  divided  state  unites  at  determinate  temperatures  with 
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fiulphur,  phoephoiuB,  and  aneDic,  and  at  a  red  heat  decompoeea  the  oxides  of  carbon, 
aulphuroiu  oxide,  moat  metallic  oxides,  and  many  hydrocarbons  (Parkinson,  Chem, 
Soc.  J,  [2]  v.  125).  According  to  Phipson  (Pinoc,  Rey,  Soc.  xiii.  217),  iodine  and 
sulphar  may  be  distilled  over  magnesiom  without  altering  it ;  silica  and  boric  oxide 
are  easily  reduced  by  it ;  from  sodium  carbonate  at  a  r^  heat  it  separates  a  large 
quantity  of  carbon.  Ammonia  and  the  fixed  caustic  alkalis  do  not  act  upon  it  at 
ordinary  temperatures.  It  precipitates  nearly  all  metals  from  their  neuttel  solutions 
(eyen  iron  and  manganese  from  ferrous  and  manganous  salts)  in  the  metallic  state ; 
aluminium  and  uranium,  and  perhaps  also  chromium,  as  oxides.  Roussin  (J.  Pharm. 
[4 J  iii.  413)  regards  magnesium  as  particularly  well  adapted  for  the  precipitation  of 
poisonous  metals  in  toxioological  inyestigations,  and  is  of  opinion  that  it  might  be 
adyantageou«ly  used  as  a  substitute  for  zinc  in  yoltaic  combinations,  on  account  of 
its  great  electromotiyo  power:  On  the  precipitation  of  metals  by  magnesium,  see 
also  C!ommaille  (BuU,  8oc,  CHm.  [2]  yL  267 ;  Jahreab.  1866,  p.  171). 

Seaotums  qf  Magnesium  Salts. — According  to  Pribram  {Jahresb.  1866,  p.  174),  the 
ordinary  statement  that  only  half  the  magnesia  is  precipitated  from  magnesium  salts 
by  excess  of  ammonia  is  erroneous,  58  p.  c.  being  immediately  precipitated,  61  p.  c. 
after  three  hours,  and  from  84  to  92  p.  c.  after  fifteen  hours. 

According  to  B.  Warington  (Chem.  Soc.  J.  [2]  iii.  27)i  msgnesia  is  dissolyed  by 
the  aalta  of  the  fixed  alkaiist  as  ^cU  Bta  by  ammonia,  though  in  much  smaller 
quantity.  Honce  the  precipitation  of  ammonia  by  fixed  alkalis  is  neyer  complete, 
unless  a  yeiy  lar^  excess  of  the  precipitant  is  used.  The  dear  solution  obtained  hj 
mixing  a  magnesium  salt  with  ammonia  and  the  exact  quantity  of  ammoniacal  salt 
required  to  preyent  precipitation,  deposits  magnesia  on  dilution  with  water,  whereas 
addition  of  strong  ammonia  within  certain  limits  causes  no  precipitation.  This 
appears  to  be  the  cause  of  the  turbidity  produced  when  the  clear  slightly  ammoniacal 
wash-water  of  ammonio-magnesian  phosphate  runs  into  a  filtrate  containing  a  con- 
siderable quantity  of  magnesia. 

Potassium  su/pkide  and  sodium  sulphide  added  to  solutions  of  magnesium  salts, 
precipitate  magnesium  hydrate  and  form  a  sulphydrate  of  the  alkali-metal : 

MgCl«  +  2Na«S  +  2H«0  «  2Naa  +  2NaHS  +  MgH'O^ 

A  solution  of  1  pt.  magnesium  chloride  in  6,000  pts.  water  is  immediately  and 
distinctly  clouded  by  sodium  sulphide,  the  precipitate  being  soluble  in  excess  of  the 
magnesium  salt  (Pelouze,  Jahrew.  1866,  p.  174). 

Freeenius  {Ztiisehr.  anal.  Chem.  yii.  310)  confirms  his  former  obseryation,  that  in 
separating  calcium  from  magnesium  by  means  of  ammonium  oxalate,  it  is  necessary  to 
redissolye  the  precipitated  calcium  oxalate  in  hydrochloric  acid,  and  reprecipitate  with 
ammonia  and  ammonium  oxalate,  inasmuch  as  the  first  precipitate  always  carries 
down  with  it  a  certain  quantity  of  magnesium  salt. 

On  the  separation  of  magnesia  from  the  alkalis  by  means  of  ammonium  phosphate, 
(iii.  754),  see  further  Reynoso  {Compt,  rend.  In.  873 ;  Jahresb.  1863,  p.  676) ; 
Chancel  (ibid.  1866,  p.  796). 

Alloys  of  Magnesium. — With  potassium  and  sodium^  magnesium  forms 
malleable  alloys,  which  decompose  water  at  ordinary  temperatures :  16  pts.  magnesium 
and  86  pts.  tin  form  a  hard  brittle  layender- coloured  alloy,  which  decomposes  water 
like  the  preceding.  Mercury  does  not  amalgamate  with  magnesium  at  ordinary 
temperatures  (Phipson,  Proc.  Roy.  Soc.  xiii.  217).  Alloys  of  magnesium  and  thallium 
are  formed  by  melting  the  two  metals  together  in  any  proportions,  and  may  be  drawn 
ott  into  wire  or  ribbon.  The  alloy  containing  6  p.  c.  thallium  is  stable,  and  more 
malleable  than  magnesium ;  those  containing  larger  proportions  of  thallium  oxidise 
more  readily.  All  these  alloys  bum  less  quickly  and  less  brightly  than  pure 
magnesium ;  the  fiame  is  smaller,  and  of  a  pure  white  colour  eyen  when  the  alloy 
contains  60  p.  c.  thallium  (S.  Mellon,  Chem.  JSewSt  xv.  246). 

-  Parkinson  (Chem.  Soc.  J.  [2]  y.  125)  has  prepared  a  considerable  number  of 
magnesium  alloys,  by  fusing  the  metals  together  in  a  glass  tube  in  a  stream  of 
hydrogen,  or  on  a  larger  scale,  and  with  the  less  fusible  metals,  by  fusion  in  an 
earthen  crucible  under  a  flux  composed  of  equal  parts  of  fiuor-spar  and  cryolite,  or  of 
1  pt.  of  fluor-spar  and  2  pts.  sodium  chloride,  the  magnesium,  on  account  of  its  small 
specific  grayity,  being  attached  to  the  end  of  an  iron  rod  and  stirred  into  the  fused 
metal.  In  this  manner  alloys  haye  been  obtained  with  sodium,  aluminium,  cadmium, 
zinc,  lead,  bismuth,  tin,  antimony,  mercury,  silyer,  gold,  and  platinum ;  also  triple 
alloys  of  magnesium  with  bismuth  and  copper,  with  copper  and  gold,  and  with 
capper  and  nickel.  Iron,  cobalt,  and  nickel  do  not  appear  to  form  alloys  with 
magnesium ;  zinc,  only  by  fusion  in  hydrogen ;  aluminium,  only  by  fusion  in  a  crucible 


706      .  MAGNESIUM. 

lined  with  magnesia.  All  tliese  nlloys  are  very  brittle,  flomewhat  harder  than  the 
component  metals,  resemble  them  in  colour,  and  have  a  granular  or  crystalliiM 
fnicture;  they  appear  to  be  too  easily  alterable  to  be  ayailable  in  the  arts.  Xn 
arsenide  of  magneeium  is  fonncd  by  slowly  heating  3  pts.  magnecnum-filings  and 
about  6*2  pts.  arsenic  to  dull  redness  in  a  stream  of  hydrogen ;  it  has  a  choooUte- 
brown  colour,  faint  metallic  lustre,  and  fine-drained  fracture,  is  very  brittle,  Terr 
difficult  to  fuse,  and  quickly  crumbles  to  a  brown  powder  on  exposure  to  the  air 
(Parkinson). 

Magnesium  Fluor  id  e,'»The  slag  obtained  in  heating  magnesium  with  sodium 
silicofluoride  (i^fra)  leaves,  when  exhausted  with  boiling  water,  a  sodio-magnesic 
fluoride,  NaF.MgF*,  ciystallised  in  cubes  resembling  common  salt;  they  are  eoa- 
taminated  with  free  silicon,  but  may  be  purified  by  treatment  with  a  mixture  of 
hydrofluoric  and  nitric  acids.  The  same  double  fluoride  is  obtained  by  fusing 
magnesium  chloride  with  excess  of  sodium  fluoride  and  chloride  (Genther,  Jakrtiii. 
1865,  p.  173)  ;  also  in  the  amorphous  state  by  boiling  a  solution  of  sodium  fluoride 
with  magnesia:  SKaF  +  MgH*0>  «  2NaH0  +  NaF.MgF'  (Tissier,  Campt.  rod, 
Ivi.  848). 

Ox  idee, — Magnesia,  prepared  by  igniting  the  nitrate,  is  converted  by  prolonged 
immersion  in  water  into  a  hydrate,  MgU'^O',  having  the  density  and  toughness  of 
marble,  but  harder  and  more  translucent.  A  hydrate  having  the  same  properties,  but 
containing  also  alumina,  ferric  oxide,  magnesium  carbonate,  and  sand,  is  obtained  by 
the  action  of  water  on  the  residue  left  on  igniting  oonunercial  magnesium  chloride. 
Pure  magnesia  possesses  the  property  of  hardening  with  water  only  when  prepared 
by  igniting  the  nitrate  or  chloride  at  a  moderate  red  heat ;  by  exposure  for  12  hours 
to  a  white  heat,  it  loses  this  property  altogether.  Magnesia  prepared  from  the  basic 
carbonate  yields  under  similar  circumstances  a  hydrate  having  only  the  hardness  of 
talc  (H.  Sainte-Claire  Deville,  Compt.  rend.  Ixi.  975).    According  to  H.  Schwarz 

iBull,  8oe,  Ckim,  [2]  ix.  78),  magnesia  prepared  by  igniting  native  magnesite 
MgCO')  at  the  lowest  possible  temperature,  exhibits  the  hydraulic  properties  of  the 
hydrate  obtained  as  above  by  Deville.  The  paste  prepared  from  it  with  water 
hardens  in  about  twelve  hours,  afterwards  withstands  the  action  of  water,  and  by 
prolonged  immersion  therein,  acquires  the  hardness  of  the  best  Portland  cement. 
According  to  Sorel  {Compt.  rend.  Ixv.  102),  a  mixture  of  magnesia  with  a  concen* 
trated  solution  of  magnesium  chloride  (of  sp.  gr.  116  to  1*26)  hardens  in  a  shoit 
time  to  a  compact  mass  of  hydrated  basic  chloride,  which  resists  the  action  of  water. 
The  pasty  mixture  is  very  plastic,  and  capable  of  binding  more  than  twenty  times  its 
weight  of  sand  or  other  inert  powders.  Cements  or  mortars  of  similar  chancter 
may  be  prepared  with  other  chlorides,  especially  chloride  of  calcium. 

A  euooxide  of  magnesium  appears  to  be  formed  when  a  solution  of  sodium  or 
ammonium  chloride  is  electrolysed  with  poles  formed  of  magnesium  wire,  the 
positive  pole  becoming  covered  with  a  black  deposit,  which  exhibits  the  chancten  of 
an  oxide  (W.  Beetz,  Pogg,  Ann,  cxxvii.  43  ;  Jahresb.  1866,  p.  172). 

Phosphide. — When  melted  phosphorus  is  made  to  flow  upon  magnesium-filings 
heated  to  dull  redness  in  a  stream  of  hydrogen,  combination  takes  place  attended  with 
vivid  combustion.  The  same  compound  is  obtained  by  heating  magnesium-filings  with 
red  phosphorus  in  a  narrow-nedced  flask.  It  forms  a  very  hard  brittle  mass,  not 
fusible  even  at  a  ved  heat;  has  a  dark  brown  colour;  and  exhibits  a  semi-metallic 
lustre  on  its  cxrstalline  fracture.  It  decomposes  water  and  hydrochloric  acid,  with 
evolution  of  hydrogen  phosphide ;  is  permanent  in  dry  air,  but  is  decomposed  by  moist 
air  in  the  same  manner  as  oy  water.  Its  composition  is  represented  by  the  formula 
P*Mg«  (Parkinson,  Chem.  8oe.  J.  [2]  v.  309).  F.  P.  Blunt  {ibid,  iii.  106).  by  passing 
phosphorus-vapour  over  magnesium-filings  heated  to  dull  redness  in  a  stream  3 
carbon  dioxide,  obtained  a  black  coherent  mass,  which  was  not  attacked  by  dilute 
hydrochloric  acid,  scarcely  by  dilute  sulphuric  acid,  and  very  slowly  even  by  hot  nitro- 
muriatic  acid ;  when  intimately  mixed  with  metallic  magnesium,  however,  it  was 
decomposed  by  hydrochloric  acid,  with  copious  evolution  of  hydrogen  phosphide. 
Parkinson  regards  this  black  product  as  a  mixture  of  charcoal  and  magnesia  with  only 
a  small  quantity  of  magnesium  phosphide,  inasmuch  as  magnesium  is  scarcely  attacked 
at  a  dull  red  heat  by  phosphorus-vapour,  which,  however,  easily  decomposes  carbon 
dioxide  at  that  temperature. 

suicide,  Mg*Si'  (?). — ^This  compound,  first  obtained  by  Wohler  (v.  266),  is  prepared 
by  strongly  igniting  sodium  silicofiuoride  with  magnesium  in  a  crucible  filled  up  with 
common  salt,  and  may  be  purified  from  unaltered  magnesium  by  boiling  with  solution 
of  sal-ammoniac,  and  from  adhering  silica  by  friction  on  smooth  paper  and  levigation. 
It  forms  lead-grey  ciystals.  apparently  regular  octohedrons,  heavier  than  water.     It  if 
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SnmoaaSBOSTTmox.   C»H»N0  -  (C«H<)''|[^i^v«(Buchaiiana.Gla8ep. 

Zeiisekr,  /.  Chgm,  [2]  t.  194). — A  body  produced  by  ndnction  of  nitrophenyl-pro- 
piooie  add  in  the  same  manner  as  carboetyrol  or  carbostyiyl  from  nitrodnnamic  add 
(i.  802).  It  has  the  composition  of  amidophenyl^propionic  add,  CH"NO',  mmusEH), 
To  pc^^Mze  it»  mtrophenyl-propionic  add  is  treated  with  tin  and  hydrodiloric  add,  and 
the  crystals  whidi  separate  from  the  diluted  and  Altered  liqnid  are  recrystallised  several 
Umefl  from  alcohol.  It  is  a  very  stable  substance,  melting  at  160^,  and  distilling  with- 
out deoompodtion  at  a  higher  temperature.  In  its  chemical  relations  it  resembles  the 
amides.  It  disBolres  easily  in  warm  concentrated  hydrochloric  or  hy^t>bromic  acid, 
apparently  forming  definite  compounds,  which,  however,  decompose  spontaneously 
eren  in  the  cold,  rotaeh  and  soda  dissolve  it  but  slowly  even  at  tne  boiung  heat ;  it 
is  nearly  insoluble  in  water,  moderately  soluble  in  alcohol  and  ether. 

See  CnniAino  Acid  (p.  468). 

See  Cmuo  Acm  (p.  473). 

^COWDRO  AOIBf  CH'O*,  is  produced  by  the  action  of  sodium- 
amalgam  on  oomenic  or  bromocomenic  acid.  It  is  a  yellowish,  strongly  acid,  syrupy 
liqfaid  forming  a  white  nlver  salt,  CH'AgH)*,  easily  reduced  by  heat  (J.  v.  feorff, 
Amn.  Ck,  Pkarm,  czzxviii.  191). 


or  UTTiTliOTXC  ACSB.  C*H'«0'  (Zwenger  a.  Boden- 
bender,  ^n.  Cft.  PAarm.  cxxvi.  267;  Zwenger,  i&ti.  Suppl,  v.  100;  Jahresb,  1867, 
p.  439).  This  acid  occurs,  combined  with  conmarin,  in  the  yellow  melilot  (Meliloius 
ofieimali§),  forming  the  compound  C^'H^H)*  -  C*Hi*0*.  C*HH)*,  which  may  be  called 
melilo-eoumann.  (See  Covmabih,  p.  499.)  When  the  aqueous  decoction  of  the  plant, 
evaporated  to  the  connstenoe  of  a  thin  extract,  is  treatea  with  ether  as  long  as  the 
ether  acquires  an  add  reaction,  and  the  green  mass  which  remains  after  distilling  off 
the  ether  is  repeatedly  boiled  with  a  large  quantity  of  water,  well-defined  crystals  of 
meltlo-^oomann  separate  on  cooling.  Ilie  solution  of  these  crystals  (or  the  aqueous 
deooetioii  of  the  extract  above  mentioned)  is  mixed  with  basic  lead  acetate,  carefully 
avoiding  an  exoees,  which  would  exert  a  solvent  action  ;  and  the  precipitate  which  forms 
aftor  long  standing  is  collected  on  a  filter,  washed  first  with  cold  water,  then  wiUi 
aloohol  and  ether  to  remove  free  coomarin,  and  repeatedly  boiled  with  water,  as  long 
as  the  hot  filtrate  depodts  a  crystalline  precipitate  of  lead  hydrocoumarate.  This 
preeipitate  decomposed  by  hydrogen  sulphide  yields  hydrocoumaric  add,  which  may 
be  purified  bv  repeated  predpitation  with  neutral  lead  acetate :  100  pounds  of  the  plant 
yield  from  1^  to  2  ounces  of  the  pure  add. 

Hydrocoumaric  add  may  be  produced  synthetically  from  conmarin  bv  gradually 
adding  sodium-amalgam  to  an  aqueous  solution  of  that  substance  containing  a  little 
aloohol,  each  portion  of  sodium-amalgam  being  added  only  after  the  alkaline  reaction 
produced  by  the  preceding  portion  has  nearly  disappeared.  By  this  treatment  the 
eoomarin,  in  the  course  of  a  few  days,  is  almost  wholly  converted  into  hydrocoumaric 
acid,  which  may  be  predpitated  by  lead  acetate.  On  boiling  the  predpitate  with. 
water,  the  greater  part,  oonnsting  of  lead  hydrocoumarate,  dissolves,  while  a  small 
quantity  of  coumarate  remains  behind,  showing  that  the  conmarin,  CH*0',  has  first 
beeo  converted,  by  addition  of  the  elements  of  water,  into  coumaric  add,  C*HH)f, 
which  has  then  been  converted  into  hydrocoumaric  acid  by  addition  of  2  at.  hydrogen. 

Hydrocoumaric  add  dissolves  in  20  pts.  water  at  18^,  in  less  than  1  pt  at  40^,  very 
eaailj  also  in  alcohol  and  ether.  From  a  hot-saturated  aqueous  solution  it  crystallises, 
alter  long  standing  at  ordiiuunr  temperatures,  in  spicular  arragonitic  crystals  an  inch 
lon^.  It  melts  at  82^ ;  solidifies  in  the  crystalline  state  on  cooling ;  has  a  strong  acid 
reaction,  a  sour  astringent  taste,  an  aromatic  honey-like  odour ;  decomposes  carbonates 
with  fatality ;  and  dissolves  zinc  and  iron  when  heated,  with  elemination  of  hydrogen. 
Ita  solution  in  excess  of  ammonia,  when  exposed  to  the  air,  gradually  acquires  'an 
tDdigo-blne  colour,  becoming  reddish  when  the  liquid  is  heated.  On  adding  the  aqueous 
•olntiofi  by  drops  to  dilute /^rrric  ehhride,  a  bluish  coloration  is  produced,  which 
gpradoally  disappears,  with  formation  of  a  yellowish  precipitate.  Chloride  of  lime 
ooloars  the  solution  yellow  and  red  when  heated.  By  fusion  with  potash,  hydro- 
coumaric add  is  resolved,  with  evolution  of  hydrogen,  into  salicylic  and  acetic 
acids: 

C»H»»0»  +  2H«0  «  C'H«0*  +   C»H*0«  +   2H«. 

The  mHaUie  hydrocoumaraUs  are  for  the  most  part  easily  ciystallisable ;  those  of 
the  alkali-metals  and  alkaline  earth-metals  have  a  slight  alkaline  reaction,  the  ammo- 
nium salt  and  the  salts  of  the  heavy  metals  an  acid  reaction.  The  less  soluble  salts 
obtained  by  predpitation;  the  more  soluble  by  neutralisation  of  the  corresponding 
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dibiomomicciiiio  acid)  is  liquid  and  boils  at  212^.  The  barium  and  silTer  nils  of 
biomomaleic  acid  crystalliBo  in  needles ;  the  latter  dissolyes  easily  in  water  vithant 
decomposition,  and  is  but  slowly  decomposed  by  boiling  in  ammoniacsl  ^ohition. 

The  two  bromomaleio  acids  above  described  are  also  formed,  together  with  dibromo- 
succinic  and  isodibromosuccinic  acids  and  bromoform,  when  phenaconic  acid  is  heated 
with  bromine  and  a  quantity  of  water  smaller  than  that  which  was  uaed  in  the 
experiments  aboTe  described.    (See  Phxhaookic  Acid.) 

Cbloromaleto  add*  C^H*C10\  apparently  identical  with  that  described  bj 
Perkin  a.  Duppa  (iii.  7B8),  is  obtained  by  the  action  of  baiyta-water  on  an  ^nxa^henB 
chlorinated  acid  formed,  together  with  trichlorophenomalie  acid,  by  the  action  of 
chlorous  acid  on  benzene,  (^e  Phskokauc  Acid.)  It  is  separated  iiom  the  resulting 
solution — after  removal  of  bairta  and  hydrochloric  acid— by  half  nentralising  with 
potash,  leaving  the  acid  potassium  salt  to  crystallise,  and  decomposing  this  salt  with 
an  acid  ;  and  is  finally  purified  by  recrystallisation.  The  chloromaleie  add  thns 
obtained  crystallises  in  groups  of  small  white  needles,  easily  soluble  in  water,  alcohol, 
and  ether,  and  melting  at  171^-172°.  By  prolonged  fusion,  espedally  at  180^,  it  is 
resolved  into  water  and  an  oily  anhydride  which  is  reconverted  into  the  acid  by  oob> 
tact  with  water.  Chloromaleic  acid  is  reduced  by  hydriodie  acid  to  ordin&ty  sne- 
cinic  acid.  It  is  bibasic ;  the  neutral  chloromaleates  of  alkali-metal  are  easily  soluble 
in  water.  The  acid  potassium  salt,  C^H'CIKO*  +  HH),  forms  hard  crystals;  the 
barium  salt,  C^HClBaO*  +  5H*0,  chalky  crusts  composed  of  small  Uuniua.  Tba 
soluble  salts  form  with  ferric  chloride  a  white  flocculent  precipitate,  with  lead  aeetato 
a  white  amorphous  precipitate  »  OHClPbO*,  and  with  silver  nitrate  a  white 
roicrof»copically  crystalline  precipitate  «  OHClAg'O^  (Oarius,  Deut,  Cheat,  Get,  Btr, 
1870,  334). 

MAZJCO  ACIB.  C«H«0\— This  actd  exists,  according  to  Ointl  (ZeUsckr.f.  Ckem, 
[2]  V.  377),  in  the  leaves  of  the  common  ash.  Reinsch  {ibid,  [2]  221)  recommends  the 
preparation  of  it  from  the  fruits  of  the  common  sumach  {Bkus  coriaria).  The  expressed 
cold  aqueous  infusion  of  these  leaves,  precipitated  with  lead  acetate  and  then  boiled, 
yields  a  large  quantity  of  lead  malate.  Crystallised  calcium  malate  may  also  be- 
obtained  by  boiling  the  juice  with  chalk,  and  evaporating  the  still  acid  solution. 

Malic  acid  treated  with  sodium  in  alcoholic  solution  is  converted  into  an  acid 
resembling  hydrocitric  aCid  (p.  473),  the  calcium  salt  of  which  has  the  composition 
C^H'CaO*  +  S^H^^O  (Kammerer,  Jahresb.  1866,  p.  403). 

Neutral  potassium  malate  subjected  to  electrolyst$  is  decomposed  as  follows:  a.  Fun- 
damental reaction:  C<H«0*K«  -  C»H*0»  +  O  +  K*.— 6.  Part  of  the  anhydride 
C^H^O^  is  reconverted  into  malic  acid ;  another  portion  is  oxidised,  yielding  aldehyde 
and  carbon  dioxide :  C*H<0*  +  0  =-  C«H<0  +  2C0«.— c.  Acetic  acid  is  formed  as  a 
secondary  product  A  mixture  of  4  niol.  of  the  neutral  malat6  with  1  mol.  potassium 
hydrate  yields  the  same  products.  Free  malic  acid  is  for  the  most  part  converted  into 
aldehyde  and  carbon  dioxide  (Burgoin,  Bull.  Soc.  Chim.  [2]  ix.  429^. 

Dry  malic  acid  heated  in  the  water-bath  for  three  or  four  days  with  an  equal  volume 
of  cold-saturated  aqueous  hydrobromic  acid  is  converted  into  monobromosuccinic 
acid : 

C«HK)»  +  HBr  =  H«0  +  C*H»BrO«. 

With  a  larger  quantity  of  fuming  hydrobromic  acid,  the  malic  acid  is  converted  at  100^ 
into  fumaric  acid,  C*H'0*,  and  at  110°-120°  carbon  dioxide  and  carbon  monoxide  are 
formed  by  more  complete  decomposition  (KckuU,  Amt.  Ck.  Pkarm.  cxxx.  11). 

Detection  and  Separation  of  Malic  Aeid. — 1'.  Malic  acid  in  the  free  state 
may  be  recognised  by  evaporating  its  aqueous  solution  in  a  test-tube,  and  then 
heating  the  tube  in  a  sand-bath  to  160^-170^  till  the  crystalline  sublimate  no  longer 
increases ;  the  maleic  or  fumaric  acid  thas  produced  may  be  recognised  by  its  usual 
characters. — 2.  Calcium  malate  precipitated  by  alcohol  from  a  solution  of  malic  acid 
mixed  with  calcium  chloride,  shrinks  together  when  the  liquid  is  warmed,  and  farms 
on  cooling  a  mass  easily  pulverised  by  pressure.  As  the  solution  with  the  precipitate 
bumps  very  violently  when  heated,  it  is  best  to  pour  off  the  alcohol,  dissolve  the 
precipitate  in  water,  boil  the  solution,  and  mix  it  with  pure  alcohol. — S.  The  well- 
known  lead  reaction  (iii.  791)  is  for  the  most  part  best  exhibited  by  liberating  the 
malic  acid  from  its  salts,  and  then  precipitating  it  with  lead  acetate.  It  b  only  when 
load  malate  is  present  in  a  liquid  unmixed  with  other  salts  that  it  exhibits  the 
characteristic  reaction  when  heated. — 4.  When  a  solution  containing  free  malic  add  is 
neutralised  with  magnesia,  and  the  filtered  solution  is  mixed  with  alcohol,  a  precipitate 
of,  magnesium  malate  is  obtained,  which  behaves  like  the  calcium  salt  when  heated 
(Barfoed,  Zeitsckr.  anal.  Chem,  [2]  v.  402). 

Separation  from  other  acids. — Malic  acid  may  be  detected,  in  presence  of  oro/ts 
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of  the  aeid  C'H«0*,  by  the  relative  position  of  the  groups  OH  and  C*H*0'  in  the 
Iwnzene  nueleue ;  thus : 


Oriho-fierics. 

Meta-nrieB. 

Fani>8erle8. 

1   :  2 

1  :  8 

1  :  4 

Qsybenioic. 

BalicyUc 

Para*ozybeiuoic. 

HydrocoimiAlic 

Hydropftm- 

ormelilatic 

coaxnarlc. 

Hjdioraraooumaric  add  has  been  obtained  synthetically  from  phenyl-propionic  or 
hydrocinnamic  acid  (p.  468)  as  follows.     This  acid  treated  with  strong  nitric  acid 

yields  mtrophenyl-propumic  acid,  CH*  j  C'HH)*'  ^^^^  when   oxidised   by   chromic 

acid  is  completely  oonyerted  into  nitrodracylie  acid,  and  therefore  belongs  to  the  para- 
s^ries.    Nitrophenyl-propionic  acid  treatea  with  tii(  and  hydrochloric  acid  is  converted 

C'H^O*  (^^^^^^   ^^    hydrocarbostyrol, 

p.  715);  the  hydrochloride  of  this  amidated  add  dissolved  in  absolute  alcohol  and 
treated  with  nitrous  acid  is  converted  into  diazophmyl-mromonic  chloride,  C*H"NK)* .  HCl 

!N — NCI 
CHK)*  '  ^°^  ^y  boiling  the  solution  of  this  compound,  whereby  nitrogen 

is  evolved,  removing  the  chlorine  by  lead  carbonate,  the  lead  by  hydrogen  sulphide, 

'(OH 
and  evaporating,  oxypkenjfl'propumic  acid,  C*H*  ]  nsmQst  is  deposited  in  yellowish 

cTTBtals.  The  acid  thus  obtained  agrees  in  all  its  properties  with  the  hydroparacoumarie 
add  obtained  by  Hlasiwets  a.  ]£&lin,  excepting  that  its  solution  mixed  with  ferric 
chloride  forms  a  blue  liquid  which  soon  becomes  milky  and  deposits  a  resinous 
substance,  the  filtered  liquid  still  retaining  its  blue  colour.  Its  oold-saturated 
solution  mixed  with  a  few  drops  of  strong  nitric  acid  becomes  red,  then  milky,  and 
after  a  few  hours  deposits  long  needles  of  a  nitro-compound,  which  dissolve  in 
ammonia  with  deep  red  colour.  The  acid  becomes  milky  when  mixed  with  bromine- 
water,  and  reduces  an  alkaline  cupric  solution  at  the  boiling  heat  (Buchanan  a.  Qlaser, 
ZeiUchr,  /.  Chem.  [2]  v.  193).    See  Propionic  Acid. 

ronvZZBB.    See  Htobobbizamidb  (p.  703). 


^CTAVO-JMBAVI&m.    See  Rosanilikb. 

AUDDB.     SeeHvDBOSiLLlCTLAMIDB  (p.   721). 

[OCRBSOIO    ACZB.      See    Derivatives    of    Tetrachloeo- 
QvnfovB,  under  QviMOzne. 


The  name  applied  by  Graham  to  the  gelatinous  hydrate  of  a 
colloidal  substance.    (See  Colloidal  Acids,  v.  1088.) 


The  evolution  of  hydrogen  bv  the  action  of  dnc  on  hydrochloric 
add,  oir  of  sodium-amalgam  on  water,  is  considerably  diminished  when  the  reaction 
takes  place  under  pressure,  as  in  sealed  tubes  (Cailletet,  Comj^,  rend.  Ixviii.  895). 
Bolheiot  {ibid.  536)  regards  the  diminution  of  diemical  action  in  this  and  similar 
caB68,  not  as  a  direct  consequence  of  the  increased  pressure,  but  as  due  to  the  formation 
of  a  layer  of  saturated  solution  on  the  surface  of  ^e  metal,  the  removal  of  this  layer 
bj  a^taUon  or  diffusion  being  retarded  when  the  reaction  takes  place  under  pressure, 
in  consequence  of  the  diminished  size  of  the  gas-bubbles;  moreover,  part  of  the 
hydros^  eliminated  at  the  beginning  of  the  reaction  remains  adhering  to  the  surface 
of  the  metal  and  protects  it  from  the  action  of  the  add,  and  this  gaseous  layer  is  of 
ooQTse  leas  able  to  escape  when  the  liquid  is  subject  to  increased  pressure. 

The  salts  of  ammonia,  methjfiamine,  etkylamine,  aniline,  naplUhylamine,  and  pro- 
bably other  amine-bases,  give  off  hydiogen  when  zinc  is  immersd  in  their  aqueous 
solutions,  the  reaction  taking  place  even  at  ordinary  temperatures,  but  more  readily 
at  40*^.  Iron  acts  in  the  same  manner,  but  less  strongly.  With  due  and  iron,  an 
ammonium  salt,  and  &ee  ammonia,  the  evolution  of  gas  is  as  rapid  as  with  dnc  and 
dilnta  sulphuric  add.  Ammonia  nitrate,  however  (and  probably  also  the  nitrates  of 
the  alcoholic  ammonias),  forms  an  exception  to  the  general  rule,  inasmuch  as  it  does 
not  erdve  hydrogen,  but  nitrogen  monoxide,  when  heated  to  50^  in  contact  with  dnc 
(I^nin,  Compt.  rend.  Ix.  745). 

On  the  passage  of  hydrogen  through  metals  at  a  red  heat,  and  its  absorption  by 
metals,  especially  by  palladium,  see  Gases,  Absorptiok  of  (p.  634).  From  the 
properties  of  the  hydrogenised  palladium,  C^raham  infers  that  it  is  a  true  metal- 
lie  alloy,  and  that  the  hydrogen  enters  into  it  as  a  metal,  which  he  designates  as 


0»H»N»0«  -  N" 
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deliqncMont,  itxoogly  add  rabstanoe,  which  beeomes  brown  at  100®,  and  gires  off 
stinking  Tapoora  at  higher  temperaturea.  The  aolntion  of  the  acid  is  not  pndpitated 
by  barium  acetate,  and  only  imperfectly  by  lead  acetate.  The  barium  salt,  C^H'fiaO^ 
is  obtained,  by  supersaturating  the  acid  with  bazyta-water,  as  a  flooenlent  pvscipitate 
somewhat  soluble  in  water.  The  lead  salt  is  soluble  in  acetic  add.  The  jtfser  mdt^ 
OH*Ag>0*S,  is  a  white  precipitate  which  easily  turns  black.  When  a  aolntion  of 
sulphomalic  add  in  20  pts.  water  is  carefully  evaporated  with  excess  of  nitric  add, 
Bulphosucdnic  acid,  OHIO'S,  is  formed,  together  with  small  quantities  of  oxalic  and 
sulphuric  acids  (Carius,  Ann.  Ch,  Pharm.  cxxix  6). 

f(db)« 
(CHK)*)".— An  add  analogous  a 

i      H» 

constitution  and  mode  of  formation  to  biuret,  N*(CO)'H*,  produced  as  an  ammoniiia 
salt  by  heating  barbituric  add  to  150^-170^  with  urea : 

C*H*N«0«     +   CH«N*0  -   C*H*(NH*)NH)« 
Barbttnric  add.  Urea.  Ammonlnm  malo- 

Monto. 

The  acid  is  prepared  by  dissolving  the  crude  ammonium  salt  in  potash  and  sopv- 
saturating  the  solution  with  hydrochloric  acid,  and  purified  by  repeating  this  treatment 
several  times.  It  is  distinguished  from  dibarbituric  add  (the  product  of  the  action 
of  heat  on  barbituric  add)  by  its  granular  character,  by  its  greater  aolnbili^  in 
water,  and  by  dissolving  completely  when  treated  with  bromine  and  water,  instead  of 
yielding  a  yellow  bromide  (v.  962).  Nitric  add  oonrerts  it  into  dilitorie  ad^  Its 
salts  are  amorphous  or  finely  crystalline  precipitates  (Baeyer,  Jnm*  CK 
cxxxv.  312). 

COOH 


!•  -  cm   .— 


WMAIMmxa  ACm.    C*HK)«  -  CH^    .—The   formation   of  this   add   horn. 


i. 


[X)OH 
cyanacetic  acid  (or  cyanacetic  ether,  iii.  799)  is  represented  by  the  equation : 

CN  COOH 

CH«      +  2H«0  -  NH"  +    CH« 

COOH  COOH. 

It  is  also  produced :  a.  By  oxidation  of  paralactic  add,  CHK)H— CH*— COOH  (p.  771). 
— fi.  By  oxidation  of  allylene,  C'H*,  with  an  alkaline  solution  of  permanganic  add 
(Berthelot,  Jahresh.  1867*  p.  335). — 7.  By  boiling  barbituric  add  wiui  potasn  (Baeyer, 
▼.  962 ;  see  also  Heintsel,  Ann.  Ch.  Pkarm.  cxxxix.  129  ;  Jakresb.  1866,  p.  397): 

C*H*NK)"  +  3H«0  -  C0«  +  2NH»  +  CH'O*. 

Finkelstein  (Ann.  Ch.  Pharm.  cxxxiii.  338)  prepares  malonic  add  by  boiling  enids 
cyanacetic  acia  with  excess  of  strong  potash-ley ;  neutralising  the  diluted  solution 
with  acetic  acid;  precipitating  with  lead  acetate;  decomposing  the  lead  malonate 
with  dilute  sulphuric  acid ;  evaporating  the  filtrate ;  and  reciystaUising  the  crystalline 
residue  from  a  larger  quantity  of  ether,  in  order  to  free  it  from  an  adhering  syrupy 
substance.  The  ethereal  solution  when  left  to  evaporate  yields  malonic  add  in 
slightly  coloured  laminae,  or  in  large  prisms  having  a  laminated  structure.  When 
recrystallised  'from  water,  it  is  obtained,  aooordiog  to  Knop's  measurements,  in 
tricUnic  combinations  of  ooF  .  »  T  .  m^co  .  ^,  with  two  fkoes  bevelling  the  acute 
prismatic  edges.  Cleavnge  aistinct  parallel  to  P.  Angles  odP  :  odP  —  113^  and 
67*»;  oP  :  ooF,  -  110° ;  oP  :  00  ;P  -  86*>  30';  oP  :  P  -  116^  30'.*  Malonic  add  is 
therefore  not  isomorphous  with  succinic  acid  (which  crystallises  in  the  rhombic 
system).  It  forms  acid  and  neutral  salts,  all  of  which,  except  those  of  the  alkali- 
metals,  are  but  sparingly  soluble;  in  f^  malonia  add,  acetic  add,  or  nitric  ^' 
they  dissolve  more  readily.    The  following  have  been  examined : 

Potassium  salt  (acid)  CH*KO«  +  iH*0.    coloiurless  prisms. 

Sodium  salt  „  C*H*NaO«  +  iH'O,  well-defined  crystals. 

!!«•:,,»  ..If)  A        •  C»H*BaO*,  white  predpitate. 

Banumsaltj^  C»H«BaO*  +  HK).    white  needl^ 

Caldum  salt  .        .    C*H*CaO«  +  1JH*0,  tufts  of  needl«|. 
*  Oa  Boconnt  of  imperfect  reflection,  theee  angnlsr  meaenrements  arc  <m\f  apDRttbiUifte. 
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fa  .  C"H«MgO«-i-  2H*0) 

Uagneniim  BftltU  •  CH'lfgO*  +  IHH)  K  aystalliDe  powder. 

(e  .  C"H«MiO*  +  HK)  ) 

Manflanoiu  salt  .  0*H'MxiO«  -i-  2HK),  pale  red  prums. 

ColMat  salt       •  .  CH'OoO*    +  2HH),  brown-red  powder. 

Nickel  salt        •  .  CH*NiO«  +  2HH),  blae-green  powder. 

Zinc  salt  •        .  .  C*H<ZnO«.  +  {H*0,  small  oystals. 

fkHmmm  ialt  .  .  CH'OdO^»  amorphous,  deliquescent 

r^^^--.ul«    •  .  C»H«CuO*  ♦  8|H*0,  blue  crystals. 

tJupnc  »it  J  ^    ^  ^  CtH«CuO« .  CuO,         blue-green  predpitate. 

Lead  salt  •  •  CH*FbO«,  ciystalline  powder. 

Silver  salt         .  .  G'H*AgH>\  czTBtalline  powder. 

Ethylic  ether    .  .  Cra«(0'H»)«0*,  oil  boiling  at  196**. 

The  neutral  potassium  salt  and  the  acid  ammonium  salt  are  deliquescent,  partially 
crystalline  masses.  The  barium  salt  b  crystallises  from  the  solution  of  the  salt  a  in 
a  large  quantity  of  hot  water,  and  does  not  gire  off  its  water  of  crystallisation  at 
160^.  llie' calcium  salt  gives  off  ^  mol.  water  at  100^.  The  magnesium  salt  a  gives 
off  )  moL  water  at  110^ ;  the  salt  o,  which  separates  from  more  dilute  solutions,  gives 
off  all  its  water  at  that  temperature.  The  manganese  and  cobalt  salts  become 
anhydrous  at  160^ ;  the  nickel  salt  at  170^ ;  the  copper  salt  a  gives  off  2}  moL 
water  at  lOQO  (fllkenstein). 

.  Oxj^malonie  aeid^  CHK)*,  is  formed  in  small  quantity,  together  with  oxalic,  acetic, 
and  formic  adds,  and  Reichardt's  gum  (ii.  956),  by  oxidising  glucose  with  cupiie 
oxide  in  alkaline  solution.  It  crystallises  in  veiy  deliquescent  prisms,  and  forma 
barium  and  caldnm  salts  having  the  composition  CH'M^O^  (Claus,  Zeit^ckr,  /.  Ckenu 
[2]  V.  162). 


A  nitrogenous  ferment  existing,  according  to  Bubrunftkut,  in  malt 
(Omnpt,  rend.  Ixvi.  274 ;  ZeUsekr,  /.  Chem,  [2]  iv.  851),  and  much  more  active  than 
oiastase.  It  is  predpitated  from  extract  of  malt  by  addition  of  2  mol.  alcohol  of 
90  p.  c. ;  and  if  the  addition  of  alcohol  to  the  solution  be  continued  as  long  as  any 
precipitate  is  thereby  produced,  a  substance  is  obtained,  not  flocculent  like  maltin, 
but  syrupy,  perfectly  soluble  in  water,  and  having  much  less  fermentative  power  than 
maltin,  and  containing  only  a  small  proportion  of  nitrogen.  As  continued  treatment 
with  alcohol  is  recommended  by  Bige  and  Persos  for  the  purification  of  diastase, 
Bubrunfaut  is  of  opinion  that  this  substance  is  merely  a  product  of  the  decomposition  of 
maltin,  and  that  the  latter  is  the  really  active  prindple  of  malt.  He  further  states 
that  maltin  is  present  in  all  cereal  grains,  and  in  the  water  of  rivers  and  brooks ;  the 
well-water  of  ^aris  does  not  hoWever  contain  it. 


A  triple  sulphate,  K*SO«.2])lgSO«.8GaSO«  +  8H*0,  occurring 
as  a  deposit  on  the  camallite  of  IWaman  in  Persia  ((^bel,  Jakrub,  1865,  p.  900). 

I»    See  the  next  artida 

^om.    0"HH)*.    Formobengoh  acid  (iii.  799}.— This  add  htm 

C«H».CHOH 
the  oonstitution  of  phenyl-glyoollie  add,  C'H^.CHK)'  or  I         .     When  dis- 

COOH 
solved  in  fhming  hydiobromic  add,  and  left  in  sealed  tubes  for  some  weekff  at 
ordinary  temperatures,  or  for  a  few  hours  at  120^-180®,  it  is  convertiid  into  phenyl • 
bromaceticora-bromotolnic  acid: 

C«H».CHOH  Cra».CHBr 

I  +  HBr  -  H»0  +    I 

COOH  COOH 

The  last  add,  heated  in  concentrated  aloohoUo  solution  with  alcoholic  potash,  gives  up 
bromine,  and  is  converted  into  phenjl-ethyl-glycollio  or  ethyl-mandelio 
acid: 

CTi'.CHBr  CTa».CHOCTH» 

I  +  KOC«H»  -  KBr  -h  I 

CO«H  CO«H 

Phenyl-bromaoetio  Btbyl-nuaidello 

add.  add. 

On  neutralising  the  product  with  hydrochloric  acid,  filtering  from  potassium  bromide, 
and  evaporating,  ethyl-mandelic  acid  is  obtained  as  a  yellow  oil,  which  when  purified 
Sup,  3F 
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by  conyersion  into  a  barium  salt,  separation  by  Bolphurio  add«  and  emporataon,  fSorms 
a  viscid  mass" resembling  bird-lime.  Its  salts  are  likewise  tmarjhoiOB  (Glaser  a. 
Badziszewski,  ZeiUchr.  /.  Chem.  [2]  iT.  140). 

When  the  compound  of  benzoic  aldehyde  and  hydrogen  cyanide,  (CH*0)*.CNH 
(produced  by  treating  bitter  almond  oil  with  hydrocyanic  and  hydzochlaric  acids, 
p.  829),  is  heated  to  180^  with  water  or  alcohol,  it  ia  completely  resolved  into  benaoie 
aldehyde  and  m  a  n  d  e  1  a  m  i  d  e,  C*H'0 .  NH* : 

C^».CHOH 
(C^».CHO)«.CNH  +  HK)  "  C'H'O  +      •      I 

•     CONH* 
Hydroeyanide  of  Beozoio  Benxolo   •      MamWMnWte. 

aldehyde.  aldehyde.  . 

Mandelamide  erystallises  in  rhombic  or  hexagonal  tables,  eolnble  in  water  and  in 
boiling  alcohol,  slightly  soluble  in  ether,  melting  at  131^,  and  not  wholly  Tolatile 
without  decomposition.  Heated  with  baiyta-water  to  180",  it  ia  eonrerted  into 
barium  mandelate,  (C*H'0')*Ba,  which  erystaHises  in  small  rhombic  tables  soluble  in 
617  pts.  of  boiling  water,  and  in  12*3  pts.  water  at  23°  (Zinin,  Zeitsckr.  /.  CSbsi.  [2] 
iv.  709). 

IKAJrclAWBSB.  This  metal  is  precipitated  by  sodium-amalgam  firom  acidaUted 
solutions  as  an  amalgam,  which  when  distilled  in  a  stream  of  bydzqgeii  le»Tas  the 
metal  in  form  of  a  pulverulent  sponge  {Btdl.  8oe,  Chim,  [2]  vi.  98). 

Detection  and  EitinuUion, — For  the  detection  of  manganese  in  solid  bodies, 
C.  D.  Braun  (Zeitichr.  anal,  Chem,  vi.  78)  heats  the  substance  in  the  ozidiBing  ilaBie 
for  two  or  three  minutes  in  a  bead  of  sooium  pyrophosphate,  and  moistens  the  bead, 
after  cooling,  with  nitric  acid,  whereupon  the  presence  of  mangpmese  is  indicated  by 
the  reddish-violet  colour  of  manganic  pyrophosphate,  either  mimediately,  or  aftar 
renewed  heating  in  the  oxidising  flame.  The  formation  of  manganic  pyrophosphate 
may  also  be  made  available  for  the  detection  of  manganese  in  solution.  A  moderately 
concentrated  solution  of  sodium  pyrophosphate  is  mixed  with  the  liquid  to  be  t^ed 
for  manganese,  till  the  residting  precipitate  no  longer  dissolves,  after  which  a  small 
quantity  of  lead  dioxide  is  addMl,  and  the  liquid  is  boiled  and  filtered.  If  manganese 
is  present,  the  brown  fUtrate  will  assume  a  violet-red  to  violet-brown  colour  when 
mixed  with  a  little  hydrochloric  acid  and  gently  heated.  To  detect  manganese  in 
vegetable  substances,  they  are  gradually  added  to  a  melting  mixture  of  5  pts.  nibe 
and  1  pt.  sodium  pyrophosphate.  The  blue-green  mass  repeatedly  evaporated  with 
nitric  acid,  and  finally  heated  to  fusion,  assumes  a  lilac  colour  (Braun). 

According  to  W.  Qibbs  {8%U.  Am,  J,  [2]  xliv.  216),  manganese  may  be  estimated, 
like  magnesium,  as  atmnonuhmanganouB  phosphate.  The  manganoua  solution  is 
mixed  with  a  considerable  excess  of  sodium  phosphate;  the  white  gelatinous 
precipitate  is  dissolved  in  hydrochloric  acid ;  the  liquid  then  heated  to  Uuling,  and 
ammonia  added  in  excess.  The  ammonio-manganous  phosphate,  which  separates  in 
pale  rose-coloured  nacreous  scales,  is  collected  on  a  filter  after  a  quarter  of  an  hour, 
washed  with  hot  water,  and  ignited.  If  it  acquires  a  darker  red  colour  during 
washing,  it  must  be  redissolved  in  hydrochloric  add,  and  pcedpHsted  at  the  boiling 
heat  by  ammonia,  with  addition  of  sodium  phosphate. 

On  the,  precipitation  and  estimation  of  manganese  Vy  ammonium  mUpkide,  sse 
Cbissen  (Zeitschr,  anal,  Chem,  1869,  p.  416 ;  ZeiUchr,  /.  Chem,  [2]  vi.  285). 

For  the  estimation  of  manganese  in  iron  and  iron  ores,  the  following  method  is 
given  by  ISggerU  {Zeitschr,  f,  Chem,  |;2]  iv.  606 ;  Jahreab,  1868,  p.  S72).  The  ixmi 
having  been  dissolved  in  hydrochloric  acid>  with  addition  of  a  little,  nitric  aeid«  t^ 
solution  is  evaporated  to  diyness  to  separate  silica;  the  dry  mass  is  boiled  with 
chlorine-water  till  no  more  red  powder  is  visible ;  the  solutaon  is  diluted  with  water 
and  filtered ;  and  the  separated  silica,  if  still  red,  is  treated  with  strong  hydrochloric 
acid.  The  add  solution  is  then  nearly  neutralised  widi  sodium  carbonate,  and 
boiled  with  sodium  acetate  to  predpitate  ferric  oxide  and  alumina,  the  precipitate 
being  redissolved  and  again  thrown  down  with  sodium  acetate,  to  separate  any 
manganese  that  may  have  been  predpitated  with  it  in  the  first  instanoa.  The 
manganese  solution  is  then  concentrated  and  mixed  with  bromine,  till  it  beeoraes 
yellow,  whereby  the  whole  of  the  manganese  is  predpitated  as  hvdrated  dioxide. 
The  liquid  is  heated  on  the  water-bath  to  expel  dissolved  bromine,  then  filt^ed,  and 
the  precipitate  is  washed  with  weak  hydrochloric  add  (1  p.  c),  to  remove  alkali  more 
quickly.  The  precipitate  dried  at  100^  consists  of  3MnO*.HK),  containing  59*18  p.  c 
manganese  ;  by  heating  it  is  converted  into  MnO  .MnO',  containing  69*62  manganese. 

Iron  ores  are  pulverised  and  fused  with  an  alkaline  carbonate,  and  the  fused  mass 
is  treated  as  above. 


MANGANESE.  803 

Hanganefle  may  be  segaiated  from  the  aUuUme  eoftk'meials  by  minng  the  warm 
hjdroehlorie  acid  Bolataon  with  cauetio  soda  or  eodimn  carbonate  till  a  permanent 
precipitate  ia  formed,  dissolving  this  precipitate  in  the  emaUest  possible  quantity  of 
hydrGchloric  acid,  adding  a  quantity  of  crystallised  sodium  acetate  nearly  equivalent 
to  the  hydzochlorie  acid,  and  precipitating  the  manganese  at  the  boiling  heat  as  dioxide 
by  means  of  sodium  hypochlorite,  added  in  such  quantity  as  td  leare  the  liquid  slightly 
add  (K  Reichardt,  Zeitsehr.  anal,  Ckem,  y.  60).  Bube  {ibid,  iv.  24n  boils  the  nearly 
neutralised  solution  for  two  hours  with  excess  of  recently  precipitatea  mercuric  oxide. 
The  whole  of  the  manganese  is  then  thrown  down  as  dioxide,  together  with  ferric  oxide 
and  alumina,  while  calcium  and  magnesium  remain  in  solution. 

On  the  separation  of  manganese  from  cobalt j  niekelf  and  gine,  see  Gibbs  (SUl.Am.  J. 
[21  xxxix.  68;  Jakretb.  1865,  p.  712).  Manganese  salts  are  easily  purified  from 
oooalt — ^which  occurs  in  many  varieties  of  the  native  dioxide— by  passing  hydrogen 
sulphide  through  the  solution  of  the  chloride  or  sulphate,  the  liquid  being  kept  neutral 
by  suspending  manganese  carbonate  in  it.  The  cobalt  is  then  wholly  precipitated  as 
sulphide  (Mi^  ZeiUchr.  f.  Chem.  [2]  t.  626). 

The  precipitation  of  manganese  by  ammonimn  ttUphide  is  often  prevented  by  the 
presence  of  organic  ammonium  salts.  When  a  solution  of  manganous  chloride  is  mixed 
with  a  large  quantity  of  oxalic  acid,  then  with  excess  of  ammonia  and  a  little 
ammonium  sulphide,  no  manganese  sulphide  is  precipitated,  but  needles  of  manganous 
oxalate  separate  after  a  while.  A  solution  of  manganous  chloride,  to  which  cldoride, 
oxalate,  and  sulphide  of  ammonium  are  added  in  suceession,  yields  after  a  short  time 
a  mixed  precipitate  of  manganous  sulphide  and  oxalate.  When  a  solution  of  man« 
ganous  oxalate  in  dilute  hydrochloric  acid  is  treated  successively  with  oxalic  acid, 
ammonia,  and  ammonium  sulphide,  no  precipitate  is  formed,  but  crystals  f  probably  of 
a  double  salt)  separate  after  some  time.  Wnen  tartaric  or  citric  acid  is  aissolyed  by 
warming  in  a  solution  of  manganous  chloride,  and  ammonia  and  ammonium  sulphide 
are  then  added,  no  precipitate  is  formed  even  after  24  hours.  The  other  metals  of  the 
same  group,  cobalt,  nickel,  sine,  &c.,  are  precipitated  under  similar  circumstances 
by  ammonium  sulphide,  either  immediately  or  after  some  time  (How,  ChejB,  News, 
XIX.  137). 

Vidumetrio  EitimaHoH, — 1.  When  a  manganous  solution  mixed  with  ferric  chloride 
is  treated  with  exoess  of  a  strongly  alkaline  solution  of  potasnum  ferricyanide, 
manganous  dioxide  (mixed  with  lieiEne  oxide)  ia  precipitated,  while  potassium  feixo- 
^aude  remains  in  solution : 

K«Fe»Cy««  +  2KH0  +  MnO  -  MnO«  +  BPO  +  2K«FeCy«. 

To  a^ly  this  reaction  to  the  volumetric  estimation  of  manganese,  the  acid  man^^ous 
solution  is  mixed  with  ferric  chloride  (1  mol.  MnO  to  1  mol.  FeH)*),  and  the  mixture 
is  added  to  a  solution  of  the  ferricyanide  made  strongly  alkaline  with  caustic  soda. 
The  solution  when  quite  cold  is  filtered ;  the  brown-black  precipitate  is  washed ;  the 
filtrate  is  ooncentzated  to  a  definite  Yolume,  and  acidulated;  and  the  quantity  of 
ferrocyanide  in  it  is  determined  by  titntion  with  potassium  permanganate  rLenssen, 
J,pr.  Chem.  Ixxx.  408).  Aoeoroinff  to  Fresenins  (Zeitaekr,  atud,  Chem.  lii.  209), 
this  method  is  espedaUy  useftil  when  a  considerable  number  of  determinations 
have  to  be  made,  and  the  quantity  of  manganese  present  is  not  very  small. 

2.  When  a  solution  of  a  manganous  salt  (containing  all  other  metals  in  tJieir  highest 
forms  of  oxidation)  is  mixed  with  potaumm  pemumganate,  the  latter  is  decolorised, 
and  a  Tiolet-brown  peeipitate  of  hydiated  dioxide,  MnO'.HK),  is  formed,  insoluble  in 
dilute  inocgaoic  adds.    The  reaction  is : 

8MnCl«  +  2HK)  +  K«MnK)«  =  2Ka  +  iRCi  +  6MnO«, 

1  mol.  of  permanganate  used  corresponding  to  6  at  manganese  in  the  solution.  A 
gram  or  two  of  the  manganese-compound  under  examination  is  dissolved  in  boiling 
nitromuriatic  acid ;  the  solution  nearly  neutralised  with  an  alkali  is  made  up  to  a 
litre  with  boiling  water,  and  a  titrated  solution  of  permanganate  is  poured  into  it  (the 
tempenture  of  the  liquid  being  kept  up  to  80®)  till  the  supernatant  liquid  retains  its 
colour  even  after  stirring.  The  permanganate  solution  is  titrated  with  pure  manganous 
sulphate,  so  that  30  c.  c.  of  it  shall  correspond  to  about  1  grm.  of  metallic  manganese 
(A.  Guyard,  Btdl.  6oe.  Ckim.  [2]  vi.  89). 

The  separation  of  manganese  ftom  the  metals  of  the  alkalis  and  alkaline  earths, 
and  from  nickel,  cobalt,  and  uranium,  may  also  be  effected  by  means  of  potassium  per- 
manganate in  the  manner  above  described,  the  slight  excess  of  the  latter  being  decom- 
posed by  ammonia.  If  a  non-titrated  solution  of  permanganate  is  used,  the  precipitate 
must  be  ignited,  and  three-fifths  of  its  weight  reckoned  as  manganese  (Guyard). 
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According  lo'  Habich  (ZeUickr.  atuU.  Ckem.  iii.  474),  Gvyaid's  TolimMtrie  aod  gms 
exact  rwulU  when  applied  to  neutral  solutioiM,  but  not  when  free  eolphnrie  or  hjdio- 
chloric  acid  is  present.  The  presenee  of  fiannc  or  chromic  oxide  likewise  interfcret 
with  the  oorrectneu  of  the  result. 

For  Mittenxwey's  method  of  estimating  manganese  and  other  sabetaaees  by  ofxidati«in 
in  presence  of  an  alkali,  see  Aicaltsu,  Volumbtbic  (p.  165). 

On  the  Taluation  of  commercial  manganese,  see  Teschemacher  and  Banham  Smith 
{ZeiUckr.  atud.  Chem.  1869,  814,  609 ;  ZeU$dkt./.  Ckem.  [2]  vi.  887). 


CnUArMM.  Acooiding  to  Nicklis  (Ann,  Ch,  i%tt.  [4]  t.  161 ;  Jakrttb,  1865, 
p.  226),  a  chloride,  MnCl',  analogous  to  the  dioxide,  is  produced  by  passing  hydrodilone 
acid  gas  into  a  well-cooled  mixture  of  the  dioxide  with  ether.  A  solution  is  then 
obtained  of  a  fine  green  colour,  veiy  unstable,  and  easily  decomposed  by  reducing 
agents.  It  appears  to  contain  ether,  water,  and  the  tetrachloride  in  Tariable  propor- 
tions; in  one  instance  its  analysis  saTe  results  agreeing  with  ths  formula 
MnClM2(C'H*)K).2H*0.  Oreen  unstable  soluUona  are  likewise  obtained  with 
manganese  dioxide,  ether,  and  hydrobromic  or  hydriodic  acid ;  also  when  the  seaqui- 
oxide  of  manganese  is  used  instead  of  the  dioxide. 

nuoHAes.  The  tetraflu&ride,  MnP,  is  |aodnoed  by  treating  the  ethereal  sdhitioB 
of  the  tetrachloride  with  aqueous  hydrofluoric  acid,  the  colour  <£anging  from  green  to 
brown ;  also  by  treating  che  dioxide  with  aqueous  hydrofluoric  acid,  It  does  not 
appear  to  have  been  obtained  pure.  It  dissolves  in  alcohol,  and,  in  absence  of  water, 
also  in  ether.  The  aqueous  solution  acts  as  an  oxidising  agent,  and  in  the  dilute  state 
decomposes  easily,  especially  in  presence  of  alkalis  or  alkaline  chlorides,  depositing 
the  hydrated  dioxide.  With  potassium  fluoride  it  yields  a  rose-eoloured  precipitate 
which  when  dried  at  100^  has  the  composition  2KF.MnF*;  with  ammonium  fluoride 
a  similar  but  more  soluble  precipitate ;  the  still  more  soluble  sodium  doable  salt  is 
precipitated  only  on  addition  of  alcohoL  These  doable  fluorides  dissolve  with  violet 
•colour  in  concentrated  aqueous  phosphoric  acid.  In  dilute  aqueous  solution  they 
decompose  as  easily  as  ihe  free  tetxafluoiide  of  manganese,  but  beoome  more  permanent 
in  presence  of  an  excess  of  alkaline  fluoride.  They  are  foisible,  acquiring  a  tzansient 
blue  colour  while  meUedi  and  are  decomposed  by  pcglonged  fbsion,  with  formation  of  a 
basic  double  fluoride,  0.g,  8KF.MnF^.  A  similair  basic  salt  is 'formed  by  fusing  man- 
ganese dioxide  with  potassium  fluoride.  A  few  double  fluorides  of  maoganese  and 
other  heavy  metals  have  been  obtained  by  double  decomposition,  and  similar  bat  very 
unstable  compounds  oontaininff  organic  bases  by  satoiating  the  aqueous  solatioo  of 
manganeee  tetrafluoride  with  tne  corresponding  bases.  When  manganese  tetnchkoride 
is  added  by  drops  to  a  boiling  solution  of  potassium  or  ammonium  flmuide,  a  rose- 
coloured  powder  separates,  condsting,  according  to  Nickl^  of  an  oxyflnoridc^ 
•  MnOF*,  and  forming,  with  potassium  fluoride  the  double  salt  2KF.MnOF*.  The 
tetrafluoride  and  oxj^uoride  of  manganese  are  obtained  in  ethereal  solution  by  treating 
their  potassium  salts  with  anhydrous  ether  saturated  with  silicon  fluoride.  The  solu- 
tions are  brown  and  give  up  manganese  tetrafluoride  or  oxyflnoride  to  water  when 
agitated  thfvewith.  Manjgitmue  trifiuondej  Mn*F*  (ii.  808),  also  yields  double  fluorides 
and  oxyfluorides  when  similarly  treated  with  solutions  of  alkaline  fluorides,  mm.  ths 
salt  4ICF .  Mn'FK).  A  potassium  salt  belonging  to  one  of  thesegronps  is  formed  with 
elimination  of  osone,  by  the  action  of  aqueous  hydrofluoric  acid  on  potassium  pennan- 
ganate  (Kickl^,  BtOl,  8oe.  CMm,  [2'^  viii.  408). 

In  treating  manganese  dioside  with  hydrofluoric  acid  for  the  preparation  of  the 
tetrafluoride  as  a^ve,  there  aije  sometimes  obtained,  especially  when  heat  is  applied 
(perhaps  also  only  when  the  manganese  dioxide  is  mixed  with  mannnoso-man- 
ganie  oxide,  MnH)*),  brown  crusts  of  fMnganpM'mangimio  fiuoride,  Mn'F"  +  lOHH) 
or  MnF'.Mn'F'  +  lOHK).  This  compoond  dissolves  with  brown  colour  in  a  small 
quantity  of  water,  but  is  decomposed  by  a  large  quantity,  with  separation  of  brown 
oxide,  and  more  completely  by  alkaline  carbonates.  It  forms  a  rose-coloured  precipi- 
tate both  with  potassium  fluoride  and  with  manganic  fluoride.  Its  solution  tsJLes  up 
Issge  quantities  of  metallic  silver,  being  ^  converted  at  the  same  time  into  odlonr- 
less  manganous  fluoride.  Potassium  fluoride  added  to  this  solution  throws  down  a 
precipitate  of  variable  composition  (containing  about  }  p.  c  manoanese  and  60  p.  c 
silver) ;  lead  precipitates  the  silver,  but  is  not  itself  dissolved  (Nicklls,  BuU,  Soe,  dim, 
[2]xl..411). 


MANGANESE.  80^ 

Oztdes.    AnalyBBB  of  manganito  and  pyiolHBite  ftom  Nora  ^Scotia  am  giTen  hj 

How  (Phil,  Mag.  [4]  zxxi.  165  ;  Jahrub.  1866, 923).    £.  Schmid  iJPbgg.  Aim.  czxvi^ 

161 ;  Jakresb,  1866, 876)  has  analysed  psilomekuae  from  Oehrenstock^  fi^m  £lgenbaig, 

and  from  Nadabnla  in  Hungary.    For  the  mineral  from  Elgersbuzg,  he  deducea  the 

•formula  (BaO ;  MnO).4MBO*  +  6aq. 

Bespecting  the  regeneration  of  manganese  dioxide  from  waste  ehlorine-liqnon»  see 
CHLOBim  (p.  486). 

• 

Manganatet, — A  pigment  called  Caasd  grem  is  prepared  by  igniting  14  pts* 
'manganese  dioxide  with  80  pts.  nitrate  and  6  pts.  sulphate  of  barium»or  24  pts. 
manganous  oxide  with  40  pts.  nitrate  and  30  -pts.  sulphate  of  barium.  The  green 
fritted  mass  is  triturated  with  water  and  mixed  in  the  moist  state  with  gum  or 
dextrin  (Schad,  BtiU,  Soc,  Chim,  [2]  y.  477  ;  see  also  Bosenstiehl,  IHngl.  poi.  J.  clxxvii. 
409). 

Permanganates^ — ^To  avoid  the  loss  arising  in  the  preparation  of  potassium  pd^ 
manganate  from  the  separation  of  hydrated  dioxide,  St&deler  (f/l  pr.  Ckem,  ciii.  107) 
effects  the  conversion  of  the  manganate  into  permanganate  by  means  of  dilorina 

2MnS?0«  +  a*  -  2KC1  +  Mn«KH>». 

The  crude  pulverised  manganate  is  lelt  to  soften  for  some  hours  in  contact  with  water  ; 
an  equal  quantity  of  water  is  then  added ;  and  chlorine  is  passed  into  the  liquid  till  it 
turns  red.  The  solution  is  then  diluted  with  four  times  its  bulk  of  water ;  and  after 
clarification  by  subsidence,  or  filtration  through  pounded  glass,  is  evaporated  to  one- 
fifth  of  its  volume.  The  greater  part  of  the  permanganate  then  separatee  out,  and  may 
be  purified  by  recrystallisation.  The  product  amounts  on  the  average  to  90  p.  c  of 
the  manganese  dioxide  used. 

Potassium  permanganate  is  reduced  by  hydrogen  dioxide,  with  formation  of  potas- 
sium hydrate,  and  precipitation  of  hydrated  sesquioxide  and  dioxide  of  manganese,  the 
proportion  of  these  oxides  in  the  precipitate  varying  according  as  the  solution  of 
hydrogen  dioxide  is  neutral  or  acid  (Weltzien,  Campt.  rend.  Ixii.  642 ;  Ann,  Ch, 
Pharm.  cxxxviii.  140.    Swionkowski,  wid.  cxli.  205 ;  Jahreeb.  1867,  p.  248). 

According  to  Linder  (ZeiUchr.f.  Chem.  [2]  y.  442),  soluble  iodides  are  oonyerted  by 
dilute  potassium  permanganate  into  ioda.toB;oromides  in  acid  solution  react  like  iodides ; 
but  in  neutral  or  alkaline  solution  they  do  not  reduce  the  permanganate ;  chlorides  do 
not  reduce  it  either  in  alkaline  or  in  acid  solution. 

A  solution  of  potassium  permanganate  is  easily  decomposed  at  ordinary  temperatures 
by  metallic  mercury,  with  formation  of  mercurous  oxide,  manganic  hydrate,  and 
potassium  hydrate  ,*  more  quickly  at  the  boiling  heat»  with  immediate  formation  of 
mercuric  oxide.  Silver  appears  also  to  be  attacked  by  the  permanganate ;  on  sine  and 
copper  it  does  not  act  (w.  B.  Giles,  Chem.  News,  xv.  204).  ThaUium  is  oxidised  by 
the  permanganate  solution  at  ordinary  temperatures ;  magnesium  and  aluminium  only 
at  the  boiling  heat,  and  even  then  but  slowly  (Crookes,  iSid^. 

Cane-sugar,  milksugar,  starch,  and  ^um  are  completely  oxidised  by  potassium 
permanganate  in  acid  solution,  to  carbonic  acid  and  water ;  equal  quantities  of  starch 
and  gum  reduce  nearly  e<|ual  quantities  of  the  permanganate.  Thrtarie  add  and 
naphthalene  Bje  likewise  oxidised  (Langbein,  Zeitschr.f.  Chem.  [2]  y.  350). 

Ammcnium  salts  heated  to  150^  in  sealed  tubes,  with  about  40  times  their  weight  of 
potassium  permanganate,  and  a  50  p.  c.  solution  of  potash,  give  off  no  nitrogen,  and 
yield  only  traces  of  ammonia.  Acetamide  reacts  in  a  similar  manner.  The  nitrogen 
must  therefore  be  oonyerted,  under  these  circumstances,  into  nitric  or  nitrous  acid,  as 
formerly  found  by  Schonbein,  Cloez,  and  Guignet  {JahreA.  1858,  p.  171),  also  by 
Wohler  {ibid.  1865,  p.  150).  Urea  heated  in  sealed  tubes  to  160^-200^  with  a 
strongly  alkaline  solution  of  p<^rmanganate,  gives  off  part  of  its  nitrogen  in  the  free 
state,  while  nearly  all  the  rest  is  conyerted  into  nitric  acid,  with  only  a  trace  of 
ammonia ;  but  when  the  urea  is  distilled  for  some  time  in  an  open  yessel  with  dilute 
potash  containing  permanganate,  22  p.  c.  of  the  nitrogen  appears  as  ammonia 
(Wanklyn  a.  Gkimgee,  Chmi.  Soc.  J.  [2]  vi.  25).  Asparagine,  piperine,  piperidine, 
amulamine,  diann/l4imme,  hippuric  acid,  narcotine,  and  dtphenyl-tartramide,  heated 
witli  a  strongly  alkaline  solution  of  potassium  permanganate,  give  off  nearly  the 
whole  of  their  nitrogen  as  ammonia;  morphine,  codeine,  papaverine,  sirycknine^ 
iodomethyl'Strychnine,  brucine,  quinine,  einchonine,  nicotine,  toiwdine,  and  rosaniline, 
only  about  half;  crea^iiM  about  a  third; -caffeine  about  a  fourth;  uric  a<^aboiit  a 
fifth ;  gelatin  127  p*  c ;  albumin  about  10  p.  c ;  casein  6'5  p.  c.  Picric  acid  thus  treated 
yields  no  ammonia  (Wanklyn  a.  Chapman,  Chem..  8oe.  J.  [2]  vi.  161).  On  thd  actioa 
of  permanganate  on  quinine,  see  that  ba«e. 
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Swipliides.    Manganoiu  sulphide  is  formed,  togethar  with  a  polysolpfaide  of 

poUifisiuxn,  by  heating  potassium  manganate  in  vapour  of  carbon  bisnlphids : 

K«MnCH  +  2CS*  «  HnS  +  K'S'  +  2C0«. 


A  similar  product  is  obtained  with  barium  manganate  (W.  Mnller,  fogg, 
cxxvii.  404). 

By  heating  the  amorphous  sulphide  in  a  stream  of  hydrogen  sulphide,  it  is  obtaiiicd 
in  yellow-green  hexagonal  prisms.  At  the  same  time  very  small  shining  laminar 
erystals  of  unknown  composition  are  formed,  grouped  in  squares  or  earassea  (Sidot, 
Compt,  rend.  Ixri.  1267). 

On  the  behavionr  of  flesh-coloured  manganess  sulphide  with  Tarions  reagents,  aea 
Muck  {Zekdchr.  /.  C%m.  [2]  vi.  6). 

aCAnXTB.  C^*«0*  a  (^^^)^|o*.— Bespecting  its  constitution,  see  Alco- 
hols (p.  72). 

The  compounds  of  mannite  with  the  alkaline  earths  which  Ubaldini  obtained  hj 
triturating  mannite  with  hydrate  of 'barium,  calcium,  &c.,  and  water,  and  precipitating 
with  alcohol  (GmdifCs  Handbook,  xy.  865),  hare  been  further  examined  by  Himl 
(Ann.  Ch.  Pharm.  cxxzi.  60;  Jakresb,  1864,  p.  681),  who  finds  for  the  barium 
compound  the  formula  2C*H>*0*.BaO  ;  for  the  calcium  compound,  4C«H>H)«.3GaO; 
and  for  the  strontium  compound,  4C'H*^0*.8rO. 

Silver  nitrate,  mercurous  nitrate,  auric  chloride,  and  mercuric  chloride  are  not 
reduced  by  mannite  even  at  the  boiling  heat;  silyer  acetate  or  silyer  oxide  heated 
with  mannite,  or  left  in  contact  with  it  at  ordinary  temperatures,  yields  a  speculum  of 
silyer.  Hydrogen  dioxide  oonyerts  mannite  into  an  acid  substance,  which  reduces  an 
alkaline  cupric  solution. 

Acetyl-mannitea. — Mannite  heated  with  acetic  anhydride  containing  10*15  pu  e. 
glacial  acetic  acid  gradually  dissolves,  the  liquid  solidif^ng  on  cooling  to  a  crystalline 
moss  surrounded  by  a  syrupy  liquid.  On  filtering  this  mass  in  an  imperfect  yacuum 
through  asbestos,  and  wasmng  the  residue  with  absolute  alcohol,  a  white  very  light 
mass  IS  obtained,  haying  the  composition  ofacetyl-dimannitan,  C"H^C^'0)0'*. 
It  has  a  bitter  taste,  is  yery  slightly  keyogyiate,  nearly  insoluble  in  boiling  alcohol, 
insoluble  in  ether,  very  soluble  in  water  and  in  acetic  acid ;  melts  at  120^ ;  yields 
mannitan  by  saponification.  By  prolonged  action  of  the  acetic  anhydride,  a  thick 
syrup  is  obtained,  from  which  water  separates  white  crystalline  grains ;  and^  the 
niother-li<^uor  yields,  when  eyaporated  over  the  water-bath,  a  colourless,  transparent, 
nearly  solid,  yery  sweet  syrup,  haying  a  strong  Ueyogyrate  power,  [a]  «  ~  22*6^.  The 
white  crystallino  precipitate  exhibits,  after  recrystallisation  from  alcohol,  the  com- 
position ofhexacetyl-mannite,  C*HVCH*0)'0'.  It  is  optically  inactiye,  melts  at 
about  100^  and  resolidifies  in  the  crystalline  form  on  cooling  The  sympjr  compound 
aboye-mentioned  appears  to  haye  the  composition  CH*(CH'0)*0^,  and  is  probably 
identical  wi^  Bertnelot's  so-called  diacetyl-mannitan  (K  Gbange,  Comjpt.  rmd.  Ixviii. 
1326  ;  Znt9chT.  /.  Chan.  y.  448). 

[  See  Copaiba. 

This  mineral,  from  St  Marcel  in  Piedmont,  has,  according  to 
G.  Bose  {JPogg.  Ann.  cxxi.  318),  the  composition  MnO.MnO*.SiO* ;  sp.  gr.  4*752. 

aULXCrffXira.  This  mineral,  from  the  Bed  Biyer  in  the  neighbourhood  of 
Mount  Wichita,  has,  according  to  8.  W.  Tyler  (Sill.  Am.  J.  [2]  xli.  209),  essentially  the 
composition  CuS.CuO  +  H*0,  the  feocrons  sulphide  and  gypsum  contained  in  it  bmng 
reguded  as  adyentitious. 

MAJUMkXTUm.  G"H^'. — One  of  the  hydrocarbons  obtained  by  the  dry 
disUUation  of  Menhaden  oil  soap  (p.  814).    Boils  at  198^-196^ 


N*  (De  Laire,  Girard,  a.  Chapoteont, 


(C«H«)«) 

H»    , 

Campt.  rend.  Ixiy.  416;  Bull.  See.  Chim.  [2]  yii.  366 ;  Jakrtab.  1867,  p.  507,  962).— 
A  base  produced  by  the  action  of  dehydrogenising  agents  on  a  mixture  of  aniline  and 
ioloidine : 

2C«H'N  +  C'H»N  -  6H  -r  C'»H»»N». 

It  maybe  prepared  by  heating  100  pts.  of  commercial  aniline  (boiling  at  183^-188^, 
and  consisting  of  a  mixture  of  2  mol.  phenylamine  and  1  mol.  toluidine)  with 
116  pts.  dry  arsenic  acid,  or  164  pts.  of  a  solution  containing  70  p.  c.  arsenic 
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anhydride,  to  170^  for  Bome  honn,  in  the  sBme  way  as  for  the  preparation  of 
roeaniline,  treating  the  product  with  boiling  water  to  dissolTe  any  salts  of  chiyso- 
tolnidine  and  rosanlline  that  may  have  been  formed,  and  decomposing  the  remaining 
arsenite  and  arsenate  of  manvaniline  with  canstio  soda.  The  impure  base,  after 
being  separated  and  washed,  is  dissolved  in  dilate  hydrochloric  acid,  and  the  solution 
is  precipitated  by  sodium  chloride,  the  rest  of  the  chrysotoluidine  then  remaining 
dissolved ;  or  the  crude  base  may  be  treated  with  ether  and  bensol  to  dissolve  the 
mauvaniline  and  chzysotoloidine,  which  may  then  be  separated  by  solution  in  hydro- 
chloric acid  and  precipitation  with  sodium  chloride  as  above.  The  residue  insoluble 
in  dilute  acids,  and  in  ether  or  bensol,  consists  chiefly  of  violaniline.  All  other 
oxidising  agents  used  for  the  preparation  of  rosaniline  may  also  be  applied  to  that 
of  mauvaniline.  This  base  occurs,  in  fact,  in  the  residues  of  the  industrial  preparation 
of  rosaniline,  and  is  perhaps  the  cause  of  the  violet  tint  sometimes  exhibited  by 
commercial  aniline-red. 

Mauvaniline  forms  light  brown  crystals,  which  give  off  their  water  (^  mol.),  with 
decomposition,  above  130^.  It  is  soluble  in  ether,  bensol,  and  alcohol,  very  slightly 
in  hot  water,  insoluble  in  cold  water.  Its  salts  (especially  the  acetate  and  hydro- 
chloride) crystallise  readily,  and  exhibit  a  bronse-green  reflex  like  those  of  rosaniline. 
They  are  somewhat  soluble  in  cold,  more  easily  in  hot  or  acidulated  water,  and  dye 
silk  and  wool  a  fine  mallow-red. 

Triphenyl-mauvaniline,  C**H'^0'H*)'N'^  produced  by  the  action  of  aniline  on 
mauvaniline,  is  a  yellowish-white  crystalline  mass,  insoluble  in  water,  soluble  in 
ether  and  in  alcohol ;  its  salts  have  a  splendid  blue  colour. 

TVieihyl-mauvaniline,  prepared  like  the  corresponding  derivative  of  rosaniline,  is 
white,  c^stalline,  soluble  in  alcohol  and  ether ;  its  s^ts  impart  a  flne  blue-violet 
oolottr  to  silk  and  wooL 


the  base  of  mauve  or  aniline  purple  (iv.  466),  is  now  regarded  by 
Perkin  as  consisting  of  C"BP«N«  or  (C"H»)'"«H*N*  {Leoiure  ddivered  at  the  Royal 
Instiiuiion,  May  14,  1869). 

naCOVZe  ACZB.  17HH)*. — This  acid  suspended  in  water  is  converted  by 
sodium-amalgam  into  hydromeconic  acid,  0^**0^  which  when  separated  from 
its  lead  salt  by  hydrogen  sulphide  and  evaporated,  remains  as  a  strongly  acid  syrup, 
easily  soluble  in  water,. less  soluble  in  .alcohol,  and  precipitated  therefrom  by  ether  in 
deliquescent  flocks.  It  is  completely  decomposed  by  neat,  but  not  attacked  by  bromine 
or  mtric  acid.    The  following  hydromeeonates  have  been  eaoimined : 

Barium  salt,  C*H^BaO'  +  2HH),     amorphous  precipitate,  soluble  in  water, 

.    insoluble  in  alcohoL 

LeadsAlt,      (THTbO'  +  1^H*0,  amorphous  precipitate. 
Silver  salt,    C*H«Ag>0'  +  ^H'O,    white  granular  precipitate. 

Meoonic  acid  is  not  further  reduced  by  hydriodic  acid,  but  resolved,  as  by  hydrochloric 
acid,  into  carbon  dioxide  and  comenic  acid.  Hydriodic  acid  does  not  act  upon  hydro- 
meconic acid.  Meconic  acid  forms  with  aniline  a  beautifully  ciystallised  salt, 
C»H*0».2OH'N,  which  is  converted  by  heat  into  comenate,  C«H*0».C«H^  (J.  v. 
Korff,  Ann,  Ck.  Pharm.  cxxxvii.  191). 

MacoMJLDma,  C^K^NO*  (Hesse,  Ann.  Ch.  Pkarm.  cliii.  47  ;  Ckem.  Centr. 
1870,  167). — A  base  contained,  together  with  others,  in  the  aqueous  extract  of  opium, 
and  remaining  in  solution  after  the  codamine  (p.  480)  has  crvstallised  out.  When 
the  crystals  of  the  latter  no  longer  appear  to  increase,  the  mother-liquor  is  decanted, 
the  bases  contained  in  it  are  combined  with  dilute  acetic  acid,  and  the  acid 
solution  is  saturated  with  common  salt,  whereby  hydrochloride  of  meoonidine  is  thrown 
down,  whilst  the  salts  of  a  fourth  base  (x)  remain  for  the  most  part  in  solution.  The 
meoonidine  precipitate,  which  is  of  resinous  consistence,  is  redissolved  in  cold  water, 
with  addition  of  a  little  acetic  acid,  and  again  precipitated  with  common  salt,  which 
operation  is  once  more  repeated.  Lastly  the  salt  thus  purified  is  dissolved  in  a  small 
quantity  of  cold  water ;  the  solution  is  mixed  with  excess  of  sodium  bicarbonate  and 
agitated  with  ether ;  the  ethereal  solution  is  filtered  through  animal  charcoal ;  and 
the  ether  4s  loft  to  evaporate,  whereupon  the  meoonidine  remains  as  a  yellowish 
varnish,  very  easily  dried  at  90^. 

Meoonidine  forms  a  brownish-yellow  transparent  amorphous  mass,  which  when 
touched  splits  up  into  innumerable  small  laminae,  and  may  be  ground  to  a  yellowish 
powder.  Melts  at  68^ ;  not  sublimable ;  bums  away  completelv  when  heated  in 
the  air.  It  is  tasteless ;  insoluble  in  water,  but  very  soluble  in  alcokolf  ethre^  benzol, 
chicroformt  and  acetone.  The  alcoholic  solution  bluos  reddened  litmus,  and  neutralises 
sulphuric,  hydrochloric,  and  acetic  acids. 
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Heoonidtne  la  eanl^  decomposed  bj  itroog  oottr,  espeemlly  if  heated.  Its  aolvticia 
-in  dilate  sulphnric  acid  becomes  rose-ooloared  in  a  few  minutes,  purple-red  in  a  few 
boars ;  at  the  boiling  heat  these  changes  of  colour  take  ^lace  immediately.  With 
acetic  acid  the  change  is  moch  slower.  Ammonia  prodvoes  in  the  pnrpW-red  solution 
a  dirty- white,  vezy  changeable  precipitate.  Strong  salphorie  add  dissolTee  mfieonidine 
with  oliye-green  colour ;  strong  nitric  acid  colours  it  orange-red. 

The  salts  of  meoonidine  are  very  unstable.  Their  dilute  solutions  have  an  intenseW 
bitter  taste.  From  the  acetic  acid  solution  the  meoonidine  is  precipitated  by  potad 
or  soda  in  white  flodLS,  but  is  redissolved  by  excess  of  the  reagent,  and  may  bs 
separated  from  the  alkaline  solution,  after  addition  of  sal-ammoniac,  by  ether, 
chloroform,  and  other  solyents;  acids  precipitate  it  from  the  alkaline  solution,  bat 
redissolye  it  when  added  in  excess.  Amwumia  likewise  predpitates  the  base, 
redissolyes  it  when  added  in  yery  large  excess,  but  giyes  it  up  to  ether  or  ehlorolonn 
when  agitated  therewith.  lAme  reacts  in  a  similar  manner.  The  reaction  with 
potash  distiDgnishes  meoonidine  from  rhcsadine,  the  salts  of  which  gire  with  potash 
a  permanent  crystalline  predpitate. 

PiatinoeJUorids  o/msotmidins,  2(C>H**K0«) .  Pta«,  is  a  yellow  amorphous  predpitate, 
which  soon  tarns  reddish.  The  auroeUorid*  is  a  dingy  yellow  amorphous  predpitate ; 
the  mercurockloride  is  a  white  amorphous  predpitate,  which  in  contact  wiUi  nydro- 
diloric  add  soon  acquires  a  rose  oolour, 

WKMLJLOOWrrMm  Native  cnprio  oodde  found  at  Copper  Harbour,  Lake  Superior, 
in  monodinic  crystals  (Maskelyne,  Br,  AsiOfK  Seports,  86 ;  Notices  and  Jbstraeis,  SZ ; 
Jakre^,  1867»  p.  979). 

MX&AMXWB.    C*H*N<.-~Syn.  with  Ctavubamidb  (ii.  287). 

Triethul^mtlamine,  C"H*(C^*)>N*,  is  produced  by  desulphuxation  of  ethylnnilpho- 
carbamide.  ^See  Sulpkocarbamidbs.)  By  prolonged  contact  with  cold  hydzochlorie 
acid,  or  by  boiling  for  a  short  time  with  the  same  add,  it  b  oonyerted  into  ammonia 
and  triethyl-ammelide : 

C«H«(C»H»)^«  +  H«0  -  NH«  +  C«H«(0«H»)»KK). 

The  pUtinochloride  of  triethyl-ammelide,  2[G*H^0'H*)*NH).HC11  .PtCl«,  oystallises 
in  beautiful  four-sidedprisms,  yery  easily  soluble  in  water,  less  soluble  in  aleohol,  not 
decomposed  at  lOO^*  (Hofmann,  ZsUsehr.f.  C%mi.  [2]  vi  166). 

MMli  H  ynnu  Analysis  of  this  rock  ttom  Norheim  near  S[rencnach  and  Kokos 
in  the  Dobmdscha,  are  given  by  Laspeyres  (Jakresb^  1866,  p.  922)  and  Sommaroga 
{ibid,  1866,  p.  978). 

CO  AOnia    Syn.  with  Htdbooovkabzc  Aom  (p.  716). 

C>H**0.— This  alcohol  occurs  in  Oanaiiba  wax  (p.  891). 

AOID.  C>*H«0>«  (Baeyer,  Amn.  Ck.  Pharm.  Stippl.  yii.  1 ;  Pre- 
liminary Notice,  Beri,  Akad,  Ber,  1866,  p.  77  ;  Ann.  Ck,  Pharm,  cxli.  271 ;  further, 
DeiU,  chem,  Qes,  Ber.  1871,  278 ;  Ckem.  8oe,  J.  [2]  ix.  872).— This  add,  formerly 
represented  by  the  formula  G'H'O*,  and  regardecl  as  bibasic,  has  been  shown  by 
Baeyer's  investigations  to  be  sexbasic,  and  to  have  the  constitution  of  bensene> 
hexcarbonic  acid,  C*(CO'H)* — ^that  is,  to  consist  of  benxene  in  whidi  all  the  six 
carbon-atoms  are  replaced  by  oarboxyl. 

The  composition  of  the  salts  and  ethers  of  moUitic  add,  according  to  the  six-carbon 
formula,  may  be  illustrated  by  the  following  examples : 


Kenferal. 

C>K)»«(NH«)* 
C»*0>«(CH«)» 
C»K)»«(C«H^)« 

C>«0»«Ba« 
C»«H>«(A1«)'» 


Add. 
C««0'»H*(NH*)« 
C»«0"H'K» 
C»«0»«H"(C*Hy 

OitQitHsCu* 


Mellitic  chloride,  obtained  by  H.  MuUer  (iii.  874)  by  the  action  of  phosphoms 
pentachloride  on  mellitic  acid,  has  the  composition  C^COCl)*.  Mnller  described  it  as 
non-volatile,  but  Baeyer  finds  that,  on  distilling  the  product  in  a  stream  of  air,  -the 
mellitic  chloride  passes  over  (after  the  POCl'  and  excess  of  PCI*)  as  a  colourless 
oil,  which  solidifies  to  a  crystalline  mass  on  cooling.  It  dissolves  easily  in  pare 
ethor,  is  insoluble  in  water,  and  is  slowly  converted  by  boiling  tiierawith  into  mellitio 
acid. 

Mellitic  acid  is  capable  of  yielding  a  large  number  of  amidogen  derivatives. 
Between  mellitamide,  C«(CONH')*,  and  melliUc  acid,  C*(COOH)«,  then  may  exist 


c 
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fiye  amidated  acids,  admittiog  of  aeveial  isomeric  modiflcationa.    Mellitamide  hy 

giving  up  ammonia  ia  oonyerted  into  a  tri-imidd,yiz.  paramide,  (flQQ^^^^'S'H.jK 

Between  thia  compound,  the  amide^  and  the  acid,  there  may  farther  exist  numeious 
intermediate  compounds,  two  of  which  are  known,  Tiz.paramic  acid  and  euchroic 
a'cid  (ii.  601),  which  are  probably  related  as  follows.  When  paramide  is  dissolyed 
In  ammonia,  andthe  solution  immediately  treated  with  hydjochloric  acid,  it  deposits 
paramicacid: 

"rco)«NHr 
;co)«NHr 

30NH« 
VCOOH 

one  of  the  bivalent  imidogen  groups,  (CO)'NH,  of  the  paramide  being  converted  by 
assumption  of  water  into  the  two  univalent  grou^  CONH*  and  COOH.  If  now 
the  amidogen  group  CONH'  takes  up  HK)  and  gives  off  ammonia,  a  second  acid 

group  COOH  will  be  formed,  and  the  result  will  be  euchroic  «k«^<l>(^|^(000H?'* 

Aoidi  dmntdfrom  MMtie  AM, 

Mellitic  add  heated  with  lime  ia  completely  resolved  into  carbon  dioxide  and 
benxene: 

C^CO«H)«  «  6C0>  +  C^«* 

It  is  in  fact  the  last  term  of  the  series  of  aromatic  adds  derived  ^m  benaene  by 
substitution  of  CO'H  for  H — the  first  term  being  benzoic  acid — all  of  which  are 
resolved  in  like  manner  by  distillation  with  lime  into  carbon  dioxide  and  benzene. 
The  formulsB  of  these  adds  are  as  follows : 


C«H»(C0»H) 

omcomy 
cm\comy 


OH»(C0«H) 
C^(C0«H)» 
C^CO«H)«. 


« 


The  first  and  fifth,  and  mellitic  add  itself,  are  not  susceptible  of  isomeric  modifica- 
tions ;  but  the  second,  third,  and  fourth,  each  admit  of  thi«e  modifications,  accordingly 
as  the  carboxyl  occupies,  in  ike  second,  the  places  (1,  2),  (1,  3),  or  (1,  4);  in  the  third 
the  places  (1,  2,  3),  (1,  2,  4),  or  (1,  2,  6)  ;  and  in  the  fourth,  the  places  (1,  2,  3,  4), 
(1,  2,  3,  6),  or  (1,  2,  4,  5):  in  all  twelve  different  adds.  (See  AnoacAnc  Snuxs, 
p.  197.) 

One  modification  of  the  fourth  add  of  the  series  (pvromellitic  add,  C**H'0*)  is 
produced  bv  distilling  mellitic  acid  alone  at  a  moderate  heat;  and  by  heating 
mellitic  acia  to  duly  regulated  temperatures,  either  alone  or  with  bases,  it  is  possible 
that  the  other  acids  of  the  series  might  also  be  obtained. 

All  the  twelve  acids  above  enumerated  are  known,  except  the  fifth.  They  are  pro- 
duced by  the  following  series  of  processes : 

Mellitic  add  treatea  with  sodium-amal^m  takes  up  6  atoms  of  hydrc^n— one  for 
each  atom  of  carboxyl — and  is  converted  into  hydromellitic  acid,  O'H'fCO'H)'. 
This  acid  heated  with  stsong  sulphuric  add  loses  6  atoms  of  hydrogen,  ana  at  the 
same  time  2  moL  carbon  dioxide,  and  is  converted  into  two  isomeric  quadribasic  acids, 
called  prehnitic  and  mellophanic  acids: 

Cra*(C0«H)«  =  H«  +  2C0«  +  C^«(CO«H)*. 

In  like  manner,  prehnitie  acid  treated  with  sodium-amalgam,  takes  up  an  atom  of 
hydrogen  for  each  of  its  atoms  of  carboxyl,  forming  hydroprehnitic  acid, 
G*H'(CO'H)^  and  this  add  heated  with  strong  sulphuric  add  is  converted  into  tribasio 
tnmesic  acid  * 

C«H«(CO«H)«  -  H*  +  C0«  +  C«I"(CO«H)». 

This  last  coinpound  can  in  like  manner  take  up  3  at.  hydrogen,  and  the  resulting 
acid,  C*H*(CO*H)',  heated  with  sulphuric  add,  will  yield  bibasic  isophthalicacid, 
CH*(CO^)* ;  but  the  latter  may  be  obtained  more  directly  by  simply  heating  hydro- 
prehnitic acid. 

Mellophanic  acid  undergoes  similar  transformationB,  Resulting  in  the  formation  of 
hemimeUitic  and  phthalic  adds. 

In  the  chain  of  reactions  just  described,  the  carboxyls  are  removed  from  mellitic  add 
in  a  certain  order;  this  however  is  not  the  only  method  of  passing  from  the  sexbastc 
to  the  monobasic  add.    Mellitic  add  when  heated  ^blos  pyromollitic  acid. 
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C*H*(CO'HV ;  and  this  acid  treated  with  sodinm-Amalgain  takes  up  4H  and  is 
Tortea  into  nTdropyromelliticacid,  C'H'(CO'Hy,  which  when  neated  withstiong 
siilphnric  acid  yields  trimellitic  acid,  G*H'(CO'!H)',  isomeric  with  hemimellitieacid; 
ana  this  again  wonld  doubtless  take  up  hydrogen,  gelding  a  product  deoomposible  by 
sulphuric  acid.  In  the  fonnation  of  trimellitic  acid,  isophthalic  acid  ia  obtained  as  a 
secondary  product. 

■ydromeUitle  Aold.  CP*H*K)»  >-  C^\CO«H)«.— Mellidc  add  is  easily  hydro- 
genised  bv  sodium-amalgam,  especially  in  presence  of  ammonia.  The  resnlticg 
hydromellitic  acid  mav  be  purified  by  precipitating  the  neutralised  solution  with  lead 
ac4'tate,  and  decomposing  the  precipitate  witn  hydrogen  sulphide.  On  eyapozating  the 
filtrate,  the  hydromellitic  acia  remains  as  a  syrup,  which  gradually  solidifies  to  indis- 
tinct crystals  like  those  of  grape-sugar.  It  is  colourless,  very  hygiosoopic  but  not 
actually  deliquescent ;  dissolves  rery  easily  in  water,  forming  a  strongly  acid  liquid ; 
also  in  alcohol,  but  sparingly  in  ether.  When  heated  it  melts,  with  loss  of  water,  to  a 
colourless  liquid,  which  decomposes  at  a  higher  temperature,  giving  off  carbon  dioxide 
and  leaving  a  large  quantity  of  chaiooal. 

.  The  hydromollitates  of  the  alkali-metals  ate  easily  soluble  in  water ;  of  thoM  of  the 
earth-metals  and  heavy  metals,  some  are  soluble,  others  insoluble.  31any  are  precipi- 
tated from  their  solutions  by  heat,  like  calcium  citrate,  and  reditoolve  on  cooling ;  this 
is  the  case  with  the  calciun^  and  manaamtse  talU.  The  tiher  boU  contains  C'H^^H'Ag*; 
the  lead  salt  C'K)'«II«Pb".  The  ethylic  ether,  C»*0»»H*(C»H»)«,  formed  by  passing 
hydrochloric  acid  gas  into  the  alcoholic  solution  of  the  acid,  is  a  viseid  oil  inaolnble  in 
water,  and  decomposing  when  heated,  giving  off  gas,  and  yielding  a  distillate  oonsiating 
of  a  liquid  and  a  solid  body.  The  solid  body  crystallises  in  large  prisms  aolnble  in 
alcohol,  melting  between  128^  and  130^,  andyieldingby  analysis  numbers  intermediate 
between  those  required  by  the  fonnulae  C^«(CO»&H»)*  and  (>H«(CO*C»H»)«.  The 
liquid  portion  of  the  distillate  consists  of  the  ethers  of  acids  richer  in  hydrogen,  one 
of  which,  judging  from  the  odour,  is  hydrobenzoic  acid. 

Hydromellitic  acid  heated  for  some  time  with  phcaphonu  pentaeUoride  and  ezeess 
of  the  oxtfchlofidst  apparently  yields  hydromellitic  chloride.  Oxidising  agents, 
e.a.  pemuMffanatea  and  nitric  aeid,  act  but  slowly  on  hydromellitio  add ;  in  a  mixtue 
of  strong  nitric  and  sulphuric  acids,  it  dissolves  without  apparent  alteration.  By 
heating' or  by  prolonged  contact  with  hydrobromio  aeid  it  is  converted  into  iaohydxo- 
mellitic  acid.  Heated  to  130°  in  a  sealed  tube  with^  6  at.  brotmme,  it  is  partly  converted 
into  hydrobromic  add  and  brominated  bensocarbonic  acids,  and  perhaps  also  yields  a 
small  quantity  of  benaocarbonic  adds  containing  smaller  proportions  dT  carboxyl.  At 
the  same  time  the  hydrobromic  add  converts  part  of  the  byaiomellitic  into  iaohydio- 
mellitic  add. 

Bespecting  the  difference  of  constitution  between  mellitio  and  hydromellitic  adds, 
see  p.  814. 

laohydromellitie  actcf,  0*'H*'0**,  is  obtained  as  above  described  in  tufts  of 
short  thick  needles,  easily  soluble  in  water,  but  predpitated  from  the  concentrated 
solution  by  hydrochloric  add.  It  crystallises  immediately  from  the  aqueous  solution 
in  rather  large,  hard,  thick,  four-sided  prisms,  without  first  becoming  syrupy  like 
hydromellitic  acid.  The  crystals  are  aniiydrous,  and  melt  with  intumescence  nHien 
heated,  giving  off  a  small  quantity  of  add  water,  and  leaving  a  laige  quantity  of 
charcoal.  It  is  a  veiy  stable  compound,  not  being  altered  bv  heating  to  300^  with 
fuming  hydrochloric  add,  or  by  heating  with  a  mixture  of  sulphuric  and  fuming  nitric 
acids.  It  is  slowly  oxidised  bj^  potassium  permanganate,  rapidly  by  chromic  add 
mixture,  giving  off  carbon  dioxide  and  yielding  acetic  acid,  together  with  a  small 
quantity  of  trimesic  acid. 

Isohydromellitic  acid  yields  with  barium  aoeiaU  a  floceolent  predpitate  alightly 
soluble  in  acetic  acid,  the  solution  becoming  turbid  when  heated ;  with  waayaaeat 
acetate  no  precipitate  in  the  cold,  but  a  flooculent  precipitate  when  heated,  which 
redissolves  on  cooling ;  with  silver  nitrate  a  white  granular  predpitate  easily  solu- 
ble in  ammonia  and  in  nitric  add ;  with  lead  acetate  a  flocculent  predpitate  of  the 
salt  C"0"H'Pb',  nearly  insoluble  in  water,  and  very  slightly  soluble  in  warm  dilute 
acetic  acid.  Methylie  ieohydromeUitate  is  easily  formed  by  the  action  of  methyl 
iodide  on  the  silver  salt,  and  crystallises  in  needles  insoluble  in  water,  eadly  soluble 
in  alcohol,  melting  at  125°,  and  often  remaining  liquid  for  a  long  Ume  aflor  evapora- 
tion of  the  alcohouc  solution. 

Hydromellitic  or  isohydromellitic  add  heated  with  five  times  its  weight  of  strofng 
eutphuric  aeid  to  about  the  boiling  point  of  the  latter,  gives  off  carbonic  and  sulphurous 
anhydrides,  and  yields  a  brown  liquid,  which  when  mixed  with  a  sufficient  quantity 
of  water  to  rodissolve  the  predpitate  first  formed,  then  agitated  -with  ether,  and 


MELLITIC  ACID.  811 

fieed  from  other  by  distinatioii,  yields  a  reddish  nodular  ciystalline  mnaa  tfunly 
aoluble  in  water,  excepting  a  small  portion.  The  soluble  substance  isisopyro- 
mellitic  acid ;  the  insoluble,  trimesie  acid.  Their  foimatton  is  represented  by 
the  following  equations : 

C«H«(CO«H)«  +  SSO^H*  «  2C0*  +  8S0«  +   6H«0  +  OH«(C0«H)« 
Hydromellltic.  laopTTomellifiio. 

and  » 

cm^comy  +  8S0«h«  «  sco*  +  8S0«  +  6H«o  +  cm*{Comy 

HydiomdUtia  THiania 

These  two  acids  are  puriiled  by  couTerting  them  into  lead  salts,  separating  with 
hydrogen  sulphide,  eraporating  to'  a  small  bulk,  adding  a  little  sulphuric  acid,  and 
exhausting  with  ether.  The  same  mode  of  purification  is  applicable  to  all  the  corre- 
sponding acids  to  be  Airther  described. 

TrfnMto  Aotd.  C'H'O'.— Fittig  (Asm.  Ch,  Pharm,  cxli.  129 ;  Jahnab,  1866, 
p.  607)  obtained  this  acid  by  the  action  of  potassium  dichromate  and  sulphuric  acid 
on  mesitylenic  acid : 

C»HW0»  +  60  -  C»5«0«  +  2H«0. 

It  is  moderately  soluble  in  water  and  ether,  easily  in  alcohol,  and  cryBtallises  from  hot 
water  in  hard,  thick,  colourless  prisms,  which  Tolatilise  at  a  yeiy  high  temperature 
without  previous  fusion;  and  subbme  in  needles.  The  harwiH  salt,  (CnS'0')'Ba*  + 
2H*0,  separates  on  mixing  the  slightly  ammoniacal  solution  of  the  acid  with  barium 
chloride,  as  a  crystallinft  pulp  composed  of  rather  latge  needles ;  it  is  but  slightly 
soluble  in  water,  even  at  the  boiling  heat,  and  is  easily  decomposed  by  hydrochloric 
acid,- with  separation  of  trimesie  acid.  The  m/iwr  tali,  C'H'O'Ag',  is  an  amorphous 
precfpitate  insoluble  in  hot  water  (Fittig).  The  add  obtained  by  the  action  of  sulj^uric 
acid  on  hydromellitic  acid  exhibits  exactly  the  same  characters. 

Preliaitio  aeld,  C»H?0'  »  C^^COmy,  is  readily  soluble  in  water,  and 
crystallises  from  its  concentrated  solution  in  large  prisms  resembling  the  mineral 
prehnite.  They  contain  2  mol.  water  of  crystallisation,  which  escapes  on  heating ;  the 
anhydrous  acid  melts  at  237^-250^,  with  further  loss  of  water  ana  formation  of  the 
anhydride ;  the  fused  mass  solidifies  quickly  at  220*^  into  a  crystalline  mass,  which 
resembles  sal-ammoniac,  and  melts  again  at  239^.  The  aqueous  solution  of  the  acid 
gives  with  barium  chloride  a  precipitate  of  small  octohedral  crystals,  having  the 
composition  (C**H'C)*)'Ba,  and  containing  3  or  4  mol.  water  of  crystallisation.  The 
methyl-ether  of  prehniUc  acid  crystallises  in  small  thick  concentrically  grouped  prisms, 
which  melt  at  104^-108°,  solidify  at  81°-70°,  and  sublime  without  decomposition. 
By  the  action  of  sodium-amalgam,  the  acid  is  converted  into  hydroprehnitic  add,  a 
syrupy  liquid,  which  on  heating  yields  isophthalio  add,  besides  regenerated  prehnitic 
acid.  , 

SBtfltopluuile  «oldf  C**H*0',  isomeric  with  prehnitic  add,  is  also  readily  soluble 
in  water,  and  forms  anhydrous  crystalline  crusts.  From  a  solution  containing  a  little 
hydrochloric  add  it  crystallises  in  fine  prisms.  Its  aqueous  solution  is  not  precipitated 
by  barium  chloride.  At  21 5*^  it  begins  to  soften  and  to  shrink  together,  and  at  238^ 
forms  a  clear  liquid,  the  anhydride,  which  on  cooling  solidifies  into  crystals  resembling 
frost-flowers  and  mdting  afterwards  at  164^. 

PrcfctMwnalio  aoldf  G**H'0',  is  formed  in  varying  quantity,  together  with  the  two 
preceding,  when  the  action  of  the  sulphuric  add  on  hydromellitic  acid  is  not  carried 
on  too  long.  It  has  the  composition  of  prehnitic  acid  +  water,  and  is  easily  trans- 
formed into  the  latter.add,  by  the  further  action  of  hot  sulphuric  add,  by  the  action 
of  bromine-water,  and  by  the  action  of  metl\yl-iodide  on  its  own  silver  salt,  the  methylic 
ether  of  prehnitic  add  being  then  formed. 

Frehnonialic  add  is  quadribasic ;  its  aqueous  solution  evaporated  over  the  water- 
bath  leaves  an  amorphous  mass,  C^H'O",  very  soluble  in  water.  The  resulting  solution 
soon  solidifies  to  a  magma  of  bulky  needles  having  the  composition  C*^'^0*' .  4H'0, 
only  sparingly  soluble  in  water,  frehnomalic  add  dried  at  100^  melts  at  210^,  with 
loss  of  water,  to  a  colourless  liquid,  and  distils  at  a  higher  temperature,  the  distillate 
solidifying  to  a  varnish-like  mass  which  melts  at  180°. 

BemlmelUtle  add,  CH*0*  »  CH'(CO'H)*,  is  isomeric  with  trimesie  acid,  and 
is  so  called  because  it  behaves  when  heated  like  mellitic  acid,  and  contains  only  half 
as  many  atoms  of  carboxyl  as  the  latter.  To  obtain  it,  the  predpitate  formed  by 
adding  baryta-water  to  the  aqueous  solution  of  the  product  resulting  from  the  action 
of  sulphuric  add  on  hydro-isopyromellitic  acid  is  exhausted  with  cold  water ;  the  solu- 
tion, containing  barium  homimellituto  mixed  with  small  quantities  of  isopyromellitate 
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mud  isophthaUta,  is  mixed  with  Balphurie  acid ;  tli9  aqneou  solution  is  agun  pK* 
dpitatoa  with  baryta-water ;  and  the  filtered  liquid  is  suzad  with  hjdrodikne  acid, 
which  throws  down  hemimellitic  acid  in  fina  ooloiirlesB  needles,  while  isuyjruuieUitie 
add  remains  dissolyed. 

Hemimellitic  acid  melts  at  186^  and  if  kept  for  some  time  at  that  tamperatme 
solidifies  to  a  crystalline  mass  which  melts  at  126^.  Dnring  the  fnaioii  long  needki 
of  phihalic  anhydride  sublime,  together  with  a  small  quantity  of  henaoie  add.  It  ift 
rather  difBcaltly  soluble  in  water,  and  crystallises  slowly  therefiom,  a  cDaraeter  by 
which  it  is  distinguished  fiK>m  phthalic  acid,  which  is  also  but  slightlj  eolable,  l«t 
crystallises  quickly.  It  also  differs  from  phthalic  add  in  being  predpitated  firom  its 
concentrated  aqueous  solution  by  hydrochloric  add. 

The  ammonium  salt  of  hemimelbtic  add  is  easily  soluble  in  water,  and  crystallisti 
in  a  radiate  mass  when  evaporated  on  a  watch-glass.  A  tcij  dilute  solution  of  the 
add  is  not  predpitated  by  baryta-waier,  but  a  strong  solution  gives  a  predpitate, 
thereby  affording  another  distinction  from  phthalic  acid,  which  is  not  predpitated  hj 
baryta-water.  The  solution  of  the  ammonium  salt  gives  with  barwm  ekloHda  a  pnd- 
pitate  of  microscopic  needles  consisting  of  the  neutral  salt,  (G"H*0*)'Ba*  -i-  6H^, 
which  gives  off  8  mol.  water  at  160°.  The  ammonium  salt  is  not  predpitated  l^ 
calcium  chloride,  but  alcohol  added  to  the  solution  throws  down  flocks  ;  its  ooneea- 
trated  solution  is  predpitated  by  ctmrie  iulpkaU.  Lead  acetaU  forms  with  the  add  a 
floeculent  predpitate  sparingly  soluble  in  excess  of  acetic  acid.  With  aUver  mOraU  ia 
excess,  the  ada  forms  a  fio^ulent  predpitate  which  dissolves  when  heated,  and  sepa- 
rates in  the  granulo-crystslline  form  on  oooUng ;  this  silver  salt  dried  at  120°  has  the 
composition  C*H'Ag*0'. 

VyromelUtto  Acid.  Om*0*  -  G*H*(CO*H)«  (iv.  762).— The  aahydzids  of  this 
add,  C'*H*0*,  is  produced  by  the  dry  distillation  of  mellitie  add : 

C«H«0»  -  2C0«  +  2H«0  +  C»H«0«. 

and  when  boiled  with  water  or  alkalis,  is  converted,  by  assumption  of  water,  into 
pyromellitic  add.  Erdmann's  method  of  preparing  the  acid  by  distilling  sodism 
mellitate  with  sulphuric  add  yields  good  results  when  only  small  quantities  sn 
operated  on  at  once. 

Pyromellitic  acid  bears  a  strong  resemblance  to  phthalic  add.  By  distillailoo  it 
yields  the  anhydride  C"H*0*,  as  an  oil  which  quidily  solidifies  in  large  oTstala  and 
sublimes  in  long  needles  bv  slow  evaporation.  It  dissolves  easily  in  hot  water,  and  is 
at  the  same  time  converted  into  the  acid,  much  more  eanly  than  phthalic  anhydride 
into  phthalic  add.  It  melts  at  286^  the  add  at  264®;  phthalie  anhydride,  on  the 
other  hand,  melts  at  a  lower  temperature  than  phthalic  acid. 

Pyromdlitic  chloride,  C*H*(C0H:I1)\  is  produced  by  heating  the  add  for  a  eonsido*- 
able  time  with  a  slight  excess  of  phosphorus  pentachloride,  and  may  be  purified  by 
redistillation  in  a  stream  of  aii^at  180^.  It  then  solidifies  to  a  soft  crystalline  mass, 
which  after  a  while  becomes  hard  and  brittle.  It  dissolves  sadly  in  pure  ether,  and 
when  boiled  with  water  is  gradually  reconverted  into  pyromellitic  add. 

Elhi^w  pj^romellitate,  C*H*(CO>C*H*)%  obtained  by  heating  the  nlver  salt  to  IWfi 
with  ethyl  iodide,  crystallises  f^m  alcc^ol  in  short  fiat  needles,  insoluble  in  water, 
melting  at  63°,  and  subliming  in  needles  at  a  higher  temperature.  It  is  probably  also 
one  of  the  products  of  the  dry  distillation  of  ethylic  hydromellitate  (p.  810). 

■ydropjTonMlUtie  Mld«  C^'H^H)*  -  C*H'((X)*H)«,  is  nroduoed  by  the  action 
of  sodium-amalgam  on  the  ammonium  salt  of  pyromellitic  add,  the  reduction,  if  assisted 
by  a  gentle  heat,  being  complete  in  three  or  four  weeks.  It  remains  on  evapoimtioa 
as  a  colourless  syrup,  which  gradually  solidifies  in  the  czystalline  form.  The  presence 
of  alkali  interferes  with  its  crystallisation.  It  is  hygroscopic,  but  not  deliquescent ; 
veiy  soluble  in  water.  When  heated,  it  melts  with  intumescence  to  a  colourless  liquid, 
^hich  decomposes  when  frirther  heated.  With  barium  aedaie,  the  acid  forms  no  pre- 
cipitate in  the  cold ;  but  on  heating,  a  floeculent  powder  is  precipitated,  which  quickly 
disappears  on  cooling.  Baryta-water  forms  an  amorphous  predpitate  which  ^irinks 
together  to  some  extent  when  heated.  Manganous  acetate  forms  no  precipitate  in  the 
cold,  but  at  the  boiling  heat  a  floeculent  precipitate  which  disappears  immediately  on 
cooling.  Altogether  hydropyromellitic  add  reacts  just  like  hydromellitioadd,  excepting 
that  its  salts  are  somewhat  more  soluble. 

Hydropyromellitic  add  heated  with  6  pis.  of  strong  sulphuric  acid  gives  off  laige 
quantities  of  carbonic  and  sulphurous  anhydrides,  yields  a  small  sublimate  of  benaoic 
acid,  but  no  phthalic  anhydride,  and  a  rendne  oonsistinff  of  pyromellitic  acid* 
trimellitie  acid,  isomeric  with  hemimellitic  acid,  and  isophthalic  acid.  To 
separate    these   acids,  the   residual  mass   is   diluted  with  water   and   exhausteJ 
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with  otiher,  and  tha  aqveont  aolntion  of  the  ethexe«l  extnet  if  powdpitAtad  with 
boiling  bftiTta-water,  whereby  pTiomellitic  and  trimellitie  aeidii  are  precipitated, 
while  ieophthalic  add  remaine  in  eolntion.  The  precipitate  is  deeompoeed  by 
sulphuric  add,  the  filtrate  concentrated,  and  the  dystalline  nuuw  which  separates  on 
cooling  ie  fneed  and  digested  with  pure  ether,  which  dissolres  the  trimellitie  add, 
leaving  the  pyromellitic  add  nndiseolved. 

The  decomposition  of  hjdropjromellitic  add  by  sulphuric  add  may  be  represented 
by  the  following  equation : 

(C'»H«0«,  PyromeUitic  acid 
CO«  +  C»H»0«,  Trimellitie  add 
2C0«  +  (?H«0*,  IsophthaUc  add. 

TMmemtLB  AeUU  CmK>*  «  C^*(CO*H}*.— This  add,  dissolved  as  above  by 
ether,  is  purified  by  conversion  into  a  lead  salt  in  the  manner  already  described  (p.  81 1  ju 
It  is  moderately  soluble  in  water  and  ether,  and  crystallises  from  aqueous  solution 
by  slow  evaporation  in  nodular  groups  of  indistinct  crystals.  It  melts  at  216^,  and 
when  more  strongly  heated  does  not  sublime,  but  distils  in  oily  drops,  which  so^diQr 
on  cooling  to  nodular  groups  of  concentric  needles.  In  this  respect  it  bears  con- 
siderable resemblance  to  isopyromellitic  acid,  which  however  melts  at  238^,  and 
solidifies  from  the  oil  obtained  on  distilling  it,  in  needles  and  isolated  crystals. 
These  characters,  however,  are  distinctly  exhibited  only  when  the  respective  acids  arb 
pure.  The  two  adds  are  further  distinguished  by  the  different  solubilities  of  their 
barium  salts,  isopyromellitic  add  giving  a  predpitate  with  barium  chloride,  whereas 
this  reagent  does  not  produce  a  precipitate  even,  with  the  ammonium  salt  of  trimellitie 
add. 

Ammonium  tnmeUUaU  is  easily  soluble  in  water,  and  crystallises  in  concentric 
needles  from  the  concentrated  soluUon.  The  barium  salt  is  sparingly  soluble,  and 
separates  on  mixing  the  ammonium  salt  with  barium  chloride,  especially  on  heating, 
in  crystalline  nodvJes,  exhibitinfl^  after  drying  over  sulphuric  add,  the  composition 
(C*H*0*)'Ba  +  8HH).  With  Uad  acetate,  trimellitie  acid  forms  a  flocculent  predpitote 
nearly  insoluble  in  acetic  add.  BUver  nitrate  forms,  especially  on  addition  of 
ammonia,  a  granular  predpitate,  which  dissolves  when  heated,  and  reappears  on 
oooUng. 

The  adds  above  described  belong  to  two  dasses,  the  benzocarbonic  and  the  hydro- 
benaocarbonic  acids.  Of  the  bensocarbonic  adds,  as  already  observed,  twelve  are 
possible,  and  eleven  have  actually  been  obtained.  These  are  arranged  by  Baeyer  as 
ortho-,  meta-,  and  para-  compounds  (Aboxatio  Skbxbs,  p.  107)  as  foUows : 


C«(CO«H)» 

C«H(00«Hy 

C«H*(CO«H)« 

C«H«(CO«H)« 

C^«(CX>«Hy 

C^«CO«H 


Orththieriee.  Meta-eeriee, 

■ 

12  8  4  5  6 

Mellitio  add. 

12  8  4  5 

Unknown. 

12  3  4  12  8  5 

Mellophanie  add.     Prehnitic 

12  8  12  4 

Hemimellitic  add.    Trimesic  add.. 


Psra-MriMu 


12  4  5 

Fjrromellitic  add. 

1  8  5 
Trimellitie  add. 


1  2 
Phthalio  add. 

1 

Benzoic  add. 


18  14 

Isophthalie  add.    Teiephthalic  add. 


Of  the  hydrobenao-carbonio  adds,  two  were  previously  known,  viz.  {lydrobenzoic 
add,  C'H**0',  and  hydrophthalic  acid,  CH*0^;  and  four  more  have  beeo  added  to  the 
list  by  Baeyer*s  recent  investisations,  viz.  hydromellitic  acid.  C"H'*0'^  hydropyro- 
mellitic,  hydroprehnitic,  and  hydromellophanic  acids,  0'*H>*O*.  The  difference  of 
structure  of  mellitic  and  hydromellitic  acid  majr  be  represented  by  the  following 
foirmnltt^  In  which  the  symbol  X  stands  for  CO*B: :  .... 
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MENAPHTHTLAMINB— MENHADEN  OIL. 


MdUtlo. 


H  X 

HydwmnWttte, 


In  the  first,  the  oucleus  C  oonaists,  aa  in  most  aromatie  oomjj^iinds,  of  three  pais 
of  carbon-atoms  united  by  two  affinities,  while  each  pair  is  nnited  with  the  next  bj 
only  one  affinity.  In  the  seeond  the  six  carbon-atoms  aze  nnited  togather  by  only  one 
affinity. 

The  stability  of  the  hydro-acids  increases  in  a  remarbible  manner  with  the  mnahs 
of  the  carbozyl  groups ;  for  whereas  hydzobenaoic  acid  loses  its  hydrogen  by  D«n 
exposure  to  the  aiz,  and  hydrophthalic  acid  is  so  unstable  that  it  reproduces  phthalie 
acid  and  benaoic  acid  under  the  influence  of  almost  all  reagents,  iaohydromellitie 
acid  is  so  stable  that  ib  is  not  oxidised  eren  by  a  mixture  of  strong  •nlp&uzic  and 
fuming  nitric  acids. 

:o  AOIB.    Syn.  with  NAFBTHALBira-GABBoxTuc  Acm. 


C"H>*KH*. — ^A  base  produced  by  treating  meoaph- 
thothiamido,  C"H'NS,  in  alcoholic  solution  with  hydrocmoric  acid  and  sine,  as  long  as 
hydrogen  sulphide  is  given  off.  It  is  a  liquid  boiling  at  290^-293°,  and  zapuily 
absorbing  carbonic  acid  from  the  air.  The  hydrochloride,  C"H**NH'.HC1,  ezysfeaUisBB 
in  long,  sparingly  soluble  needles ;  the  platinochloride,  2(C"H*«NH'.HQ).PtaS  is  a 
yellow  crystalline  precipitate.  The  sulphate  and  nitrate  crjstaUise  irelL  With 
carbon  bisulphide  the  base  forms  a  white  crystalline  mass.  With  alcoholic  soda  and 
chloroform  it  forms  the  strongly  smelling  compound  formomenanhthyl  nitrile 
(Hofinann,  Deut,  ehem,  O.  BerHn.  1868,  p.  100 ;  ZeitBehr.  f,  Ckem,  [2]  ir.  508). 


4PbS.8b^— According  to  a.  vomBath(i\;59..<liiii.elxxs]. 
872 ;  Jakr08b.  1867,  974),  the  crystalline  fpnn  of  this  mineral  is  not  trimetrie,  as 
found  by  Sella  (iii.  879),  but  monodinio.  In  the  primary  form  the  ratio  of  the 
clinodiagonal :  orthodiagonal :  principal  axis  b  0*861639  :  1  :  0*116825.  Angle  of 
inclined  axes  »  92<>  19*  42". 


nr  onb  (Warren  a.  Storer,  Mem,  Jsmr.  Acad,  [new  series]  ix.  177 ; 
ZeiUckr,/,  Chem,  [2]  iv.  228).— The  oU  obtained-from  Aio»a  Memkaden,  a  species  of 
herring,  forms  a  lime-soap  which,  when  distilled  with  excess  of  lime,  yields  the 
following  volatile  hydrocarbons : 


Boiling  point 

Aswimfclntlie 

■ 

otthefrMlkm 

onideoiL 

Amylene . 

C»Hw 

850-87**( 

87**'4lo( 

0-8  p.  C 

Quintane  or  Amyl  hydride 

C»H" 

Hexylene 

C«H» 

66<»-66*' 

8*9     „ 

Hexane   •' 

CW* 

67-6*-68« 

2-8     „ 

Bensene  . 

C«H« 

80O-81® 

31     „ 

Heptylene 

C'H>« 

980-94° 

4-7    ,. 

Heptane  . 

C'H»« 

97*8<» 

7-6    „ 

Toluene   . 

C'H' 

IlOO-lIl® 

6-9    ,. 

Octylene . 

C«H»« 

121«-122«> 
128°-! 290 

12-6    „ 

Octane     . 

C«H»« 

Xylene    . 

C«H»» 

140«-144<> 

13*8     „ 

Nonylene 

.     A 

C»H»« 

1530 

7-3     .. 

Becylene . 
Isocnmene 

C"H»  ) 
C»H'«    \ 

166<»-174° 

23-6    „ 

Undecylene 

C"H" 

1980-196'' 

10-2    „ 

Buodecylene 

C"H»« 

208<>-218*. 

81     ,. 
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Kromayer  {Arch.  Pkarm.  [2]*  czzit.  87;  Jakmb.  1865, 
p.  610)  reeoxnmendB  certain  modiflcatioiu  of  the  prooem  originally  given  for  the 
preparation  of  this  compound  from  Menyanihes  trifdiata ;  he  now  assigns  to  it  the 
formnla  CH^^S  with  Tariable  amount  of  water.  The  sugar  formed  in  the  decom- 
position of  menyanthin  by  acids  is  dextrojgluoose,  CfH'H)* .  6HK).  The  Yolatile  product 
of  the  reaction,  menyanthol,  is  represented  by  the  formula  C*H*0  (which,  howerer, 
does  not  agree  well  with  the  analysis),  and  the  deoomposition  is  represented  by  the 
equation 

0»H«0»  -  Cra»H)«  +  8C«H«0  +  6H«0. 

By  exposure  to  the  air,  and  by  fusion  with  potash,  menyanthol  is  oonrerted  into  a 
czystalline  sublimable  acid. 


lUBTIJU  OMXMUB^    See  AoBTTi.aNB  (p.  86). 

mrtnam  (Weyl,  Poffg,  Ann,  czxi.  601 ;  ooexzi.  624 ;  Zritsekr, 
f,  Chem,  [2]  ir.  129;  Jahretb.  1864,  p.  282;  1867,  p.  306)^Hydrat6d  dimereur- 
ammonium  oxide,  (NHg')'0. 8HK),  is  obtained  by  passing  dry  ammonia  gas  oyer 
amorphous  mercuric  oxide,  or  more  quickly  by  the  action  of  ammonia  on  mereune 
oxide  under  pressure  in  the  apparatus  deecribeid  under  SoBAicxoinux  (v.  328),  one 
arm  of  the  tube  containing  silrer  chloride  saturated  with  ammonia,  the  ouier  mercuric 
oxide ;  also  by  treating  the  oxide  with  an  alcoholic  solution  of  ammonia  for  seTeral 
hours,  and  diying  the  product  at  ordinary  temperatures.  The  product  obtained  by 
either  of  these  processes  has,  if  formed  in  the  dark,  the  same  yellow  colour  as  preci- 
pitated mercuric  oxide ;  if  it  has  been  exposed  to  light  during  its  formation,  it  has  a 
lighter  colour,  and  leaves  mercurous  chloride  when  dissolved,  m  hydrochloric  acid ;  by 
prolonged  exposure  to  the  light,  it  suffers  further  decomposition  and  yields  metallic 
mercury.  It  is  decomposed  by  water  or  dilute  sulphuric  acid,  giving  up  ammonia,  and 
bein^  converted  into  a  white  insoluble  substance.  In  warm  hydrocnloric  or  nitric 
acid  it  dissolves,  with  formation  of  the  'Corresponding  mercury  and  ammonium  com- 
pounds. '  Heated  in  a  flame  on  platinum  foil,*  it  detonates  with  great  violence.  When 
heated  in  a  stream  -of  dry  ammonia  gas,  it«g^ves  off  2  mol.  water«at  80°,  leaving  a 
light  brown  monohydrate,  and  at  100°,  tiie  remaining  molecule,  leaving  the  dark  brown 
anhydrous  oxide  (NHg')'O.  This  anhydrous  oxide  detonates  by  heat,  percussion,  or 
friction.  In  contact  with  water  it  assumes  a  lighter  colour,  but  the  water  at  the  same 
time  takes  up  ammonia.  The  trihydrate  may  also  be  converted  into  the  anhydrous 
oxide  by  treating  it  with  ammonia  under  such  a  pressure  that  the  compound  may  be 
surrounded  for  a  long  time  with  liquid  ammonia. 

The  corresponding  haloid  compounds  cannot  be  prepared  by  treating  the  oxide  with 
aqueous  acids,  and  onl^  in  an  impure  state  by  the  use  of  alcoholic  solutions  of  the 
acids.  When  mercuric  chloride  or  iodide  is  subjected  to  the  action  of  liquefied 
ammonia,  in  the  apparatus  above  mentioned,  a  monomereuro-diammonium  compound 
is  first  produced,  which  afterwards  dissolves  in  ammonia,  and  on  evaporation  of  the 
excess  of  ammonia,  yields  a  crystalline  mass,  which,  according  to  the  observed  increase 
of  weight,  may  be  regarded  either,  as. a  monomereuro-diammonium  compound,  or  as 
a  dimercurammonium  compound  mixed  with  ammonium  salt,  its  formation  being 
represented  by  the  equation 

2HgCl«  +  4NH»  -  2N«H«Hga  or  NHg»a  t  3NH«C1. 

These  compounds  do  not,  however,  admit  of  purification.  Better  results  are  obtained 
by  the  use  of  mercuric  oxychloride  or  oxyiodioe.  The  oxychloride  (obtained  by  heating 
a  mixture  of  3  mol.  mercuric  oxide  with  1  mol.  of  tiie  chloride  to  above  100^)  yields 
dimireu/ramfiumium  ekhride  in  the  form  of  a  yellow  body  insoluble  in  excess  of 
liquid  ammonia : 

8HgO.Hga«  +   8NH»  «  2NHg»a  +  8(NH0*O. 

This  chloride,  heated  to  800°,  is  resolved  into  mercurous  chloride,  metallic  mercury, 
,and  nitrogen ;  it  is  not  attacked  by  water,  either  cold  or  boiling ;  is  dissolved  by  cold 
hydrochloric  add  after  prolonged  contact ;  decomposed  by  cold  potash-ley  with  forma- 
tion of  potassium  chloride  and  yellow  explosive  dimercurammonium  oxide,  and  by 
boiling  potash-ley  or  potassium  chloride  with  evolution  of  ammonia  and  formation  of 
mercuric  oxychloride  or  chloride. 
Mercuric  oxyiodide,  SHgO.E^P,  similarly  treated  yields  a  brown  non-explosive 

Sroduct,  which  when  i^reed  from  excess  of  ammonia  by  heatinff  to  100°  in  a  stream  of 
ry  air,  has  the  composition  of  dimereurammonium  iodide,  ana  resembles  the  chloride 
in  its  properties.  Tne  corresponding  br&irdde  and  cyanide  have  also  been  obtiined ; 
the  cyanide  is  highly  explosive.     Mercuric  oxychloride  or  oxyiodide  heated  in  a 
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0tnam  of  ammonia  gaa  is  ooDvexted  into  amidatei  ogjfeklarii*^  NH^g^QO  » 
NH'HgOl .  HgO,  or  oxjfiodide,  NH*HgI .  HgO,  which  again  axe  oonyerted  by  u«  actioa 
of  liquid  ammonia  in  a  sealed  tabe  into  dimezcoimmmonimn  oompoanda ;  e^^ 

NH'HgCl.HgO  +  2NH«  «  NHgKl  +  (NH*)K). 


This  name  is  giren  by  Reichaidt  (J.  fr.  C9W».  cir.  SOI ; 
Zeitackr,  f,  Chem.  [2]  Ir.  784)  to  a  volatile  base  having  the  oompoeition  of  methyl- 
amine,  which  is  obtained,  together  with  ammonia,  by  distilling  the  seeds  or  other  pacts 
of  Mecurialia  annua  or  M,  perennis  with  lime  or  potash  and  water.  It  is  described  as 
liquid  at  ordinary  temperatures,  and  strongly  alkaline,  and  its  snlphata  and  mralste 
Hie  said  to  differ  from  those  of  methylamine ;  but  it  is  probably  nothing  but  impma 
methylamine. 


r.  The  boiling  point  of  mercniy  under  a  pressnre  of  760  mm.  is 
867-25^  (Regnanlt,  Relatitm  iUi  Exphriencm,  &c).  Its  specific  gravity  at  4^,  rednDsd 
to  a  vacnum  and  compared  with  that  of  water  at  4^,  is  18*694  (Balfoor  Stewait,  Ptoe, 
Roy,  Soc.  zv.  10);  this  determination  agrees  with  those  of  Bsgnanlt  and  Kopp 
(iii.  684). 

Its  heat-oondncting  power  in  the  liquid  state  is  68*6  acooidinff  to  Oalveita.  Johnson 
(Jahretb.  1864,  p.  169) ;  86*4  acooxding  to  Grinon  (PM.  Moff.  [4]  zzxliw  647) ;  that  of 
silver  being  ■■  1000.  Its  ooefBcient  of  cubical  expansion  is  0-0001812  (MatthJeasea, 
Proe,  Boy,  8oe.  ziv.  661).  (See  Hb4t,  p.  671.)  Regnanlt's  experiments  gave  0*0001 81 63b 

^">^*g*— *     According  to  Gailletet  (Bull.  8oe,  CHim,  [2]  ^ii.  299)  the  amalga- 

mation  of  metals  (including  the  cine  cylinders  of  ^vaoie  Mtteries)  may  be  easfly 
effected  by  dipping  them  into  sodium-amalgam  containing  0*6  p.  c  somnm. 

Calvert  a.  Jonnson  {loe.  eit.)  have  found  the  following  valoasfor  thebeat-ooDdndnig 
powers  of  solid  amalgams  (silver  ■■  1000) : 


HgSn* 

• 

• 

2721 

HgZn«     . 

• 

8041 

HgBi*. 

• 

• 

67-4 

HgSn* 

• 

• 

296-8 

HgZn*     . 

• 

816*0 

HgBi«  . 

• 

• 

81*6 

HgSn« 

• 

• 

802*6 

HgZn«      • 

• 

878-7 

HgBi«. 

• 

• 

79-9 

HgSn* 

• 

• 

882*8 

HgZn*      . 

• 

4091 

HgBi>* 

• 

• 

78*7 

Liquid  iitn^lg«.tn«  containing  excess  of  meieair  were  ibnnd  to  differ  but  little  ia 
heat-conducting  power  fr6m.  pnre  mercury,  although  tJie  percentage  of  tin  varied 
from  10*6  to  22*96,  that  of  sino  from  6*09  to  18'97>  that  of  bismuth  firam  17*66  to 
34-78. 

Magnesiurn'Omalgam  is  formed,  according  to  Wanklyna.  Chapman  (Cksi. 
8oe,  J,  [2]  iv.  141),  by  contact  of  mercury  with  magnesium  free  from  oxide,  slowly  in 
the  coldj  qnidcly  and  with  violence  when  the  two  metals  are  heated  to  the  boiling  point 
of  mercury.  In  this  amalgam  the  affinities  of  the  magnesium  are  exalted,  oontiaiy 
to  what  takes  place  in  the  case  of  sodinm-amalgam.  l^Ignesium-amalgam  containing 
0*6  p.  c  magnesium  swells  np  instantly  in  contact  with  the  air,  and  loses  its  lustre, 
decomposes  water  with  violence,  and  more  rapidly  than  sodinm-amaTgaia  containing 
twice  Uiat  percentage  of  sodium. 

*  Phipson  (BuU.  8oe.  Ckim,  [2]  v.  248)  observed  that  when  207  pts.  Uad,  118  tin, 
284  bummthj  and  1617  mercury  were  mixed  together,  the  temperature  of  the  amalgam 
feUfrom  fir^to  -10^ 

Sod  turn » Amalgam. — ^This  eompoimd  easily  redueefl  raerenrie  chloride^  auric 
chloride,  and  the  haloid  compounds  of  jrilver  when  laid  in  a  thin  slice  on  the  pulverised 
substance  placed  in  a  test-tube  together  with  a  little  water.  Ferric  ddoride  is  putly 
reduced  to  ferrous  chloride,  X)artly  to  metallic  iron,  and  with  a  sufficient  quantity  of 
the  amalgam,  completely  to  metal,  which  remains  as  iron-amalgam.  Chromic  chloride 
suspondcid  in  very  dilute  hydrochloric  acid  is  reduced  in  like  manner  to  liquid,  easily 
deoomposible  chromium-amalgam,  the  liquid  turning  green  before  complete  reduction 
takes  place.  Sodium-amalgam  is  well  adapted  for  the  reduction  of  chloride,  iodide, 
and  bromide  of  silver.  It  acta  but  slowly  on  an  ethereal  solution  of  ferric  chloride^ 
and  not  at  all  on  silver  chloride  under  rock-oil  (Bunge,  Ckem,  Cenir,  1866,  p.  267). 

Bromlodida.  HglBr.— Produced  by  heating  mercuric  bromide  dissolved  io 
acetone  with  an  alcoholic  iodide ;  also  by  czystallisin^  mercuric  bromide  and  iodide 
together  from  solution  in  ether  or  acetone ;  and  by  adding  iodine  to  a  solution  of  the 
bromide  in  acetone.  Forms  beautifU  yellow  crystals  melting  at  229^,  subliming 
without  decomposition,  and  separatinff  in  scales  frt>m  solution  in  ether,  without  altera- 
tion of  eolour  (Oppenheim,  Jkut.  diem.  Oei,  Ber,  1869,  671 ;  ZtUsekr.f,  Ctoa.  [2] 
V.  166). 
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CliloridMk  For  the  prepamtioii  of  fKercurie  chloride  on  the  laige  scale,  Wagner 
{Dmgl,  pol,  J,  dzzxri.  186)  recommenda :  (a)  Deoompoeition  of  baeio  xnercoric 
snlphftte  (mimeral  turpetkmm)  bj  heating  it  with  hytuochloric  acid,  whereupon 
mercnrie  diloride  separates  and  solphnric  acid  passes  into  solation  (the  acid  liquid 
yields  by  evaporation  a  sulphnrio  acid  containing  mercuric  oxide,  and  adapted  for 
dissolving  mereozy). — (6^  Digestion  of  the  yellow  mercuric  oxide  precipitated  by 
caostic  soda  from  the  nitrate  with  magnesium  chloride  (the  mother-liquor  of  the 
working  of  camallite),  the  reaction  being  represented  by  the  equation :  HgO  -i-  MgCl* 
«B  HgOl*  +  MgO.  If  the  presence  of  potassium  chloride  in  the  mercuric  chloride  is 
not  objectionable,  the  solution  of  the  camallite  may  be  directly  saturated  with 
mereunc  oxide.  After  the  separation  of  the  precipitated  magnesia,  the  liquid  yields 
by  evapomtion  the  salt  KQ.HgGl*  -i-  H'O.  Wagner  observes  that  this  salt  may  be 
used  just  as  well  as  pure  mercuric  oxide  for  the  preparation  of  rosaniline  salts. 

Mercuric  chloride  prepared  by  sublimation  in  an  atmosphere  of  hydrochloric  acid 
gas  is  quite  firee  from.  calomeL  It  may  be  obtained  by  dissolving  10  pounds  of 
mercury  in  12*6  pounds  of  sulphuric  add  of  66^  Bm.,  carefully  evaporating  the  liquid, 
and  subliming  the  residual  mass  of  neutral  and  acid  mercuric  sulphate  with  9  pounds 
of  sodium  chloride  (H.  Fleck,  Bull.  8oc.  Owau  [2]  viii.  39).  . 

According  to  Bonnewyn  {ibid,  iv.  201),  the  presence  of  an  extremely  small 
proportion  of  corrosive  sublimate  in  calomel  may  be  detected  by  immersing  a  clean 
knife-blade  in  the  calomel  moistened  with  alcohol  or  ether.  If  only  ^^^^  part  of 
corrosive  sublimate  is  present,  a  black  spot  will  be  formed  on  the  steel,  very  aifficult 
to  remove  by  friction,  wnereas  if  the  calomel  is  pure  no  such  spot  will  be  formed. 

Bebray  (Compt,  rmd,  Izvi.  1839^  finds  that  gold-leaf  heated  in  vapour  of  oalomd  to 
440^  retains  its  lustre  and  malleaoility,  whereas  when  heated  in  vapour  of  mercuric 
iodide  to  the  temperature  at  which  that  compound  sutfers  dissociation  it  becomes 
white  and  friable.  Hence  Debray  concludes  that  mercurous  chloride  at  440°  (the 
temperature  at  which  Beville  a.  Troost  determined  its  vapour-density)  is  not  resolved 
into  metallic  mercury  and  mercuric  chloride,  and  that  therefore  its  abnormal  vapour- 
densitj  (for  the  formula  Hg'Cl')  does  not  result  from  dissociation.  On  the  other 
hand,  Erlenmeyer  and  Odling  find  that  gold-leaf  immersed  in  calomel  vapour  heatedT 
to  about  the  boiling  point  of  mercury  becfimes  amalgamated,  showing  that  the 
mercurous  chloride  is  at  least  partly  decomposed,  with  separation  of. mercury.  Erlen** 
meyer  observes,  however,  that  this  decomposition  cannot  decide  the  question  as  to  the 
molecular  weight  of  mercurous  chloride,  inasmuch  as  it  may  take  place  either  in  the 
manner  represented  by  the  equation  Hg*Cl'  a  HgCl*  +  Hg,  or  HgOl  +  HgCl  ■- 
HgCl*  +  Hg  (Jakrtah,  1864,  p.  280). 

ZcNlide.  According  to  Oppenheim  (Zeitschr.  /.  Chem,  [2]  vi.  156),  mercuric 
iodide  passes  from  the  red  to  tne  yellow  modification  at  a  temperature  between  148° 
and  164°,  probably  nearer  to  the  former. 

Ozldas.  Mercuric  oxide  added  to  meltinf;  potassium  hydrate  dissolves  without 
evolution  of  gas ;  and  if  the  addition  be  continued  not  quite  to  saturation,  the  ma^s 
then  slowly  cooled  and  lixiviated  with  water,  a  heavy  violet  crystalline  powder  is 
obtained,  consisting  of  K'O .  HgO,  and  a  lighter  grey-green  powder  of  variable  com- 
position, containing  from  2  to  6  p.  c.  potash.  Similar  results  are  obtained  with  sodium 
hydrate  (St.  Meunier,  Cotnpt,  rend.  Ix.  667,  1232;  Jahresb.  1866,  p.  277). 

Fonberg  (Ann.  Ch.  Pkys,  [4]  i.  300)  finds,  contrary  to  the  statement  of  H.  Rose 
(iii.  909),  that  alkalis  and  alkaline  earths  are  separated  by  mercuric  and  by 
mercurous  oxide,  when  the  saturated  solutions  of  their  halo'id  salts  in  large  excess 
are  agitated  or  boiled  with  the  oxide ;  the  decomposition  is  facilitated  by  passing 
carbon  dioxide  through  the  solution.  The  oxygen-salts  of  these  bases  are  ako 
decomposed  in  this  manner,  but  with  much  greater  difficulty.  These  reactions  appear 
also  to  have  been  observed  by  Melsens  in  1849  {Ann,  Ch,  Phys.  [3]  xxvi.  220),  who 
likewise  found  that  a  neutral  or  slightly  acid  solution  of  potassium  iodide  becomes 
alkaline  by  agitation  with  air  and  metallic  mercury  together. 

BvlplUdeik  When  a  mercuric  double  salt, 0.^.(2KCyS.HgOv<S*  or  2NaCl.HgCl'), 
is  heated  with  an  equivalent  Quantity  of  eoditim  hypoeuiphite,  black  mercuric  sulphide 
is  predoitated  as  soon  as  tae  liquid  becomes  add;  if  the  hyposulphite  is  used  in 
excess,  the  mercuric  sulphide  separates  in  the  form  of  cinnabar  as  long  as  the  liquid 
remains  neutral ;  but  on  heating  it  above  60^,  the  black  sulphide  makes  its  appearancd 
as  soon  as  the  liquid  acquires  an  acid  reaction.  The  reaction  in  the  acid  solution  (a), 
and  in  the  neutral  solution  (6),  may  be  represented  by  the  following  equations : 


Hga«  +    Na«8«0»  =  HgS  +  2Naa  +  S0> 
HgCl«  +  2Na«S»0»  «  HgS  ^  2NaCl  +  Na*S«0« 
Buf,  3  0 


(«) 
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The  fonnation  of  cinnAbar  under  the  eonditioni  above  mentioned  does  not  take  plan 
in  presence  of  strontiam,  calcium,  or  magnesinm  ealta,  but  ia  aooeleiatfid  bj  eopper  or 
zinc  Balls.  When  1  moL  mercuric  chloride  is  mixed  with  4  moL  aodivm  hypoanlphits 
and  4  moL  sine  solphute  in  yeiy  dilute  solution,  and  the  mixture  is  beatad  to  45^  «r 
60^  for  about  sixty  nours,  three-fourths  of  the  mereniy  is  separated  from  the  nratnl 
liquid  as  dark  red  crystalline  cinnabar,  the  rest  at  a  higher  tempgtmturp  as  Uack 
amorphous  sulphide.  If  barium  chloride  be  used  instead  of  sine  sulphate^  baiiosi 
sulphate  separates  together  with  the  cinnabar.  In  the  ordinary  mode  of  prepansg 
cinnabar  in  the  wet  way,  the  transformation  of  tha  amorphous  sulphide  depoids  npem^ 
its  successive  solution  in  the  alkaline  sulphide,  from  which  it  separates  in  tht 
crystalline  form.  The  presence  of  sodium  hyposulphite  does  not  fihcilitata,  bvt  nihm 
hinders  this  transformation  (H.  Fleck,  J,  pr.  Ckem.  xcix.  247). 

The  solubility  of  mercuric  sulphide  in  the  sulphides  of  the  alkaii-mefeBls  and 
alkaline-earth  metals  may  be  made  available  for  the  extmetion  of  the  suli^uda  from 
its  gangue,  and  especially  for  the  valuation  of  poor  dnnabar  ores  (containing  2  to 
8  p.  c.  .cinnabar).  The  best  solvent  for  the  purpose  is  a  solution  of  barium  sulphide, 
containing  about  60  grms.  of  barium  in  a  litre,  obtained  by  dissolving  crude  barium 
sulphide  \n  wat«r,  and  crystallising  out  the  greater  part  of  the  barium  hydrate.  The 
mercuric  sulphide  is  precipitated  from  the  solution  of  hydrochlorie  acid  (whereby 
barium  chloride  is  obtained  as  a  secondary  product),  and  decomposed  in  the  ordinaiy 
way.  For  the  assay  of  poor  bituminous  ores,  the  bituminous  matter  must  first  be 
extracted  by  beniol«  the  ore  then  well  dried  and  exhausted  with  barium  sulphide,  and 
the  precipitate  thrown  down  by  hydrochloric  acid  freed  from,  admixed  sulphur  by 
digestion  with  carbon  bisulphide  (Wagner,  J,  pr,  Ckgm.  xcviii.  23 ;  JiiAreso.  1866, 
p.  834). 

Cinnabar  digested  for  a  day  with  excess  of  a  solution  of  iodme  in  poiatnmm  io^dt 
is  converted  into  potassio-mevcnric  iodide:  HgS  -(-  2X1  +  P  sa  2KI.HgI'  +  SL 
The  diminution  of  the  free  iodine  affords  a  measure  of  the  quantity  of  menaiy 
dissolved  (Wagner,  loc.  cU.), 

The  black  precipitate  formed  in  mereuious  salts  by  kydro^en  milpkide,  or  colooila» 
amvumium  wlphtde,  is  not  a  definite  compound,  but  a  mixture  of  mercniy  and 
mercuric  sulphide,  from  which  nitric  acid  extracts  the  metallic  mercury,  Honning 
tither  a  mercurous  or  a  mercuric  salt,  and  in  the  latter  case  the  i^ite  doubbi 
compound  Hg(N0')'.2HgS.  This  double  compound  is  neariy  insoluble  in  nitiie 
acid,  and  forms  with  hydrochloric  acid  the  yellow  compound  Bg01*.2HgS,  whidi 
decomposes  when  heated  in  the  liquid,  with  formation  of  sulphuric  acid  and  separation 
of  sulphur;  sulphuric  acid  of  medium  strength  converts  it  into  the  white  salt, 
HgSO^ .  2HgS.  Mercuric  sulphide,  which  under  ordinary  circumstances  is  insoluble  in 
nitric  acid,  is  likewise  convezted  by  prolonged  heating  with  that  acid  into  the  white 
compound  Hg(N0')'.2HgS.  Mercuric  siuphide  is  insoluble  in  sodium  sulphydrate, 
and  consequently  its  solution  in  sodium  sulphide  is  precipitated  by  hvdrogen  sulphide 
or  ammonium  sulphydrate.  It  appears  from  the  preceding  that  t!he  separation  of 
mercuiT  as  sulphide  from  other  sulphides  of  the  same  group  by  nitric  acid  is  exact 
only  when  the  msieury  is  present  as  mercuric  sulphide  (Barroed,  Btdl,  Soe,  GUm.  [2] 
ill.  188). 

mntOfntT-4UkSIOUM«  OXIiAVIO*  AferouHe  etkitU  is  rapidly  deeom- 
posed  at  temperatures  near  its  boiling  point  by  carbon  oxvsulphide,  metallic  mereoiy 
being  separated,  and  a  liquid  having  a  strong  alliaceous  odour  being  formed,  probably 
ethyl  thiopropionate  (Than,  Zeitschr,  /.  Ckem.  [2]  iv.  66). 

BKerevrto  AO«tosjm«ttilde.  C*HH)*Hg  «  Hgj^^'.  »  produced  by  heating 

mercuric  methide  with  acetic  acid  to  120^-180^  in  a  sealed  tube.  It  OTstallises  from 
hot  glacial  acetic  add  in  shining,  white,  thin,  rhombic  tables,  melting  at  142^-148^, 
having  an  ofiensive  and  very  persistent  odour,  nearly  insoluble  in  boiling  water  and 
cold  acetic  acid,  more  soluble  in  hot  acetic  acid  and  in  aloohoL  It  volatilises  with 
vapour  of  water,  and  reacts  with  hydrochlorie  acid,  ammonium  sulphide,  and  iodine, 
like  the  corresponding  compounds  of  the  aromatic  series  described  below.  JHercuHc 
aeetoxeihide  resembles  the  methyl-compound,  and  melts  at  178°  (Otto,  ZeiUchr.  /.  Chem^ 
[2]  vi.  26). 

MCMPOiirto  VaphtbyUde.  Hg(C**H')*  (Otto  a.  Mories,  Ann,  Ch.  Pkarm,  cxlvii. 
164 ;  ZeiUckr.  f.  Chem.  [2]  iii.  877  ;  iv.  162  \Jahretb,  1867,  p.  716).— -This  compound 
is  easily  and  abundantly  formed  by  the  action  of  sodium-amalgam  on  monobromo- 
naphthalene : 

2C>*H'Br  +  Na«Hg  =  Hg(C»»HO*  +  2NaR. 
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A  flolution  of  bTomonaphthalene  in  several  times  its  volume  of  coal-tar  naphtha 
boiling  between  120^  ana  140^  is  boiled  for  about  nineteen  hoars  vith  pa«^  sodivm- 
amalgp&m,  in  a  flask  having  an  upright  condenser,  and  the  liquid  is  filtered  hot, 
▼hereupon  the  mercuric  naphthide  crystallises  out  almost  completely.  After  recry- 
stallisation  from  benzol  or  carbon  bisulphide,  it  forms  small  white  crystals,  appearing 
under  the  microscope  as  rhombic  prisms  terminated  by  four-sided  pyramids.  It  is 
inodorous,  unaffected  by  air  and  light,  insoluble  in  water,  slightly  soluble  in  boiling 
alcohol,  Qold  benzol,  or  ether,  more  easily  in  hot  carbon  bisulphide,  chloroform,  and 
benzol.  It  melts  at  243°  and  decomposes  at  a  higher  temperature,  depositing  small 
quantities  of  charcoal  and  mercuiy,  and  yielding  an  oily  crystallising  distillate.  By 
ignition  with  soda-lime  it  yields  naphuialene,  together  with  another  hydrocarbon 
crystallising  in  canary*yellow  laminte,  and  melting  at  133^.  Heated  with  concen- 
trated hydnodie,  hydrobromie,  or  hydrochloric  acid,  it  is  resolved  into  naphthalene 
and  mercuric  iodide,  bromide,  or  chloride.  With  iodine  it  unites  directly,  forming 
naphtho-mercorio  di-iodide,  (C**H')'HgI',  which  on  jurther  addition  of  iodine  ia 
resolved  into  mercnzic  iodide  and  iodonaphthalene,  C**H'I. 

Naphthomereuric  Di-iodide,  (C»*H»)"HgP  «  Hg/  I  (the  iodine  being 

trivalent),  is  prepared  by  mixing  the  solutions  of  1  mol.  mercuric  naphthylide  and  1  moL 
iodine  in  carbon  bisulphide,  distilling  off  the  latter,  and  recrystallising  the  residua 
from  hot  alcohol.  It  forms  soft  satiny  needles  or  dendritic  groups,  not  altered  by 
light,  insoluble  in  water,  sbghtly  soluble  in  hot  alcohol,  dilorofonn,  benzol,  and  carbon 
bisulphide,  melting  at  185^,  and  resolved  by  ignition  with  lime  into  naphthalene, 
iodine,  and  mercuric  oxide. 

Brwmm  acts  on  mercuric  naphthylide  in  the  same  manner  as  iodine,  forming  in  the 
first  instance  a  oystallisable  dibromide,  which  is  decomposed  by  more  bromine  into 
bromonaphthalene  and  mercuric  bromide. 

Mercuric    Acetoxynaplithlyidet   C"H"HgO*    —    HgJQQ,Q,Q,  is  produced, 

together  with  naphthalene,  by  heating  mereuric  naphthylide  with  excess  of  glacial 
aeetioacid: 

Hg{C»»H-)«  +  HOC«H»0  -  C»*H»  +  Hg(C»*H')(OC«H»0). 

On  mixing  the  solution  with  a  laigo  quantity  of  hot  water,  and  crystallising  the 
resulting  white  precipitate  from  hot  alo^Kd,  naphthalene  separates  out,  while  meneurio 
acetoxynaphthylide  remains  in  solution,  and  may  be  obtained  by  evaporation,  prolonged 
heating,  and  recrystallisation.  It  is  insoluble  in  water,  easily  soluble  in  hot  glacial 
acetic  acid,  alcohol,  carbon  bisulphide,  benzol,  and  chloroform,  less  soluble  in  ether ; 
crystallises  in  small  needles  appearing  under  the  microscope  as  flat  rhombic  prisms  or 
tables ;  meltt  at  IM°,  and  decomposes  at  a  higher  temperature,  depositing  charcoal, 
and  yielding  an  oily  distillate  which  oaickly  solidifies.  With  hydrochloric,  hydriodio 
acid,  fte.,  it  reacts  like  mercuric  naphtnylide.  It  is  not  decomposed  by  heating  with 
water  to  140^,  with  ethyl  iodide  to  160®,  or  by  sodium-amalgam,  zinc,  copper,  or  tin 
at  ordinary  temperatures ;  neither  does  it  unite  with  mercuric  chloride. 


VHeayUde.  Hg(C«H»)«  (Dreher  a.  Otto,  Zeitschr,  f.  Chem,  [2}  iv. 
685 ;  vi.  9). — This  compound  is  prepared,  like  the  naphthylide,  by  heating  a  mixture 
of  monobromobenzene  and  anhydrous  benzol  (B.  P.  100^-120^-140®)  with  pasty 
sodium-amalgam  ;  the  reaction  may,  however,  be  considerably  facilitated  by  adiution 
of  a  little  acetic  et  her  (^  of  the  weight  of  the  bromobenzene^. 

Mercuric  phenylide  crystallises  from  a  hot-saturated  benzol-solution  in  small,  white, 
vitreous,  asbestos-like  needles ;  from  a  dilute  solution  in  white  rhombic  prisms  often 
united  in  tufts.  It  is  insoluble  in  water,  easily  soluble  in  chloroform,  carbon  bisul- 
phide, and  benzol,  less  easily  in  ether  and  boiling  alcohol,  slightly  in  cold  alcohol. 
Melts  at  120®;  sublimes  without  decomposition  when  cautiously  heated  in  small 
Quantities ;  boils  when  heated  above  300®,  and  distils,  with  formation  of  benzene  and 
oiphenyl,  and  separation  of  mercnry  and  charcoal ;  probably  thus : 

8Hg(C«H»)«  -  6C«H«  +  Hg»   +   C« 
and 

20H*  =  C"H>«  +  H^ 

It  is  quickly  decomposed  by  dry  hydrochhrio  acid  gas,  or  by  heating  with  the 
concentrated  aqueous  acid,  into  benzene  and  mercuric  chloride : 

Hg(C«H»)«  +  2HCI  «  2C«H«  -h  HgCl«; 

and  reacts  in  a  similar  manner  with  hydriodic,  hydrobromie,  nitric,  sulphuric  acid,  &c. 

3a2 
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Heated  with  2  at  sulphur  abore  the  melting  point  of  the  latter,  it  yieldi  meicone 
sulphide  and  phenyl  sulphide,  together  with  a  small  quantity  of  pbenjl  NlphTdnte: 

'   Hg(C«H»)«  +  S«  -  HgS  +   (C«H»)«a 

A  solution  of  mercuric  phenylide  in  alcohol  or  carbon  bisulphide  acted  upon  liy  2  st 
iodine  yields  phenyl  iodide  and  mercuric  iodophenylide: 

Hg(C«H»)«  +  I«  -  C^*I  +  Hgj^'. 

With  4  at.  iodine  the  products  are  phenyl  iodide  and  mercuric  iodide: 

Hg(C*H»)»  +  I*  -  2C«H»I  +  HgP. 

Mercuric  Iodophenylide  cryBtallised  from  boiling  benxol,  or  a  mixtnre  of  beuol  and 
Absolute  alcohol,  forms  white  satiny  rhombic  tables,  not  altered  by  lights  meltiDg  st 
266°-266°,  insoluble  in  water,  nearly  insoluble  in  cold  alcohol,  ether,  and  beniol 
more  easily  in  hot  benzol  or  chloroform,  still  more  in  carbon  bisulphide.  JJ*^*J 
aboTe  its  melting  point,  it  partly  sublimes  unaltered,  and  is  paitly  deoompondt  ^^ 
separation  of  mercuric  iodide. 

Mercuric  Bromophenylide,  Hgj^^*,  obtained  in  like  manner,  reeemtta 

the  iodine*compound  in  the  form  and  lustre  of  its  crystals,  and  in  its  relsooDi  to 
solyents ;  melts  at  291^;  and  is  converted  by  excess  of  bromine  into  merciincbnmw^ 
and  phenyl  bromide. 

Mercuric  Chlorophenvlide  is  obtained  by  slowly  passing  dilorine,  not » 
'excess,  oyer  mercuric  phenylide,  or  into  a  solution  of  that  compound  in  csrboo  bisu- 
phide ;  more  easily,  however,  by  heating  mercuric  phenylide  with  mercuric  chlonae  to 

110«>  in  sealed  tubes:  Hg(C«tt»)«  +  HgQ*  =  2Hgj^j^*.  The  iodine  and  brwniw 
deriyatiyes  may  be  obtained  in  a  similar  .manner.  Mercnrio  chlorophepTi»e 
resembles  the  two  preceding  compounds,  and  is  likewise  decomposed  in  a  simi>&f 
'manner,  though  less  readily,  by  excess  of  chlorine.  Hypochloroas  acid  acts  ^f^ 
mercuric  phenylide  in  the  same  manner  as  free  chlorine. 

Nascent  hydrogen^  evolved  by  sodium-amalgam  in  alcoholic  solution,  eonvvtt 
mercuric  iodgphenylide  into  mercuric  phenylide ;  thus : 

2Hg(C*H»)I  +  H«  =  2HI  +  Hg  +  Hg(C«H»)«. 
In  contact  with  anhydrous  benaol,  sodininriiim/dgam  acts  upon  meiearie  iodopbsBJude 
in  the  same  manner  as  nascent  hydrogen : 

2Hg(C^»)I  +  Na«  -  2NaI  +  Hg  +  Hg(C«H»)«; 

•but/rM  socftum  unites  with  the  mercury  of  the  phenyl-compound,  producing  ^^^^ 
.amalgam,  sodium-iodide  being  also  formed,  together  with  a  brown  oiganic  pioau^ 
which  does  not  dissolve  in  the  ordinary  solvents. 

Mercuric  bromophenylide,  boiled  for  spme  time  with  alcoholic  solution  of  fcioif'^ 
jfulphide,  is  decomposed  in  the  manner  shown  by  the  equation : 

2Bg(Cra»)Br  +  K«8  s-  2KBr  +  HgS  +  Hg(C»H»)«. 

Mercuric   Acetoxypkenylide,  Hg\Qg^^Q„jBfoimed,\ikA  the  eonee^^ 

naphthyl-compound,  by  boiling  mercuric  plienylide  with  several  times  its  volnjo^  <^ 
•strong  acetie  aeid*: 

The  product  separated  fr^m  the  solution  by  water  and  crystallised  from  hot  vater, 
forms  small,  white,  inodorous,  vitreous,  rhombic  prisms,  mostly  in  radiate  gionp! 
melting  at  140'',  slightly  soluble  in  cold  water,  more  easily  in  hot  water,  strong  acetk 
acid,  benzol,  and  alcohol.  Similar  compounds  are  formed  with  aoetic  andpropt""^ 
acids,  ^ 

Mercuric  acetoxyphenylide  is  decomposed  by  distillation,  yielding  benzene,  ac»('; 
anhydride,  acetic  aad,  and  diphenyl,  together  with  free  carbon  and  mercury.  Boiit^ 
with  aqueous  hydrochloric  acid^  it  yields  mercuric  chloride,  benzene,  and  acetie  acid: 

Hg(C«H»)(C«H«0»)  +  2HC1  «  HgCl«  +  C^«  +  C«H«0. 

'Hydriodic,  sulphuric,^  and  other  acids  act  in  a  similar  manner.  With  nastt'- 
hydrogen^  generated  by  sodium-amalgam  in  the  alcoholic  solution,  it  yields  mercn^' 
benzene,  and  acetic  a^id : 

Hg(OH»XC»H«0»)  +   H«  «  Hg  +   C-H*  +   C«H^O«. 
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In  aqueona  solution  it  is  decomposed  bj  iodime,  yielding  meicnrio  iodide,  plienyl 
iodide,  acetic  acid,  and  iodic  add.  Perhaps  Sehiitsenbeiger's  acstata  of  iodine, 
{C«H*0)IO  (p.  26).  is  first  formed : 

Hg(C«H»XC3^«0«)  +  I*  -  HgP  +  C^»I  +  (C«H"0)IO; 

and  then  decomposed  by  the  water,  in  the  manner  shown  by  the  equation: 

3(C«H«0)IO  +   8HK)  i.  2HI  +  IHO«  +  SO»H«0«» 

An  alcoholic  solution  of  mercuric  aoetor)rphenylide  is  decomposed  by  hydrogm 
sulphide  into  mercuric  sulphide,  benzene,  and  acetic  add : 

Hg(C«H»)(C*H»0»)  +  H*S  =  HgS  +  C^«  +  C«H«0«; 

in  like  manner,  but  more  quickly,  by  heating  in  a  sealed  tube  with  ammorUwm 
aulphide. 

Bleronrto  ToljUd«.    Hg(C'HO'  or  Xn*^^  (Dreher  a.  Otto,  loe,  cU.).-- 

Obtained,  similarly  to  the  phenyl-compound,  by  the  action  of  sodium*ama1gam  on 
bromotoluene.  Beautiful  ^ite  rhombic  tablets,  having  a  nacreous  to  adamantine 
lustre,  insoluble  in  water,  slightly  soluble  in  cold  alcohol,  more  freely  in  hot  benzol, 
chloroform,  and  carbon  bisulphide.  Meltins  point  236^.  It  appears  to  be  analogous 
in  all  its  reactions  to  the  phenyl-compound.  .  By  boiling  inth  hydrochloric  acid  it  is 
resolved  into  mercuric  chloride  and  toluene,  Hg(C*H»)«  +  2HC1.«  HgCl«  +  2C'H*. 
When  carefuUv  heated,  it  distils  almost  without  decomposition  ;  but  on  passing  its 
vapour  through  a  red-hot  tube  filled  with  pumice,  it  is  resolved  into  mercury,  carbon, 
toluene,  and  an  oily  body,  probably  ditolyL    iSreated  with  2  at.  iodin&,  hiomtne,  or 

chlorine,  it  is  converted  into  mercuric  iodoColylide,  Ql^^^-Hg,  &c;  by  4  at. 

iodine,  &&,  into  mercuric  iodide  and  iodotoluene,  &c 

Mercuric  lodotolyiide  forms  white  rhombic  tables  having  a  satiny  lustre,  insoluble 
in  water,  slightly  soluble  in  boiling  alcohol,  more  freely  in  hot  bensol ;  melting  at 
120®,  and  subliming  without  decomposition  when  cautiously  heated. 

Mercuric  Acetoxyidylide,  Hg{C'H')(G^'0'),  prepared  like  the  phenyl-compound, 
forms  small,  white,  shining,  rnombic  pnsms,  melting  at  153®,  nearly  insoluble  in 
cold  water,  sparingly  soluble  in  boiling  water,  more  easily  in  alc9hol,  carbon  bisul- 
phide, and  benzol.  With  adds,  hydrogen  sulphide,  and  iodine,  it  reacta  like  the 
phenyl-compound. 

Mercuric  Beneylide,  isomeric  with  meicnrio  tolylide,  and  represented  by  the 

C*H*  CH*"«*^  . 

formula    ntjat'  nm^^^Si  i*  ^^^  produced  by  the  action  of  sodium-amalgam  either 

^.^^  on  benzyl  bromide  or  on  benzyl  chloride.    A.  compound,  Hg(C'H')',  called  by  this 

i^'^  name,  was  described  in  1865  by  Campisi  (^Comvt  rend.  bd.  86)  as  crystallising  in 

^  ^  white  needles,  melting  above  200°,  soluble  m  etner,  and  slightly  soluble  in  alcohol  - 

but  its  mode  of  formation  is  not  given.  ' 


OOirzc  AOZB.  C'H'O*  (iii.  928).— This  acid  repeatedly  heated  to  160<» 
^  with  VMy  strong  hydrochloric  add  is  converted   into   mesamonochloropyro* 

^''  tartaricacid,  C»H'010*.    The  latter  separates  in  small  shining  crystals,  much  more 

soluble  than  mesaconic  acid,  melting  at  12»<*-130°,  and  decomposed  by  boiling  with 
water  into  hydrochloric  and  mesaconic  adds ;  by  bases  with  formation  of  mtonic 
add  (Swarts,  Jahreeb.  1866,  p.  407).  ««wni« 


'i^^ 


Maszszo  ACZ9.  C»H»0*  -  C*H«(CO*H)»  «  C^«(CH»)(CO«H)«  (Rttiir  a. 
ron  Furtenbadi,  Zeitsch'.  f-Chem.  [2]  iv.  1).-An  acid  intermecUkte  in  composition 
between  mesitylenic  acid,  C»H"0»,  and  trimesic  acid,  C»H«0«.  It  is  produced  by 
oxidising  mesitylenic  acid  with  chromic  acid  mixture ;  perhaps  also,  together  with 
mesitylenic  acid,  m  the  preparation  of  the  latter  by  the  action  of  dilute  nitric  acid  on 
mesitylene.  It  is  nearly  insoluble  in  cold  water,  very  slightly  soluble  in  hot  water, 
more  easily  in  alcohol  and  ether.  From  boiling  water  it  ciystallises  in  colourless 
slender  needles,  from  alcohol  in  indistinct  groups  of  very  small  crvstals.  It  melts  at 
287''~288^  and  solidifies  again  at  2860. 

Mesidic  add  is  bibasic  Its  potassium  salty  C*H'0*E*,  crystallises  f^m  alcohol  in 
shining  laminsa  very  soluble  in  water.  The  «i/vfr  salt,  C*H*0*Ag*,  is  nearly  insoluble 
in  cold  water,  and  crystallisea  from  boiling  water  in  colourless  dendritic  groups.    The 

jt  K*^'  *  The  equation  given  in  the  origliial  memoir  tor  the  aotion  of  wafeec  on  aoetste  of  Iodine  is 

incorrecU 
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barium  salt,  CH*0*Ba  +  H*0,  is  a  white  cauliflow«r-like  cryitalline  maas,  esnlj 
soluble  in  water.  The  calcium  $alt,  OH*0*Gk  +  H*0,  fanna  aaiall,  ooloBrleis, 
Bilveiy  crystals,  less  soluble  thau  the  bariiun  gait.  Tha  nential  aolntion  of  the 
ammonium  Kilt  forma  with  cupric  sulphate,  lead  uitiate,  feirie  chloride,  and  sue 
sulphate,  bulky  precipitates  slightly  soluble  in  oold  water ;  no  precipitate  with  nickel 
salts.  Ethyl  metidate,  O'H'O^ .  ^CH^)',  is  a  oolouiless  radio-dystalline  mass,  inaolnhle 
in  water,  soluble  in  all  nxoportions  in  alcohol,  melting  at  ZSP,  and  having  a  grest 
tendency  to  remain  liquid. 

Mesidic  acid  is  identical  with  nvitic  acid  produced  by  the  action  of  boiyta-watcr  on 
pyroracemic  acid  (v.  971).  The  same  acid  is  funned  by  heating  the  potassram  salt  of 
chlorotoluene-8ul{^uric  acid  with  potassium  cyanide,  whereby  tolujlene  cyanide, 
C'H«(CN)*.  is  obtained,  and  distilling  this  compound  with  potash:  CH«(CN)*  -¥ 
8H»0  «  2NH>  +  C'H«(CO«H)«  (IreUn,  Zeitachr,  /.  Chem,  [2]  t.  612),  Heated 
with  soda-lime  it  yields  toluene:  C»H»0*  =  2C0«  +  CH«  (Baeyer,  ibid.  it.  119). 
By  prolonged  oxidation  with  chromic  acid  it  is  conyerted  into  tzimesic  acid. 

The  relations  of  this  acid  to  mesitylenic  and  trimesic  acids  are  indicated  by  the 
following  formuln : 


CH«  fCH«                       fCH»  (00«H 

c»hMch"  c*H"Jch«  (>h»Jco«h  o»h»Jco«h 

(ch*  (c0*h              (co«h  (c0»h 

Mesttylsne.  MM^ylenlo  sold.  Xeridioadd.  TMmnioacid. 


I 


or  AinBOinuxmxira>    See  HiaimAKB,  under  Rwrnwi, 

HOMOIXMUBS  OF  (p.  800). 


OOmronriM  (Baeyer,  Ami,  Ch,  Pkarm,  czl.  297;   Jahmh.  186<, 

p.  308). — When  acetone  saturated  with  hydrochloric  acid  aas  ia  left  to  itself  for  8  to 
14  days,  and  then  mixed  with  a  largo  quantity  of  water,  a  heavy  brownish  oil  sepaiates 
consisting  thiefly  of  hydrochlorides  of  mesityl  oxide  and  phorone.  On  decomposing 
this  oil  with  alcoholic  potash  in  a  cooled  yessel,  and  snbjectiag  the  non-chlorinated  oil 
precipitated  by  water  to  fractional  distillation,  the  portion  which  boila  at  140^  yields, 
after  washing  with  water,  drying  with  calcium  chloride,  and  rectification,  pure  m  es  i  ty  I 
oxide,  C*H."0  (iii.  929),  as  a  colourless  liquid  smelling  strongly  of  peppenmnt  and 
boiling  at  130^.  On  careMly  mixing  it  with  phosphorus  pentachloride  till  the  latter 
is  dissolved,  and  then  pouring  the  gently  warmed  liquid  into  a  laige  quantity  of  water, 
the  chloride  C*H'*C1*  separates  as  a  heavy  oil  not  volatile  without  deoompoaitioD. 
This  chloride  smells  strongly  like  turpentine  oil,  resinises  on  exposure  to  the  air,  and 
is  decomposed  by  alcoholic  pptash-solution,  with  fonaation  of  various  products.  By 
distillation  over  potash,  baryta,  or  lime,  it  yields  the  chloride  CH*C1  as  a  mobile 
colourless  liouid  having  an  odour  of  turpentine,  and  boiling  at  180°. 

Kitric  acid  acts  violently  on  mesityl  oxide,  forming  a  yellow  resin  and  an  oil  smeUiag 
like  nitrous  ether.  When  mesityl  oxide  diluted  with  several  times  ita  volume  of 
alcohol  is  treated  with  sodium-amalgam,  the  odour  of  peppermint  disappeare,  and  water 
then  separates  fh)m  the  liquid  a  colourless  oil  which  smells  like  camphor  and  decom- 
poses at  about  160^,  yielding,  together  with  water,  a  liquid  smelling  like  camphor, 
boiling  at  about  206^,  and  having  the  composition  of  mesi tie  ether,  C^H'H)  » 
(0'H")'0.*  The  oil  produced  from  mesityl  oxide  by  the  action  of  sodium-amalgam,  if 
regarded  by  Baeyer  as  mesitic  alcohol,  C*H"0  or  C*H"OH,  which  is  converted  by 
distillation  into  the  ether :  2CH"0  »  Ci*H"0  +  H<0.  By  simple  distillation,  or 
more  easily  by  distillation  with  lime,  mesitic  ether  is  decomposed,  with  formation  of 
higher  condensation-products ;  by  distillation  with  zinc  chloride,  hydrocarbons  are 
obtained  which  have  not  yet  been  examined. 

CH". — Bee  BsiZBira,  Hokologttxs  of  (p.  298). 

KV&»annuo  or  bv&pbobcbbztt&ic  jlod  (pu  soo). 

fCH« 
ACVB.  C»H"0«  -  CE^l  CH«     (Fittig, -inn.  Ck.  Pkarm.eMll 

ICOOH 

129 ;  Jahresb,  1866,  p.  610.  Fittiga.  Briickner,  Zeitschr,/.  Chem.  [2]  iv.  498  ;  Jakresh. 
1867,  P'  705.  Fittig  a.  Hoogewe^,  Zeitschr.  f.  Chem.  [2]  v.  169).— An  acid  isomeric 
with  xylic  acid,  and  related  to  mesitylene  in  the  same  manner  as  benaoic  acid  to 
toluene.  It  is  produced  by  boiling  mesitylene  with  dilute  nitric  acid  (1  voL  nitric  acid 
of  sp.  gr.  1'4  and  2  vol.  water)  for  16  to  20  hours,  and  passes  over  with  the  watezy 

•  foramU  called  masitlo  camphor  by  Baeyer  (ZeU$chr.f,  Ckm.  [9]  1.  818).    Altoeeiher  ttiere  is 
great  oooiinion  in  (be  names  of  theae  compoundB. 
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Taponnk  After  compute  oxidation,  the  liquid  dilated  with  a  large  quantity  of  water 
i«  repeatedly  distilled  as  long  ae  crystalfl  colleei  in  the  oondennzig  tabe  and  the  add 
suspend^  in  the  distillate  is  eoUected  on  a  Alter.  The  portion  whieh  still  remains 
disflolTed  is  obtained  by  neutralising  the  filiate  with  sodium  carbonate,  eTapontin|^, 
and  decomposing  with  hydrochloric  acid.  For  complete  purification,  the  product  is 
boiled  with  a  small  quantity  of  tin  and  strong  hydrochloric  acid  (to  decompose  a  nitro- 
compound) ;  and  the  portion  which  remains  Undissolved  on  cooling  is  dissolved  in 
sodium  carbonate,  precipitated  at  the  boiling  heat  by  hydrochloric  add,  and  crystal- 
lised from  alcohol.'  The  formation  of  mesitylenic  aad  is  represented  by  the  equation : 
C»H»«  ^  0«  -  C»H"0«  +  H*0. 

Mesitylenic  acid  dissolves  very  sparingly  in  water,  very  easily  in  alcohol,  and 
crystallises  from  the  latter  in  Lirge  well-defined  monodinic  crystals.  When  the  hot 
dilute  alcoholic  solution  is  mixed  with  boiling  water  till  permanent  turbidity  is  pro- 
duced, the  acid  crystallises  in  broad  laminse  and  needles,  very  much  like  benasoic  acid. 
It  mdts  at  166*^,  and  sublimes  without  decomposition  even  below  its  melting  point 
By  boiling  wiUi  chromic  add  mixture  it  is  oxidised  to  trimesic acid; 

C»H"0«  +  0«  =  C»H»0«  +  2H«0. 

Heated  with  quick  lime  it  is  resolved  into  carbon  dioxide  and  isozylene: 

C»H"0«  -  C0«  +  C«H»«. 

Mesitylenic  add  is  monobasic  All  its  salts  are  more  or  less  soluble  in  water.  The 
sodium  aalt,  (7H*0'Na;  is  easily  soluble  in  water  and  alcohol,  and  remains  on  evapora- 
tion as  a  white  non-ci^stalline  mass,  or  as  a  grsdnally  crystallising  syrup.  The  silver 
saltf  CH*0'Ag,  is  formed  in  a  somewhat  concentratea  solution,  as  a  precipitate  con- 
sisting of  small  needles  which  may  be  recrjrstallised  from  hot  water.  The  calcium  salt, 
2(C7H*0')H)a  +  H'O,  forms  crystalline  crusts  not  more  soluble  in  hot  than  in  cold 
water.  The  barium  salt,  (CH*0')fBti,  forms  silky  prisms  more  soluble  than  the  calcium 
salt.  The  magnesium  salt,  (C*H*0')'Mg  +  6H'0,  crystallises  in  groups  of  monodinic 
prisms  not  much  more  soluble  in  hot  than  in  cold  water,  easilv  soluble  in  alcohol,  in- 
soluble in  ether.  The  sine  saltf  (C*H*0')'Zn,  crystallises  in  laminae  or  small  needles 
sparingly  soluble  in  water ;  the  nickel  salt,  (C'H*0')'Ni,  in  light  green  sparingly 
soluble  crusts ;  the  manffonese  salt,  (C*fl*0')'Mn,  in  flesh-coloured  scales.  The  ethyHo 
ether,  CH'0*.CH\  is  a  colourless  liquid  heavier  than  water,  insoluble  therein,  easily 
soluble  in  alcohol,  smelling  like  oil  of  roses ;  it  boils  at  241^,  and  solidifies  in  the 
oystalline  form  when  cooled  below  0^. 

OtaloromesltTleiiio  addf  CH'CIO*,  produced  by  boiling  chloromesitylene  with 
dilute  nitric  acid,  is  but  slightly  soluble  in  water  even  at  the  boiling  heat,  easily 
soluble  in  alcohol.  Heated  above  200^,  it  turns  brown  without  melting,  and  may  be 
sublimed  without  decomposition.  The  barium  salt,  (C*H''ClO')^Ba  +  4H*0,  crystal- 
lises in  hemispherical  groups  of  slender  colourless  needles  slightly  soluble  in  cold 
water.  The  calcium  salt,  rC*H*C10*)Ca  +  5H'0,  forms  tufts  or  fan-shaped  groups  of 
flattened  needles  moderately  soluble  in  hot  water  (Fittig  a.  Hoogewerff). 

WttroniMiltarleBte  aoltf « C*H*(NO')0',  is  formed  by  dissolving  mesitylenic  acid  in 
Aiming  nitnc  add,  and  occurs  as  a  secondsiiy  product  in  the  distillation-residue  of  the 
preparation  of  mesitylenic  add ;  it  may  be  purified  by  precipitation  from  the  sodium 
or  barium  salt  with  hydrochloric  add,  and  recrystallisation  from  alcohol.  It  is  very 
Bparinsly  soluble  even  in  hot  water,  but  dissolves  easily  in  alcohol,  and  separates 
from  the  latter  in  large  crystals,  mostly  having  the  aspect  of  rhombohedral  tables ; 
from  a  solution  diluted  with  hot  water,  in  broad  laminae.  It  melts  at  218^,  and 
sublimes  even  below  that  temperature  in  long  needles. 

Sodium  Nitromentylenate,  €*H'(NO')0'Na,  is  deliquescent,  and  dystalliees  from 
alcohol  in  indistinct  prisms.  The  silver  salt,  G*H*(NO*)0'Ag,  is  a  flooeulent  precipi- 
tate slightly  soluble  in  boiling  water,  and  separates  theref^m  in  needles.  The  barium 
salt,  [C'H*(NO')0']*Ba,  crystollises  by  slow  evaporation  ftoxD.  the  cold  solution  in 
larse  hard  needles  containing  8  mol*  water;  from  hot-saturated  solution,  as  a 
^ellowciystalline  powder  containing  1  moL  water.  The  calcium  salt,  [CH*(NO*)0*pCa, 
IS  also  sparingly  soluble,  and  resembles  the  mesitylenate  in  nearly  all  its  properties. 
The  magnesium  m/<,  rC*H*(NO*)0']*Mg  +  11H*0,  forms  indistinctprisms  insoluble 
in  ether,  veiy  soluble  in  alcohol,  moderately  soluble  in  water.  The  etkyHc  ether, 
C^^N0')O'.  CH*,  is  insoluble  in  water,  and  crystallises  from  alcohol  in  short  prisma 
melting  at  72^. 

AmMwn— i^tonlo  aeld»  CH*(KH*^0',  ufoduesd  by  heating  nitromesityleiite 
add  with  tin  and  concentrated  hydrochloric  acid,  is  sparingly  soluble  in  water,  easily 
in  hot  alcohol,  also  in  adds  aqd  in  alkalis ;  ciystallises  in  long  needles,  melts  at  236^» 
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And  dedompo6e6  at  m  higher  tempentore.  It  tmites  with  hjdiochlorie  acid,  fbrmiBg  tki 
compound  C*H*(NHnO*.HCl,  which  crfBtalliBeB  from  ezoees  of  hydxo^ilone  acid  U 
lung  needles,  and  is  decompoBed  by  heating  its  aqueoiiB  aolntion,  with  aeparatioa  of  firss 
amidomesitylenic  acid. 

XaaltjleBaiiiide,  C*H*O.NH*,  is  obtained  bj  gently  heating  1  moL  mentykBie 
scid  with  rather  more  than  1  mol.  phosphoms  pentachloride,  admng  tfaa  psx^dnct  to 
strong  aqueons  ammonia,  washing  the  resolting  ciystalline  pnlp  with  dilate  anxmooia, 
and  recrystallising  from  boiling  water.  It  czystailises  in  long  needles ;  melts  at  1S3^; 
liublimes  without  decomposition ;  diraolres  sparingly  in  ooM,  more  easily  in  boiliitf 
water,  also  in  alcohol  and  ether;  and  is  deoompcwed  by  alkalis  into  ammonia  an! 
mesitylenate. 

(  OH 

OzjmealtjrtoBio  Mt^  C^H^H)*  -  C^*  \  (CH")',  is  produced  by  heating  the  diy 

I  CO«H 
potassium  salt  of  mesitylene-sulphuric  add  with  three  times  its  weight  of  potassimn 
hydrate  to  240^-260^: 

C^'l/rSm.^    +  8KH0  -  C«H«|(CH»)«  +  K«SO«  +  ML 

FotctfBinm  inesitylene-  Bipotanio 

■olphate.  Oxymeaitjlenata, 

Part  of  the  oxymesitylenate  is  at  the  same  time  converted  into  the  potaasfmn-coimpoMd 
of  isoxylylic  phenol,  C*H*(CH")H),  which  is  moreoyer  the  chief  product  obtained  whei 

the  temperature  is  raised  to  280° : 

C^«|(CH»)«  +  KHO  -  C*H»j,^5,x,  +  K«CO". 


^un^.  +  i^u  -  i.-ii-J(CH»)« 


On  dissolving  the  cooled  mass  in  water,  acidulating  with  sulphuric  add,  and  diatjlln^ 
a  small  quantity  of  isoxylylic  phenol  passes  over  at  first  with  the  vapour  of  water ;  aad 
if  the  distillation  be  continued  as  long  as  suddenly  solidif^ng  oil-drops  appear  in  the 
condensing  tube,  the  residual  liquid  repeatedly  agitated  with  ether,  and  the  ether  era- 
porated,  oxymesitylenic  acid  is  obtained  as  a  dark-ooloured  crystalline  mass.  It  may 
be  purified  by  repeated  solution  in  sodium  carbonate,  predpitation  with  hydroehloik 
acia,  conversion  into  barium  salt,  repeated  crystallisation  of  this  salt  from  wattf, 
separation  of  the  acid  therefrom  by  hydrochlorio  add,  repeated  cfystalliBaticm  fhmi 
alcohol,  and  final  sublimation. 

Oxymesitylenic  add  melts  at  176^;  sublimes  without  decomposition  in  broad 
dazzling  white  needles  nearly  an  indi  long,  insoluble  in  cold,  sliehtly  soluble  in  hot 
water,  very  soluble  in  alcohol  and  ether ;  and  crystallises  from  dilute  alcohol  in  long 
silky  needles.  The  aqueous  solution  of  the  acid  or  its  salts  acquires,  on  addition  of  a 
drop  of  ferric  chloride,  a  very  deep  blue  colour  with  a  faint  tinge  of  violet,  changing 
to  dirty  yellow  at  the  boiling  heat.  Free  acids  and  alkalis  interrore  with  this  reaction. 
Barium  oxymeBttylenaUf  (G*H*0')'Ba  +  6H'0,  forms  compact  groups  of  hard  ahining 
liiminfle,  very  soluble  in  hot,  moderately  soluble  in  cold  water,  turning  brown  at  llCr 
and  bladL  at  ISO"*.  The  calcium  salt,  (C*H*0*)*Ca  -f  6H*0,  crystallises  in  dense  tofts 
of  colourless  needles  easily  soluble  in  water,  especii^y  at  the  Soiling  heat,  somewhat 
more  permanent  than  the  barium  salt  (Fittig  a.  Hoogewerff). 


lOSIBXRITS.  This  name  is  applied  by  G-.  Rose  to  meteorites  consisting 
of  nearly  equal  portions  of  metal  and  sihcates  (Beschreibung  und  Emtkeiiung  Aer 
Meteoriten,  Berlin,  1864 ;  Jahresb,  1868,  p.  909  ;  1865,  p.  945). 

XmmOMJLUa  ACZB.  C*HK>*.— This  acid,  originally  obtained,  together  with 
urea,  by  boiling  alloxan  or  alloxanie  acid  with  alkalis  (iii.  982^  is  also  produced  by 
oxidation  of  amidomalonio  acid,  e.ff,  by  treating  that  add  with  iodine  and  water 
(iv.  116): 

C*H«(NH«)0«  +  H»0  +  I»  -  C«H«0»  +  HI  +  NH*L 

On  the  preparation  of  mesoxalie  acid  from  alloxan,  see  Deichsel  (BerL  Ahad,  Ber, 
1864,  p.  587;  Jahresb,  1864,  p.  640).  It  crystallises  from  a  syrupy  solution 
evaporated  at  40^-50°,  and  finally  over  sulphuric  add,  in  prismatic  erystals, 
C'H'0*.H*0,  very  deliquescent,  easily  soluble  in  alcohol,  melting  without  loss  of 
water  at  115°,  and  resolidifying  at  55°.  It  has  a  strong  add  taste  and  reaction; 
decomposes  in  concentrated  aqueous  solution  at  70°-80° ;  forms  with  barium  and  lead 
acetate,  fioccnlent  predpitates  which  gradually  become  crystalline  ;  and  after  neutral- 
iiMition  with  ammonia,  is  precipitated  by  barium  and  caldum  salts,  also  by  silver 
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nitmte  and  meremoas  aitnitd.    The  following  meeoxftUtoe  hate  been  examined  hy 
Beicheel: 

Ammonium  salt    .    CO*(NH*)',  granular  ciystalfl,  taming  red  in  the  air. 

Sodium  salt  •    CO^Na'  +    H*0,  thin  lamine  easily  soluble  in  water. 

Silver  salt     •        •    CO^Ag'  +    HK),  amorphous  yellowish   precipitate  composed 

of  microeoopic  needles. 

Barium  salt  .  2CH)*Ba    +  3H'0,  mich>8Copie  crystals,  nearly  insoluble  in  cold, 

slightly  soluble  in  hot  water,  becoming 
anhydrous  at  170**-180®. 

Lead  salt      *        .    0*0*1%. PbH'O',     nearly  insoluble  in  water. 

Ethylie  Medoxalate,  CO*.(CH*)*  +  H*0(?),  is  formed  by  treating  the  silver  salt 
with  ethyl  iodide  and  alcohol,  as  a  yellowish  non-volatile  oil,  dissolving  easily  in 
water,  with  formation  of  mesoxalic  acid.  With  ammonia  it  forms  a  oystallisable 
amide  which  turns  red  on  exposure  to  the  air. 

Mesoxalic  acid  in  dilute  aqueous  solution  treated  with  sodium-^malgam,  finally  at 
80°-90^  is  converted  into  tartronic  acid,  C*H^O*.  The  silver  salt  boiled  with 
water  is  resolved  into  carbonib  acid,  oxalic  acid,  and  metallic  silver,  a  reaction 
whiclrmay  serve  for  the  detection  of  mesoxalic  acid  (Deichsel). 

On  the  relations  of  mesoxalic  acid  to  nrie  acid  and  its  derivatives,  see  XTbic  Aoxp 
(v.  968). 

MCBTABBiniHITB.  A  caldc  orthophosphate,  POH)aH  +  {H'O^  oocnrring  in 
monocUnie  crystals  in  the  guano  of  Sombrero  (Julien,  Sill,  Am,  J.  [2]  zL  367; 
^ahretb,  1865,  909). 

See  Copaiba  (p.  490). 

[QOXOBiy.  A  compound  of  an  albuminous  substance  with  a 
-brown  colouring  matter,  produced  by  the  decomposition  of  haemoglobin  when  a  con- 
centrated solution  of  that  substance  is  left  to  itself  at  ordinary  temperatures,  or 
evaporated  to  dryness  at  a  temperature  above  100^.  The  brown  colouring  matter 
resembles  hsematin  in  its  optical  characters,  but  differs  from  it  in  its  solubility 
in  water  and  in  dilute  acids.  The  albuminous  substance  resembles  serum  albumin 
(Hoppe-Seyler,  ZeiUehr,  /.  Chem,  1865,  218 ;  Jahretb.  1865,  668). 

MaTAyaCTKO  AOIB.  This  acid,  prepared  firom  mangoM-wunel,  is  described 
by  C.  Scheibler  (ZeUschr.  f.  Chtm,  [2]  iv.  488). 

ITA8I&ZOZO  ACZB.    See  SaiCA. 

C«H*0*  (FranUand  a.  Bappa,  Chem.  8oe.  J.  [2]  iil 
133). — ^An  acid  isomeric  with  crotonie  acid,  obtained  in  the  form  of  an  ethylic  ether 
by  the  action  of  phosphorus  trichloride  on  ethylic  dimethoxalate :  C^H*0'  —  HK)  i^ 
C^H*0'.  (See  Acms,  Oboakic,  p.  41 ;  also  iv.  273.)  By  boiling  the  ether  thus 
produced  with  alcoholic  potash,  and  distilling  the  resulting  potassium  salt  with 
sulphuric  acid,  methacrylic  acid  is  obtained  as  a  colourless  oil,  not  solidifying  at  0^, 
having  a  faint  odour  of  pyrogallic  acid,  and  a  strong  acid  reaction.  Its  salts  exhibit 
the  same  tendency  as  those  of  the  other  acids  of  the  acrylic  series  to  give  up  their 
acid  on  evaporation.  The  silver  salt  is  a  white  precipitate  not  much  affed:ed  by 
light.  The  barium  salt  is  gummy,  very  easily  soluble ;  the  copper  salt  moderately 
soluble  in  water. 

Methaoylic  acid  heated  with  potash  to  the  temperature  of  boiling  oil  is  resolved 
into  propionic  and  formic  acids : 

C*H«0«  +  2H«0  =  C»H«0«  +  CH«0«  +  H«, 

differing  therein  from  crotonie  acid,  which  yields  only  acetic  add. 

aianAWB,  CR*,  Mar^h  Gob.  Methyl  Hydride.—ThUB  gas  is  decomposed  by 
the  continued  passage  of  electric  sparks,  partly  into  hydrogen  and  carbon,  partly  into 
hydrogen  and  acetylene :  2CH^  «  CH*  +  8H*.  Tha  volume  of  gas  obtained  is,  how- 
ever, less  than  the  calculated  quantity,  because  part  of  the  acetylene  is  converted  into 
liquid  polymerides  (Berthelot,  Compt,  rend.hcm.  1188 ;  Zeitsehr,/,  Chem,  [2]  v.  160). 

rCH> 
JDimethyl'diehoromethane,    CH'Cl'  a  G4C1*  . — ^This  compound,  isomerie 

(CH« 
with  propylene  chloride,  and  likewise  called  methfUdhloracetcl  (iii.  1008),  is  prodneed 
by  the  action  of  phoephorus  pentachloride  on  acetone  (iii.  1003) : 

(CH«  fCH* 

C]0       +  PC1»C1«  -  FCIK)  +   C^C« 
lCH»  lOH?i 
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Friedel  a.  ladAnbuig  {Atm.  Ck  Piorm.  czUL  SIO)  pvepan  it  bj  dropping  aeetoM 
upon  phoephoniB  pentachloride,  cooling  the  mixture  at  first,  and  afterwards  ^if^"'»g 
it,  till  the  liquia  which  passes  over  diasolyes  in  water  withoat  leaving  aoj  oOj 
residue.  The  distjUate  washed  with  water  and  dried  jielda  by  repeated  rectificatioB 
chloropropylene,  C^*C1,  between  26**  and  86^,  and  dimeth/l-dichlarooiethane  betven 
66*'and78^ 

Dimethyl'diethi/l'methane      or     Carbodimeihtfl'di^tkyL       CW*  « 

!(C  H*^' 
(C*H*)** — '^^^  hydrocarbon,  isomeric  with  heptane  or  septane,  is  prodnoed  hj 

gently  heating  dimethyl-dichlaromethana  with  nnc-ethyL  Hie  .two  bodies  do  not 
act  on  one  another  in  the  cold,  and  if  they  axe  heated  together  in  sealed  tabes, 
explosion  takes  place ;  but  if  the  dimethyl-dichloromethane  be  added  by  drops  to 
sine-methyl  contained  in  a  flask  with  an  npright  condenser,  the  mixture  gently  heated 
for  some  time,  and  then  distilled,  diraetnyl-diethyl-methane  will  be   found  in  the 

Sortion  boiling  below  110°.  This  distillate  must  be  mixed  with  water,  added  by 
rops  in  a  cooled  flask,  to  decompose  unaltered  sine-ethyl,  the  resulting  nnc  oz^ 
dissolved  in  hydrochloric  acid,  and  the  xe8idual«oil  submitted  after  drying  to 
fractional  distiUation.  The  portion  which  then  distils  between  85^  and  90^  yields, 
after  being  heated  for  several  days  with  sodium  (to  remoye  chlorine),  pore  diaaiethjl- 
diethyl-methane,  boiling  between  86°  and  87°,  haying  a  yapooiHlenaity  ■•  9r4$ 
(obs.  3'62),  and  a  sp.  gr.  of  0*7111  at  0° ;  0*6958  at  20*6°. 

(CB* 
Bimtlhyl'^ht9riodomdhanB   or   MeiMAodoeUaraeetol,    C-tClI,    is    prodnead  by 

lCH« 
heating  chloropropjlene,  CHH^  with  oonoentnrted  hydriodic  add.    It  is  a  fiqnid 
boiling  between  110°  and  130^.    Treated  with  silver  bensoate  it  is  conyexted  into 

dwuthyl-dioxybenMotnethane  or  med^t-henzacetol,  ^](Q^*otyp  bomeric  with  pra* 

pylene  dibenzoate.  This  compound  crystallises  from  ether  in  oblique  rectangular 
octohedrons,  and  is  docomposed  by  water  into  benaoic  acid  and  a  liquid  smelling  like 
acetone  (Oppenheim,  Bull.  8oe,  ChinL  x.  128). 


rZto  CH'^. — ^The  triatomie  radicle  derived  from  methane  by  abstne- 
tion  of  3  at.  hydrogeu ;  it  may  be  supposed  to  exist  in  chlorofonn,  CHGl',  iodafonn, 
CHI»,  &c 

XBTHBHT&-SinbVRint01IB  AOUK     CH«S*0*  •  (CH)''.(SO'H)*.       Jfe- 
thintruulvktmie  acid  (Theilknhl,  An».  Ch,  Pharm.  cxlvii.  134;  Chem,  3oe,  J.  [2]  vi. 
192). — Tnis  acid,  the  third  term  of  the  series  of  which  methyl-sulphurous  add, 
CIi*.80'H,  and  methylene-sulphurous  acid,  CH*.(SO'H)*,  are  the  two   preceding 
terms,  is  produced  as  a  calcium  salt  by  heating  well-dried  calraum  methylsulphate  on 
the  water-bath  for  a  day,  with  six  times  its  weight  of  strongly  fuming  sulphuric  add 
containing  about  10  p.  o.  of  the  anhydride.    The  product  may  be  purified  b^  boiling 
with  water  to  decompose  unaltered  methvl-sulphurie  .acid,  neutralising  with  lime, 
precipitating  the  excess  of  lime  from  the  filtrate  by  carbonic  add,  and  recrystalUsing. 
The  ealcium  salt,  (CHSH)')*Ca*  +  12H>0,  thus  obtained  separates  in  very  fine  crystals 
from  a  moderately  concentrated  aqueous  solution  covered  with  a  layer  of  alcohol  and 
loft  to  itself  for  several  days.     It  gives  off  10  mol.  water  at  120°,  the  remaining 
2  mols.  at  180°,  and  is  not  essily  decomposed  by  high  temperature  or  by  oxidising 
agents.     The  barium  aalt^  (CHS'O')'Ba'  +  OH'O,  separates  in  shining  laminae  on 
mixing  the  calcium  salt  with  barium  chloride,  and  crystallises  from  boiling  water  or 
boiling  dilute  sulphuric  acid  in  beautiful  needles  or  laminie ;  gives  off  6  mol.  water 
at  100°  and  the  rest  at  200°.    A  basic  lead  salt,  (CHS»0»)«Pb«.2PbO,  is  predDiUted 
by  lead  acetate  from  a  warm  solution  of  the  caldum  salt  containing  a  little  alcohol, 
in  stellate  groups  of   needles  sparingly  soluble  in  water.     The  foUutimm  salt, 
GH8*0*E*  +  HH),  obtained  by  exactly  precipitating  a  boiling  solution  of   the 
calcium  salt  with  potassium  bicarbonate,  is  easily  soluble  in  water,  and  aystallises  in 
small  shining  prisms,  which  give  off  their  water  at  100°.     The  free  aeid,  or  hydrogen 
saltt  obtained  by  decomposing  the  lead  salt  with  hydrogen  sulphide,  and  careiully 
evaporating  in  a  yaonum  over  sulphuric  acid,  forms  long,  very  deliquescent  needles, 
having  a  strong  add  reaction,  easily  soluble  in  absolute  alcohol,  and  sepaxating 
therefrom  in  needles. 


•    See  the  last  artlde. 
(CH*)'.— See  Ethajcs. 

Syn.  with  Hbthtjl-bt&tl  Kxionx  (p.  766). 
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CO&  and    WfrmMBM,    Methyl  alcohol,   CH*OH,    may  be 

prepared  ^m  hydrocyanic  acid  by  oonverting  that  compound  into  methyUmine  by 
Mendiun'fl  process  (iv.  68),  and  boiUng  the  slightly  acid  aqueous  solution  of  the  nitrite 
of  that  base,  whereby  it  is  resolved  into  methyl  alcohol,  water,  and  nitrofsm : 

CH»N.HNO«  -  CH*0  +  HK)  +  »«. 

The  methyl  alcohol  thus  obtained  boils  at  66^-^*5^  (corr.  67*1^),  ftiid  haa  a  sp.  gr.  of 
0*8674  at  21''  (Linnemann,  Zeiisehr.  /  Chem.  [2]  iv.  284). 

Methyl  Bromide  is  produced  by  boiling  amyl  bromide  with  methyl  alcohol : 
OH"Br  +  CH>OH  »  C*H>*OH  +  CH>Br  (Hofmann  a.  Giraid,  ZtiUehrJ,  Ckem.  [2] 
y.  663). 

Methyl  Chloride^  exposed  to  the  action  of  chlorine  in  direct  sunshine  is  oonyerted 
mainW  into  dichlorinated  methyl  chloride  or  methylene  dichloride, 
CH'di'.  By  washing  the  gaseous  product  with  water,  passing  it  into  glacial  acetic  acid, 
which  absorbs  it,  then  slowly  heating  the  saturated  acetic  add  to  100^-106^,  and  mixing 
the  distillate  wiUi  water,  an  oil  is  obtained  which  begins  to  boil  at  30^,  the  temperature, 
howerer,  quickly  rising  to  40°,  and  about  half  of  the  product  passing  oyer  between  40^ 
and  60^.  This  distillate  after  two  rectifications  yielaed  a  liquid  boiling  at  40^-42°, 
and  haying  the  composition  CH'Cl*.  The  products  of  higher  boiling  point  consisted 
of  chloroform  and  carbon  tetarachloride  (Perkin,  Chem,  Soe,  J.  [2]  vii.  260). 

Methyl  Sulphoxide.  (CH*)2S0  (Saytseff,  Ann,  Ch,  Pharm,  cxliy.  148 ;  Jahreeb. 
1867,  p.  640).— Methyl  sulphide  added  by  drops  to  cooled  fdming  nitric  acid  dissolves 
to  a  homogeneous  liquid  which  when  evaporated  leaves  the  nUrat€  of  methyl  mdphoxide, 
(CH*)'SO .  HNO*,  which  after  pressure,  standing  over  lime,  and  recrystalliaation  from 
water,  forms  ocdourless  deliquescent  needles  dissolving  yery  easily  in  water,  with  acid 
reaction,  less  easily  in  alcohol  and  ether,  melting  at  100°,  and  decomposing  with  slight 
explosion  at  a  higher  temperature.  When  its  aqueous  solution  is  treated  with  barium 
carbonate,  and  the  evaporated  residue  is  digested  with  absolute  alcohol,  methyl  snlph- 
oxide,  (CH')'SO,  dissolyee,  and  remains,  after  evaporation  of  the  alcohol,  as  a  colourless, 
inodorous,  syrupy  liquid,  which  solidifies  to  a  crystalline  mass  on  cooling.  It  is  not 
volatile  wiuout  decomposition,  dissolyee  easily  in  water,  alcohol,  and  ether,  and  is 
reduced  by  sine  and  sulphuric  acid  to  methyl  sulphide. 

When  methyl  sulphoxide  is  heated  to  100°  for  five  or  six  hours  with  concentrated 
sulphuric  acid,  a  souition  is  formed,  which  on  evaporation  leayes  methylsulphone, 
(CH*)^0',  as  a  viscid  mass  which  crystallises  on  cooling.  This  compound  dissolves 
easily  in  water,  alcohol,  and  faming  nitric  acid,  crystallises  therefrom  in  prisms,  sub- 
limes at  100°,  boils  without  decomposition  at  238°,  melts  at  109°,  and  solidifies  again 
at  99°.    By  sine  and  dilute  sulphuric  acid  it  is  also  reduced  to  methyl  sulphide. 

Methyl  Bieulphoxide,  (CH')%'0^  is  produced  by  treating  the  bisulphide, 
(CH*^'^,  with  nitric  acid  of  sp.  gr.  1*2  diluted  with  an  equal  volume  of  water.  After 
washing  with  water  and  drying  with  calcium  chloride,  it  forms  a  colourless  oil  heayier 
than  water.  It  is  converted  into  methvl-sulphuric  acid  by  strong  nitric  acid,  and 
reduced  to  methyl  bisulphide  by  zinc  and  dilute  sulphuric  acid  (SaytzofT,  Zeitachr,  /. 
Chem,  [2]  iv.  641). 

The  trimethyl-sulphurous  compounds  produced  by  combination  of  methyl 
sulphide,  (CH')'I^  with  ethyl  iodide,  bromide,  &c.,  are  described  in  yol.  v.  p.  886. 


CH'.C'H*. — This  hydrocarbon,  identical  or  isomeric  with 
butflene,  is  produced  by  heating  a  mixture  of  zinc-methyl  and  allyl  iodide  with 
sodium  to  120°,  or  by  heating  a  mixture  of  methyl  and  allyl  iodides  with  sodium  to 
IWfi  (p.  376). 

MJl'M  1  !■  il lltf  wa,  CH".H*N. — ^When  an  aqueous  solution  of  this  base  is  set  on 
fire,  the  hydrogen  chiefly  bums,  and  hydrocyanic  acid  is  found  in  the  remaining  liquid : 
CH»N  +  O*  =  CHN  +  2H«0  (ToUens,  Zeitsehr.f.  Chem.[2]  ii.  616).  Methykmine 
heated  with  saturated  hydriodio  add  yields  ammonia  and  metiiane :  GH*N  -4-  2HI  «« 
CH*  +  NH«  +  P  (Berthelot). 

IHmethylamine  is  said  to  occur  in  Jmiea  montana  (Hesse,  Jahreeb.  1864,  p.  468),  in 
the  seeds  of  the  beech  (Brandl  a.  Rakowiecki,  ibid.  607),  and  in  Cotyledon  umbilicus. 
According  to  E.  Ludwig  (Zeitachr,/,  Chem.  iy.  96),  it  occurs  in  small  quantity  in  seyeral 
Austrian  and  Hungarian  wines. 

Drimeihyl-^fxethylammonium  Hydrate.-  See  CHOLDnt  (p.  448). 


1CH' 
C«U» 

!CH* 
CHXC»H»')-   (See  KarowKS,  p.  766.) 
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LOBTO&.    See  page  886. 

Serenl  methylic  deriratires  of  beiueene  haTe  i^tntij 
been  described,  vis.  moDomethyl-benzene  or  toluene,  CH*.CH*  (p.  279)«  disMtbii- 
benjEene,G«H«(CH>)*,  and  trimethyl-benseneb  C^*(CH')**  the  last  two  ooauriogii 
several  modifications  (pp.  298,  296,  298). 

TetnunetliyL-beiiseBe  or  IKvene*  0*S}*  s  C'H'(CK*)',  isomeric  with  cjumm 
(p.  302),  has  kt^ly  been  obtained  by  Jannasch  a.  Fittiff  (ZeiUehr./:  Cham.  [21  tI.  16])l 
It  is  prepared  by  the  action  of  sodium  and  methyl-iodide  on  monobjomo-paeodocwmfas 
in  ethereal  solution : 

(>H«Br(CH")«  +  CH»I  +  Na«  -  Nal  +  NaBr  +  OB^CIP)*. 

After  six  days'  digestion,  the  liquid  was  distilled  and  the  product  feactioxiated.  After 
the  first  distillation,  the  whole  of  the  liquid  collected  between  170^  and  200^  aotidified 
in  the  crystalline  form  on  cooling,  the  last  portion  completely.  After  two  or  ibm 
distillations,  the  greater  portion  passed  over  between  186^  and  195^9  and  aolidifiwi 
completely  on  cooling.  U  was  purified  by  repeated  pressure  between  paper,  drying 
over  sulphuric  acid,  and  rectification. 

Durene  is  the  only  known  hydrocarbon  of  the  bencene  series  which  is  solid  at  oidi- 
nary  temperatures.  It  dissolves  easily  in  alcohol,  ether,  and  benaene ;  CTyntHlViKmiTom 
alcohol  in  compact  crystals  belonging  either  to  the  monodinic  or  to  the  tzidiBie 
system ;  has  but  a  faint  benzolic  odour ;  melts  between  79®  and  80^  ;  and  boils  oos- 
sUntly  at  189*^-191®.  It  fioata  on  water,  volatilises  with  aqueous  Taponr,  and  bazas 
with  a  very  bright  fiame. 

Dibromodurene,  C'^H'^Bi*  «  C^r>(CH*)%  is  formed,  with  violent  reaedan, 
when  durene  is  dissolved  at  ordinary  temperatures  in  excess  of  bromine  ;  the  prodaet 
may  be  purified  by  washing  with  soda-ley  and  with  water.  It  is  nearly  insoluble  in  eold 
alcohol,  but  slightly  soluble  in  boiling  ^cohol,  and  crystallises  there£rom  in  thin  S1II7 
brittle  needles ;  melts  at  199®,  and  sublimes  undecomposed  at  higher  tempezBtares. 

Diniirodurene,  G»H"(KO*)>  -  C«(NO*)*(CH*)«,  separates aa  a  white  pieciintat^ 
when  durene  is  added  to  cold  very  stronig  nitnc  acid,  and  the  reeultingr  solution  k 
poured  into  water ;  it  crystallises  from  alcohol  in  colourless  shining  rhombic  prisms, 
from  benzene  in  compact  crystals.  It  is  easily  soluble  in  ether,  somewhat  less  in 
benzene,  still  less  in  hot  alcohol,  vezy  slightiy  in  cold  alcohol.  It  melts  at  199%  aoi 
sublimes  without  decomposition  at  a  higher  tempemtnre  in  splendid  ahiniiig  needles. 

Oxidation-products  of  Durene  (Jannasch,  Zeitsckr.f,  Ckem.  [2]  ti.  449;  yii. 
83). — By  oxidising  durene  with  dilute  nitric  acid,  two  adds  are  obtained,  one  of  which 
volatilises  with  the  aqueous  vapour,  while  the  other  remains  behind^ 

Cumylie  aM,  C"H»«0"  -  C«H«(CH«V» .  CO«H,  the  more  volatile  of  these  two  adds, 
is  the  tiiird  homologue  of  benzoic  acia.  It  is  nearly  insoluble  in  cold  water,  reiy 
slightly  soluble  in  filing  water,  very  easily  soluble  m  alcohol  and  ether,  somewhst 
lese  soluble  in  benzene,  from  which  it  crystallises  on  cooling  in  irregular  arboreseeot 
groups  of  hard,  limpid,  highly  lustrous  needles.  It  volatilises  with  vapour  of  water, 
sublimes  in  long  delicate  needlea,  and  melts  at  140^-160^.  It  is  monobasic.  The 
barium  etdt,  (C>*9"0«)'Ba  +  7HK),  crystallises  in  transparent  tabuhir  prisms  efllo- 
rescing  over  sulphuric  add.  The  ecdcium  §ait,  (C**H"0')'Ca  •#•  2H^,  forms  smaUtf 
crystals  arranged  in  nodular  groups. 

Cumidio  acid,  C>«H"0*  =  C«H*(CH»)«.fC02H)«,  the  less  volatile  acid  above  men- 
tioned, is  bibasic  and  homologous  with  phthalic,  uvitic,  and  xylidic  adds.  It  is  nesrfy 
insoluble  in  water,  very  slightly  soluble  in  ether  and  in  benzene,  more  readily  in 
boiling  alcohoL  On  adding  benzene  to  the  alcoholic  solution,  the  add  slowly  czyirtal- 
lises  in  long  transparent  needles.  At  a  ver^  high  temperature  it  sublimes,  without 
previous  fusion,  and  condenses  in  small  shining  transparent  plates.  The  barmm  eaU, 
Ci*H"0*Ba  -¥  2HK),  forms  rhombic  ]^lates  having  a  fine  pearly  lustre.  The  ealevm 
gait,  C**HH)K!a  -i-  2H'0,  crystallises  in  small,  vezy  shining,  transparent,  vezy  camp§d 
prisms. 

.OBTOlk  Syn.  with  DiMXTHTirDiCHLOBOMiniiAMB  (p.  825). 

LCXB.    OH"0«  (Frankland  a.  Duppa,  Ckem.  Soe,  J, 

[2]  iii.  133;).— Isomeric  with  angelic  add.  Its  ethylic  ether,  0*H'0*.C>H*,  produced 
By  the  action  of  phosphorus  trichloride  on  ethylie  ethomethoxalate  (iv.  275),  is  a 
mobile  liquid  having  an  intolerable  odour  of  decayed  fungi,  and  a  burning  taste ; 
boiling  at  166^ ;  insoluble  in  wjciter,  but  misdble  in  all  proportions  with  alcohol  and 
ether.  By  alcoholic  potash,  it  is  resolved  into  alcohol  and  methyl-crotonic  add,  which 
melts  at  62^,  and  crystallises  on  cooling  in  shining  needles,  much  more  scdable  in 
water  than  ethyl-crotonic  add  (p.  600).     lU  barium  ealt,  (G!H'0'>'Ba,  is  easily 
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■olablo  and  diAenlt  to  o^vtallise ;  the  tUver  salt,  C*H'0*Ag,  is  a  white  eiTBtalline 
powder,  slightly  soluble  in  water.  Hethyl-eiotonio  acid  heated  with  potassium 
hydiate,  is  resolved,  like  angelic  acid,  into  propionic  and  acetic  acids : 

C»HH)«  +  2HK)  =  C»H«0«  +  C«H*0«  +  H«. 


C*H"0*  (B.  Brandes,  Jmaiscke  ZeiUehr.  iii.  26 ; 
Jakreab.  1866,  p.  306).  Formate  of  AoetyUnaied  Ethyl  (p.  690).— Produced  by  the 
action  of  sodium  on  methyl  acetate,  in  the  same  manner  as  ethyl-diacetic  acid  from 
9thyl  acetate  (p.  601).  The  sodium  salt,  which  is  the  direct  product  of  the  reaction, 
may  be  purified  by  treatment  with  anhydrous  ether.  It  is  slightly  soluble  in  pure 
ether,  easily  in  alcoholic  ether,  and  is  decomposed  gradually  by  contact  with  the 
air,  more  quickly  by  boiling  its  aqueous  solution,  in  the  manner  represented  by  the 
following  equation : 

20»H»0«Na  +  8HK)  -  2C«H«0  +  2CH«0  +  CO»Na«  +  C0». 
Sodloin  Acetone.  Methyl  Sodium 

methyl-dlaoetete.  aloohoL         carbonate. 

Methyl-diacetic  acid  separated  from  the  sodium  salt  by  acetic  acid,  and  purified  by 
agitation  with  ether  and  fractional  distillation  of  the  ethereal  extract,  is  a  colourless 
liquid  haying  a  fruity  odour,  a  sp.  gr.  of  1*037,  and  boiling  at  169^  to  179®.  With 
ferric  chloride  it  produces  a  characteristic  dsfk  cheiry-red  colour,  rose-red  in  rery 
dilute  solutions.  It  distils  with  aqueous  vapour  in  oily  drops,  and  is  decomposed  by 
heating  with  strong  acids  and  bases,  in  the  same  manner  as  the  sodium  salt  by  boiling 
with  water.  The  copper  ealt^  (C*H'0')*Cu  +  2H0,  separates  on  adding  cupric  acetate 
to  the  acid  neutralised  with  bturyta-water,  in  pale  green  crystals  insoluble  in  alcohol. 
When  heated  with  water  it  is  decomposed  like  the  ethyl-diacetate.  The  methylio 
ether,  0*H'0".C*H*,  obtained  by  heating  the  sodium  salt  with  methyl  iodide,  is  a 
colourless  liauid  boiling  at  177*4®;  having  a  sp.  gr.  of  1*020  at  9^;  smelling  like  mint 
when  diluted,  and  producing  a  violet-red  coloration  with  ferric  chloride.  The  ethylic 
ether,  (^H'C.CH*,  preparod  in  like  manner,  boils  at  189*7°  (corr.)  and  has  a  sp.  gr. 
of  0*996  at  14^.  It  is  distinguished  from  the  isomeric  compound,  methylic  ethyl- 
diacetate,  by  its  somewhat  lower  boiling  point,  and  by  producing  a  splendid  violet- 
red  colour  with  ferric  chloride.  By  prolonged  contact  with  strong  aqueous  ammonia, 
it  forms  an  oil,  CH^NO*,  which  may  be  either  the  amide  of  ethyl-methyl-diacetic 
acid,  or  the  ethylamide  of  methyl-diacetic  acid,  and  a  solution  which  on  evaporation 
yields  the  amide  of  methyl-diacetic  acid,  C^H^O',  in  concentric  groups  of  silky 
needles  melting  at  82^-83^. 

In  the  rectification  of  methyl-diacetic  add  there  remains,  together  with  colouring 
matter,  a  crystallisable  substance  which  volatilises  with  vapour  of  water  and  exhibits 
the  composition  and  properties  of  dehydracetic  acid,  C*H."0*  (p.  643).  The  same 
acid  is  also  formed  by  heating  sodium  methvl-diacetate  to  170®  in  dry  carbonic  acid 
gas,  methyl-diacetic  add  then  distilling,  whilst  dehydracetate  and  carbonate  of  sodium 
remain  behind,  together  with  a  resinous  body. 

MJTmil.^nOTTlF<gil»BTWOlN  C«H*«0  ->  CH>(0>H*)*.COH.— See 
Hexti.  Aloohou  (p.  698).  ., 

MJrrM I JiBMB-COMV O TO9S.  The  ehloride,  CH'Cl*,  is  produced :  1.  By 
the  action  of  chlorine  on  methylene  iodide  (iii.  1006) ;  to  remove  the  last  traces  of 
iodine,  prolonged  treatment  with  chlorine  at  ordinary  temperatures  is  required 
(Buttlerow,  Zdtechr,  /.  Chem,  [2]  v.  276).— 2.  By  the  action  of  chlorine  on  methyl 
chloride  in  sunshine  (Perkin,  p.  827). — 3.  Together  with  marsh  gas,  by  agitating  an 
alcoholic  solution  of  chloroform  witn  excess  of  sine-powder  and  a  small  quantity  of 
ammonia.  The  methylene-chloride  thus  produced  is  separated  from  unaltered 
chloroform  bv  fractional  distillation  (Perkin,  Chem,  News,  xviii.  106).  It  is  a 
colourless  mobile  liquid,  smelling  like  chloroform  and  having  a  burning  taste ;  slightly 
soluble  in  water,- espedally  at  high  temperatures.  Sp.  gr.  1*3604  at  0^ ;  coefficient  of 
expansion  for  1®  between  0®  and  +  20®  -  0*00187.  Boiling  point  4(P  (Buttlerow) ; 
40®-42®  (Perkin).  The  idea  formerly  entertained  of  the  existence  of  two  isomerie 
compounds  having  the  composition  CH*Cl*  is  no  longer  admissible. 

Methylene  Iodide,  CH'P,  is  produced  by  heating  chloroform  with  hydriodio 
add  to  126®  in  sealed  tubes;  probably  thus :  CHa*  .+  SHI  »  3HC1  +  CHI*; 
and  CHI*  +  HI  -  I*  +  CH*I*  (Lieben,  p.  438). 

Hexamethylenamine,  C*H'«N*  a  (C'^«)*N.*.— A  base  produced  by  the  action 
of  dry  ammonia  gas  on  pulverised  oxymethylene  (dioxymethylene,  iii  1007): 

(CH«0)*  -I-  4NH*  «  C^»«N«  +  6H*G; 
or  by  heating  a  mixture  of  vapour  of  oxymethylene  and  ammonia  gas  to  160^-170®. 
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It  cryttalliBei  trma  alcohol  in  oolourlew  shintng  rhombohedToni  <ir  short  ptisiai;  is 
inodorous,  in  the  cold,  but  has  a  yery  dtsugreeable  odonr  when  heated;  snbliraes 
8lowly  at  100°  in  small  lughlj  Instrons  crystals ;  dissolves  easily  in  vater  and  in 
Ixjiling  alcohol,  less  easily  in  cold  alcohol,  scarcely  at  all  in  ether ;  has  a  distini:! 
alkaline  reaction.  The  hydrochloride,  C*H'*N* .  HCl,  is  easily  soluble  in  water,  slightly 
soluble  in  alcohol ;  crystallises  in  long  white  needles ;  melts  and  deomnpoees  eooi- 
pletely  when  heated.     Its  solution  forms  with  platinie  chUmde  a  pale  ontnge-cdound 

Srecipitate,  often  exhibiting  octohedrons  and  tetrahedrons,  insoluble  in  cold  water, 
eoomposed  by  boiling  water  (Buttlerow,  Ann,  CK  Pkarm,  cxv.   322 ;  ZsiYselr.  /. 
Chtm.  [21  V.  278). 

CH" .  C«H»».— See  Hbptaics  (p.  696). 

V.    See  Htdamtoxn  (p.  703). 

ce  AABBBTSB*     See  Formic  Aij>khtdr  (p.  622). 

C02IOCM&<raULC  VTOSa    Syn.  with  BiMETHTii-acLosioDOianun 

(p.  826). 
AUITH 1  "UOWLMlMIM  M^  CH^*,  may   be    regarded   as    carbomethyltziamine^ 

N'J  CH*  (Hofinann,  Ann,  Ch,  Pharm.  crrxix.  107). 

MZJUK^ira.    Analyses  of  this  rock  from  Bitio  in  TransylTania  liave  beea  madt 

by  FeUner  (Jakresb,  1867,  p.  1026). 

an&X-JLWAXT8Z0«  According  to  Wanklyn,  whose  researches  on  milk  are 
published  in  the  MilJt  Journal,  almost  the  only  sophistications  to  which  milk  is 
actually  subjected  are  the  more  or  less  complete  removal  of  the  cream,  and  **«*-»««n 
with  water.  Out  of  some  hundreds  of  samples  of  milk  bought  in  London  in  the  pvs- 
sent  year  (1871),  so  large  a  proportion  as  about  jjc  wen  feond  to  have  been  either 
skimmed  or  watered,  or  both  skimmed  and  watered,  no  other  kind  of  adulteration 
beinff  recognised.  The  method  of  examination  consisted  in  taking  the  solid  residne 
dried  at  100^  and  measuring  the  yield  of  cream,  or  else  estimating  the  fat  by  means 
of  ether. 

Contrary  to  what  has  been  often  stated,  Wanklyn  finds  that  a  milk  residue  may  be 
easily  and  conveniently  dried  until  its  weight  is  quite  constant  at  100°  C.     For  this 

Surpose,  aboat  6  grams  of  milk  are  evaporated  in  the  water-bath,  in  a  thin  platinum 
ish»  and  maintained  at  100®  for  the  space  of  three  hours,  when  the  weight  of  the 
solid  residue  will  be  found  to  have  become  constant,  being  incapable  of  sensible 
diminution  by  prolonging  the  dryins  for  three  hours  longer.  The  following  examples 
may  be  cited  (see  Milk  Journal,  vol.  i.  p.  109).  A  specimen  of  genuine  oovntzy-fel 
milk  fUmished  in  four  experiments : 


SoUdidzy 

MUk.                           at  100».  of  toUdaT 

I.  4*969    grams   gave    0*616  grams  12*40 

II.  60105      „          „        0-6256    „  12*48 

in.  5*007        „          „       0*623      „  12*44 

IV.  6*0145      „          „        0*626      „  12*48 

Mean  percentage  of  solids      •  .        12*45 

A  specimen  of  veiy  rich  town-fed  milk  gave  in  four  experiment*: 

HUk.                               SolidB.  Peroentaoe. 

L  5*000   grams   gave    0*7035  grams  14*07 

II.  5*004        „           „        0*705       „  1409 

III.  5000        „          „        0*7025    „  1405 

IV.  5006        „          „        0*705      „  1408 
Mean  percentage  of  solids      .        •  .        14*07 

The  oomplete  analyses  of  the  two  kinds  of  milk  fVimishod  the  foUowing  xvsnlfA : 

Oountiy  Town 

milk.  milk. 

Water         .        .        .        87*55  85*93 


Fat     . 
Casein 
Milk-sngar 
Ash 


3*07  4*00 

4*04  6*02 

4*63  4*31 

0*71  0*74 

100*00  10000 
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peruaale,  SKIO^.Zn^PO"  +  iH*0,  is  precipitated  by  teirapotassic  periodate  from  a 
•olntioD  of  nnc  sulphate ;  the  acid  filtrate  oontains  sine  as  well  as  periodic  acid,  and 
gndnally  depoeite  crystals  of  Donnal  potassium  periodate  (Bammelsoerg). 

Niekil  Salts, — Recently  precipitated  nickel  carbonate  dissolyes  in  periodic  acid, 
with  green  colour,  and  formation  of  peroxide,  iodate,  and  insoluble  basic  periodate  of 
nieku.  ^  The  acid  green  solution  evaporated  at  a  very  gentle  heat,  or  oyer  oil  of  vitriol, 
yields  light  green  crystalB  (rectangular  four-sided  prisms  with  oblique  end-faces)  of 
the  nit  Ni'I*0*»  or  NiIK>*.3Ni'P0*,  with  variable  amount  of  water  (49  to  63  moL). 
It  is  insoluble  in  water,  but  blackens  when  heated  with  water,  forming  iodate  and  per- 
oxide of  nickel.  The  same  compound  is  precipitated  from  the  add  mother-liquor  by 
incomplete  saturation  with  ammonia  (Rammelsbeig). 

Cobalt  Salts. — Lantech  by  treating  dry  tetrasodic  periodate  with  excess  of  cobalt 
■alpbate,  or  by  evaporating  a  solution  of  the  two  salts  to  diyness,  obtained  a  dark 
Jfeliov-greenish  powder,  to  which  he  assigns  the  composition  Co^PO'*  +  16HH>  or 
70)0.21*0'  +  16HH)  ;  he  finds,  however,  that  it  gives  off  chlorine  when  dissolved  in 
hydrochloric  acid:  hence  it  should  contain  a  oobaltio  compound.  Acoordinff  to 
BsDunelsberg,  alkaline  periodates  produce  in  solutions  of  cobaltous  salts  a  precipitate 
eonsistiag  of  hydrated  cobalt  peroxide  mixed  with  cobaltous  iodate  (part  of  the  latter 
also  remaining  in  solution) ;  Uie  same  products  are  likewise  formea  when  cobaltous 
esrbooate  is  disBolved  in  periodic  acid.  Exactly  similar  results  are  obtained  with 
iBangaooiis  salts.  Ferrous  salts  yield  with  alkaline  periodates  a  brownish-yellow 
pndpitBte  of  ferxous  iodate. 

Ferric  Psrt<?Ja«*,  (Fe«)»*»PO"  +  21H«0  or  2Fe»0M«0'  +  2lH»0,  is  formed 
on  adding  tetiapotassic  periodate  to  solutions  of  ferric  salts,  as  a  light  brownish- 
jellow  precipitate,  which  dries  up  to  dark  brown  lumps  having  a  shining  fracture. 

Cadmium  Salts. — The  normal  salt,  CdlK)*,  is  formed  as  a  heavy  white  powder 
mixed  with  a  small  quantity  of  the  following  salt,  on  treating  cadmium  carbonate  with 
a  hot  solution  of  jperiodic  acid.  If  an  insufficient  quantity  of  the  acid  is  used,  the 
Utncadmic  salt  Cd*IH>"  +  SHH)  is  produced.  The  add  mother-liquor  of  these  two 
salts  yields  by  spontaneous  evaporation,  the  salt  Cd*PO*  +  9H'0  in  rectangular  four- 
rided  tables  Monging  to  the  rhombic  system.  It  is  insoluble  in  water,  and  is  oon- 
▼erted  by  boiling  therewith  into  a  yellowish  powder.  A  fourth  salt,  Cki**IK>"'  + 
15HK),or  perhaps  Cd*IK)*.20d<P0"  +  16H*0.  is  obtained  as  an  insoluble  white 
precipitate,  on  po<uring  cadmium  sulphate  into  normal  sodium  periodate. 

Copper  Salts. — ^The  pentacupric  salt,  Cu*PO'*  +  SH'O,  separates  as  a  green 
powder  on  adding  cupric  carbonate  to  aqueous  periodic  acid :  it  gives  off  half  ite  water 
at  200^.  When  a  solution  of  cupric  nitrate  is  mixed  with  normal  potassium  periodate, 
a  green  precipitate  is  formed  at  first,  and  the  blue  acid  filtrate  afterwards  deposite  the 
tetraenpric  salt,  Cu^IK)"  +  TH'O,  in  dark  green  microscopic  crystals.  A  solution  of 
leeently  predpitated  cupric  hydrate  in  periodic  acid  first  deposite  the  pentacupric  salt, 
and  then,  by  sponteneous  evaporation,  the  dicupric  salt  Cu'PO*  +  6H*0,  in  dsurk  green 
crystalline  aggregates.  A  potassio-euprio  salt  of  uncertain  composition  is  formed  as  a 
bright  green  precipitete  on  mixinff  the  solutions  of  cutoic  nitrate  and  tetrapotassic 
penodato  (Bammelsbeig).  Lauts<!hobteinedthesaltCu«H*PO»or4CuO.PO'  +  H'O, 
as  a  green  crystaUine  mass,  by  treating  the  dry  sodium  salt  with  aqueous  cupric 
sulphate,  or  as  a  siskin-green  powder,  by  mixing  the  solutions  of  cupric  sulphate  and 
tetnsodie  pecriodate  (whereby  no  precipitate  is  produced),  evaporating  to  dryness. 
redissolving,  again  evaporating,  and  washing  (Rammelsberg). 

Lead  Salt. — ^The  lead  periodate  predpiteted  on  mixing  the  solutions  of  normal 
sodium  periodate  and  lead  nitrate  has  the  composition  Fb'PO**  +  2H*0  esteblished 
by  Lan^oia.  'When  heated  with  a  solution  of  periodic  add,  it  acquires  a  yellowish- 
red  eolour  without  giving  up  any  of  ite  lead,  and  is  afterwards  insoluble  in  nitric  add 
(Bammelsbeag). 


normal 

*H«H>  _  , 

when  heatad  is  resolved  without  reddue  into  yellow  and  red  mercuric  iodide,  metallic 

nemuT,  and  oxygen  (Rammelsbeig).  A  dseamereurfHts  salt,  Hg**I*0^'  or  6Hgi*0  .PC, 

a  obtained  hj  predpitating  the  solution  of  the  tetrasodic  salt  with  merenrous  nitrate, 

or  bj  digesting  the  same  sodium  salt  in  the  solid  stete  with  the  mercurous  solution,  as 

a  light  yellow  predpitote,  affording  a  characteristic  reaction  of  periodic  add ;  it  becomes 

somewhat  darker  at  100^,  dissolves  in  nitric  add,  and  likewise  in  hydrochloric  acid, 

^th  evolntion   of  iodine  chloride.    Hydrogen  sulphide  throws  down  mercury  from 

these  solutions,  without  previous  separation  of  iodine.    Stennous  chloride  converte  the 
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aspect  of  ferric  hydrate,  whilst  only  yezy  small  quantities  of  tricncide  remuii  ia 
sofntion :  hence  the  dioxide  cannot  be  regarded  as  a  molybdate  of  the  sasqoioxkie, 
Ho^O'.MoO*.  Blu4  oxide  of  molvbdenwm  is  obtained  by  mixing  the  brown  solntioB 
of  the  dioxide  with  a  solution  of  tne  trioxide  in  hydrochloric  add,  and  washing  the 
precipitate  with  a  mixture  of  alcohol  and  sal-ammoniac  After  drying  orer  snl^une 
acid  It  has  the  composition  Mo'O*  +  3H*0.  Qy  strong  bases  it  is  deoompoaed,  lika 
the  other  blue  oxides  of  molybdenum,  into  dioxide  and  trioxide.  Wheo  a  mixture 
of  molybdic  chloride  and  ammonium  molybdate  is  left  to  itself  for  aome  time, 
crystals  form  in  the  blue  precipitate,  which  may  be  purified  by  washing  with 
alcohoL  They  are  very  small,  prismatic,  brown  b^  transmitted  light,  and  dissolTe 
in  water,  forming  a  yellow  solution,  with  separation  of  dioxide ;  silrer  salts  added 
to  this  sclution  tluow  down  a  yellow  precipitate  easily  soluble  in  nitric  acid.  Mealed 
out  of  contact  with  the  air,  they  giye  off  water  and  ammonia,  and  leaye  a  blue 
oxide  containing  Mo'O*.  Their  oompoeition  may  be  represented  by  the  fonnnls 
2(MoO«.MoO»).(NH«)«0.2MoO«  +  9H»0. 

The  dioxide,  MoO*,  is  obtained  in  the  crystalline  form  by  fusing  sodium  molybdate 
in  a  porcelain  crucible  with  a  third  of  its  weight  of  sine  aoded  by  small  portions,  the 
heat  being  continued  till  the  crystalline  growth  which  spreads  out  from  the  sine  fills 
the  entire  liquid.  The  oooled  mass  digested  alternately  with  caustic  potash  and 
hydrochloric  acid,  and  washed  with  water,  leayes  the  dioxide  in  dark  blue-Tiolet 
prisms,  haying  a  strong  metallic  lustre,  and  appearing  light  yiolet-red  by  transmitted 
ught  They  conduct  electricity  well  (quickly  becoming  coyered  with  copper  wfaea 
immersed  in  solution  of  cuprio  sulphate  in  contsct  with  sino^ ;  are  not  attacked  by 
hydrochloric  add  or  potasn-ley  eyen  at  the  boiling  heat;  out  are  conyerted  into 
trioxide  by  heating  with  nitne  acid.  Sodium  molybdate  is  not  reduced  by  tin 
(Ullik,  Jakretb,  1867,  p.  287). 

Trioxide  or  Molybdie  Anhydride, — On  the  preparation  of  this  oxide  from 
natiye  lead  molybdate^  see  Ullik  (ZeiUchr.  /.  Chem,  [21  iy.  690).  The  sdlaUe 
(colloidal)  modification  (iii.  1086)  may  be  prepared  by  decomposing  precipitated 
barium  molybdate  with  an  exactly  equi^nilent  quantity  of  sulphuric  acid,  ^nie  solutioB 
eyaporated  oyer  sulphuric  acid  leayes  soluble  molybdic  acid  in  the  form  of  a  tnos* 

Cut  blue  or  blue-green  mass,  easily  soluble  in  ;irater,  but  gradually  beoomiBg 
soluble  by  keeping,  and  oopyerted  at  higher  temperatures,  with  lose  of  water,  into 
ordinaiy  molybdic  anhydride  (TJllik).  Aoooiding  to  Graham,  the  colloidal  eolution 
eyaporated  at  100^  leayes  eolubU  molybdic  anhydride. 

Amorphous  soluble  molybdic  acid  retains  at  different  temperatures  constant 
quantities  of  water,  corresponding  to  definite  hydrates,  HK>.2MoO*  being  formed  at 
100^  HH).4MoO»  at  120«,  and  H«0.8MoO«at  160^-170®.  The  hydrate HK).2MoO« 
is  also  formed  when  molybdie  acid  is  left  for  seyeral  months  oyer  oil  of  yitrioL  The 
hydrate  HK).6MoO*  is  produced:  1.  By  eyapoiating  a  solution  of  amorphous 
molybdic  acid  oyer  the  water-bath. — 2.  By  boiling  a  solution  of  the  magnesium  salt, 
MgO .  MoO'  -I-  7H*0,  with  a  large  excess  of  nitric  acid. — 3.  By  boiling  the  aqueous 
S(^tion  of  amorphous  molybdic  acid  with  sulphuric  acid.  This  hydrate  separates  as 
a  fine  white  powder  which  is  nearly  insoluble  in  water,  and  when  suspended 
therein  forms  a  milky  liquid  which  runs  through  the  filter ;  it  may  howeyer  be 
washed  by  decantation  with  water  containing  nitric  acid.  It  does  not  lose  weight 
oyer  oil  of  yitriol  or  at  100^.  The  hydrate,  H*O.MoO',  was  once  obtained  aecident^y 
when  a  solution  of  the  salt  Mjg;O.MoO*  +  7HH)  was  mixed  with  a  quantity  of  nitric 
acid  nearly  equiyalent  to  the  magnesiimi  and  left  to  itself.  It  formed  crystalline 
crusts  composed  of  yery  small  needles,  nearly  insoluble  in  cold,  yery  slightly  soluble 
in  hot  water,  and  not  losing  weight  at  100^  (Ullik,  Ann,  Ch.  Phatm.  diii.  868). 

A  weak  solution  of  molybdenum  trioxide  in  nitric  acid  yields  with  potassium  xanthate, 
eyon  in  yery  dilute  solutions,  a  light  yellow  to  flesh-coloured  precipitate,  which  in  a 
few  minutes,  especially  on  agitation,  assumes  a  splendid  yiolet  colour.  More  cod- 
centrated  solutions  immediately  yield  a  nearly  black  coagulating  precipitate,  which, 
after  diying  in  a  yacnum,  has  the  composition  (G*H*0*S')'Mo  •¥  aK)  (Sieweit, 
Jahreeb,  1864,  p.  707). 

The  dark  red  coloration  produced  by  boiling  an  ammoniacal  solution  of  molybdie 
acid  for  a  short  time  with  a  moderate  excess  of  yellow  ammonitem  sulphide,  appears 
reddish-yellow  in  more  dilute  solutions,  and  after  a  while  brick-red,  depositing  sahnon- 
coloured  flocks;  this  reaction  is  perceptible  in  a  solution  containing  only  0*8  miUigr. 
molybdic  anhydride  in  a  litre.  On  adding  to  the  reddish>yellow  solution  potassium 
sulphocyanate  and  ether  (which  produce  no  alteration),  then  a  strongly  acid  solution 
of  stannous  chloride,  and  agitating,  the  ether  takes  up  molybdenum  sulphocyanate, 
and  acquires  an  orange-red  colour,  changing  to  carmine-zed  on*exposure  to  the  air. 
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The  brawn  liquid  produeed  by  adding  the  add  tolntion  of  itannona  chloride  to 
ammoninm  molybdate  ezhibita  with  potaasinm  solphoqranate  and  ether  the  aame 
xeaetion»  which  depends  on  the  formation  of  molybdennm  trichloride  and  trisnlpho- 
cyanate,  and  oxidation  of  the  latter  to  carmine-colonred  tetrasnlphocyanate : 

MoHJl*  +  6KCjrS  -  6Ka  +  MoK)y^ ; 
2Mo»Cy«S»  +  4HC1  +  0«  -  8MoCy*S«  +  MoCl*  +  2HK). 

By  means  of  this  reaction  a  trace  of  molybdenum  has  been  detected  in  the 
vanadiferons  brown  haematite  of  Hayerloh  (C.  J>.  Biaun,  Zeitsekr.  anal,  Ckem.  yi.  86; 
Jakrtsb.  1867,  p.  862). 

MolybdatM  (DelafonUine,  BtiU.  8oe.  Chim.  [2]  ir.  267;  Jakntb,  1866,  p.  216. 
UUik,  Ann,  CM.  Pharm,  czUy.  204.  820;  diil.  368 ;  ZeiUekr,/.  Chem.  [2]  iy.  690 ;  yi. 
484;  CAem.  Centr.  1867,  977;  1870,  117.  Crystaliifu  form:  Zepharoyich,  Wim. 
Akad.  Ber.  lyiii.  [2]  J 11 ;  Jahresb.  1868,  221).— Seyeral  new  classes  of  these  salts 
haye  lately  been  disooyered,  which,  together  with  those  preriously  known,  may  be 
formulated  as  follows,  the  symbol  R  standing  for  2  atoms  of  a  monatomio  or  1  atom 
of  a  diatomic  metal : 


Monomolybdates 

RO.MoO* 

- 

R      ^* 

Dimolybdates    . 

RO .  2MoO* 

- 

2MoO«  riM 

{ Molybdates     . 

8R0 .  7MoO* 

- 

7M^p.  ^,. 

Trimolybdates  . 

R0.8MoO» 

- 

R  r* 

Tetramolybdates 

R0.4MoO« 

- 

R     \^ 

Octomolybdates . 

R0.8MoO« 

- 

R     1^ 

Decamolybdates 

RO.lOMoO* 

- 

10M^O«L„ 

Hezdecamolybdates  • 

RO,16MoO» 

- 

16MoO»JQ., 

Monomolybdates  OT  Neutral  MolybdaUs,  RO.MoO*  •»•  nH*0.'-The  soln* 
'  lions  of  these  salts  are  not  coloured  by  potassium  ferrocyanide.  The  potasnum  salt, 
'  first  obtained  by  Syanberg  a.  Struye  (i.  1140),  may  be  prepared  by  fusing  equiyalent 
quantities  of  potassium  carbonate  and  molybdio  anhydride,  dissolying  the  fused  mass 
m  hot  water,  and  eyaporating  the  filtered  solution  oyer  sulphuric  acid ;  it  ciystaUises 
in  anhydrous  microscopic  prisms  (UUik).  Delafontaine,  by  leaying  the  solution  to 
■  eyaporate  spontaneously,  obtained  a  pentahydrated  salt,  K'O.MoO*  *  6H'0, in  trans- 
parent hexagonal  prisms  combined  with  the  end-face  and  a  subordinate  hexagonal 
pyramid.  The  crystals  giye  off  their  water  at  lOO*',  and  melt  without  decomposition 
at  a  red  heat  The  sodium  salt^  Na*0 .  MoO'  +  2fi*0,  forms  nacreous  laminae  or 
monodinic  tables  apparently  isomorphous  with  the  corresponding  tungstate.  A  sodio* 
jwtassie  saU^  K'0.2Na*0.3MoO*  +  14H'0,  is  obtained  by  saturating  potassium 
trimolybdate  with  sodium  carbonate,  and  leaying  the  solution  to  eyaporate ;  it  crystal- 
lises in  hexagonal  prisms  like  those  of  the  pentahydrated  potassium  salt,  easily  soluble 
in  hot  water,  and  forming  an  alkaline  solution  (UUik).  A  lithium  soli,  6(Li'O.MoO') 
+  2HK),  is  obtained,  by  heating  molybdic  anhydride  with  lithium  carbonate  and  water 
and  eyaporating,  in  nodular  groups  of  easily  soluble  crystals  (Rammelsberg,  Jahresb, 
1866,  p.  234.  Delafontaine).  Another  salt,  containing  8(Ii*O.MoO^)  +  8H'0,  was 
once  obtained  by  saturating  an  insoluble  acid  Uthium  molybdate  with  lithium  carbonate 
(Delafontaine).  The  <Aa//mmM/^,  Tl'O.MoO*,  is  obtained  as  a  ciystaUine  powder, 
by  boiling  aqueous  thallious  oxide  with  molybdic  anhydride,  or  as  a  white  curdy  pre- 
dpitate  by  mixing  the  hot  aqueous  solutions  of  thaUious  sulphate  and  sodium  molyb- 
date. It  is  slightly  soluble  in  water,  melts  at  a  red  heat,  and  giyes  off  black-brown 
yapours  when  fused  with  sodium  carbonate  (Delafontaine).  The  magnesium  salt^ 
MgO .  MoO*  a  7H'0,  remains,  on  eyaporating  the  solution  formed  by  boiung  magnesia 
with  water  and  molybdic  anhydride,  in  groups  of  thin,  yitreous^  efflorescent  prisms, 
which  giye  off  their  water  without  fusion  at  a  red  heat  (UUik).  By  cooling  a  solution 
eyaporated  by  heat,  Delafontaine  obtained  monodinic  prisms  oontaining  MgO .  MoO* 
+  6H«0.  Ae  potassio^agnesio  salt,  K«0 .  MgO .  2BloO«  +  2H«0,  crysUllises  from 
ft  solution  of  equiyalent  quantities  of  the  tomponent  salts  in  groups  of  smaU  yitreons 
Sup,  3  H 
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prisms,  which  gire  off'their  water  at  a  modente  beat,  and  melt  without  deeooKpositk^ 
at   a    dull    red    heat;    easily    soluble     in    water.    The    miamomt^mMymene    sob, 

MffO  [  ^^^'  "^  2HK),  obtained  in  like  manner,  forms  lazger  OTBtals  ieamoxphoBB 
with  the  preceding. 


Dimolybdatet,  RO . 2MoO*. — ^The  todium §dU,  oont^ning  1  moL water  aooordii^ 
to  Struire,  anhydrous  according  to  XJUik,  is  produced  by  adding  1  moL  mdlybdie 
anhydride  to  1  mol.  fused  sodium  nitrate,  and  remains  in  silky  needles  when  the  usife- 
oomposed  half  of  the  nitrate  is  dissolved  out  by  water.  Fbtassiam  nitrate  is  lik«wiae 
only  half  decomposed  by  molybdic  anhydride,  but  the  resulting  potaasimn  brnkolybdal* 
is  Tery  easily  deoomposible  aad  eannot  be  obtained  pure  (Ullik). 

Seven-thirda  MolybdaUs.  8R0.7MoO*  +  «H*0.— The  poiinamm  mt, 
8K*0 .  TMoO*  +  4HK)  (described  by  Svanberg  a.  Stmre  as  a  oompoimd  of  the  bt-  and 
tri-molybdate),  is  always  formed  when  molybdic  add  is  evaporated  to  dryneM  vith 
potassium  carbonate  even  in  excess,  the  pulrerulent  residue  diseoWed  in  tlie  smaileet 
possible  quantity  of  water,  and  the  solution  left  to  evaporate.  It  foirms  saiall,  deqply 
striated  monoclinic  prisms,  which  melt  without  draompoeition  at  a  red  heat,  aad  giro 
ofif  their  water  at  a  lower  temperatoro.  They  are  deoompoeed  by  water,  depositiiig 
trimolybdate : 

8K«0.7MoO«  -  2(KK).8MoO«)  +  KK).MoO« 

(Delafontaine).  The  aodmm  sott,  8NaK) .  rMoO*  +  22H^,  cratalliees  on  eooliig 
from  a  hot  solution  of  molybdic  acid  in  sodium  carbonate  mixed  with  nitric  add,  in 
transparent  well-defined  prisms ;  by  slow  sTaporation,  in  larger  opaque  i^etangulsr 
tables,  which  effloresce  rather  quickly  in  dry  air,  give  off  21  moL  water  at  100^,  the  Isst 
molecule  at  200^,  and  may  also  oe  fused  without  decomposition  (BelalbntsiBs). 
According  to  Ullik  it  separates  from  a  solution  of  1  moL  sodium  trimolybdate  mixed 
with  1  mol.  sodium  carbonate,  in  laise  transparent  crystals  which  lose  8  bioL  water 
by  efflorescence,  21  mol.  at  lOO^',  and  the  last  between  120®  and  180®.  When  treated 
with  different  quantities  of  sodium  carbonate,  a  corresponding  portion  of  it  is  con- 
verted  into  the  monomolybdate,  the  rest  remaining  undecompomd.  The  amaummm 
salt,  3rNH«)H) .  7MoO*  +  4HK),  is  the  salt  formerly  described  (iii.  1037)  as  a  bimolyb- 
date  (DeUfontaine ;  tJllik).  A  aoduMitnnumie  salt,  2)(NH«)>0.iNa*O.7MoO*  +  £H>0, 
obtained  by  adding  nitric  acid  to  a  mixed  solution  of  sodium  and  ammonium  molybdates, 
crystallises  in  small  striated  rhombic  or  monoclinie  prisma  (Delafontaine). 

The  tHOffnesium  §alt,  3MgO .  7MoO*  +  20HH),  aystallises  by  spontaneous  evi^nfa- 
tion  from  a  solution  of  7  mol.  magnesium  monomolybdate  mixed  wiUi  4  mol.  nitric  add, 
in  radiate  groups  of  transparent,  vitreous,  tabular,  oblique  prisma.  It  is  pemiaiiait  in 
the  air,  gives  off  all  its  water  without  deoomposition  at  a  red  heat,  and  is  moderately 
soluble  even  in  cold  water  (Ullik). 

Trimoltfbdates^'RO.SllLoO*  +  HH),  are  obtained  by  boiling  tlie  carbonates  of 
the  several  bases  with  water  and  excess  of  molybdic  anhyihride  (4  moL  MoO*  to  1  raoL 
base),  whereby  quadromolybdates  are  formed  in  the  first  instance,  and  decompose  when 
the  solutions  are  slowly  evaporated ;  also  by  mixing  the  solution  of  a  less  acid  molyb- 
date  with  any  acid  in  not  too  large  a  quantity  (the  predpitatee  fomned  in  solatioDs  of 
molybdates  by  acids  always  consist,  according  to  Ullik,  of  acid  salts,  never  of  mm 
molybdic  anhydride).  The  solutions  of  the  trimolybdates  are  coloured  light  red  by 
potassium  ferrocyanide.  The^  crystallise  by  slow  evaporation  in  caulilower-lil» 
aggregates  of  nodular  crystalline  groups,  and  dissolve  freely  in  hot,  very  slightly  in 
cold  water.  By  more  rapid  evaporation,  espedally  of  small  quantities,  amornhoos  salts 
are  obtained  with  different  quantities  of  water.  The  following  trimolybdates  have 
been  obtained  by  Ullik : 

K*0 .  SMoO*  +     8H*0,  becomes  anhydrous  at  100°. 
Na*0 .  SMoO*  4-     7H*0,  crystallised ;  gives  off  6HK>  at  100^ 
Na<0.8MoO'  +     4H'0,  amorphous. 

OaO.SMoO*  +     6H«0. 
MgO.SMoO*  +   lOH'O. 

CoO.SMoO*  +  10H«O, 

Zn0.8MoO«  +  10H«O. 

OuO .  3MoO'  +     9HK),  crystallised. 

Cu0.8KoO*  +  e^HH),  amorphous. 

The  rubidium  mAt,  Rb^O.SMoO*  +  2HK>,  obtained  by  Aising  rubidium  eaibonsts 
with  excess  of  molybdic  anhydride,  and  dissolving  the  fbsed  mass  in  boiling  water, 
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erystallifles  on  cooling  in  nnall  shining  six-sided  prisms,  easily  solnbla  in  hot,  sparingly 
in  cold  water  (Delafontaine). 

Tetratnoli/bdates,  B0.4MoO*  -h  f>H*0,  are  contained,  according  to  Ullik,  in  the 
solutions  which  yield  the  tarimolybdates  by  spontaneons  evaporation.  When  these 
solutions  (which  are  coloured  dark  red  by  potassium  fenocyanide),  in  the  ooncentiated 
state,  are  quickly  evaporated  on  a  glass  plate,  they  leare  amorphous,  transparent, 
easily  soluble  masses,  which  have  the  composition  of  quadiomol^bdates,  are  permanent 
in  dose  vessels,  but  become  opaque  and  are  converted  into  tnmolybdates  in  contact 
wiUi  the  air.  In  the  crystalfine  form  they  appear  to  separate  only  from  solutions 
likewise  oontaining  other  salts,  sodium  chloride  for  example.  Ullik  has  obtained  an 
amorphous  sodiwn  aaltf  Na'O.lMoO'  +  5^H*0,  usually  of  slight  greenish  or  bluish 
colour;  ^eryttaUi$ed  iodmm  »alt^  Na*0.4BfoO'  •¥  6H'0,  by  adding  8  moL  hydro- 
chloric acid  to  a  solution  of  4  mol.  of  the  neutral  salt;  a  cJoium  saltt  Ca0.4MoO' 
+  9H.H>,  in  brownish  amorphous  masses,  fusing  with  decomposition  at  a  red  heat ;  and 
a  bluish-green  jrino  salt,  Zn0.4MoO'  +  8H'0,  behaving  like  the  calcium  salt  when 
heated. 

Octomolyhdate 8,  liO.SMoG*  4*  nH*0,  are  formed  by  treating  any  of  the  pre- 
ceding salts  with  a  sufficient  quantity  of  one  of  the  stronger  acids  (7  moL  acid  to  1  moL 
of  a  neutral  molybdate).  They  all  crystallise,  and  apparently  in  perfectly  similar 
forms  (oblique  rhombic  prisms  with  basal  end-face),  are  extremely  soluble  m  water, 
and  their  solutions  form  a  red-brown  precipitate  with  potassium  ferrocyanide. 
The  sodium  salt,  Na«0.8MoO«  +  17H*0,  gives  off  14HK)  at  100<>,  the  rest  between 
160^  and  180°,  melts  below  a  red  heat,  and  decomposes  at  a  higher  temperature. 
The  potassium  salt,  K*0 .  8MoO'  +  IdH'O,  separates  from  a  hot  solution  on  cooling, 
in  small  shining  crystals,  converted  bv  drenching  with  water  into  a  white  sparingly 
soluble  powder.  The  magnssium  salt,  Mg0.8MoO'  +  20H'O,  forms  efflorescent 
TOisms,  melting  with  partial  decomposition  at  a  red  heat.  The  barium  salt, 
BaO.MoO'  -»•  18H*0,  separates  from  the  acid  solution  in  vitreous  prisms  insoluble 
in  cold  water,  and  decomposed  by  hot  water.  The  calcium  salt,  Ga0.8MoO'  -f 
18H'0,  crystallises  in  very  small  prisms,  easily  soluble  in  hot,  nearly  insoluble  in 
cold  water.    Both  these  salts  decompose  like  the  magnesium  salt  when  heated  (Ullik). 

Decamolybdates.— The  sodium  salt,  Na^O.lOMoO*  +  21H<0,  is  produced  by 
dissolving  the  heptahydrated  trimolybdate  or  sodium  carbonate  in  the  corresponding 
quantity  of  soluble  molvbdic  acid,  and  leaving  the  solution  to  evaporate ;  it  resembles 
Uie  octomolybdate  with  17H'0,  and  is  voiy  soluble  in  water.  KaK).10MoO"  + 
12fl*0  separates  as  a  white  crystalline,  sparingly  soluble  powder,  when  a  solution  of 
the  salt  Na'O.MoO'  +  2H*0  is  heated  on  the  water-bath  with  a  quantity  of  hydro- 
chloric acid  equivalent  to  the  sodium  present. 

Hexdeeamolybdates. — ^The  sodium  salt,  Na*0.16MoO'  +  9H'0,  separates  as 
a  fine  white  insoluble  powder  when  a  solution  of  the  normal  sodium  salt  in  a  small 
quantity  of  water  is  heated  to  boiling  with  a  large  excess  of  strong  nitric  acid.  When 
a  solution  of  1  mol.  sodium  carbonate  is  poured  upon  1  mol.  of  this  salt,  carbon 
dioxide  is  given  off,  and  there  remains  a  white  pulverulent  sparingly  soluble  octo- 
molybdate, Na*0.8MoO'  +  4H'0.  The  latter  salt  is  also  formed  when  2  mol. 
sodiuni  carbonate  are  used ;  but  in  this  case  a  soluble  molybdate  is  likewise  produced, 
and  on  evaporating  the  solution,  the  salt  Na'0 .  3MoO'  +  7H'0  crystallises  out. 

Ullik  has  also  obtained  double  molybdates  in-  which  part  of  the  molybdenum 
is  replaced  by  sulphur  or  chromium.  A  mixed  solution  of  ammonium  sulphate  and 
-magnesium  molybdate,  or  of  magn^ium  sulphate  and  ammonium  molybdate, 
yields  well-defined  onrstals  having  the  composition  of  the  double  sulphate 
Mg(NH*)'(SO*)*  +  6H'0,  in  which  variable  quantities  of  sulphur  are  replaced 
by  molybdenum,  without  essential  alteration  of  the  crystalline  form.  When  hot 
strong  solutions  are  used  and  the  mixture  is  left  to  cirstallise  by  cooling,  or 
when  a  considerable  excess  of  ammonium  molybdate  is  added,  the  crystals  are  rich 
in  molvbdic  acid ;  but  by  spontaneous  evaporation  of  dilute  solutions,  crystals  are 
formed  containing  a  smaller  proportion  of  molybdic  acid.  The  latter  are  permanent, 
whereas  the  former  give  off  water  and  ammonia  on  exposure  to  the  air.  In  six  such 
salts,  the  proportion  of  80*  was  found  to  vary  fh>m  ld'46  to  41*79  p.  c,  and  that  of 
MoO"  from  88*66  to  8*43  p.  c  All  the  crystals  were  isomorphous  with  the  known 
double  salts  of  the  magnesium  group.  A  solution  of  equivalent  quantities  of  neutral 
magnesium  molybdate  and  neutral  potassium  chromate  yielded  by  slow  evaporation 

smaU  light  yellow  crystals  of  the  salt^P^j  .  |^^  ^    SH'O,    easily   aoluble  in 

water,  and  resembling  potassio-magnesic  molybdate  in  theiY  fonn  and  their  behaviour 
at  hijg^  temperatures. 

3b2 


830  molybdenum: 

71ttOiiioljl»4atM.  These  salts  are  fonned  by  diasolTing  Ihe  neutral  anS  aek 
xnoljbdates  in  hydrofluoric  acid.  They  are  mostly  easily  soluble,  crystallise  veil,  and 
lire  isomorphons  with  the  corresponding  compounds  of  tin,  titanium,  and  siTCOoiam. 
The  neutral  potassium  ttlt^  K^oK^O'  +  H'O,  crystallises  from  a  solntion  of  potas- 
sium molybdate  slightly  supersaturated  with  hydrofluoric  acid,  in  Tery  thin  oetagossl 
tables,  which,  acconliog  to  Marignac's  determinations,  belong  to  the  tridiaic  sntoa 
and  agree  nearly  in  their  angles  with  the  crystals  of  fluotungstate  of  potasdma, 
although  the  latter,  according  to  Marignac,  is  monoclinic  It  is  not  altered  by 
exposure  to  the  air,  gives  off  its  water  below  100°,  melts  at  a  red  heat,  and  is  con- 
verted by  prolonged  fusion  in  moist  air  into  neutral  potassium  molybdate,  witA 
evolution  of  hydrofluoric  acid.  The  acid  potasnttm  salt^  E^Mo'f^O*  +  2HK>. 
obtained  by  dissolving  the  neutnal  salt  in  hydrofluoric  acid,  or  by  tresiting  add 
potassium  molybdate  with  hydrofluoric  acid  and  evaporating,  crystallises  on  coolii^ 
in  transparent  silky  needles,  which  after  gentle  heating  in  contact  with  the  air,  leare 
a  residue  of  potassium  bimolybdote,  but  when  quickly  heated  give  off  molybdie 
fluoride.  The  neutral  sodium  salt,  2Na*MoF*0'  +  H'O,  separatee  from  the  acid 
solution  in  crystalline  grains,  behaving  like  the  potassium  salt  when  heated,  bat  more 
soluble.  The  acid  rubidium  salt,  Hb'Mo'PO*  +  2HK),  crystallises  on  cooling  fran 
the  warm  solution  of  rubidium  tri molybdate  in  hydrofluoric  acid,  in  scaly  groups  of 
slender  neeiiles,  having  when  dry  the  aspect  of  potassium  tantalofluoride.  It  is  easily 
soluble  in  wnter,  and  behaves  like  the  preceding  when  heated.  The  neutral  ammomium 
siUt,  (NH*)*MoF^O^  +  U^O,  obtained  by  supersaturating  the  solution  of  ordinaiT 
ammonia  molybdate  with  ammonia,  slightly  acidulating  with  hydrofluoric  add,  and 
evaporating,  crystallises  in  s^x>  or  eight-sided  tables,  isomorphous  with  the  neutnl 
potassium  salt.  When  heated  in  an  open  dish,  it  melts  to  a  pasty  mass,  gives  off 
vapours  of  water,  hydrofluoric  acid,  and  molybdic  fluoride,  and  when  heated  to  lov 
redness,  leaves  a  residue  of  molprbdic  anhydride.  The  acid  satt^  (NH^)'Md'FK)*  -»- 
211 -0,  crystallises  in  rhombic  prisms  isomorphous  with  add  ammonium  flnotongstatei 
The  neutral  thallium  salt,  Tl*MoF|0*  +  H'O,  is  formed  on  mixing  the  neutal 
potassium  salt  with  thallious  sulphate,  as  a  eurdy  predpitate,  which  dissolves  when 
warmed  and  separates  again  as  a  crystalline  powder  on  cooling.  From  a  warm  solu- 
tion of  neutral  thallious  molybdate  in  hydronuoric  acid,  it  crystallises  on  oooUng  ia 
shining  straw-yellow  rhombic  prisms,  ooP.  ooPoo.^oo.  The  crystals  melt  below  a 
red  heat,  and  when  roasted  leave  the  neutral  molybdate.  The  neutral  fluomolj^ata 
of  zinc,  cadmium^  cobalt,  and  nickel  are  obtained  by  dissolving  equivalent  quantities 
of  the  corresponding  oxides  or  carbonates  in  hydrofluoric  add,  and  evaporating  ths 
solutions,  in  well-defined  crvstals  of  the  hexagonal  system  (six-sided  prisms  with  an 
acuter  or  obtuser  rhombohedron).  The  composition  of  all  these  salts  is  repreoeuted 
by  the  formula  B'MoF^O*  +  6H'0.  They  an  isomorphous  with  the  corresponding 
titanofluorides,  zircofluorides,  and  fluoniobatcs.  The  zinc  and  cadmium  salts  are 
colourless ;  the  cobalt  salt  is  dark  red  ;  the  nickel  salt  light  green.  They  are  p^- 
manent  in  dry  air  (the  cadmium  salt  inclined  to  effloresce),  laave  nearly  pun 
molvbdic  oxide  when  quickly  heated,  and  neutral  molybdates  when  carefully  roasted 
(Uiiik,  loc.  cit.). 

Pt&osphomolylidlD  JLclds.    Dobray  (Bull,  Soc.  Chim.  [2]  x.  S69)  has  obtained 

two  of  these  compounds,  viz.  P*0* .  20MoO*  and  PK)* .  6MoO'.  The  former  is  pro- 
duced when  the  predpitate  formed  hy  ammonium  molybdate  in  the  addulated  solu- 
tion of  a  phosphate  is  boiled  with  nitromuriatic  acid,  and  the  liquid  is  left  to 
evaporate.  It  crystallises  ^m  this  solution  in  yellow  oblique  rhombic  prisms  oon* 
taining  13'3  p.  c.  water,  which  nearly  agrees  with  the  formula  F'0*.20MoO'-i-  26H*0. 
The  aqueous  solution  of  these  crystals  yields  by  spontaneous  evaporation  %  second 
hydrate,  P^O* .  20MoO'  +  62H*0,  containing  23'4  p.  c  water,  and  crystallising  io 
large  re^Iar  octohedrons;  a  third,  P2O*.20MoO*  +  40HK),  containing  19*4  p.  e. 
water,  separates  from  highly  concentrated  solutions  mixed  with  a  large  quantity  of 
nitric  acid  in  less  developed  and  more  easily  alterable  rhombic  prisms.  Phospbo- 
molybdic  acid  separates  potash,  rubidia,  cesia,  thallia,  ammonia,  and  the  organic 
bases,  but  not  soda  and  lithia,  from  their  strongly  acidulated  solutions,  in  the  form 
of  yellow  pTOcipitates.  The  potassium,  anunoninm,  and  thallium  salts  have  the 
composition  3R'0 .  P30^  20MoO'  or  R*POM0MoO\  the  two  former  containing 
3  mol.  (or  3^  mol.)  water.  The  potassium  and  thallium  salts  melt  at  a  dull  red  heat  to 
■oily  liquids  which  solidify  in  the  crystalline  form  on  cooling.  The  ammonium  salt  is 
pbtaincd  in  small  yellow  highly  lustrous  crystals  when  solutions  of  sodium  pyro- 
^ph(Nn>hate  and  acid  ammonium  molybdate  are  mixed  together,  the  precipitates  then 
.;formtng  slowly  as  the, pyrophosphate  in  the  liquid  becomes  converted  into  orthephos- 
phate.   Neutral  solutions  of  silver  nitrate  give  with  phosphomolybdic  acid  a  precipitate 
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▼hichgradnally  changes  into  microscopic  crystals  consisting  of  2Ag'0 . P-0^ . 20MoO" 
+  7HH).  In  acid  solutions  the  salts  of  the  heavy  metals  give  no  precipitates ;  hence 
phosphomolybdic  acid  crystallises  unaltered  from  a  strongly  acidulated  solution 
of  bismuth.  This  acid,  however,  as  veil  as  its  salts,  is  stable  only  in  aciii 
solutions.  With  alkalis  it  forms  molybdates  and  salts  of  the  second  phospho* 
molybdic  add,  P'O'  .dMoQ*,  according  to  the  equation : 

P«O*.20MoO«  +  H«0  »  PK)*.5MoO».H«0  +   16MoO». 

The  salts  of  this  second  phosphomolybdic  acid  are  colourless  or  slightly  coloured, 
crystallise  well,  have  a  moUier-of-pearl  aspect,  and  are  easily  soluble.  By  excess  of 
acid  they  are  reconverted,  with  separation  of  phosphoric  acid,  into  yellow  phospho- 
molybdates : 

4(P*0«.6MoO«)  +  10H«Q  -  8(P*0*.3H»O)  +  P«O».20MoO»  +  B*0, 

Treated  with  a  small  quantity  of  acid,  they  yield  salts  having  the  composition 
&R*O.2P«OM0MoO«  +  H*0.  The  anhydride  F*0».6MoO*  cannot  be  isolated,  on 
account  of  its  instability.     Of  its  salts  the  following  have  been  prepared  : 

Ammouiumsalt,  3(NH*)»O.P*0».6MnO«  +  7H-0. 
Potassium  salt,    3KK) .  i»0* .  6MnO«  +  7H»0. 
Sodium  salt,         3Na20.P«0*.6MnO»  +  14H«0. 
Silver  salt,  3Ag»O.P«0».6MnO»  +  7H»0. 

The  existence  of  the  above-described  compounds,  and  the  frequently  occurring  of 
molybdates,  together  with  vanadates,  lead  to  the  supposition  that  the  constitution 
of  molybdic  anhydride  is  analogous  to  that  of  vanadic  anhydride,  and  represented  by 
the  formula  Mo«0*  (Mo^  =  80).  The  phosphomolybdic  anhydrides  would  then  have 
the  simpler  formula  P*0*.  12Mo«0»  and  P»0*.3Mo«0».  But  the  vapour-density  of 
molybdic  chloride  does  not  agree  with  this  hjrpothesis. 


A  ainc-aluminic  silicate  from  the  Altenberg,  near  Aachen  ; 
mostly  dark  green  to  leek-green  and  opaque,  sometimes  light  emerald-green  and 
translucent.    Fracture,  small  conchoidaL    Hardness  ~  2*6.    Streak,  whiter 

NiO    CaO   MgO     H^> 

114      traces     11-37     =   10018 

0-24  0-76  0-54  1134     «     98  8a 

Hence  the  formula  9(22nO.SiO>)  +  2(2APO>.3SiOS)  +  20RHy  (E.  RiBBe,  Jahresff, 
1866,  p.  940). 


810- 

A1"0* 

ZnO 

F«0 

Light  green 

.     30-31 

13-68 

43-41 

0-27 

Bark  green 

.     29-36 

13-02 

37-98 

6-61 

(Hlasiwetz  a.  Pfanndler,  J.  pr.  Ckem.  xciv.  65). — The  colouring  matter  of 
old.Aistic  (iii.  1047).  When  completely  dehydrated  by  prolonged  drying  at  100°  in  a 
stream  of  dry  air,  or  by  heating  to  200^-250°,  it  has  the  composition  C"H*0* ; 
morin  hydrate  or  marie  acid  is  C**H'«0*  or  C'*H*0*.H^O.  Potassium  tnorate, 
C"U*0*K,  crystallises  from  a  warm  solution  in  concentrated  aqueous  potassium 
-carbonate,  in  soft  yellow  needles,  greenish-brown  after  drying,  and  recrystallisable 
only  from  solution  of  potassium  carbonate.  The  sodium-compound  exhibits  similar 
characters.  Calcium  mcrate,  (C'*H*0*)*Ca,  is  formed  as  a  yellow  precipitate  on 
mixing  potassium  morate  with  cnlcium  chloride.  Zinc  moratey  (C'*H*0')''*Zn,  is  formed 
by  boiling  an  alcoholic  solution  of  morin  with  a  little  sulphuric  acid  and  zinc,  in 
lemon-yellow  needles  insoluble  in  water,  but  soluble  in  alkaliK.  In  dry  ammonia  gan, 
morin  assumes  a  deep  yellow  colour,  and  increases  in  weight  by  12  3  p.  c.  Bromo- 
moric  add,  C^H'Br'O*,  formed  by  triturating  moric  acid  with  bromine,  cn-stallisos 
from  alcohol  in  microscopic  needles  mostly  grouped  in  tufls. 

When  an  alkaline  solution  of  moric  acid  is  treated  with  sodium-amalgam,  the 
liquid  first  becomes  indigo-blue,  then  green,  finally  yellow,  and  at  the  end  of  the 
reaction  contains  phloroglucin,  formed  according  to  the  equation  :  C'*H'*0*  +  H*  = 
2C*H'0'.  When  an  alcoholic  solution  of  morin  acidulated  with  hydrochloric  acid  is 
treated  with  sodium-amalgam,  it  turns  purple-red,  and  finally  also  yields  phloro- 
glucin ;  if,  however,  before  the  reaction  is  complete,  the  deep  purple  solution  decanted 
fiom  the  sodium-amalgam  be  evajwrated  over  the  water-bath,  it  deposits  purple-red 
prisms  of  a  body  having  the  same  composition  as  morin,  and  therefore  designated  as 
isomer  in.  This  substance  heated  either  alone  or  in  alcoholic  solution,  or  more- 
quickly  by  treatment  with  alkalis,  is  reoonverted  into  ordinary  morin,  even  when  the 
air  is  completely  excluded.  Its  solution  mixed  with  alum  exhibits  a  characteristic 
dichroum.  Morin  fused  with  potash  yields  phloroglucin,  together  with  a  littlQ 
9xalic  add^ 
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Horin  in  alooholie  solution  is  not  fluoreseent,  bnt  ezhilnts  ft  beuitifal  g^rea 
flaoneoence,  like  that  of  uranium  glass,  on  addition  of  an  alnmininm  salt.  Zjk 
salts  prodnce  a  faint  yellow  fhiorescence,  which  beoomes  rvrj  deep  on  additioB  of 
alttm.  Many  metallie  salts  produce  no  flaorescence  in  a  solution  of  morin,  asd 
prsTent  the  development  of  that  produced  by  alnminfom  salts.  Aeede,  hydn)dikrie, 
nitric,  sulphuric,  phosphoric,  and  arsenions  acids  neither  pindnoe  flnaresoenee  va 
prerent  that  developed  by  lUuminium  salts.  Boric  acid  prodnoes  a  yellow,  silieo- 
fluoric  acid  a  dark  green  fluorescence.  A  morin  solution  rendered  flnaresosnt  hj 
aluminium  acetate  deposits  on  boiling  a  yellow  compound  of  morin  and  *1mm»^ 
and  the  solution  then  no  longer  exhibits  fluorescence.  Morin  is  oxidised  by  ehioaae 
acid,  and  the  oxidised  product  no  longer  gives  rise  to  fluoreecenee.  Silver  nitiate 
oxidises  it,  with  separation  of  silver,  but  the  filtered  liquid^  if  it  has  not  been 
heated,  exhibits  a  beautiful  yellow  fluorescence.  Auric  chloride  acts  in  the  am* 
manner.  The  alcoholic  solution  of  the  aqueous  extract  of  Kuba  wood  (the  best  kind 
of  fustic,  Moru9  tinetoria)  is  dark  garnet-red  by  transmitted  light,  aiid  flnoresotot 
with  dark  green  colour  by  raflected  light.  Alum  or  any  aluminium  salt  added  to  this 
solution  much  diluted  with  alcohol,  produces  the  green  fluorescence  abov«  mentioBe^ 
which  must  be  due  to  the  morin  contained  in  the  extract,  inasmuch  as  solutioiis  of 
maclurin  do  not  produce  it  (Gk>ppe]srdder,  J,  pr.  Chem,  d.  406 ;  civ.  10 ;  ZeUadtr.  /. 
Chem.  [2]  iv.  164,  607). 


V  or  MOKnraoVB.  According  to  W.  Stein  {J.  pr.  den.  zeriL 
234;  Jahreib.  1866,  p.  645),  morindin  is  not  identical  with  rubeiytlirie  acid,  as 
supposed  by  Bocbleder  (iii.  1048),  being  distinguished  from  the  latter  hj  its  ia- 
soliibility  in  ether,  the  violet  colour  of  its  barium-compound,  and  its  reaction  with 
potash.  It  melts  at  246^,  but  yields  even  below  that  temperature  a  czystaDise 
sublimate  of  morindone.  This  latter  substance  is  regarded  by  Stein  as  dii&rat 
from  alizarin,  on  account  of  its  giving  somewhat  different  coloured  reactioos  with 
sulphuric  acid  and  with  ferric  chloride.  He  assigns  to  morindone  the  formolt 
C'^HH)'.  From  the  experiments  of  Stenhouse,  however,  moiiiidone  asjppmtB  to  be 
identical  with  alizarin  (iii.  1048). 

BgOSOZO&ira.    A  potassio-ferric  sulphate,  KH)(Na*0)SO*  +  4(FeK)'.S0*). 
trom  an  American  locality  (Shepard,  Jahretb.  1866,  p.  962). 


KOmVHZVa.  C*'H»N0'.— This  alkaloiid,  in  contact  with  a  solution  of  mtMiie 
acid  in  strong  sulphuric  acid,  assumes  a  violet  colour,  changing  to  blue  and  £ngy 
green.  With  solid  nitrates^  especially  those  of  potassium,  scdiura,  and  UMienry,  the 
sulphuric  acid  solution  of  morphine-  forms  after  a  while  a  blood-red  zone^  and  wiUi  the 
dissolved  salts  a  violet  liquid,  changing  to  brown  or  brownish-yeUow  (fVohdsk 
Zeitschr.  anal.  Chem.  v.  214). 

On  the  characters  of  subUmed  morphine,  see  Aijcaix>id8  (p.  87). 

An  aqueous  solution  of  a  morphine  salt  mixed  with  excess  of  iodine^  deposits  a 
crystalline  precipitate  of  a  tetriodide,  C''H**290'HI*,  which  may  be  recrystallisad 
from  a  strong  solution  of  potassium  iodide,  but  not  &om  alcohol  (Jorgensen,  Znlsdlr. 
/  Chem.  [2]  V.  673). 

A  compound  of  morphine  and  tine  chhride,  C**H'^0*.ZnCl*  +  2H>0,  is  obtained 
in  vitreous  granules  by  mixing  the  alcoholic  solutions  of  the  two  bodies,  carefully 
dissolving  out  the  separated  zinc  oxide  by  hydrochloric  acid,  and  cooling  the  hot 
filtrate.  The  salt  is  ^o  said  to  crystallise  with  7  moL  water  (Grafingho^  Jakreak 
1866,  p.  446). 

Eatimatkm  of  Morphine  in  Opium, — 1.  Two  grams  of  chopped  opium  are  maeesatsd 
with  8  c.  c.  of  a  solution  of  ammonium  oxalate  (to  decompose  the  <^1<»jiitn  meoonateX 
triturated  after  some  hours,  then  thrown  on  a  filter,  ana  washed  with  5  e.  c  water. 
The  filtrate  mixed  with  an  equal  volume  of  80  p.  c.  alcohol,  and  then  with  ammoDis 
to  allcaline  reaction,  is  left  for  24  hours  in  a  closed  fiask  and  frequently  agitated, 
and  the  flask  is  washed  out  with  a  small  quantity  of  40  p.  c  alcohol.  The  dried 
filter  with  its  contents  is  ratumed  to  the  undeansed  fiask,  and  after  addition  of  a 
few  drops  of  the  alcoholic  tincture  of  St.  Martha  wood,  is  treated  with  a  slight  excess 
of  an  exactly  measured  titrated  solution  of  oxalic  acid,  containing  4*42  crystallised 
acid  in  a  litre,  of  which  from  10  to  16  c.  c.  are  sufficient  (the  acid  liquid  tarai 
yellow),  then  diluted  with  100  c.  c  water,  and  the  excess  of  acid  is  determined  by 
means  of  a  dilute  titrated  solution  of  soda.  Each  cub.  cent,  of  the  oxalic  acid 
solution  corresponds  to  0*2  p.  c  morphine  (Fleury,  J.  Pharm,  [4]  vi.  99). 

2.  Guilliermond  {jiM.  vi.  102)  gives  the  following  modifications  of  his  former 
process  (iii.  1063).    Eiftoen  grams  of  opium  are  triturated  to  complete  comminntioB 
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with  120  e.  c  of  70  p.  G.  alcohol ;  the  mixture  is  introduced  into  a  glass  vessel  and 
zepeatedlj  agitated,  after  the  weight  has  been  made  up,  if  necessary,  to  125  grams ; 
the  liquid  is  filtered  after  awhile ;  and  80  c.  c.  of  the  filtrate  (containing  10  grm.  opium) 
are  intit)duced  into  a  wide  stoppered  glass.  Two  grams  of  the  anmioniacal  liquid  are 
then  transferred  by  means  of  a  drawn-out  pipette  to  the  bottom  of  the  Tessel,  and 
the  stopper  is  introduced  without  allowing  the  two  liquids  to  mix.  After  36  hours 
the  mor^ne  is  found  separated  in  thick  reddish  crystals,  the  narcotine  in  slender 
white  needles ;  the  two  alkaloidB  are  separated  b]^  leyigation,  and  the  morphine  is 
washed  with  boiling  water.  Stronger  or  weaker  spirit  is  not  so  well  adapted  for  the 
separatiOD.  Aa,  howsTer,  a  considerable  quantity  of  morphine  remains  dissoWed  in 
the  70  p.  c  alcohol  (}  of  the  whole  amount,  according  to  Quilliermond)^  the  results 
obtained  by  this  process  are  not  absolute,  but  only  comparable  under  similar 
conditions. 

3.  Schachtrupp  {ZeiUehr,  anal.  Chem,  yii.  284,  609)  describes  a  method  founded  on 
the  solubility  of  narcotine  and  the  insolubility  of  morphine  in  benzol,  and  the  easy 
solubility  of  morphine  in  amylic  alcohol.  A  weighed  quantity  of  opium  is  treated 
with  a  solution  of  sodium  carbonate  till  the  opium  is  completely  comminuted ;  the 
still  alkaline  mixture  is  evaporated  over  the  water-bath ;  the  dry  dusty  residue  is 
digested  several  times  with  hot  bensene ;  the  filter  through  which  the  liouid  has  passed 
is  added  to  the  residue ;  the  remainder  of  the  bensene  is  evaporated  off;  and  the 
residue  is  exhausted  with  boiling  amylic  alcohol.  The  greater  part  of  the  morphine 
then  crystallises  from  the  united  extracts  on  cooling.  The  amybc  alcohol  is  decanted 
and  the  greater  part  of  it  distilled  off;  the  brown  residue  is  agitated  while  still  hot 
with  water  containing  hydrochloric  acid;  the  crystals  previously  obtained  are 
dissolved  in  the  same  Uquid ;  and  the  solution  is  evaporated  to  twice  the  weight  of 
the  opium  used,  then  filtered,  and  precipitated  with  ammonia.  The  morphine  thus 
separated,  which  is  still  coloured,  but  otherwise  pare,  is  collected  after  24  hours, 
washed,  dried,  and  weighed.  Two  samples  of  Smyrna  opium  thus  treated  yielded 
8'30  and  8*29  p.  c.  morphine ;  the  same  samples  treated  by  Merck's  process  gave 
respectively  7*96  and  8*01  p.  c 

For^he  preparation  of  morphine  also,  Schachtrupp  recommends  the  treatment  of 
opium  with  sodium  carbonate,  and  preliminary  exhaustion  of  the  dried  mass  with 
hot  bensene.  The  residue  again  dried  is  drenched  with  water ;  strong  acetio  acid  is 
added ;  the  mixture  warmed  for  some  time  and  strained  ;  and  the  undissolved  portion 
is  treated  several  times  in  the  same  manner.  The  united  extracts  evaporated  down 
to  twice  the  weight  of  the  opium  used  are  mixed  with  a  slight  excess  of  ammonia, 
and  the  morphine  which  separates  after  some  time  is  redissolved  in  acetic  acid  and 
precipitated  by  ammonia.  For  final  purification  it  is  dissolved  in  boiling  amylic 
alcohol,  from  which  it  separates  in  colourless  crystals  without  the  use  of  animal 
charooaL 

'  Derivatiifes  qf  Morphine, 

ApraierpbliM  or  Apomorplila.  CH^^O*  (Matthieesen  a.  Wright,  Proe.  Boy, 
8oo.  xvii.  465,  460).— An  organic  base  differing  from  morphine  by  containing  H*0 
less,  and  produced :  1.  By  heating  morphine  in  a  sealed  tube  to  140°~150^  for  two  or 
three  hours  with  a  large  excess  of  hydrochloric  acid : 

C»'H«NO«  -  H«0  +   C»'H"NO«. 

2.  From  codeine  (which  has  the  composition  of  methyl-morphine)  by  similar  treat* 
ment: 

0»«H«»NO»  +  Ha  =  CH»a  +  H«0  +   C"H"NO« 
Oodfrfnn.  Methyl-  Apomoxphiae. 

chloride. 

The  methyl  chloiide  ^rmed  in  the  second  case  eoUects  on  cooling  on  the  top  of  the 
tarnr  contents  of  the  tube,  and  escapes  as  gas  when  the  tube  is  opened.  The  residue 
in  this  at  in  the  first  process  contains  the  hydrochloride  of  apomorphine,  and  when 
dissolved  in  water,  ana  precipitated  by  sodium  carbonate,  yields,  on  extraction  with 
ether  and  agitation  with  nydzx)chloric  acid,  crystalline  hydrochloride  of  apomorphine, 
from  which  the  base  may  be  precipitated  by  sodium  bicarbonate,  as  a  snow-white 
crystalline  mass,  which  quickly  turns  green  on  exoosure  to  the  air.  The  green  mass 
is  partly  soluble  in  water,  communicating  to  it  a  nne  emerald  colour,  in  alcohol  with 
green,  in  ether  and  bensene  with  splendid  rose-purple,  and  in  chloroform  with  violet 
colour. 
Sifdroekioride  of  tqtomorphiHe  may  also  be  prepared  by  digesting  morphine  with 
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exceu  of  hydroehloric  ftcid  under  panifin  on  the  water-bath  for  some  daji.  It  is 
anhydronfl.  When  exposed  to  the  air  in  the  moist  state,  or  heated  in  the  diy  state,  it 
turns  green,  like  the  free  base,  probably  from  oxidation,  as  it  exhibits  an  inereaae  of 
weight. 

Apomorphine  differs  greatly  from  morphine  in  its  relations  to  solvents  and  reagants. 
It  is  soluble  in  alcohol,  ether,  and  chloroform,  whereas  morphine  is  almost  insoluble 
in  the  last  two  liquids,  and  but  sparingly  soluble  in  cold  aloohol.  In  water  apomor- 
phine is  slightly  soluble,  especially  in  presence  of  earbonie  acid,  whereas  moiphine  is 
nearly  insoluble. 

The  following  eomparatire  reactions  are  exhibited  by  solutions  eontaining  each 
1  per  cent,  of  the  hydrochloride  of  the  base : 


BMgenti 

ICorphlne 

Apomorpbina 

Caustic  potash 

No  pp.  Stronger  eolutions 
give  a  white  pp.  easily 
soluble  in  excess,  with- 
out decomposition 

White  pp.  soluble  in  ex- 
cess, speedily  blacken- 
ing 

Ammonia 

No    pp.      Stjronger   solu- 
tions gire  a  crystalline 
white  pp.  insoluble  in 
excess 

White  pp.  soluble  in  ex- 
cess, veiy  speedily 
bUcksning 

Lime-water 

No  pp.  Morphia  dissolves 
reiftdily  in  lime-water 

White  pp.  soluble  in  ex- 
cess, slowly  da^en- 
ing 

Sodium  bicarbonate 

No    pp.      Stronger   solu« 
tions  yield  a  white  un- 
alterable  pp.  slightly 
soluble  in  excess 

Whhe  pp.  slightly  soinble 
in  excess,  turning  green 

Strong  nitric  acid 

Yellow-orange         colour, 
almost     bleached     on 
warming 

Blood-red  colour,  beootmng 
paler  on  warming 

• 

Neutral  ferric  chloride 

Greenish-blue          colour. 
Morphine  alone  gives 
a  pure  blue  colour 

Bark  amethyst  colour 

Potassium  dichromate 

— 

Dense  yellow-oiange  pp., 
soon  decomposing 

Potassium       dichromate 
and  strong  sulphuric 
add 

— 

Dark  red  coloration 

Silver  nitrate 

Very  slowly  reduced 

Quickly  reduced,  even  in 
the  cold                        1 

Potassium  iodide 

No  pp.  with  concentrated 
solution 

White  non-ciystalline  pp. 
speedily  becoming 
green 

Platinic  chloride 

Yellow  crystalline  pp.  in 
stronger  solutions 

Yellow  pp.;  decomposes 
on  warming 

Mercuric     chloride,    so- 
dium         phosphate, 
ammonium  oxalate 

The  morphine  precipitates  with  these  reagents  are  mudi 
more  soluble  than  the  corresponding  precipitates  of 
apomorphine 

MUCEDIX— MURRAYIN.  841. 

The  physiological  action  of  apomorphine  is  also  very  diiTerent  from  that  ol 
morphine  ;  a  Tery  small  dose  of  the  former  speedily  produces  vomiting  and  consider- 
able depression,  but  this  soon  passes  off*  leaving  no  ill  effects.  The  hydrochloride  is 
a  non>irritant  emetic  and  powerful  antistimulknt;  ^^  of  a  grain  of  this  salt  sub- 
eutaneonsly  injected,  or  ^  gr.  taken  by  the  mouth,  produces  vomiting  in  from  four  to 
ten  minutes. 

OzjinorplilBe.  C^H'^NO*  (Schutzenberger,  Bull,  Soe,  Chim.  [2]  iv.  176).— When 
a  solution  of  morphine  hydrochloride  is  heated  to  60^  with  an  equivalent  weight  of 
silver  nitrite,  nitrogen  dioxide  is  evolved  free  from  carbon  dioxide,  the  liquid  becoming 
yellow  and  slightly  alkaline.  At  the  end  of  the  reaction  the  precipitated  silver 
chloride  contains  the  greater  part  of  the  morphine  in  the  form  of  oxymorphine,  which 
may  be  separated  from  the  silver  chloride  by  solution  in  water  containing  hydrochloric 
acid.  The  hydrochloride,  C"'H.^*'!^0*.KC\j  thus  obtained,  crystallises  in  microscopic 
needles  easily  soluble  in  hot  water,  insoluble  in  alcohol ;  it  has  a  slightly  bitter  taste, 
and  does  not  appear  to  be  poisonous.  Ammonia  separates  the  base  in  the  form  of  a 
powder  which  redissolves  in  a  large  excess  of  the  precipitant,  and  separates  in  small 
needles  on  boiling.  It  is  quite  insoluble  at  the  boiling  heat  in  water,  alcohol,  and 
ether,  has  no  Uste,  melts  at  about  246<».  The  jplatinochloride,  2(C"H'»N0* .  HCl) .  PtCP, 
is  an  amorphous  yellow  powder  easily  decomposed  by.  heating  with  platinic  chloride: 
The  sulphate,  40"H>'N0«.H'S0«  (at  140°),  is  slightly  soluble  in  cold  water,  and 
separates  in  small  needles  on  mixing  the  hydrochloride  with  sulphuric  acid. 

By  the  prolonged  action  of  silver  nitrite  on  morphine  hydrochloride,  another  base  is 
produced  closely  allied  to  the  preceding,  namely  o  x  y  mo  rphinehydrate,  C*'H**NO*. 
it  dissolves  more  readily  in  cold  ammonia,  and  separates  therefrom  at  the  boiling  heat 
in  crystalline  grains  (compare  iv.  313). 

MVCBBZir.  This  name  is  applied  by  Ritthausen  to  a  constituent  of  wheat- 
gluten  soluble  in  alcohol,  and  to  a  similar,  if  not  identical  compound,  forming  part 
of  the  protein-substance  of  rye.  Wheat-mucedin  was  formerly  called  mucin.  Re- 
specting the  preparation  and  properties  of  these  substances,  see  Ritthausen  (J.  pr, 
Chan,  xci.  296;  xcix.  439;  BiM.  8oc.  Chim.  [2]  viii.  132;  Jahresb.  1864,  p.  625; 
1866,  p.  716 ;  ChneUn's  Handbook,  xviii.  443,  444).  The  gelatinous  substance  of  thd 
vineyara  snail  (Helix  pomatia)  is  also  called  mucin  by  E.  Eichwald,  who  has  described 
its  preparation  and  properties  (Ann.  Ch.  Pharm,  cxxxiv.  177  ;  Bull,  8oc,  Chim.  [2]  v, 
308  ;  Jahresb.  1868,  p.  649  ;  Gmelin's  Handhook,  xviii.  340-347). 

acvooBsoano,  mroooBiboszo,  and  Bnrcowzc  aozbb.   See  Ptbo- 

Muac  Acm,  iv.  763 ;  also  v.  1093. 

MinUULTnr.  C*«H««0^«  (Bias,  Zeitschr.f.  Chem.  [2]  v.  316).— Aglucoside,  pre* 
pared  by  de  Vrij  from  Murraya  exotica,  an  East  Indian  plant.  It  occurs  in  all  parts 
of  the  plant,  but  chiefly  in  the  petals.  These  are  repeatedly  exhausted  with  boiling 
water ;  the  evaporated  extract  is  treated  with  cold  water  to  remove  colouring  matter, 
extractive  matter;  &c. ;  and  from  the  undissolved  residue,  murrayin,  and  a  product  of 
its  deoomposition,  muTrayetin;  are  extracted  by  absolute  alcohol.  The  latter  is 
precipitated  by  an  alcoholic  solution  of  lead  acetate ;  the  remaining  liquid,  freed  from 
lead  by  hydrogen' sulphide,  is  evaporated  to  dryness ;  the  residue  is  dissolved  in  the 
smallest  possible  quantity  of  absolute  alcohol;  and  the  solution,  decolorised  with 
animal  charcoal,  is  left  to  crystallise. 

Murrayin  is  a  white  li^ht  powder  consisting  of  small  needles,  inodorous,  slightly 
bitter,  and  not  at  all  poisonous.  It  dissolves  sparingly  in  cold,  easily  in  boiling 
water  and  alcohol,  but  is  insoluble  in  ether ;  the  solutions  have  a  neutral  reaction, 
and  leave  the  murrayin,  when  evaporated,  in  the  form  of  an  amorphous  jelly. 
Murrayin  crystallises  from  absolute  alcohol.  The  air-dried  crystals  contain  C**a*^0'* 
+  H'O ;  they  ffive  off  1  mol.  water  (2*7  p.  c.)  at  115°,  and  the  residue  melts  at  170°. 
Murrayin  dissolves  easily  in  alkalis  and  alkaline  carbonates ;  the  concentrated  solu- 
tions quickly  turn  yellow,  become  brown  when  heated,  and  are  decolorised  by  acids 
without  precipitation.  The  alkaline  solutions  exhibit  a  yellow  fluorescence  by 
transmitted,  greenish-blue  bv  reflected  light.  The  aqueous  solution  does  not  exhibit 
this  fluorescence ;  but  the  addition  of  the  smallest  quantity  of  murrayetin  develops  it 
immediately.  The  aqueous  solution  is  not  precipitated  by  iron,  copper,  mercury,  or 
lead-salts,  excepting  basic  lead  acetate.  Murrayin  reduces  ammoniacal  silver  solu- 
tion at  a  gentle  heat,  and  Fehling's  solution  at  100°.  Strong  sulphuric  acid  dissolves 
it  with  deep  yellow  colour.  By  heating  with  dilute  sidphuric  or  hydrochloric  acid,  it 
is  resolved  into  murrayetin  and  glucose : 

C"H«<0'^  +  2H«0  =  C«*H"0»  +  2OH"0«. 
Murrayetin  ciystallises  in  needles  aggregated  into  a  white,  light,  silky  mass; 
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•omatimes  also  in  rhombic  prisms.  The  crystals  contain  C'^H*^0^*.HK>,  and  girt 
off  their  water  (3'6  p.  c.)  over  sulphuric  acid.  Murrayetin  heated  in  an  air-bath 
between  watch-glasses  melts  at  100°»  and  sublimes  partially  in  shining  eryatala.  It 
is  tasteless  and  scentless,  slightly  soluble  in  cold,  more  freely  in  boiling  water,  easily 
in  alcohol,  less  easily  in  ether.  The  concentrated  solutions  have  a  &intaeid  naction, 
and  all  the  solutions  are  fluorescent.  Caustic  alkalis  and  alkaline  carbonates  itinsnlm 
murrayetin  with  yellowish  colour,  and  intensify  the  fluoreseenoe.  These  solutioos 
when  heated  acquire  a  deeper  yellow  colour,  but  lose  their  fluorescent  property,  whidb 
is  moreover  not  restored  by  neutralisation.  Ferric  chloride  produces  m  the  aqueous 
solution  a  fine  blue-green  colour ;  lead  acetate  a  yellow  colour ;  and  soon  afterwards 
a  yellow  precipitate,  which  is  decomposed  by  washing  with  water. 


roO-nflTLnr.  C*'H*'0**  .H*0. — ^A  substance  resembling  inulin,  oocnrring  in 
a  kind  of  trufile  (EUtphomffces  granulaiut).  Its  aqueous  solution  is  not  altered  by 
iodine-water,  ferric  chloride,  ferrous  sulphate,  mereuric  chloride,  mercorous  nitrate, 
basic  lead  acetate,  baryta-water,  lime-water,  or  ammonium  oxalate.  It  is  neutral,  and 
prevents  the  precipitation  of  cupric  oxide  by  caustic  soda,  but  does  not  reduce  it  on 
boiling.  Boiled  with  dilute  sulphuric  acid,  it  yields  sugar  (Lndwig,  Zeitsckr,/^  Ckem. 
[2]  vi.  668). 


r.  Neubauer  has  shown  that  the  peculiar  fonns  designated  by  this  name 
(iiL  1069)  may  be  produced  in  various  ways,  without  the  presence  of  choleaterin  or 
protagon,  €.p.  by  aadinff  a  drop  of  ammonia  to  a  drop  of  oleic  acid  on  the  object-glass 
of  a  microscope,  or  a  drop  of  water  to  the  white  greasy  mixture  of  oleic  add  and 
ammonia :  he  therefore  regards  the  production  of  Uiese  forms  as  a  purely  physical 
phenomenon  (2ieU8chr.  anal.  Ckem,  vi.  189 ;  JaMretb.  1867,  p.  781). 


lIBnr  and  MmaoZBZO  ACZB.  These  names  are  given  by  Kohler 
(Ckem.  Cenir.  1867,  pp.  406,  1022;  Jahresb.  1867,  p.  809)  to  two  phoephorettcd 
bodies  which  he  has  extracted  from  brain.  The  first  is  described  as  neutral  and 
yielding  with  lead-acetate  a  precipitate  containing  C*H'*PbNPO'* ;  the  second  is  said 
to  yield  a  lead  salt  containing  C«H»"»PbNPO". 


rOOTOVIU  AOUK    An  oily  narcotic  acid  substance  obtained  by  distiUing 
the  acidulated  juice  of  Paiioattrea  Maregravii  (Peckdt^  Areh.  Pkarm,  [2]  caovii.  93). 

•    See  MuscuukB  Tibsub  (iii.  1065). 

According  to  Bruckner  {N,  Rep,  Pharm,  xvi.  76),  this  gnm-resiB 
sontains  in  100  pts. : 

Substances  soluble  in  water  (vegetable  mucilage  and  arabin) .  67*76 

Resin  insoluble  in  ether «  4*81 

Besin  soluble  in  ether 12*57 

Besin  soluble  in  carbon  bisulphide 1406 

Substances  soluble  in  alcohol  and  water         ....  0*43 

Insoluble  (sand,  bark,  &c.) 0*38 

According  to  Hlasiwets  a.  Earth,  myrrh  is  oxidised  slowly  and  partially  by  potash, 
yielding  protocatechuic  acid  and  a  small  quantity  of  pyroeatecnin  {Jakritb,  1866, 
p.  630). 
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C^'H*. — On  the  constitution  of  this  hydrocarbon,  sm 
Aboiiatic  Skbim  (p.  212).  It  is  produced,  together  with  others,  bj  the  decomposi- 
tion of  several  of  the  aromatic  hydrocarbons,  when  their  rapours  are  passed  throngh 
a  red-hot  tube : 

4CrH»     =     C"H»     +     8C^«     +     8H». 
Tolnene.  Ksph-  Beniene. 

thatene. 

8C*H"   a     C»«H»     +     2C^«     +     SIP. 
Xylme.  Kaph-  Tolnme. 

ttudene. 

2C»H»   «     C"H»     +      aw*     +     8H«. 
Oomeiia.  Napti'  Xylene, 

thalene. 

Also  when  a  mixture  of  the  Tapour  of  benzene,  cinnamene,  anthracene,  or  chiysene 
with  ethylene  gas  is  passed  through  a  red-hot  tube : 

OH*  +  2C«H«  «  C"H»  +  8H« 

0»H»  +  CH*  -  C»«H»  +  2H» 

C"H'»  +  C»H*  «  C"H«  +  C«H« 

C"H"  +  2C*H*  »  C>*H«  +  2C^« 

(Berthelot,  BuU,  SocrCkm.  [2]  vi.  272,  279  ;  Jahrub.  1866,  p.  642-645).  It  occurs 
in  Bangoon  petroleum,  separating  at  the  temperature  of  a  mixture  of  ice  and  salt 
from  the  portion  which  boils  between  208**  and  209^  (cozr.)  (Warren  a.  Storer,  Mem. 
Amer.  Acad,  ix.  208). 

H.  Yohl  (J.pr,  Chem.  cii.  29)  describes  the  preparation  of  naphthalene  on  the 
Luge  scale.  He  finds  that  when  purified  by  treatment  with  acids  and  alkalis  and 
repeated  rectificalaon,  it  has  a  sp.  gr.  of  1*16178  at  16*^,  melts  at  79*26°,  and  boils  at 
217^-218''  (compare  ir.  6).  When  formed  into  sticks  like  sulphur,  it  has  the  aspect 
of  alabaster,  cracks  in  the  warm  hand,  and  becomes  negatively  electric  when  rubbed 
with  silk.  Fused  naphthalene  absorbs  a  lai^e  quantity  of  air,  which  it  gives  off 
again  with  effervescence  shortly  before  solidifying.  Sulphur,  phosphorus,  and  the 
sulphides  of  arsenic,  antimony,  and  tin,  are  easily  dissolved  by  boiling  naphthalene, 
and  separate  for  the  most  part  in  the  crystalline  form  on  cooling.  Indigo  is  likewise 
dissolved  by  it,  and  remains  in  the  form  of  slender  copper-coloured  nee<ues  when  the 
cooled  mass  is  treated  with  alcohol.  Iodine,  mercuric  chloride  and  iodide,  arsenious 
oxide,  succinic,  bensoic,  and  oxalic  acids,  dissolve  with  moderate  facility  in  boiling 
naphthalene.  When  naphthalene  is  brought  in  contact  with  the  stronjgest  nitric 
acid,  HNO*,  a  large  quantity  of  water  added,  and  the  resulting  precipitate,  after 
washing  with  dilate  alcohol,  is  mixed  with  a  little  hydrate  and  sulphide  of  potassium^ 
and  dried,  the  residue  dissolves  in  alcohol  with  violet-red  colour. 

Dewmporitiona, — 1.  According  to  Eletsinsky  {Jahmh.  1866,  p.  661),  naphthalene 
vapour  passed  through  a  red-hot  tube  is  resolved  into  marsh  gas  and  vety  finely 
divided  carbon,  available  for  making  printers'  ink,  &c.  According  tofierthelot  {BvU, 
Soe.  Ckm.  [2]  vi.  281),  naphthalene  undergoes  no  alteration  at  a  red  heat. — 2.  It  is 
but  slightly  altered  by  heating  with  hydrogen ;  at  a  bright  red  heat,  however,  small 
quantities  of  bensene  and  acetylene  are  prMuced:  C**H*  +  H*  »  CH*  +  2C^H'.— 
3.  It  acts  rapidly  at  a  red  heat  on  acetMenej  apparently  forming  anthracene :  C^'H* 
-I-  2C*H*  »  C>*H**  ->•  H>.— 4.  With  benzene  at  a  white  heat  it  forms  anthracene, 
C'»H"  +  8C«H«  -  2C"H»«  +  3H»(Berthelot,t6ia.vi.  280  ;vii.  292, 293V 

6.  Heated  to  280^  in  a  sealed  tube  with  20  pts.  of  saturated  aqueous  hyariodie  acid,  it 
yields  a  liquid  chiefly  consisting  of  naphthalene  hydride,  C**H**  (Berthelot,  Jahritb, 
1867i  p.  709).  If  the  heating  be  continued  somewhat  longer  with  20  pts.  of  th»  acid, 
3  mol.  iodine  are  separated,  and  diethyl-benzene,  C'*H**,  is  produced,  together  with 
ethyl-benzene,  OH**,  as  the  chief  product,  and  a  small  quantity  of  benzene.  When 
naphthalene  is  heated  with  80  pts.  of  saturated  hydriodic  acid,  19  to  20  mol.  iodine 
are  separated  to  1  mol.  naphthalene,  the  chief  product  being  decane,  C**H",  with 
smaller  <^uantities  of  octane,  hexane,  ethane,  and  free  hydrogen.  The  same  products 
are  obtained  with  perchloronaphthalene,  C**C1*,  the  octane  however  predominating. 
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With  26  pta.  acid  to  1  pt.  naphthalcDe,  the  reaction  goes  on  in  the  same  maniMr 
as  in  the  last  two  cases,  excepting  that  carbon  is  separated,  and  the  mora  Tidatila 
products  contain  qnintane  or  amyl  hydride  (Berthelot,  Jahresb.  1867>  p.  709). 

6.  By  boiling  with  a  solution  of  potoMtum  permanganate  it  is  oxidised  to  phtkalie 
acid,  C*H*0*,  and  carbon  dioxide.  With  eulohnric  and  and  potassium  diekromate  (or 
lead  dioxide)  it  likewise  yields  phthalic  acia,  together  with  dinaphthyl  and  an  acid 
haying  the  compouition  CH'^0*.  With  suiphuric  acid  and  manganese  dioxide  the 
products  are  phthalic  acid,  dinaphthyl,  and  a  xied  resin.  The  formation  of  dinaphthyl, 
C«»H»*.  is  represented  by  the  equaUon:  2C'»H«  +  0  «  C»H"  +  HK)  (Loeseii, 
Ann.  Ch.  Pftarm.  cxUt.  71). 

7.  Naphthalene  heated  with  silver  oxide  (to  260°)  or  with  euprie  oxide  (to  400*) 
yields  several  beautifully  crystallising  hydrocarbons,  among  which  are  C*H*  C*H^ 
andC«H». 

8.  When  potassium  chlorate  \i  added  by  small  portions  to  a  mixture  of  naphthalene 
and  strong  sulphuric  acid,  chlorous  acid  is  evolved,  and  acts  upon  the  naphthaJene, 
partly  by  oxioation,  forming  phthalic  acid  and  carbon  dioxiae,  partly  by  direct 
addition,  forming  chloroxynaphthalic  acid,  C'*H'C10* : 

C»»H»  +   8CinO«  -  C'»H»C10»  +   2HCI  +  H«0, 
partly  so  as  to  form  dichloronaphthalene,  according  to  the  equation  : 

C'«H"  +   C1«0»  -  C"H«C1«   +  H«0   +  0«. 

Lastly,  a  chlorinated  sulpho-acid,.  C**H*C1S0',  is  formed  in  considerable  qnantitj 
(Th.  Hermann,  Ann.  Ck.  Pharm.  cli.  1). 

9.  Naphthalene  or  bromonaphthalene,  heated  with  fueksine,  yields  a  violet  eolooring 
matter,  resembling  Hofmann's  violet,  perhaps  consisting  of  rosaniline  with  1  at 
hydrogen  replaced  by  naphthyl,  C'«H'  (Ball6,  Dinal.  pel.  J.  cxcv.  82 ;  Zeitsekr.  /. 
Ckem.  [2]  vi.  283). 

Compounds  of  Naphthalene, 

Aeenaphthene  or  Aeetyl-naphthalene,  C**H**  «  CH*.C'*H',  isomeric 
with  diphenyl,  has  been  already  described  (p.  3). 

Respecting  the  chlorides  of  naphthalene^  see  CHLOBONAPTaAi.B]vBS  (p.  845). 

Naphthalene  Hydride,  C*"H**,  is  found  amongst  the  heavy  oils  of  coal-tar 
boiling  between  200°  and  220°.  It  is  produced  by  heating  naphthalene  to  280°  in  a 
sealed  tube  for  a  short  time  with  saturated  aqueous  hydriodic  acid  (20  pts.).  It  is  a 
viscid  liquid,  having  a  strong  disagreeable  odour,  and  boiling  between  200°  and  210°. 
Heated  to  redness  in  a  sealed  tube,  it  is  resolved  into  naphthalene  and  hydrogen.  With 
cold  nitric  acid  it  forms,  without  evolution  of  gas,  a  solution  from  which  water  throws 
down  a  liquid  smelling  like  naphthalene  and  nitrobenzene.  It  is  dissolved  by  strong 
sulphuric  acid  with  aid  of  heat ;  by  the  fuming  acid  at  ordinary  temperatures,  forming 
a  sulpho-acid  which  is  soluble  in  water,  and  is  attacked  by  bromine  with  evolution  of 
hydrobromic  acid. 

Together  with  the  hydride  just  descril)ed  there  is  formed  a  small  quantity  of 
another  hydrocarbon  boiling  at  190°,  probably  a  second  naphthalene  hydride,  C*»H'* 
(Berthelot,  Jahresb.  1667,  p.  709). 

Napthalene-potassiumt  C'*H*K*,  analogous  to  the  hydride  above  described,  is 
formed  by  fusing  naphthalene  in  a  glass  tube  with  a  small  quantity  of  potassium, 
vemoving  the  black  crust  which  covers  the  metal  by  pressure  with  a  glass  rod  as  fast 
HS  it  forms,  and  boiling  the  black  pulverulent  product  with  benxol  to  remove  unaltered 
naphthalene.  With  water  it  yields  potassium  hydrate,  and,  together  with  naphtha- 
lene, a  hydrocarbon  (C^'H'"  ?)  more  fusible  than  the  Utter  (Berthelot,  Bull.  Soe. 
Chim.  [2]vii.  110). 

Sulfstiiution-derivatives  of  Naphthalene. 

Bromoiiaphtlialenea  (Q laser,  Ann.  Ch.  Pharm.  cxxxv.  40).—Mono6romo- 
naphtkalenCt  C**H'Br,  is  obtained  by  mixing  a  solution  of  naphthalene  in  carbon 
bisulphide  with  6  at  bromine,  and  distilling  the  liquid  which  remains  alter  the  earb<m 
bisulphide  has  been  driven  off.  It  is  a  colourless  strongly  refracting  oil,  having  a 
sp.  gr.  of  1*655  and  boiling  at  286°.  Dissolves  easily  in  alcohol  and  ether ;  takes  up 
naphthalene  and  iodine,  but  does  not  combine  with  the  latter ;  is  bot  decomposed  by 
alcoholic  potash,  but  is  reconverted  into  naphthalene  by  sodium-amalgam.  Wahlforss 
{^Jfihresb.  1866,  p.  664),  by  slowly  adding  bromine  in  rather  more- than  the  theoretical 
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diesolTe  ft  eertain  quantity  of  water,  which  they  retain  with  some  degree  of  obstinacy. 
Ketones  have  little  or  no  tendency  to  take  up  oxygen  from  the  air,  in  this  respect 
being  different  from  aldehydes,  which  have  this  tendency,  and  are  composed  of 
carbon  monoxide  with  one  equiTalent  of  alcohol-radicle  and  one  equiyalent  of 
hydrogen;  «^., 


SCH* 


Ketones  nndeigo  reiy  precise  oxidation  by  treatment  with  a  mixture  of  bichromate 
of  potash  and  dilute  solphnrie  acid  of  a  certain  strength  (viz.  a  solution  containing 
8  per  cent^  of  the  bichromate,  and  jnst  enough  sulphuric  acid  to  form  chrome-alum). 

The  products  of  oxidation  by  means  of  sneh  a  chrome-solution  employed  at 
temperatures  not  exceeding  100^  are  acids  of  the  acetic  series.  A  veiy  simple  law 
appears  to  gOTem  the  course  taken  by  the  oxidation,  yiz.  that  the  carbon  monoxide 
becomes  attached  to  the  lower  of  the  two  alcohol-radicles.  Thus  methyl-amyl  ketone 
giTee  aeetie  and  valerianic  acids : 


COJ^I'i  +  ()•  -  (?HK)»  +  C«H"0«. 


In  aeeordanoe  with  this  law,  methyl-ethyl  ketone  gives  only  acetic  add,  and  not 
acetic  and  propionic  acids : 

C0}^5!  +  0»  -  2C*H«0». 


lc«fl* 


In  the  instance  of  the  simplest  possible  ketone,  viz.  dimethyl-ketone,  which  is 
eommon  acetone,  the  products  are  acetic  add  and  formic  acid,  the  latter,  however, 
from  its  instability,  rapidly  passing  into  carbonic  add  and  water  on  prolonged 
oxidation: 


OOJ^I  +  0«  -  CHW  +  C0«  +  IPO. 


In  the  instance  of  ketones  containing  any  other  normal  alcohol-radicles,  and  even 
when  the  radides  are  to  some  deeree  iso-compounds,  the  oxidation  of  the  ketone  by 
means  of  the  above-mentioned  <mrome-Bolution  is  an  operation  yielding  two  atoms 
of  add  with  almost  mathematical  precision.  When,  however,  the  alcohol-radicles  are 
in  a  marked  degree  iso-radides,  the  oxidation  becomes  irregular.  Thus,  methyl- 
isopropyl  ketone  may  be  expected  to  give 

^lc]^CH»)«  +  0«  =  2C«H*0«  +  C0«  +  H»0. 

Ketones  can  also  take  up  hydrogen,  and  thereby  pass  into  secondary  alcohols ;  9^,^ 

CH« 

CH» 

H 


C0|>^S.  +  H»  -C 


CH» 
CH" 


OH 


Tliis  reaction  is  effected  by  the  employment  of  sodium-amalgam  in  presence  of  water 
(Friedel). 

Those  ketones  which  contain  metl\yl  en,ter  into  combination  with  alkaline  bisul- 
pbit&B^  and  form  compounds  which  are  often  beautiAiUy  crystalline,  and  from  which 
by  distillation  with  a  caustic  alkali  the  ketone  ipay  b^  recovered  in  its  original  state. 
ICetones  not  eontainine  methyl  do  not  form  compounds  with  alkaline  bisulphites,  or 
farot  them  only  with  the  utmost  difficulty.  . 

The  ketones  are  produced  in  the  following  reactions : 

1.  By  the  action  of  carbon  monoxide  on  the  compounds  of  the  alkali-metals: 
CO    -I-  2NaC«H»  -  Na«  +  CO(C?H»)«  (Wanklyn). 

2.  By  the  action  of  the  chloride  of  an  add-radicle  on  the  zinc-compound  of  an  alcohol 
ndiele:  C«H»Oa  +  Zn(CH»)«  =  C*H*a.CH^  +  ZnClCH*  (Pebal  a.  Freund). 

3.  By  distillation  of  the  baryta-  or  lime-salts  of  the  fatty  acids,  this  being  the 
oriipnei  process  by  which  common  acetone  was  first  prepared : 

(C0C^«J0.  ,  COjo.^  CD(CH»)». 

Tf  »  mixture  of  the  salts  of  two  different  fatty  acida  be  employed,  the  product  is  a 
containing  diftrent  alcohol-radicles  (Williamson) : 
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Unu  obUined  wmt  naphthalene  tetnehlonde.  The  ligioih  having  hmn  ■^m^l**^  off 
from  the  filtiate,  the  liquid  residue  was  mixed  with  alcoholic  poiadi  and  pnaphated 
with  water ;  and  the  oil  thus  separated,  after  being  dried,  was  ftartaonat^ed  tocanstast 
boiling  points.  In  this  manner  were  obtained  monochloionaphthaleiM  and  two 
isomeric  dichloronaphthalenes.  The  distillates  which  eoold  not  be  brought  to  eoa- 
slant  boiling  points  were  again  treated  with  chlorine  till  they  partly  solidified,  th«a 
mixed  with  ligroi'n,  and  Uie  crystalline  residua,  consisting  of  dichlotonaphthalsBe 
tetrachloride,  was  washed  with  ligrom  and  reoTStallised  from  chlorofonii.  The 
filtrate  freed  from  ligroin  by  distillation  yielded  heptachlorodi naphthalene.  In  another 
experiment  the  passage  of  chlorine  was  continued  at  a  gentle  heat  till  the  chkurinatad 
naphthalenes  formed  on  cooling  a  viscid  oil  which,  when  mixed  with  ligrom,  deposited 
after  a  few  days,  hard  crystals  of  monochloronaphthalene  tetrachlorido.  AnothiBr 
portion  of  this  thick  oil  was  treated  with  chlorine  at  a  higher  temperataxv  till  the 
chlorine  passed  through  unabsorbed,  whereby  a  very  viscid  oil  was  produced,  which, 
after  wasning  with  linoin,  was  quickly  converted  into  long  yellow  needles  of  fi  tetia- 
chloronaphthalene.  This  body  is  the  final  product  of  the  action  of  chlorine  on  heated 
chloronaphthalenes ;  it  does  not  appear  possible  to  introduce  a  larger  propartion  of 
chlorine,  even  with  aid  of  iodine.    (See,  on  the  contrary,  p.  847.) 

ADBmm-FBODUCTS. —  Naphthalene  Teiraehloride,  C'*H*G1\  crystallises  from 
chloroform  in  large  rhombohedrons,  melts  at  182^,  and  is  decomposed  by  boiling  with 
alcoholic  potash,  yielding  a  dichloronaphthalene. 

M<mcchhrona]^hthalene  Tetraehlonde,  0**H'C1.C1«,  crystallises  from  diloroliam  in 
elinorhombic  pnsms  melting  at  128^-130^ ;  with  boiling  alcoholic  potash  it  yields 
trichloronaphthalene. 

Diehlortmaphikalene  JUraehkride,  0*B.*C[*,CI\  crystallises  from  chlorofana  in 
four-sided  elinorhombic  prisms  melting  at  172^ ;  converted  by  boiling  alo^iolic  pottih 
into  a  tetrachloronaphthalene,  and  by  boiling  with  nitric  acid  into  dichlorophtbahc 
acid. 

It  is  remarfcable  that  each  of  these  three  bodies  contains  four  additive  atoms  of 
chlorine.  They  are  nearly  inodorous,  dissolve  sparingly  in  alcohol,  somewhat  mon 
easily  in  ligroin  and  in  ether,  most  easily  in  chloroform.  The  alcoholic  solntioBs 
mixed  with  nitric  acid  and  silver  nitrate  yield  silver  chloride  on  boiling. 

SuBSTiTirnoif-PBonucTB. — Monochlorona^hthalens,  C'*H*C1,  is  a  ocdouriesi, 
rather  mobile  oil,  boiling  at  260^-262^,  having  a  strong  odour  of  naphthalene,  asd 
not  altered  by  light  Monochiarodinitrcnaphihalene,  C^'H^aCNO*)*,  is  produced  bj 
adding  monochloronaphthalene  to  fuming  nitric  acid ;  it  forms  light  yellow  soft 
needles,  which  may  be  kneaded  together  in  the  hand,  and  melt  at  104^-106^. 

Dichloronaphthalene.^  C'H'Cl',  exhibits  two  modifications:  a.  Plroduced  bj 
boiling  nsphthalene  tetrachloride  with  alcoholic  potash.  Boils  at  280^-282^,  and 
solidifies  on  cooling  to  a  crystalline  mass  which  melts  at  85^-86^.  Of  the  numeioas 
modifications  descnbed  by  Laurent  as  produced  by  the  process  just  mentioned  (iv.  11), 
the  authors  were  not  able  to  obtain  one :  although  they  crystallised  the  a  djchhno- 
naphthalene  in  three  fractions,  all  three  were  found  to  melt  at  the  same  temperature. 

/3  IHchloronaphlhalene, — The  portion  of  the  ori^nal  chlorinated  naphthalenes 
(see  above)  which  boils  between  280^  and  285^  is  a  mixture  of  a  and  $  dicnloionaph- 
thalene,  and  partlv  solidifies  in  the  crystalline  form  after  long  standing.  'When  these 
crystals  are  fVeed  by  pressure  between  bibulous  paper  from  the  adhering  a  modifica- 
tion (which  in  the  impure  state  is  an  oil),  and  frequently  reerystallised  from  ether- 
nloohol,  pure  fi  dichloronaphthalene  is  obtained  in  colourless  prisms  boiling  at  281^- 
288^  {i.e.  at  the  same  temperature  as  a)  and  melting  at  68^.  Th.  Hermann  (Jmm, 
Ch.  Pharm.  cli.  68)  has  also  obtained  this  fi  dichloronaphthalene,  crystallising  in 
needles  and  melting  at  68°,  as  one  of  the  products  of  the  action  of  chlorous  add  on 
naphthalene  (p.  868) ;  he  also  describes  two  other  modifications  formed  at  the  same 
time,  one  (apparently  identical  with  Laurent's  modification  e)  crystallising  in  acumi- 
nated rhombic  needles  or  rhombic  lamintt  melting  at  61°;  the  other  crystallising  in 
strongly  nacreous  laminae  melting  at  92^. 

The  products  formed  by  treating  a  and  $  dichloronaphthalene  with  fuming  nitric 
acid  are  difficult  to  purify,  and  therefore  not  characteristic ;  but  the  bromine  substitn- 
tion-products  difier  somewhat  in  melting  point,  a  Tetraehlorotribromodintmhth&lene, 
C«»fl»a*Br«  or  perhaps  C"H*Cl«Br.C"H*Cl«Br«,  is  obtained  by  dropping  4  at 
bromine  on  1  mol.  of  fused  dichloronaphthalene,  boiling  the  red  solution,  after  24 
hours,  with  alcoholic  potash,  precipitating  with  water,  and  recrystallising  from  ether- 
alcohol.  It  forms  long  soft  white  needles  melting  at  74°-76^.  0  TetraehUm^hi- 
bromodina^hthalenet  0**H*Cl^Br',  obtained  in  the  same  manner  is  exactly  like  the 
amodificabon  in  external  appearance,  but  melts  at  71^-73°, 
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Triekloronaphtkalene,  C'*H*CI*,  obtained  by  boiling  chloioiiaphthaleiie  tetn- 
diloride  with  alcoholic  potash,  oyBtaHiaes  from  ether-alcohol  in  brittle  prisma  melting 
at  81°.    Its  nitro-product  is  a  soft,  yellow,  crystalline  mass. 

irep<acA/oro(/iiiai7AMa/«fi«,C»H«Cl'»G**H*Cl>.C>«H«a«(?),<97staUise8from 
ether-alcohol  in  very  long,  yellowish,  waxy  needles  melting  at  106^.  By  piolonged 
boiliog  with  alcoholic  potash  it  is  oonverted  into  a  product  which  cxystallisee  £rom 
ether-aloohol  in  ooLourlees  six-sided  prisms  melting  at  101^-102^.  Mepiaeilor(h- 
dinitrodinaphthaUfie,  C^H'CrCNO')'  («  C'"Cl*a»NO« .  C"H»C1*N0«  ?),  crystallisea 
from  alcohol  in  soft  yellowish  needles  melting  at  104^-106°. 

Tetrachloronaphthalenej  C'*H^C1\  exists  also  in  two  isomeric  forms:  a.  Pro- 
duced by  boiling  dichloronaphthalene  tetrachloride  with  alcoholic  potash.  Crystallises 
from  ligroin  and  ether  in  soft  white  needles  which  melt  at  130°.  Its  nitro-prodnct 
forms  yellow  ciystalline  nodules. — 0.  Forms,  as  abore  mentioned,  the  ultimate  product 
of  the  action  of  chlorine  gas  on  heated  chloronaphthaleneB.  It  is  originally  obtained' 
in  long  yellow  needles,  but  after  repeated  crystallisation  from  alcohol,  forms  soft 
white  neeidles  which  melt  at  166^-168°.    The  nitro-product  is  a  soft  yellow  mass. 

All  the  chloronaphthalenes  are  easily  soluble  in  ether,  ligroin,  and  chlaroform,  less 
easily  in  alcohol ;  they  have  an  odour  of  naphthalene,  weaker  as  their  amount  of 
chlorine  is  greater,  and  in  the  tetrachloronaphthalenes  scarcely  perceptible.  Their 
nitro-deriyatiyes  are  mostly  soft  yellow  masses  which  are  difficult  to  purify,  and  when 
heated  with  aqueous  soda  or  ammonia,  are  partly  oonyerted  into  a  brown-nd  colouring 
matter  (Faust  a.  Saame). 

Pentaehloronaphthalenet  C**H"C1*,  is  produced  by  heating  1  mol.  dichloKH 
naphthoquinone  with  2  moL  phosphorus  pentacmoride  to  180^-200°  in  a  sealed  tuba 
till  the  yellow  crystals  disappear : 

C»»H«a«0»  +  2PC1»  «  HCl  +  2P0OT  +  C'»H»a». 

On  washing  the  product  with  water  and  dilute  soda-ley,  and  distilling,  the  pentachloro^ 
naphthalene  passes  oyer  at  a  temperature  above  the  boiling  point  of  mercury,  solidifies 
in  the  receiTer,  and  may  be  obtained  in  colourless  needles  by  recrystallisation  from 
alcohol.  It  is  insoluble  in  water,  slightly  soluble  in  cold,  more  freely  in  hot  alcohol, 
easily  soluble  in  ether.  It  melts  at  108*6°,  may  be  sublimed  in  needles  by  cautious 
heating,  and  distils  unaltered  at  a  higher  temperature.  It  is  not  attacked  by  alkalis. 
It  is  much  less  easily  oxidable  than  naphthalene,  not  being  attacked  by  chromic  acid 
mixture,  or  by  boiling  nitric  acid  of  sp.  gr.  1*35.  By  the  action  of  fuming  nitric  acid, 
and  more  easily  by  heating  it  in  sealed  tubes  to  180°-2Q0°  with  nitric  acid  of  sp.  gr. 
1*16  to  1*2,  it  is  converted  into  tetrachlorophthalio  acid,  (7M*C1H)*  (Graebe,  Jnn.  Ch, 
Pkarm,  dxix.  8). 

Oetoehloro'  or  Perekloro-naphihalene.  C>*G1*. — ^Berthelot  a.  Jungfleiscli 
(Ann.  Ch.  Phyt,  [4]  xy.  882)  haye  prepared  this  compound — first  obtained  by  Laurent 
(iy.  13) — by  treating  naphthalene  witn  chlorine,  ultimately  with  addition  of  antimonie 
chloride.  The  product,  sublimed  and  recrystallised  ftom.  carbon  bisulphide,  exhibits 
properties  different  fiY>m  those  assigned  to  it  by  Laurent.  It  forms  splendid  erjrstals 
oelonging  to  the  rhombic  system,  melts  at  136°,  and  boils  with  slight  decomposition  at 
403° ;  20  c.  c  of  its  solution  in  carbon  bisulphide  saturated  at  16^  contained  6*86  grm. 
of  the  compound.  Heated  with  potassium  hydrate,  it  gives  off  violet  yaponm  (aoeoxding 
to  Laurent  it  is  not  attacked).  Heated  with  hydriodic  acid  it  yields  the  same  products 
as  naphthalene.  Its  vapour  passed,  together  with  hydrogen,  through  a  red-hot  tube 
yields,  together  with  napnthalene,  chiefiy  resinous  and  coloured  products  similar  to  those 
produced  under  the  same  circumstances  from  naphthalene. 


Monocyano-naphthalene  ot  Naphthyl  Cpanid$, 
C^'H'CN,  is  obtained  in  two  modifications,  a  and  jS,  by  heating  the  potassium  salts  of 
the  corresponding  naphihyl-sulphurous  acids  with  potassium  cyanide : 

C'»H'.SO«K  +   CNK  «  BO«K«  +  C»«H»(CN). 

The  a  cyanide  distils  over  at  about  300°,  and  after  a  few  rectifications  forms  a 
colourless  liquid  having  an  agreeable  odour  somewhat  like  that  of  bitter  almond  oil, 
a  sharp  burning  taste,  and  solidifying  in  a  few  days  at  ordinary  temperatures,  quickly 
and  completely  at  0°.  It  may  be  easily  purified  by  eiystallisation  from  ligvoSni 
f^m  which  it  separates  in  splendid  groups  of  needles  having  a  satiny  lustre.  It  melts 
constently  at  37*5°,  and  distils  at  297^-298°  (corr.). 

The  $  evamde  likewise  passes  over  in  the  first  instance  at  about  300^,  as  a  liquid, 
but  solidifies  very  quickly  at  ordinary  temperatures.  When  purified  by  npeated 
eiystallisation  firam  ligroin  and  rectification,  it  forms  a  beautiful  white  mass  re- 
sembling stearin  and  melting  at  66*5^  {i.e.  29°  higher  than  the  a  compound)  to 
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a-colourlesis  or  yellowish  liquid  which  Bolidifies  on  cooling  to  a  mass  of  crjMOaub 
nodules.  It  boils  constantly  at  304^-305°  (corr.).  Has  but  a  &int  odour  and  a  slovly 
developed  burning  aromatic  taste.  It  is  nearly  insoluble  in  water,  bat  diasoiTet 
easily  in  alcohol  and  ether,  with  moderate  facility  in  hot  ligrom,  sind  separates  ia 
great  part  on  cooling  in  groups  of  white  but  somewhat  indistinct  ciyBtaU.  Better 
crystals  are  obtained  by  leaving  solutions  of  the  cyanide  in  Ugioin  or  aqueoas 
alcohol  to  evaporate  spontaneously ;  it  then  forms  thick  colourless  scales  haying  the 
aspect  of  porcelain. 

Both  a  and  3  naphthyl  cyanides  are  converted  by  boiling  with  alcoholic  potash  into 
the  corresponding  naphthoic  acids,  C" HK)*  (p.  ^^l)*  Intermediate  oampooiids 
are  likewise  formed  having  the  composition  NH*(C"H'0)  (Men  a.  Mnblhaassr, 
Zeitschr.  /.  Chem.  [2]  v.  70). 

a  Niiroeyanonaphthalene,  C'*H*(NO^X^^)»  obtained  by  treating  acyanonaphthalwia 
with  fuming  nitric  acid,  crystallises  from  alcohol  in  yellow  needles  melting  at  81^  and 
solidifying  at  74^.  It  yields  by  reduction  a  liquid  amido-hase  whose  hydrochkrids 
has  the  composition  C>*H«(CN)NH*.HCI.  The  fi  niiro-ctmpound  ajnUdUBtm  firan 
alcohol  in  yellowish-white  laminse  (Welkov,  Deui.  ckem,  Get.  B^.  1869,  p.  407)u 

Dicyanonaphthalene,  C**H*(CN)*,  is  obtained  in  three  modifications  by  disdllii^ 
potassium  cyanide  with  the  potassium  salt:  a.  Of  monobromonaphthyl-sulphBioQi 
acid :  thin,  long,  faintly  yellow  needles,  slightly  soluble  in  alcohol  and  ether,  insofaibls 
in  water,  melting  at  204°. ~/3.  Of  brominated  a  naphthyl-sulphuious  add:  sonll 
yellowish  needles,  easily  soluble  in  alcohol,  melting  at  236°. — y.  Of  brominated  ^ 
naphthyl-sulphurous  acid :  small  needles,  easily  soluble  in  alcohol,  melting  at  170°. 
*— 8.  From  naphthylene-sulphurous  acid :  yellowish,  yeir  slightly  soluble  in  alcohol 
melting  at  262°  (Darmstadter  a.  Wichelhaus,  ZeiUchr,/.  Chem.  [2]  r.  571). 

WttronaplitlialeBea  (Lautemann  a.  d'Aguiar,  ZeiUekr,  f.  Chem.  [S]  i.  564).— 
Ordinary  concentrated  nitrie  acid  converts  naphthalene  only  into  dinitronaphthaieae 
even  after  prolonged  treatment  (Laurent,  however,  describes  two  modifications  of 
trinitronaphthalene  obtained  in  this  manner,  iv.  16^.  By  digesting  naphthalene  for 
12  to  14  days  with  fuming  nitric  acid  at  the  boiling  neat,  a  yellow  crystalline  mixture 
of  di-  and  tri-nitronaphthalene  is  obtained ;  and  on  mixing  the  contents  of  the  retort 
with  water,  washing  tlie  white  substance  thereby  separated  with  water,  drying,  treadng 
it  with  ether,  and  recrystallising  from  hot  alcohol,  trinitronaphthalene,  C^^^NO*)",  is 
obtained  in  monoclinic  crystals  agreeing  perfectly  in  form  with  Laurent's  0  trinitro- 
naphthalene. 

Dinitronaphthalene,  C'*H*(KO^)',  which  is  always  obtained  in  the  preceding 
process  as  a  secondary  product,  is  likewise  insoluble  in  water,  but  somewhat  mare 
soluble  than  trinitronaphthalene  in  hot  ether  or  alcohol ;  it  dissolves  also  in  strong 
nitric  acid,  hot  acetic  acid,  and  turpentine  oil,  and  crystallises  therefrom  in  yellowish 
needles  or  in  rhombic  serrated  tables,  melting  at  about  210°.  With  alcoholic  ammonia 
it  forms  a  white  crystalline  precipitate,  the  liquid  acquiring  a  faint  rose  colour. 
According  to  Hollemann  {Zeitechr.f,  Chem.  [2]  i.  655),  yellow  oinitronaphthalenemay 
be  rendered  colourless  by  treatment  with  zinc  and  sulphuric  acid  at  200°,  washing 
with  hot  water,  and  recrystallisation.  Darmstadter  a.  Wichelhaus  {ibid.  ▼.  253),  by 
exhausting  the  product  of  the  action  of  iiiming  nitric  acid  on  naphthalene  with  hot 
ulcohol,  obtain  a  dinitronaphthalene  which  crystallises  on  cooling  in  microsoopie 
jieedles  and  tables,  and  when  recrystallised  from  hot  chloroform  forms  four-  or  six-sioed 
rhombic  tables,  ooP.  goPoo  .oP,  with  angles  odP  :  ooP  ■■  137°  and  43° ;  insoluble  ia 
water,  dilute  nitric  acid,  and  benzol,  easily  soluble  in  hot  ether  and  carbon  bisulphide, 
soluble  in  hot  alcohol  and  chloroform  ;  melting  at  170°  and  resolidifying  at  i57°-lo6°. 
•The  compound  detonates  when  distilled,  dissolves  in  alcoholic  potash  with  red  colour, 
in  sulphuric  acid  with  yellow  colour  removable  by  ether.  The  residue  of  the  treatment 
with  alcohol  consists  of  the  modification  of  dinitronaphthalene  previously  described. 
The  existence  of  the  second  modification  of  dinitronaphthalene  is  confirmed  by  Aguiar 
(ibid.  441),  who  finds  that  it  possesses  the  properties  described  by  Darmstadter  s. 
Wichelhaus. 

.  Trinitronaphthalene^  C'H^Cl',  is  insoluble  in  water,  only  slightly  soluble  in 
alcohol  and  ether ;  precipitated  in  fiocks  from  solution  in  fuming  nitric  acid.  The 
crystals  decrepitate  when  heated,  melt  at  214°  with  partial  sublimation,  and  detonate 
at  a  higher  temperature.  In  contact  with  phosphorus  iodide  and  water  it  is  converted 
into  naphthenyltriammonium  iodide,  (C'*H*)'"H*N' .  H*I*,  which  ciystallises  from  the  hot 
filtrate  iu  needles  (Lautemann  a.  Aguiar).  The  modification  of  dinitronaphthalene 
obtained  by  Darmstadter  a.  Wichelhaus  yields  when  treated  with  fuming  nitrie 
acid,  a  more  highly  nitrated  compound,  different  from  the  trinitronaphthalene  just 
described. 
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Tetraniironaphthalen&t  C**HXNO*)^  is  produced  by  heating  a  flolution  of 
trinitronaphthalene  in  fuming  nitric  acid  for  four  days  in  closed  vessels,  and  crystal- 
lises from  hot  alcohol  in  long  asbestos-like  needles,  which  melt  at  200^,  detonate 
violently  at  a  higher  temperature,  and  are  coloured  deep  red  by  alcoholic  ammonia.  By 
excess  of  phosphorus  iodide  and  water  it  is  converted  into  naphthenylene-tttrammonium 
iMficfe,  (C**H^)**H'N*.4HI,  which  ciystallises  in  yellowish  lamins  easily  soluble  in 
alcohol  (Lautemann  a.  d'Aguiar). 

»la»>ii»plitluaeBe.  Ci«H*N*.— The  nitrate  of  this  base,  C'^H'N'.HNO*,  is 
formed  by  the  action  of  nitrons  acid  on  moistened  nitrate  of  naphthylamine,  and  is 
obtained,  on  filtering  the  solution  from  a  brown-red  amorphous  product,  and  leaving 
it  to  evaporate,  in  white,  easily  soluble,  explosive  needles.  Its  aqueous  solution  is 
decomposed  at  the  boiling  heat,  with  evolution  of  nitrogen  and  formation  of  naphthol 
^v.  866) : 

C»«H«N«.HNO«  +  H»0  -  C"H»0  +  HNO>  +  N«. 

JHasonaphthalBne  per^tromidfj  C'H'N'.HBr',  forms  orange-red  crystals;  the  plaiino' 
ehlcride,  2(C**H"lJ'.HCl).PtCl*,  forms  short,  yellowish,  nearly  insoluble  prisms. 
JHazonaphihalimide,  C'*H'N*.NH,  passes  over  as  a  yellowish  oil,  when  the  substance 
obtained  by  the  action  of  ammonia  on  the  perbromide  is  distilled  with  water  (Griess, 
Jahresb.  1866,  p.  459).  All  these  reactions  are  analogous  to  those  of  diazobenzene 
(iv.  430). 

JMasoamldoiiai^tluaeiia,  G^H^N*  »  C|«H«N*.Ci*H'(NH*),  analogous  to 
diazoamidobenzene  (iv.  469),  is  formed  by  the  action  of  nitrous  acid  on  a  well-cooled 
solution  of  naphthylamine : 

2C»»H»N  +  HNO«  =  2H«0  +  C~H»N» ; 

or  by  precipitating  diazonaphthalene  hydrochloride  with  a  solution  of  naphthylamine, 
or  better  by  the  action  of  a  slightly  alkaline  solution  of  sodium  nitrite  on  crystallised 
neutral  naphthylamine  hydrochloride.  It  separates  from  alcohol  in  yellow-brown 
lamins  which  melt  at  100°,  and  decompose  ^ith  explosion  at  higher  temperatures. 
When  heated,  even  with  the  weakest  acids,  it  splits  up  into  naphthylamine  and 
naphthol ;  with  concentrated  mineral  acids  it  acquires  a  transient  violet  colour 
(C.  A.  Martins,  Zeiisckr.  /.  Ch&m,  [2]  ii.  137). 

(C»»H')») 
Arodinaphthyldiamine,      N'"     VN*(iv.  28),  isomeric  with  the  preceding,  is 

formed,  together  with  naphthol,  by  the  action  of  nitrous  acid  on  warm  alcohoflc  solu- 
tions of  naphthylamine ;  also  by  treating  that  base  with  sodium  stannate : 

3C»»H»N  f  0«  «  C«»H"N»  +  C»*H»0  +  2H»0. 

It  forms  tolerably  stable  salts,  whose  solutions  are  violet,  and  crystallises  from 
alcohol  in  long  i^dish-yellow  needles  which  melt  at  136°,  solidify  at  126°,  and 
distil  almost  without  decomposition. 

Azodinaphthyldiamine  is  also  formed  by  the  action  of  strong  sulphuric  acid  and 
of  other  acids,  except  hydrochloric  acid,  on  naphthylamine  (Chapman,  Chem,  8oc,  J. 
[2]  iv.  329).  On  its  formation  by  the  action  of  nitrous  acid  on  naphthylamine,  see 
also  Chapman  {ibid,  185). 

BtbylpoapHtbaleiie,  C"H'<  »  Ci'H'(C^H^)«  is  produced,  similarly  to  ethyl- 
benzene  (p.  292),  by  the  action  of  sodium  in  excess  on  a  cooled  mixture  of  mono- 
bromonaphthalene  and  ethyl  bromide  in  presence  of  ether.  On  distilling  off  the 
ether,  and  subjecting  the  liquid  which  passes  over  at  a  higher  temperature  to 
fractional  distillation,  it  separates  into  naphthalene  and  ethyl-naphthalene.  The 
latter  is  a  colourless  liquid  having  a  faint  odour,  boiling  at  250°,  and  uf  about  the 
same  specific  gravity  as  water  (Fittig  a.  Kemsen,  ZsitBchr.  f.  Chem.  [2]  v.  87). 

Metbsrl-aaiibtlialene,  CHi*  »  Ci«H'(CH'),  is  produced  in  like  manner  from 
bromonaphthalene  and  methyl  iodide.  The  product  is  a  colourless  liquid,  boiling 
constantly  at  231°-232°,  having  a  sp.  gr.  of  1*027  at  11*5°,  and  remaining  liquid  at 
- 18°  (Fittig).  Stacewicz  (ibid.  182),  by  heating  the  lead  salt  of  naphthyl-sulphnroua 
acid  with  calcium  acetate  and  quick  lime,  distilling,  and  crystallising  from  alcohol, 
obtained  a  small  quantity  of  yellowi&h  laminie,  having  nearly  the  composition  of 
methyl-naphthalene.     The  itoction  appears  to  be  : 

(C»»H'SO«)«Pb  +  (C»H>0«)«Ca  +  20aO  =  2C'»fi'(CH«)  + 
SO»Pb  +  SO«Ca  +  2C0»Ca. 
Sup,  3  I 
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Pharm.  czzzvi.  342). — A  tetratomic  alcohol  produced  from  the  ooxreBponding  chkr- 
hydrin  by  decompoeition  with  alkalifl : 

C"H«C1«(0H)«  +  2K0H  -  2KCI  +  C"H»(OH)«. 

The  chlorhydrin  is  obtained  by  treating  finely  pnlYerised  naphthalene  with  ezeeBS  of 
moderately  concentrated  hypochlorona  acid,  and  agitating  die  liquid  (filtered  aiter 
24  hours,  freed  from  diasolTed  mercury  by  hydrogen  sulphide,  and  satmated  with 
common  salt)  with  ether.  On  distilling  off  the  ether,  and  drying  the  rasidne  io 
rarefied  air,  naphthaUne  eklorkydrin  remains  as  a  light  yellow  body,  oystalliaing  in 
well-defined  prisms,  slightly  soluble  in  water,  easily  soluble  in  alcohol,  quickly  toraing 
brown  in  the  air,  melting  at  a  gentle  heat,  and  decomposing  at  a  higher  temperatore. 
To  prepare  the  alcohol^  the  alcoholic  or  aqueous  solution  of  ^e  chlorhydrin  is 
heated  for  a  few  hours  with  3  or  4  mol.  potassium  hydrate,  and  the  dilute  solution, 
acidulated  with  hydrochloric  acid  and  mixed  with  common  salt,  is  agitated  with  ^er. 
On  evaporating  the  ether  (and  decolorising  if  neoessaiy  in  alcoholic  solution  with 
animal  charcoal)  the  naphthalene  alcohol  ciystallisee  in  prisms  which  rapidly  torn 
brown.  It  melts  at  a  gentle  heat,  decomposes  when  distilled,  is  slightly  aoluble  in 
water,  easily  in  alcohol  and  ether,  and  witn  brown  colour  in  aqueooe  potaah.  The 
alcoholic  solution  mixed  with  a  little  ammonia,  forms  with  salts  of  lead,  silrer,  and 
other  metals,  precipitates  which  acquire  a  darker  colour  when  exposed  to  light. 
The  lead  compound,  C>*H*Pb'0^  absorbs  carbon  dioxide  fxovi  the  air,  and  when 
decomposed  by  hydrochloric  acid,  yields  the  alcohol  in  its  original  state.  The 
solution  of  the  alcohol  in  strong  sulphuric  acid  is  brown,  and  contains  an  acid 
whose  barium,  calcium,  and  lead  salts  are  easily  soluble  in  water.  The  calcium  salt, 
(S0»)M 

CH'   0*,  crystallises  in  tufte  of  prisms.      Glacial  acetic  add  deoomposes  the 

H»Ca) 

alcohol,  forming  a  black  resin  and  a  red  body  soluble  in  ether.  The  solution  of  the 
alcohol  in  warm  very  dilute  nitric  acid  leaves  on  evaporation  yellow  prisms  of 
naphthoxalic  acid,  C**H'0*.  The  alcohol  or  the  cmorhydrin  heated  for  some 
time  with  concentrated  hydriodic  acid,  forms  a  mobile  liquid  distillable  with 
and  probably  consisting  of  cymene  holding  naphthalene  in  solution. 

See  NAFHTHTUDconE  (p.  861). 

See  page  848. 


WAFBTBOOYABKZO  JLOZB.     C"H»N"0*  (Muhlhauser,  Ann,   Ck,  Pkarm, 

cxli.  214). — Produced  by  the  action  of  potassium  cyanide  on  dinitio-naphthalene : 

2C»»H«(N0«)«  +  12CNH  +  9H«0  -  C»H»«N»0»  +  4CX)«  +  8NH«. 

The  potassium  salt  is  prepared  by  agitating  a  mixture  of  3  pts.  pulverised  dinitro- 
naphthalene  in  38  pts.  alcohol  with  a  solution  of  6  pts.  potassium  cyanide  in  57  pts. 
water  till  a  brown-red  colour  is  produced,  and  then  heating  the  liquid  to  the  boiling 
point  till  it  assumes  a  fine  blue-green  colour.  The  solution  decanted  while  still  hot 
gradually  deposits  the  impure  potassium  salt,  which  may  be  purified  by  washing  with 
cold  water  (till  the  water  runs  away  blue),  solution  in  hot  water,  repeated  precipita- 
tion with  concentrated  potassium  carbonate,  and  treatment  with  hot  ether  after 
drying  over  sulphuric  acid.  It  contains  C^H*'K'0*K  +  HH),  and  forms  a  dark 
mass  having  a  strong  coppery  lustre,  especially  after  friction ;  insoluble  in  eth<*r,  bat 
dissolving  easily,  and  with  fine  blue  colour,  in  hot  water  and  in  alcohol.  When 
heated  it  detonates  with  a  reddish  light,  giving  off  a  peculiar  aromatic  odour,  and 
leaving  a  bulky  charcoal.  The  ammonium  salt,  formed  by  decomposing  the  potassium 
salt  with  strong  solution  of  sal-ammoniac,  is  a  crystalline  precipitate  soluble  in  hot 
water  and  in  alcohol.  The  barium  salt,  C'*Hi*N"0'Ba  (?),  is  a  dark  blue  precipitate 
having  a  coppery  lustre  when  dz^,  detonating  when  heated  like  the  potassium  salt. 
The  silver  salty  C*''H'*N*0*Ag',  is  insoluble  in  water,  has  a  lustre  of  bronze,  and 
detonates  with  great  violence  when  heated.  The  blue  solution  of  the  potassium  salt 
mixed  with  the  smallest  quantity  of  any  free  acid  becomes  greenish,  and  on  further 
acidulation,  greenish -yellow,  depositing  naphthocyamic  acid,  C^H^N^O*,  as  a 
dark  brown  precipitate,  forming  when  dry  a  black  shining  mass.  It  is  insoluble  in  ether, 
nearly  insoluble  in  water,  more  easily  in  alcohol,  still  more  in  amylic  alcohol,  forming 
a  dark  brown-red  liquid.  Its  solution  turns  green  or  blue  when  mixed  with  a  small 
quantity  of  a  base. 
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WiBiloenns  {iM.  ▼!.  159)  points  out  that  the  acid  in  question  yields  by  ozidation»  not 
glyooric,  but  (as  first  product)  carbacetozylic  acid;  that  it  is  not  converted  into 
glycerin  by  nascent  hytuogen ;  and  when  treated  with  hydriodic  acid  is  easily  trans- 
fozmed  into  iS-iodopopionie  acid«  Saicolactic  acid  appears  to  be  a  mixture  of  two  acids, 
inasmuch  as  its  sine  salt  may  be  separated,  by  treatment  with  strong  alcohol,  into  a 
sparingly  soluble  crystalline  salt  and  an  easily  soluble  amorphous  s^t.  The  acid  of 
the  laUer  appears  to  be  identical  with  paralactic  or  /9-ojEypropionic  acid ;  but  that  of 
the  crystalline  sine  salt  is  not  identical  with  ordinary  lactic  acid,  inasmuch  as  it 
exerts  a  strong  dextrorotatory  action  on  polarised  light,  whereas  both  ordinary  lactic 
and  paralactic  acids  are  optically  inactive.  See  farther  Heinta,  Ann,  Ch.  Pharm, 
civil  291,  295 ;— Erlenmeyer,  ibid,  clviil.  262 ;  also  Ckem,  Soo.  J,  [2]  ix  861,  646. 

BmnUicmi.-^\,  Paralactic  acid  oxidised  with  potaswum  dickromate,  or  with  dilute 
mUrie  aeid,  or  by  fusion  with  potash^  is  convert^  into  malonic  acid,  CH^O* ;  but 
ofdioarf  lactic  acid  treated  with  sulphuric  add  and  potassium  dichromate,  is  con- 
▼srted  into  formic  and  acetic  acids  (Dossios,  Jahretb,  1866,  p.  884) : 


(CHH)H 

JCH»        +  0«  -  H*0 
ICOOH 
PanlActio.  iCalonic 


'COOH 
COOH 


{ 


_   !?„„  +    JCH. 


TOOK    ■*■  ^    ~   IcOOH  +    JCOOH 
LaoUo.  Fonnic.  Acetic. 


According  to  Chapman  and  Smith  (p.  152),  the  products  aro  acetic  acid,  carbon 
dioxide,  and  water :  C»H«0»  +  0«  -  C«H*0«  +  CO*  +  HK). 

2.  Ordinary  lactic  acid  heated  for  several  hours  to  130®  with  dilute  sulphuric  acid 
is  converted  into  aldehyde  and  formic  acid : 

JCHOH  +  HOH  -  JCHOH  +  \rnnw 

(cOOH  I  OH  itOOH 

Laofelc  add.  SthyUdno      Votmlo  scid* 

glyool. 

l^OH     -     j^'o     +     HK) 

Bthylidene  glycol.      Aldehyde. 

^ualactic  add  similarly  treated  would  probably  be  resolved  into  formic  add  and 
ethylene  glyool  (Erlenmeyer,  Zeitseht.  f.  Chem.  [2]  iv.  848). 

3.  Lactic  add  mixed  with  eupric  sulphate  forms  a  deep  blue  liquid  without  predpi- 
tation,  whereas  paralactic  acid  is  almost  completely  precipitated  (Bossies,  loe,  cit.). 

4.  Lactic  add  neated  to  160^-180®  in  a  stream  of  gaseous  hydrobromio  acid,  or  to 
lOO^  in  sealed  tubes  with  saturated  aqueous  hydrobromic  add,  is  converted  into 
bromopropionic  add,  C'H*BrO'  (Kekul^,  Ann,  Ch.  Pharm.  cxxx.  11). 

5.  An  ethereal  solution  of  lactic  acid  treated  with  bromine  in  a  well-cooled  vessel, 
and  afterwards  heated  to  100®  in  a  retort  with  upright  condenser,  yields  a  liquid 
from  which  water  throws  down  a  gradually  crystallising  oil,  while  ordinary  lactic 
acid  remains  dissolved.  The  crystalline  product,  which  contains  about  6'8  p.  c. 
bsomine,  is  neutral,  melts  at  83®-85®,  dissolves  easily  in  ether,  separating  therefrom 
in  large  acute  rhombic  prisms,  and  is  decomposed  by  silver  oxide  and  acetate,  also  by 
Modiom-amalgam,  yielding  products  not  yet  examined  (Wichelhaus,  Jahresb.  1867. 
p.  402). 

According  to  Claus  (Ann.  Ch.  Pharm.  cxxxvi.  287),  calcium  lactate  yields  by  dry 
difltiilation,  aaylic  add,  phenol,  and  a  fetid  oil  varying  in  boiling  point  from 
75^  to  210^.  Potassium  lactate  subjected  to  electrolysis  yields  large  quantities  of 
carbon  dioxide  and  aldehyde-resin  (Brester,  Jahrfsb.  1866,  p.  87).  Ethyl  lactate  is 
ctjnTerted  by  phosphorus  trichloride  into  ethyl  chloropropionate  (fnnkland  a. 
Dtippa.  ibid.  1865,  p.  386): 

8C»fl»(C«H*)0«  +  PCI*  =  PH»0"  +   3C«H*C1(C«H»)0«. 

I>ibromolaotie  aeid,  C'H*Br>0*,  is  formed  by  endosing  1  mol.  pyrorscemicadd. 
C'H^O*  (dried  by  standing  over  oil  of  vitriol  and  quick  lime),  with  1  mol.  bromine  in 
a  sealed  tube,  and  leaving  the  tube  for  several  hours  in  ice-cold  water.  A  viscid 
prudnct  containing  capillary  crystals  is  then  formed,  and  the  colour  of  the  broinine 
I'.iaappears,  without  perceptible  formation  of  hydrobromic  add.  The  product  quickly 
abeorba  moistun  ftom  the  air,  and  decomposes  with  evolution  of  hydrobromic  acid  \  it 
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man  DAT  vith  nAphthylamiDe,  is  insoluble  in  water  and  bensol,  slightly  Mlnble  in 
alcohol,  and  melts  at  244°  (Hofmann). 

Naphthoic  Anhydride^  (C"H'0)'0,  obtained  by  distilling  calcium  naphtboate 
with  naphthoic  chloride,  washing  the  distillate  with  water  and  alcohol,  and  crystal- 
lising from  boiling  benzol,  forms  prisms  melting  at  145^,  insoluble  in  water,  al^tlj 
soluble  in  alcohol,  easily  soluble  in  ether  and  in  bensol  (Hofmann). 

Ozjmapl&tliolo  Aoid.  C"HoO*  «  C>*H*(OH).CX)OH.  Carbani^ktholie  Acid 
(Eller,  Ann.  Ch.  Pharm.  clii.  277). — This  acid,  related  to  naphthol  in  the  same  manner 
as  salicylic  acid  to  phenol,  is  formed  by  passing  dry  carbon  dioxide  over  an  intimate 
mixture  of  1  mol.  naphthol  and  2  at  sodium,  the  reaction  being  completed  at  the  beat 
of  the  water- bath.  The  mass  is  then  expoaed  to  the  air  for  a  short  time,  to  oxidise  the 
remaining  sodium,  the  sodium  oxynaphthoate  is  dissolved  in  water,  and  the  solntioii 
mixed  with  hydrochloric  acid.  The  oxynaphthoic  acid,  which  is  almost  insoluble  in 
water,  is  then  precipitated  in  yellowish  flocks  which  may  be  recrystallised  from  alcohol 
and  ether.  It  formB  colourless  needles  easily  soluble  in  alcohol  and  ether,  and  preci- 
pitated therefrom  by  water ;  it  has  an  acid  reaction,  and  melts  at  186^  to  188°,  timing 
brown  at  the  same  time.  The  potassium  salt  forms  slightly  soluble  needles.  The 
copper  salt  is  a  green,  the  lead  salt  a  white  sparingly  soluble  precipitate  ;  the  silver 
salt  a  curdy  precipitate.  Ferric  chloride  produces  with  the  acia  a  strong  blue 
colour ;  ferrous  sulphate,  after  a  while,  a  blue-red  colour.  Barium  chloride  forms  no 
precipitate. 

The  oxynaphthoic  acid  above  described  was  prepared  with  a  mixture  of  a  and  0 
naphthol.  Schaffer,  however  (Ann.  Ch.  Pharm.  clii.  291),  has  prepared  a  oxynaph- 
thoic acid  from  pure  a  naphthol,  and  finds  that  it  agrees  in  every  resppct  with  the 
acid  obtained  by  £ller;  melting  point  186°-186°.  Hence  it  appears  that  a  mixtme 
of  a  and  fi  naphthol  treated  with  sodium  and  carbon  dioxide  yields  only  a  oxynaph- 
thoic acid.  Schaffor  finds  indeed  that  $  naphthol  treated  in  the  same  manner  is  bat 
very  slowly  attacked,  yielding  only  small  quantities  of  the  corresponding  oxynaphthoic 
acid.  This  /3  acid  is  very  much  like  the  a  acid,  and  forms  similar  precipitates  with 
lead,  copper,  and  silver  salts.  With  ferric  chloride,  however,  it  produces,  not  a  bine, 
but  an  inky- violet  colour,  a  Oxynaphthoic  acid  heated  to  120^-130°  in  sealed  tnbes 
with  hydriodic  acid,  is  reduced  to  a  naphthol,  just  as  salicylic  acid  is  reduced  to  phenol 
(Schaffer). 

Naphthyl-hicarboxyliCj  Bicarbonaphthalic,  or  Naphthophthalie 
Acid,  C«H»0*  -  C^«HV*(CO«H)«,  is  easily  produced  by  boiling  dicyanonaphthalene 
with  strong  potash-ley,  and  precipitating  the  resulting  potassium  salt  witn  hydro- 
chloric acid : 

C"H«(C5)«  +  4H«0  -  2NH«  +  C«H«.(CO«H)«. 

It  is  very  slightly  soluble  in  hot  water,  and  is  precipitated  from  alcoholic  solution  by 
water  in  nearly  colourless  microscopic  needles,  whicn  do  not  melt  at  240^.  Its  neutral 
barium  salt,  C>«H".(COM*Ba  -I-  2H*0,  is  very  easily  soluble,  and  its  solution  gives 
with  ferric  chloride  a  lignt  yellow  ferric  salt  nearly  insoluble  in  hot  water — also  a 
copper  salt  separating  in  groups  of  green  needles — and  sparinglv  soluble  lead  and 
silver  salts.  The  alcoholic  solution  of  the  acid  poured  into  water,  exhibits  a  fluorescence 
very  much  like  that  of  quinine  solutions  (DarmsUldter  a.  Wiehelhaus,  DeiU,  ckem,  Ges, 
Ber.  1869,  p.  356). 

ETBO&    See  Nafhthyl  AuoonoL. 


C"H«0*  (Graebe,  Ann.  Ch,  Pharm.  cxlix.  1 ;  Zeitsehr. 
/.  Chem.  [2]  iv.  114 ;  v.  663 ;  Jakresb.  1868,  p.  471.  Th.  Hermann,  Ann.  Ch.  PAarMi.cli. 
63 ;  Jahresb.  1868,  p.  390). — This  compound  is  derived  from  naphthalene  by  substitu- 
tion of  the  diatomic  group  (O — 0)"  for  H',  being  related  to  naphthalene  in  the  same 
manner  as  ordinary  qui  none  to  bencene : 

c«H«j^];>  c^H'Jq;;::::? 

Quinonok  Kaphthoqoinone. 

Naphthoquinone  is  obtained  by  subjecting  the  potassium  salt  of  chloronaphtho- 
sulphoquinonic  acid — one  of  the  products  of  the  action  of  potassium  chlorate  and 
sulphuric  acid  on  naphthalene  (p.  854) — to  dry  distillation.  Sulphurous  anhydride 
is  then  evolved,  together  with  yellow-red  vapours  which  quickly  condense,  and  on 
treating  this  distillate,  or  the  residual  charcoal,  with  ether,  golden-yellow  solutions  are 
obtain^.  These  solutions,  when  left  to  evaporate,  deposit  yellow  or  red  flocks,  which 
when  dried  and  heated  between  watch-glasses,  yield  naphthoquinone  as  a  yellow 
'sublimate  consisting  of  soft  lamine. 
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KaphthoqninoQe  dissolves  sparingly  in  alcohol  and  ether,  forming  golden-yellov 
eolations  which  exhibit  a  beautiful  green  fluorescence.  The  solutions  mixed  with 
ammonia  reduce  silver  nitrate  at  the  boiling  heat.  They  are  slowly  decomposed  by 
zinc  and  hydrochloric  acid.  With  alcoholic  potash,  naphthoquinone  forms  a  dark- 
coloured  solution ;  in  strong  sulphuric  acid,  it  dissolves  with  fine  purple  colour,  and  is 
precipitated  apparently  unaltered  on  dilution  with  water.  By  boiling  with  strong 
nitric  acid  in  presence  of  silver,  it  is  oxidised,  the  solution  on  cooling  depositing 
shining  rhombic  lamins,  which  exhibit  the  characters  of  silver  phthalate  (Hermann). 

The  four  oxychlorinated  derivatives  of  naphthalene  described  by  Laurent,  two  of 
which  are  acids,  and  the  two  others  the  corresponding  chlorides  (see  Oxtkaphthalio 
Acid  (iv.  313),  may  be  regarded  as  derivatives  of  naphthoquinone ;  thus : 

Chloroxynaphthyl  Chloride  »  Pichloronaphthoquinone .  .  .  C'"H*C1*5q^^ 
Perchloroxynaphtliyl  Chloride  —  Hexchloronaphthoquinone  .  .  C'*Cl*]^^^ 
Chloroxynaphthalio  acid  ■■  Chloroxynaphthoquinone  .     .    C'*H*C1(0H)|q^^ 

Perchloroxynaphthalic  acid  *■  Pentachloroxynaphthoquinone  C"C1*(0H)5q]I!> 

To  the  last  of  these  is  related  the  acid  C'^HH)*,  discovered  by  IVIartius  a.  Griess 
(p.  857),  which  has  the  constitution  of  oxynaphthoquinone,  C'*H*(OH)  ]  (\^  (Gniebo). 

]Meliloroiiaphtlioq,iiIiiOBe,  C'*H^C1'(0*)'',  may  be  prepared  by  gradually  adding 
a  mixture  of  naphthalene-yellow  (a  commercial  sodium  or  potassium  salt  of  dinitro- 
naphthol,  p.  856)  with  3  or  4  pts.  of  potassium  chlorate  to  crude  hydrochloric  acid 
diluted  with  an  equal  volume  of  water.  The  mixture  is  warmed,  and  as  soon  as  all 
the  naphthalene-yellow  has  been  introduced,  more  potassium  chlorate  is  added  by 
successive  portions  till  the  yellow-red  oil  at  first  produced  ia  converted  into  yellow 
crystals.  These  washed  on  a  filter  with  hot  water,  freed  from  oily  mixtures  by  treat- 
ment with  cold  alcohol,  and  recrystallised  from  hot  alcohol,  yield  dichloronaphtbo- 
qutnone  in  goldon-yellow  needles,  or  more  riirely  in  laminae.  It  is  insoluble  in  water, 
slightly  in  cold  alcohol  or  ether,  moderately  soluble  in  hot  alcohol ;  is  but  slowly 
attacked  by  cold  soda-ley,  but  dissolves  at  the  boiling  heat,  with  crimson  colour,  pro- 
ducing sodium  chloroxynaphthalate.  It  melts  at  189^,  but  begins  to  sublime  below 
that  temperature  in  long  yellow  needles,  sometimes  also  in  laminae.  Heated  in  a 
sealed  tube  with  phosphorua  pentachloride,  it  is  converted  into  pentachloro- 
naphthalene : 

C'»H«C1«0«  +  2PC1»  «  Ha  +  2P0a«  +  C»»H"C}*. 

CblorozynapHttBoquinoBe,  C>»H«Cl(OH)(0<)'',  produced  by  the  action  of  alkalis 
on  dichloronaphthoquinone,  is  identical  with  the  chloroxynaphthalic  acid  ob- 
tained in  like  manner  by  Laurent  (iv.  14),  and  by  P.  and  E.  l>epouilly  {BuU.  Soc.  Chim, 
[2]  iv.  10).  On  treating  the  dichloronaphthoquinone  with  a  little  alcohol,  and  adding 
caustic  potash,  the  liquid  solidifies  to  a  mass  of  cherry-red  needles,  and  by  treating  the 
product  with  hydrochloric  acid,  the  chloroxynaphthalic  acid  is  separated  as  a  yellow 
precipitate  melting  at  200°,  and  subliming  in  needles.  It  is  slightly  soluble  in  cold 
water,  more  easily  in  boiling  water,  also  in  alcohol,  ether,  and  benzol.  It  dissolves 
in  strong  sulphuric  acid,  and  is  precipitated  therefrom  by  water.  Its  potassium  soft 
forms  cherry-red  needles  easily  soluble  in  hot,  slightly  in  cold  water.  The  barium 
salty  obtained  by  precipitation,  separates  from  hot-saturated  aqueous  solutions  in  yellow 
silky  needles,  (C'*H*C10*)'Ba  ■¥  H*0,  which  give  up  their  water  of  crystallisation  at 
100°.  The  calcium  salt,  obtained  in  like  manner,  forms  yellow  needles,  more  soluble 
than  the  barium  salt.     The  lead  and  silver  salts  are  cherry-red  precipitates. 

Chloroxynaphthalic  acid  heated  in  sealed  tubes  with  3  mol.  phosphorus  penta- 
chloride,  yields  pentachloronaphthalene,  phosphorus  oxychloride,  and  hydrochloric 
acid.  Treated  in  aqueous  or  alcoholic  solution  with  sodium-amalgam,  it  yields  a 
number  of  reduction -products,  which  were  observed  some  years  ago  by  Strecker 
(Ann.  Ch.  Pharm.  Ixxv.  17),  but  have  not  been  examined.  Its  potassium  salt  when 
heated  yields  phthalic  anhydride,  together  with  potassium  chloride  and  carbon : 

C'«H*a(OK)o»  -  Ka  -I-  c  +  c«h*o». 

Sulpko-aeids  derived  from  Naphthoquinone. — Dichloronaphthoquinone  dissolves  at 
a  gentle  heat  in  acid  potassium  sulphite,  and  the  solution  on  cooling  deposits  the 

rOH 


potassium  salt,  C**H* 


O.SO'K  +  2H'0,  in  yellowish  octohedrons,  beooming  puio 
U80»K)« 
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and  colourless  by  recrystallisation.  This  salt  gires  off  1  mol.  vater  at  100^,  diifljtfw 
very  easily  in  water,  but  is  insoluble  in  aloohoL  Its  formation  is  represented  bj  ths 
equation : 

fOH 
C"H*C1»0«  +  8HS0«K  «  2HCI  +  C"HM0.80«K 

The  sodium  salt  obtained  in  like  manner  contains  8HH),  is  more  soluble  in  iroter,  and 
crystallises  in  hard  ill-defined  tables.    Both  salts  decompose  when  heated  aboive  100°. 
The  potassium  salt  is  conTerted  by  potash-ley  into  potoBnitm  ogymapktMMMlpi&- 
gtUnonate: 

(OH  fO« 


0*R* 


O.SO»K  +  KOH  -  2HS0«K  +  C'•H*^OK 
l(SO«K)«  (SO'K. 


The  yellow-red  precipitate  thus  obtained  is  Teiy  soluble  in  water,  and  thersfcn 
difficult  to  separate  f^m  the  excess  of  caustic  potash  and  from  the  add  piitawiiiiii 
sulphite.  It  is  but  slightly  soluble  in  the  strong  alkaline  liquid,  ineohible  in  alcohoL 
By  cooling  the  hot-saturated  aqueous  solution,  it  is  obtained  in  yellow-red,  micnecoptc, 
sickle-shaped  needles.  Barium  chloride  forms  in  the  solution  a  yellow  predptate 
slightly  soluble  in  water.  The  calcium  precipitate  is  somewhat  more  soluble.  Lead 
acetate  forms  a  yellow  precipitate  insoluble  in  water.  With  tin  and  hydrochloric  acid 
a  colourless  hydro-oompouna  is  obtained  (Graebe). 

ChloronaplUhosulpho^nonio  acidt  CH^CISO*,  is  formed  as  a  potassium  sdt 
amongst  the  products  of  the  reaction  of  potassium  chlorate  and  sulphuric  acid  on 
naphthalene  (pp.  844 ,  858).  When  the  dark  brown  liquid  remaining  after  repeatedly 
exhausting  this  product  with  ether,  and  containing  sulphuric  acid  and  acid  potassium 
sulphate,  is  left  to  stand  in  the  concentrated  state,  it  gradually  deposits  potassium 
chloronaphthosulphoquinonate  in  brown  ciystalline  crasts.  These  are  washed,  dried 
on  bibulous  paper,  and  freed  from  acid  potassium  sulphate  by  means  of  water  or 
dilute  alcohol.  If  the  residue  be  then  dissolved  by  boiling  with  water,  and  the 
solution  filtered  and  evaporated,  brown  indistinctly  crystalline  masses  are  obtained, 

fCl 
consisting  of  potassium  chloronaphthosulphoquinonate,  C>*H*KC1S0*  «  C**H*   (O*)" . 

(SO'K 
This  salt  is  sparingly  soluble  in  water  and  alcohol,  insoluble  in  ether.  The  aqueous 
solution  has  an  acid  reaction,  a  deep  red-brown  colour,  and  is  easily  decolorised  b? 
zinc  and  hydrochloric  acid.  A  fragment  of  the  salt  held  in  a  flame  swells  up  with 
vermicular  excrescences.  The  solution  dyes  silk  a  fine  reddish  colour,  is  not  pre- 
cipitated by  metallic  salts,  but  reduces  silver  after  addition  of  ammonia  (Hermann). 

When  the  action  of  potassium  chlorate  and  sulphuric  acid  on  naphthalene  is 
completed,  not  by  heating,  but  by  leaving  the  mixture  for  a  considerable  time  and 
frequently  agitating,  the  liquid  retains  its  yellow-red  colour,  and  becomes  dark  brown 
only  after  dilution  with  water.  In  this  case  the  potassium  salt  of  the  sulpho-acid, 
though  obtained  in  a  perfectly  analogous  way,  has  the  composition  CH*K*C1^K)'*. 
It  resembles  the  former  sulpno-salt,  but  yields  a  lighter-coloured  powder,  and  is 
somewhat  more  soluble  in  alcohol  and  ether  (Hermann). 

The  first  sulpho-acid  is  perhaps  formed  as  follows :  By  the  action  of  chlorous 
anhydride  on  naphthalene,  dichloroxynaphthol  is  first  produced : 

C»»H«  ■»-  C1«0«  -  H*0  +  C"H*C1«0»; 

this  by  further  oxidation  is  converted  into  dichloronaphthoquinone,  with  simultaneous 
formation  of  dichloronaphthalene : 

2C"H«a«0«  +  C"H«  +  CTO«  =  8H«0  +  C"H«C1«  +  2C'»H*C1«0*; 

and  the  dichloronaphthoquinone  reacts  with  the  acid  potassium  sulphate,  in  such  a 
manner  as  to  form  the  potassium  salt  of  the  first  of  the  above-described  sulpho- 
acids: 

C"H*CPO«  +  SO«HK  =  fla  +  C"H*C1(S0«K)0». 
The  formation  of  the  second  sulpho-add  may  be  represented  by  the  equation : 
2C»»H«a«0»  +  2S0*HK  =  HCl  +  C«»H»C1«(S0<K)»0*. 

The  following  compounds  belonging  to  the  naphthoquinone  group  have  recently 
been  obtained  by  Graebe  a.  Ludwig  {Ann,  Ch.  Pkarm.  June  1870) : 
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NH« 


Diamido-naphUiol        ....  C>«H»(OH)j 

Di-imido-naphtliol       ....  0»»H*(0H)|]^3; 

Amido-oxynaphthol     ....  C>«H»(OH)|Qg' 

Qzyziaphtlio-qiiinoiie  or  Naphtholio  add  C**H*(OH)  |  q^ 


EOSLAIUC  AOZS.  CmH*0*.— This  aoid»  isomeric  if  not  identical 
with  dioxynaphthalic  acid  (p.  850),  remains,  on  evaporating  a  solution  of  naphthalene 
alcohol  (p.  860)  in  warm  very  dilute  nitric  acid,  in  yellowish  prisms  easily  soluble  in 
water  and  in  alcohol.  It  sublimes  when  heated  above  100°  in  monoclinic  prisms, 
and  forms  easily  soluble  eiystallisable  salts  with  baiyta  and  ammonia.  The  silifcr 
salt,  C'*H*A^O*,  and  the  lead  salt,  are  amorphous  light  yellow  precipitates  (Neuhoff, 
Ann,  Ch.  PKarm.  czxzvi.  342). 


or  Dinaphikyl  C»H"  -  C"H».Ci«H»  (Lossen,  Ann.  Ch.  Pharm. 
czliv.  71;  Jahreth,  1867}  p*  711). — ^This  hydrocarbon  is  obtained,  together  with 
other  products,  by  heating  naphthalene  with  a  mixture  of  manganese  dioxide  and 
sulphuric  acid  diluted  with  twice  its  weight  of  water.  Carbon  dioxide  is  then 
evolved ;  the  acid  liquid  deposits  phthalic  acid  together  with  manganous  sulphate ;  and 
the  viscid  undissolved  mass  contains  dinaphthyl  together  with  a  red  resin : 

2C»«H"  +  0  =  H«0  +  C»H". 

On  repeatedly  exhausting  the  brown-red  mass  with  hot  alcohol,  and  leaving  the 
united  reddish-yellow  extracts  to  cool,  the  red  resin  first  separates,  and  then  the 
dinaphthyl,  in  yellow  nodules.  After  repeated  crystallisation  from  alcohol,  with 
addition  of  animal  charcoal,  it  forms  faintly  yellow  nacreous  scales,  which  become 
colourless  by  sublimation.  From  ether,  in  which  it  is  much  more  soluble,  it 
crystallises  in  moss-like  aggregates  ;  from  ether-alcohol  in  perfectly  developed  octo- 
hedrons.  It  dissolves  very  easily  in  carbon  bisulphide,  and  crystallises  from  benzol 
in  the  same  form  as  from  alcohol.    It  melts  at  154°,  and  boils  at  a  temperature  above 


the  boiling  point  of  mercniy. 
Dibromoainmhthyl, 


C"H**Br',  is  most  easily  prepared  by  allowing  the  vapour  of  a 
weighed  quantity  of  bromine  to  be  absorbed  by  dinaphthyl  spread  upon  a  glass  plato 
placed  under  a  bell  jar,  a  little  water  being  also  present  to  absorb  the  hydrobromic 
acid  formed.  The  product  is  treated  with  boiling  alcohol,  and  the  residual  white 
powder  is  dissolved  in  hot  benzol.  It  crystallises  in  thin  monoclinic  prisms,  volatilo 
without  decomposition,  melting  at  215°,  nearly  insoluble  in  alcohol,  somewhat  more 
soluble  in  ether,  easily  in  boiling  benzol  and  carbon  bisulphide.  It  is  not  altered  by 
alcoholic  solutions  of  potash,  potassium  cyanide,  ammonia,  potassium  acetate,  or 
silver  acetate,  even  at  the  boiling  heat.  It  dissolves  in  fuming  nitric  acid,  forming  a 
nitro-compound  precipitable  by  water. 

Hexbramodinaphihyl,  C'H'Br*,  is  formed  by  treating  dinaphthyl  with  excess  of 
bromine,  and  remains  on  evaporating  its  solution  in  carbon  bisulphide  (previously 
agitated  with  soda-ley)  as  a  yellow  resinous  mass.  It  dissolves  in  alcohol,  and  is  for 
the  most  part  precipitated  therefrom  by  water  as  a  yellow  powder.  By  agitating 
its  solution  in  aqueous  ether-alcohol  with  sodium-amalgam,  it  is  converted  into 
dinaphthyl. 

Hexekhrodinapkthylt  C'H'Cl',  obtained  bv  saturating  a  solution  of  dinaphthyl  in 
carbon  bisulphide  with  chlorine,  and  purified  b^  agitation  with  soda-ley  and  water,  is 
a  vellow,  resinous,  easily  fusible  mass,  which  is  decomposed  by  heat,  and  likewise 
reduced  to  dinaphthyl  by  sodium-amalgam. 

T^iraniirodinapkthyl,  C"H"(NO')*,  is  formed  by  adding  dinaphthyl  to  fuming 
nitric  acid,  and  separates,  on  mixing  the  solution  with  water,  in  yellow  flocks,  which 
are  deposited  from  solution  in  hot  alcohol  as  an  orange-coloured  powder  made  up  of 
resinous  spherules.  It  melts  and  detonates  when  heated,  and  when  treated  in 
alcoholic  solution  with  tin  and  hydrochloric  acid,  yields  a  small  quantity  of  a  very 
unstable  base,  the  salts  of  which  acquire  a  transient  blue  or  violet  colour  by  the 
action  of  potassium  chromate. 


«AraTKT&  A&COKO&  or  WAFKTBOZm  0^11*0  *-  Ci"H'(OH)  (EUer, 
ZeitMchr.  /.  Chem,  [2]  iv.  723  ;  Maikopar,  ibid.  v.  215  ;  Schaffer,  ibid.  895).— Of  this 
alcohol  there  are  two  modifications,  a  and  ^,  produced  by  fusing  the  lead  or  potassium 
•alts  of  the  corresponding  naphthylsulphurous  acids  with  excess  of  potash.    At  the 
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end  of  the  reaction,  the  fused  mass  is  dissolved  in  water,  the  filtered  ■ohitaon  is  mixed 
with  hydruchloric  acid,  and  the  separated  naphthol,  after  recrystallisation  from 
is  further  purified  by  sublimation,     a  Naphthol  likewise diatila  orer  easily  with 
of  water,  but  /9  napFithel  cannot  be  separated  in  this  manner  from  the  fond 

a  Naphthol  crystallises  in  small  white  shining  needles,  sometimes  also  in  laminae, 
easily  soluble  in  alcohol,  ether,  chloroform,  and  benzene,  sparingly  soluble  in  hot,  nearly 
insoluble  in  cold  water.  It  has  a  faint  odour,  like  that  of  phenol,  and  its  Tspoor 
excites  sneezing  The  aqueous  solution  mixed  with  chloride  of  lime  assumes  a  deep 
riolet  colour,  changing  when  heated  to  red-brown,  with  separation  of  brown  flocks. 
A  deal-shaving  dipped  into  the  aqueous  solution,  then  wetted  with  hydroehiorie  acid 
and  exposed  to  tne  sun,  acquires  a  peculiar  green  colour,  gradually  changing  to  red- 
brown  ;  the  same  changes  of  colour  are  produced  more  slowly  in  diffbsed  daylight 
a  Naphthol  melts  at  94°  (Schaffcr) ;  at  96°  and  sublimes  in  needles  (Maikopar).  It  is 
identical  with  the  naphthol  which  Griess  obtained  from  diasonaphthalene  (t.  1093). 
/3  Naphthol  is  easily  soluble  in  alcohol,  ether,  chloroform,  and  bensene,  sparingly 
soluble  in  hot  water,  and  crystallises  therefrom  in  lamins.  Its  aqueous  solution  is 
coloured  yellow  by  chloride  of  lime,  and  deposits  yellow  flocks  when  warmed.  A  deal- 
shaving  moistened  with  hydrochloric  acid  is  coloured  by  it  nearly  in  the  same  manner 
as  by  a  naphthol,  but  much  more  quickly  (Schiiffer).  It  melts  at  122°  (Schaf&r) ;  at 
123^  and  sublimes  in  lamins  (Maikopar).  A  mixture  of  a  and  3  naphthol  melts  at 
a  lower  temperature  than  either  of  the  naphthols  separately  (Maikopar). 

Naphthol  heated  with  potassium  or  sodium^  or  with  hydrate  qfpoitunum,  toditm, 
or  barium,  unites  therewith  like  phenol,  but  the  compounds  formed  axe  less  soluble 
than  the  phenol-compounds,  being  decomposed,  with  separation  of  naphthol,  wfaea 
evaporatea  over  the  water-bath  or  when  carbonic  acid  is  passed  through  them. 

Naphthol  heated  in  the  water-bath  with  an  equivalent  quantity  mi  pkotpiana 
pentachioride  yields  trinaphthylic  phosphate,  FO*(C**H')',  in  eompset 
crystalline  masses,  the  a  ether  thus  produced  melting  at  146°,  the  fi  ether  at  108°. 
A  small  quantity  of  an  oily  chlorinated  compound  is  also  formed,  probably  naphthyl 
chloride  (Schaffer). 

IMaitronaplitlftol.  C>*H*(NO*)>0  (Martins,  Berl,  Akad.  Ber,  1867,  p.  519; 
Zeitschr.f,  Chem.  [2]  iv.  80.  Darmstadtor  a.  Wichelhaus,  Ann.  Ch.  Pharm.  dii.  298). 
— This  compound  is  not  produced — at  least  in  any  available  quantity — by  direei 
nitration  of  free  naphthol ;  but  it  may  be  prepared  by  the  action  of  nitric  acid  upon 
naphthol  in  the  nascent  state,  namely  by  treating  a  dilute  solution  of  naphthylaimae 
hydrochloride  with  potassium  nitrite,  whereby  diazonaphthalene  hydrochloride  is  pro- 
duced, and  boiling  this  solution  with  nitric  acid.  The  diazonaphthalene  then  splits  up 
into  nitrogen  and  naphthol,  which  latter  is  immediately  converted  into  the  dinitzo- 
compound  by  the  nitric  acid  present : 

C»»H»N.Ha  +   NHO«  -  2HH>  -I-  C»»H«N«.Ha 

NaphthTlamiiM         Nitrons  Diasonaphthalaiie 

hydrochloride.  scid.  hydrochluride. 

C'«H«N«.Ha  +  H*0  -  C>«H»0  +  N>  +  HCl. 
Dlaaonaphthalene  Kaphth<d. 

hydrochloride. 

C'»H*0  +  2NH0«  -  2H«0  +   C»«H«(NO«)«0 
Naphthol.  Nltrlo  DinltronaphthoL 

acid. 

The  dinitronaphthol  separates  in  yellow  needles  which  may  be  purified  by  reeiystalli- 
sation  from  alcohol ;  or  better  in  most  cases  by  solution  in  ammonia,  and  repeated 
crystallisation  of  the  resulting  ammonium  salt  (Martins).  See  also  Ball6  {ZeUaekr. 
/.  Chem.  [2]  vi.  61). 

The  same  compound  is  obtained  by  adding  a  solution  of  a  naphthyl-sulphurie  acid 
(p.  860)  to  nitric  acid ;  the  liquid  then  turns  red  even  in  the  cold,  and  deposits  yellow 
crystalline  dinitronaphthol,  but  the  action  is  greatly  facilitated  by  a  gentle  heat.  The 
product  is  most  easilv  purified  by  crystallisation  from  chloroform.  jB  Napthyl-sulphnrie 
add  treated  in  a  similar  manner  does  not  yield  any  nitrated  naphthol  {Darmstadter  a. 
Wichelhaus). 

Dinitronaphthol  forms  sulphur-yellow  crystals,  which  are  especially  lustrous  and 
well  defined  when  deposited  ftom.  chloroform.  It  melts  at  138^  (Darmstiidter  a. 
Wichelhaus).  It  is  nearly  insoluble  in  boiling  water,  slightly  soluble  in  alsohol,  ether, 
and  benzol ;  does  not  volatilise  with  vapour  of  water.  It  is  dissolved  without  altera- 
tion by  cold  nitric  acid,  but  by  prolonged  boiling  therewith  it  is  converted  into  oxalic 
and  phthalic  acids.  It  is  an  acid,  decomposing  carbonates  with  effervescence,  and 
fonning  orange-red  to  minium-coloured  salts,  soluble  in  alcohol,  and  lb  MSkne  instances 
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soluble  in  water.  The  ammonium  soft  separates  on  mixing  ahotammoniacal  solution 
of  the  acid  with  concentrated  solution  of  sal-ammoniac,  as  an  orango-colourcd  precipi- 
tate which  crystallises  from  boiling  water  in  thin  needles.  The  calcium  salt, 
[C"H*(NO*)*0]*Ca  +  6H*0,  forms  long  or:inge- yellow  needles  somewhat  sparingly 
soluble  in  water,  and  becoming  red,  with  loss  of  water,  at  120^.  The  silver  salt, 
C**H\NO^)OAg,  is  a  red  flocculent  precipitate,  the  solution  of  which  in  hot  ammonia 
deposits  crystals  of  the  argent-ammonium  salt  The  ethylic  ether,  C'»H*(NO«)«0 .  C«H*, 
formed  by  heating  the  silver  salt  with  ethyl  iodide  to  100^,  crystallises  from  alcohol 
in  long  yellow  neeidles  melting  at  88°,  insoluble  in  water  (Martins). 

Dinitronaphthol  is  one  of  the  most  beautiful  and  permanent  of  yellow  dyes,  colour- 
ing silk  and  wool,  without  the  aid  of  a  mordant,  in  all  shades  from  light  lemon  to 
deep  gold-yellow.  It  is  isomeric  with  the  yellow  naphthalene  dye  (perhaps  fi  dinitro- 
napnthol)  which  was  patented  in  this  country  in  186S  in  the  name  of  W.  Newton 
{London  Journal  of  Arts,  1863,  December,  p.  348).  This  latter,  prepared  by  boiling 
100  pts.  naphthalene  with  200  pts.  nitric  acid  of  sp.  gr.  1'30,  and  designated  by  Martins 
as  dinitroTiophthyiie  acid,  is  mnch  more  soluble  in  alcohol  than  a  dinitronaphthol,  and 
is  converted  by  reduction  with  tin  and  hydrochloric  acid  into  a  brown  resinous  mass, 
whereas  a  dinitronaphthol  similarly  treated  yields  the  basic  compound  diamidonaphthol, 
C**H*(NH*)K).  The  hydrochloric  acid  solution  of  this  base  supersaturated  with  potash, 
deposits,  on  exposure  to  the  air,  a  yellow  crystalline  base,  C**H'N'0,  which  forms  easily 
crystallisable,  finely  coloured,  permanent  salts,  and  is  converted  by  boiling  with  water 
into  an  indifferent  body,  CH'NO^,  crystallising  in  yellow-red  needles ; 

C"H»N»0  +  H«0  =  C"H^O«  +  NH«. 

This  latter  is  converted  by  boiling  with  hydrochloric  acid  (according  to  the  equation 
C»»H'NO'  +  H«0  «  NH«  +  C'"H«0«)  into  a  compound  which  crystollises  in  yellow 
needles  or  himinae  very  slightly  soluble  in  water,  more  soluble  in  aloohol,'veTy  soluble 
in  ether,  subliming  when  heated,  and  yielding  by  oxidation  oxalic  and  phthalic  acids 
(Martins  a.  Griess,  Ann.  Ch.  Pharm.  cxxxiv.  375). 

OxjBapntHoL  Ci*H*0*  »  C'*H'(OH)^  Aaj^A/^^j^/.^Produced  by  fusing 
disulphonaphthylene-sulphurous  acid  (v.  568),  or  its  potassium  salt,  with  potash : 

C"H*(SO»H)»  +   2K0H  ^  C>*H«(OH)«  +   2S0»KH. 

After  precipitation  from  the  potash  solution  by  hydrochloric  acid,  and  purification  from 
a  tarry  substance  by  boiling  with  water,  it  crystallises  in  colourless  needles  or  small 
rh«mbohedrons  easily  soluble  in  alcohol,  ether,  and  chloroform,  less  easily  in  hot  water. 
The  solutions  (not  quite  pure)  exhibit  a  remarkable  dichroi'sm  of  blue  and  brown. 
Oxynaphthol  dissolves  easily  in  potash,  the  solution  instantly  turning  black  in  contact 
with  the  air,  and  yielding  with  acids,  after  a  while,  a  black  precipitate.  Heated  in  a 
test-tube  to  230^  it  turns  yellow  and  then  brown,  but  does  not  fuse  (Dusart, 
BuU.  Soc.  Chim,  [2]  viii.  200.  Darmstadter  a.  Wichelhans,  Ikut,  ehem.  Gts.  Ber. 
1869,  p.  113). 

Bichloroxynaphthol,  C>«H«C1«0«  -  C^<C1»(0H)»,  is  formed  by  the  action  of 
reducing  agents  on  dichloronaphthoquinone  (p.  853) : 

C>*H*a»0«  +  H«  «  C"H<C1«(0H)«. 

The  reduction  is  most  easily  effected  by  heating  in  the  water-bath  with  aqueous 
hydriodic  acid  and  a  snuJl  quantity  of  phosphorus,  till  the  yellow  crystals  of  dichloro- 
naphthoquinone become  colourless.  By  washing  these  crystals  with  water,  dissolving 
them  in  alcohol,  and  evaporating  or  precipitating  with  water,  dichloroxynaphthol  is 
obtained  in  colourless  crystals  which  quickly  turn  reddish  on  exposure  to  the  air.  It 
is  quite  insoluble  in  cold  water,  only  slightly  soluble  in  hot  water,  easily  in  alcohol 
and  ether.  It  melts  at  135°- 140°,  turns  brown  and  decomposes  partially  at  a  higher 
temperature.  Alkalis  dissolves  it  readily,  forming  a  solution  which  is  colourless  at 
first,  but  soon  acquires  the  colour  of  the  chloroxynaphthalates.  Ferric  chloride 
reconverts  it  into  dichloronaphthoquinone  (Graebe,  Ann.  CH.  Pharm.  cxlix.  5). 

Dkhlorodiacetoxynaphthol,  Ci*HH71*(0CH'0)',  is  formed  by  heating  dichloroxy- 
naphthol with  acetyl  chloride.  After  washing  and  recirstallisation  from  alcohol,  it 
forms  long,  colourless,  silky  needles  melting  at  236°  ana  subliming  in  long  prisms. 
It  is  insoluble  in  water,  dissolves  slightly  in  cold  alcohol,  easilv  in  hot  alcohol  and 
ether.    It  is  not  attacked  by  potash,  or  oxidised  by  ferric  chloride  (Graebe,  loc.  cU.). 

(Ci 

Cbloro-dlozwaapbtluaio  Aeld.    C^'H^CIO*  »  C*HM  OH         (Th.  Hermann, 

l(CO«H)» 
Ann.  Ch.  Pharm.  di.  63  ;  Zeiischr.f.  Chem.  [2]  iv.  551 ;  Jahresb,  1868,  p.  382).— Thii 
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Acid  M  obtained,  together  with  other  products,  by  adding  poteasimn  chlorate  in  naU 
portions  to  a  mixtnre  of  moderately  strong  sulphuric  acid  and  napfathalei&e,  iriurebj 
chlorous  add  is  erolTed,  which  then  acts  upon  the  naphthalene  in'  the  manner  ahovm 
by  the  equation : 

C»«H»  +  8C1H0*  m  2HC1  +  HH)  +  CWH'CIO*. 

The  product  of  the  reaction  consists  of  a  liquid  and  a  yellowish-red  battaiy  man. 
The  liquid  is  decanted ;  the  buttery  mass  repeatedly  exhausted  with  warm  water,  u 
long  as  acid  extracts  are  obtained ;  the  acid  liquid  is  repeatedly  exhausted  with  ether; 
the  ether  OTaporated ;  the  residue  is  digested  with  bensol ;  the  reeidne  left  after  erapo- 
ration  of  the  benzol  is  exhausted  with  warm  water ;  and  the  solution  is  deeokoisid 
with  animal  charcoal.  This  solution  when  left  to  evaporate  deposits  the  chlorinaLed 
acid  in  oily  drops ;  these  are  dissolved  in  benzol,  and  the  solution  is  left  to  erapocaU 
in  an  open  vessel.  The  syrupy  liquid  thus  obtained  gradually  deposits  crystals  <d 
phthalic  acid,  which  may  be  removed  by  precipitating  the  very  dilute  solution  with 
basic  lead  acetate  ;  and  the  remaining  liquid,  freed  from  lead  and  again  left  to  evapcnte, 
yields  the  chlorinated  acid.  This,  when  dried  over  sulphuric  acid,  is  an  amorphcas 
slightly  coloured  substance,  moderately  soluble  in  water,  easily  soluble  in  akolM^ 
ether,  and  benzol.  When  boiled  with  water,  it  very  readily  exchanges  ita  chlorine  for 
hydroxyl,  so  that  it  is  not  easily  prepared  in  any  considerable  quantity. 

IMozTiiapbtl&aUoAcid.  C>*H*0«  »  C"H«  j  [^q^*^,  (Hermann,  loe.  eU.).—^n- 

duced  by  boiling  the  chlorinated  acid  with  water,  or  more  readily  with  baiyta-witer. 
It  is  most  easily  purified  by  converting  it  several  times  into  the  acid  barium  salL 
When  first  separated  from  this  salt,  it  forms  a  viscid  substance,  which  however,  vba 
left  at  rest  for  some  time,  or  mwe  quickly  if  rubbed  with  a  glass  rod,  besiins  to 
crystallise,  and  solidifies  in  a  few  days  to  a  radio-ciystalline  mass.  AocordiDg  to 
Garius,  the  crystals  are  moderately  oblique  monoclinic  prisms,  tabular  £rom  predtnni- 
nance  of  the  face  ooPoo .  The  acid  is  extremely  soluble  in  water,  aloohol,  and  ether ; 
insoluble  in  benzol.  The  solution  has  a  strong  acid  reaction,  decomposes  caibonates, 
and  reduces  silver  from  the  ammoniacal  solution  of  the  nitrate  at  the  boiling  hesL 
Nitric  acid  oxidises  it  to  phthalic  acid.  When  heated  it  softens  below  100^,  melts  at 
126^,  and  does  not  resolidify  till  cooled  to  a  much  lower  temperature.  Heated  betweea 
watch-glasses,  it  yields  a  sublimdte  of  a  sparingly  soluble  acid  and  a  brown  restdue 
which  at  a  higher  temperature  gives  off  yellow  strong-smelling  vapours,  oondensii^ 
partly  in  the  crystalline  form,  partly  in  oily  drops.  Heated  to  180°  with  hydriodie 
acid  of  50  p.  c,  it  yields,  with  separation  of  iodine,  but  without  evolution  of  carboa 
dioxide,  a  somewhat  sparingly  soluble  acid,  which  crystallises  in  rhombic  prismi, 
sublimes  like  benzoic  acid,  forms  a  yellow  precipitate  with  ferric  chloride,  and  ia 
neutral  solution,  white  precipitates  with  lead  and  silver  salts. 

Dioxynaphthalic  acid  is  bibasic.  Most  of  its  salts  are  easily  soluble  in  hot  wattf. 
The  acid  salts  crystallise  more  readily  than  the  neutml  salts.  Lead  acetate  produces 
in  the  cold  solution  of  the  neutral  barium  salt  a  precipitate  easily  soluble  in  acetic 
acid  ;  ferric  chloride  forms  a  yellow-brown  precipitate  even  in  the  acid  solution.  Tbe 
following  dioxynaphthalates  have  been  examinee! : 

C"H*0*K*,  very  deliquescent,  microscopic,  rhombic  prisms. 

C**H'OK  +  H*0,  spherical  groups  of  needles,  or  rhombic  prisms  or 

pyramids. 
C»«H'0-(NH*),  slender  needles. 

C'«H«0«Ba  +  SH^O,  rhombic  prisms ;  anhydrous  at  110°. 

(C"H'0*)*Ba,  monoclinic  prisms,  or  nodular  groups  of  needles. 

(C"H«0«)«Ca(NH*)«  +  2H«0,      many-sided  monoclinic  prisms ;  anhydrous  at  120* ; 

decomposing  at  140°. 
(C"H«0«)«Ca(NH*)«.  shining  monoclinic  prisms. 

(C"H*0«)«Cu(NH*)»,  blue  rhombic  prisms. 

(C'H'O'/Cu'H*  +  2H'0,  microscopic  monoclinic  prisms,  obtained  by  double 

decomposition  of  the  acid  barium  salt. 
C"H*0*Pb,  white  amorphous  precipitate. 

4C'«H«0'Pb.PbH«0«  +  4HK),    monoclinic  tables,  obtained  by  boiling  the  neutral 

salt  with  excess  of  lead  acetate. 
The  solution  of  this  last  salt  in  hot  water  containing  a  few  drops  of  nitric  add 
deposits  on  cooling,  monoclinic  prisms  of  the  salt  (C>»H*0«)«Pb'H"  +  16H«0. 

JMoxynaphthalie  chloride,  C»»H«0<a«  or  C"H«  j,^^^^^^,,  is  formed  by  the  action  of 


J 
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phosphorua  pentachloride  on  potassium  diozynaphthalate.  It  is  an  oily  liqnid  decom- 
posed by  water  with  reproduction  of  the  acid,  and  by  alcohol  with  formation  of 
diethylic  dioxynaphthalate,  C"H«0«.(C='H*)». 


C"H'CN. — Syn.    with    MoMOCTAKdrAPHTHALENB 

(p.  847). 

VAPMTUIJa    BTRXSa.    Vapliftayl   Aoetatas    or   A«etjl-iiapbtlftolat 

C'*H'(C'H'0)0,  are  obtained  by  treating  na}^thol  with  acetyl  chloride  in  a  retort 
with  upright  condenser  ultimately  at  a  gentle  heat,  distilling  off  the  excess  of  acetyl 
chloride,  dissolving  the  residue  in  alcohol,  and  eraporating.  a  Acetyl-naphthol  washed 
with  water  and  dried  in  a  vacuum  over  caustic  potash  forms  a  clear,  yellowish,  oily, 
nearly  inodorous  liquid,  insoluble  in  water,  easily  soluble  in  alcohol,  ether,  and  chloro^ 
form.  When  it  is  distilled  with  aqueous  vapour,  or  even  when  its  aJcoholic  solution  is 
evaporated  over  the  water-bath,  it  is  resolved  into  naphthol  and  acetic  acid.  ^  Acetyl- 
naphtha  crystallises  from  its  alcoholic  solution  by  evaporation  at  a  gentle  heat. 
When  purified  by  repeated  crystallisation  from  alcohol,  and  dried  in  a  vacuum  over 
caustic  potash,  it  forms  small,  soft,  shining,  needle-shaped  crystals  having  a  faint 
but  agreeable  odour  of  anise,  easily  soluble  in  alcohol,  ether,  and  chloroform, 
but  insoluble  in  water.  Melts  at  60°.  Decomposed  by  heat,  like  the  a  ether 
(Schaffer). 

Vaplitlijn  B«iisoat8s  or  Benxojn-Baplitliols,  C'*H'(C'H^O)0,  are  obtained 
by  heating  naphthol  with  benzoyl  chloride.  The  a  compound  separates  from  solution 
in  ether  by  evaporation  as  a  yellowish  oil  which  solidifies  after  a  few  days  to  a  crystal- 
line mass,  and  when  recn'stallised  from  ether-alcohol  forms  large  shining  tables  and 
prisms  melting  at  56°.  It  dissolves  in  boiling  alcohol,  and  separates  on  cooling  as  an 
oil  which  soon  solidifies  to  a  cr^'stalline  mass.  By  heating  with  sulphuric  acid  it  is 
resolved  into  benzoic  and  naphthyl-sulphurous  acids,  fi  Bemoyl-naphthol  is  sparingly 
soluble  in  ether,  easily  in  boiling  alcohol,  and  crystallises  therefrom  on  cooling  in 
nodular  groups  of  slender  needles  melting  at  107°.  By  heating  with  alcoholic  potash 
it  is  resolved  into  benaoic  acid  and  /3  naphthol  (Maikopar). 

Vaplitlftyl  BUiylates  or  Stbjl-napbtliols,  C>*HVCH«)0,  are  produced  by 
heating  naphthol  with  an  equivalent  quantity  of  potassium  hydrate  and  excess  of  ethyl 
iodide  in  alcoholic  solution,  in  a  retort  with  upright  condenser.  On  separating  the 
potassium  iodide  thereby  formed,  and  expelling  the  alcohol,  ethyl-naphthol  remains, 
and  may  be  distilled  over  with  vapour  of  water. 

a  Ethyl-naphthol  is  a  yellowish  oily  liquid  which  has  a  peculiar  odour,  sinks  in 
water,  boils  at  272<>  (corr.  2807°),  and  does  not  solidify  at  -6°.  0  Ethyl-naphthol 
is  at  ordinary  temperatures  a  nearly  colourless  crystalline  mass  having  an  agreeable 
odour  like  that  of  pine-apples.  It  melts  at  33° ;  dissolves  easily  in  alcohol,  ether, 
chloroform,  and  benzol,  but  is  insoluble  in  water  (Schaffer). 

Waplifliyl  Vbospliate,  PO*(C"H')«  «  PO(C"H'0)»  -  mS^Zl^  (Schaffer, 

Ann.  Ch,  Pharm,  clii.  289). — ^Produced  by  gently  heating  naphtnol  with  an  equivalent 
quantity  of  phosphorus  pentadiloride,  and  purified  by  solution  in  alcohol,  decoloration 
with  animal  charcoal,  and  repeated  crystallisation.  The  formation  of  the  phosphate 
is  probably  preceded  by  that  of  the  monochloride ;  thus : 

C"H'OH  -h  Pa»  m  C>»H'C1  +  HCl  -»•  POCP 
and 

8C'«H^0H  +  POa«  =  PO(C"H'0)«  +   dRCl. 

a  Naphthyl  phosphate  forms  small  colourless  crystals,  easily  soluble  in  ether  and 
chloroform,  sparingly  soluble  in  alcohol,  insoluble  in  water.    Melting  point  146°. 

$  Naphthyl  phosphate  crystallises  in  small  white  inodorous  needles,  easily  soluble 
in  ether  and  chloroform,  sparingly  in  cold,  easily  in  hot  alcohol ;  insoluble  in  water. 
Melting  point  108°  nearly. 


0<  (Schaffer, 


Vapbttajn-snlpbarlo  Aoldik   C"H»SO*-C»«H«jg^^  =  (SO*)' 

Ann.  Ch.  Pharm,  clii  293). — ^Produced  by  heating  naphthol  with  strong  sulphuric  acid 
in  the  water-bath  till  it  is  completely  dissolved  and  is  no  longer  precipitated  by  water, 
then  diluting  with  water,  boiling,  and  neutralising  with  lead  carbonate.  The  resulting 
lead  salt,  purified  by  recrystallisation  and  decomposed  by  hydrogen  sulphide,  yields 
a  solution  of  the  acid  which  may  be  crystallised  by  evaporation  over  the  water-bath, 
and  finally  in  a  vacuum  over  sulphuric  acid. 
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a  Naphthylsulphurie  acid  forms  long  white  radiating  needles,  unctnoos  to  thetooeh, 
rery  deliquescent,  easily  soluble  in  water  and  in  alcohol;  melting,  with  brown  colora- 
tion, at  101°.  It  dissolves  easily  in  nitric  acid,  the  solution  afiersome  time  depoeitisg 
crystalline  diuitronaphthol.  Its  solution  mixed  with  ferric  chloride  assiunes  a  deep 
blue  colour,  chang:ing  to  green  when  heated  and  becoming  blue  aer^in  on  cooling.  It  is 
not  coloured  by  chloride  of  lime.  The  calcium  salt,  (C"H'S(>)*C«  +  3HH),  forms 
small  colourless  shining  laminee  easily  soluble  in  water,  less  soluble  in  alcohol,  deoom- 
posing  at  100°.  Lead  salts. — A  solution  of  the  acid  neutralised  with  lead  carbonate 
yields  two  lead  naphthyl-sulphates,  one  containing  C**H*SO*Pb,  erystallising  ia 
microscopic  needles  sparingly  soluble  in  water,  almost  insoluble  in  adcobol,  easily 
soluble  in  acidulated  water  ;  the  other,  (C**H'SO')?b,  crystallising  in  nodular  groaps 
of  needles,  easily  soluble  in  water,  somewhat  less  soluble  in  alcohol. 

/9  Naphthyl-svlpkurie  acid  forms  small  laminar  crystals  unctuous  to  the  toodu 
melting  at  125°,  not  deliquescent.  With  nitric  acid  it  forms  in  the  cold  a  deep  red 
solution  with  a  tinge  of  blue ;  the  colour  disappears  at  the  boiling  heat,  but  withcot 
formation  of  a  separable  nitro-compound.  The  aqueous  solution  of  the  /3  acid  mixed 
with  ferric  chloride  assumes  a  faint  green  colour  in  the  cold,  and  deposits  brown  iloci^ 
when  heated.  With  chloride  of  lime  it  assumes  a  yellow  colour,  be<x>niing  somewhat 
deeper  on  addition  of  ammonia.  The  calcium  salt,  (C**H'SO^)'Ca  -i-  5HK),  fonu 
very  light  silky  lamins  easily  soluble  in  water  and  alcohol,  giving  off  their  water  ins 
vacuum  over  sulphuric  acid,  decomposing  at  100^.  There  is  but  one  lead  saU  ci 
fi  naphthyl-sulphuric  acid,  viz.  (C»»H'SO«)-Pb  +  6H=0,  which  forms  small  alTerj 
very  light  crystalline  laminas  easily  soluble  in  water,  somewhat  less  aolnhle  in 
alcohol. 

WapbtHylralpbnroiu  Aoid.  Ci<>H>SO*  »  Cm\QO*13L.—Naphthilene-ftdfkmk 
Acid.  Sulpkonaphthalic  Acid. — Faraday  obtained  this  acid  in  two  modifications,  dis- 
tinguished from  another  by  the  behaviour  of  their  barium  salts  when  heated,  the  oot 
burning  with  flame,  the  other  merely  smouldering  (v.  660).  Merz  (Z«Yscib-.  /.  Otm, 
[2J  iv.  393).  who  distinguishes  the  former  as  a,  the  latter  as  /3  naphthjlsulphoiois 
acid,  finds  that  these  two  acids  may  be  most  easily  separated  by  means  of  their  Issd 
salts,  the  a  lead  salt  being  much  more  soluble  in  water  and  in  alcohol  than  the  fi  salt 
All  the  a  salts  are  in  fact  more  soluble  than  the  corresponding  /3  salts.  PotassiaM 
salts,  2C'»H»S0»K  +  H»0.— The  o  salt  crystallises  from  alcohol  in  lamin«,  the  3  salt  in 
needles.  The  a  salt  dissolves  in  1 3  pts.  water  and  in  108  pts.  alcohol  at  11^;  the  ^salt 
in  16  pts.  water  and  115  pts.  alcohol  at  10°.  Barium  salts,  (C'»H'SO')*Ba  +  HK).— 
The  a  salt  dissolves  in  87  pts.  water  and  in  360  pts.  alcohol  at  10° ;  the  3  salt  in 
290  pts.  water  and  in  1950  pts.  alcohol  at  10°.  Calcium  salts. — Crystallise  in  lamin« ; 
the  a  salt,  (C'«H'SO»)«Ca  +  2H«0,  dissolves  in  16-6  pts.  water  and  19*6  pts.  alcohol 
at  10°.  The  fi  salt  forms  anhydrous  crystals  soluble  in  76  pts.  water  and  in  137  pts. 
alcohol  at  10°.  Lead-salts. — The  a  salt  crystallises  from  water  or  alcohol  in  shinis^ 
laminae  soluble  in  27  pts.  water  and  in  II  pts.  alcohol  at  10°.  The  3  salt  forms 
scales  or  crusts  containing  }  mol.  water  or  anhydrous,  soluble  in  115  pts.  water  and 
in  305  pts.  alcohol  at  10°. 

a  Naphthylsulphurous  acid,  separated  from  the  lead  salt  by  hydrogen  sulphide,  is 
completely  resolved,  by  heating  to  200°  with  hydrochloric  acid,  into  sulphuric  acid  and 
naphthalene :  C'»H'SO«H  +  H«0  =  SO*H«  -H  C"H».  The  3  acid  similariy  treated 
remains  for  the  most  part  undecomposed  (Merz). 

The  potassium  stilts  of  the  two  acids  heated  with  potassium  cyanide  yield  «  and  3 
naphthyl  cyanide  (p.  847). 

The  following  observations  apply  to  the  a  acid  and  its  derivatives : 

Naphthylsulphurous  chloride,  C"»H'S0*C1,  prepared  by  the  action  of  phos- 
phorus pentachloride  on  sodium  naphthyl-sulphite,  is  decomposed  in  alooholie  solutioo 
by  sodium- amalgam,  in  such  a  manner  as  to  yield  naphthalene  and  sulphnimis  add : 

C««H'SO«a  +  H«  +   H«0  =  HCl  +   C"H»  +  H»SO»; 

whereas  in  acid  solution  (with  zinc  and  sulphuric  acid)  it  yields  naphthyl  solphj- 
drate: 

C"H'SO»a  +  H«  =  C"H'HS  +  Ha   +   2HK). 

When  sodium-amalgam  acts  upon  the  chloride  dissolved  in  pure  ether,  najMJk^i- 
sulphurous  hydride,  C^'H^SO*  »  C'«H'SO<H,  is  produced  as  a  thickish  oil,  slightly 
soluble  in  water,  easily  in  alcohol  or  ether,  converted  by  oxidation  in  the  air  into 
naphthylsulphurous  acid,  and  by  treatment  with  zinc  and  sulphuric  acid  into  naphthyl 
sulphydrate  (Otbo  a.  Mories,  Ann.  Ch.  Pharm.  cxlvii.  164  ;  Jahresb.  1867i  p.  718). 

BromonaphthyUulphurous    Acid.     C>*H«BrSO*H.— Of   this    acid  thers  are  three 
modifications,  the  first  of  which  is  formed  by  dissolving  monobromonaphtfaalene  in 
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1,000  pts.  of  cold  alcohol  of  94  p.  c. ;  soluble  in  38  pts.  of  boiling  and  about  52  pto.  of 
cold  etner ;  in  28  pts.  boiling  and  about  500  pts.  cold  glacial  acetic  acid ;  in  2  pts.  hot 
and  I  pt.  cold  benzol.  From  solution  in  alcohol  or  acetic  acid,  it  crystallises  in  roatheiy 
or  laminated  groups  of  flat  needles;  melts  somewhat  above  175^  to  a  colourless 
liquid ;  and  solidifies  again  in  the  crystalline  form  only  when  the  temperature  has 
not  been  raised  above  a  certain  point.  At  220°  it  boils  and  may  be  distilled 
undecomposed  in  quantities  not  exceeding  10  grams.  It  is  not  decomposed  by  alcoholic 
pot  sh-solution  or  even  by  fusion  with  potassium  hydrate.  Nitric  acid  of  sp.  gr.  1*3 
converts  it  into  ozylepidene.  When  gently  heated  with  phosphoros  pentachloride,  it 
forms  a  reddish  liquid,  which  solidifies  when  washed  with  water,  dissolves  easily  in 
aleohol  and  ether,  and  crystallises  thereficom  in  needles  (Zinin). 

JHbromoianderu,  0*'H**BrH),  is  formed  on  adding  bromine  in  slight  excess  to  a 
solution  of  lepidene  in  acetic  acid,  and  separates  in  needle-shaped  crystals  insoluble 
in  water,  soluble  in  410  pts.  of  hot  alcohol,  66  pts.  of  boiling  acetic  acid,  and  50  pts. 
of  boiling  ether,  and  crystallises  therefrom  in  thin  tables  or  lamins.  It  melts  at 
190^,  and  solidifies  in  the  crystalline  or  amorphous  state,  according  to  the  tem- 
perature to  which  It  has  been  raised.  With  nitric  acid  it  forms  a  needle-shaped  body 
which  reacts  similarly  to  oxylopidene. 

OxyUpidene,  C^H^O',  is  most  readily  prepared  by  heating  lepidene  to  the  boiling 
point  with  10  pts.  of  glacial  acetic  acid,  and  adding  a  mixture  of  1  pt  nitric  acid  of 
sp.  gr.  1*5  and  3  pts.  glacial  acetic  acid,  the  oxy lepidene  then  crystallising  out  on 
cooling.  It  forms  yellow  needles  (4-sided  prisms)  insoluble  in  water,  nearly  insoluble 
in  ether  and  cold  alcohol,  soluble  in  200  pts.  of  boiling  alcohol  of  94  p.  c,  in  22  pts. 
of  hot  acetic  acid,  and  easily  in  benzene.  It  melta  at  220°  and  resolidifies  in  the 
crystalline  form  on  cooling ;  but  after  being  heated  to  its  boiling  point,  it  forms  on 
cooling  a  yeUow  resinous  substance,  easily  soluble  in  alcohol  and  ether,  and  separating 
therefrom  with  different  properties.  Oxylepidene  dissolved  in  hot  acetic  acid  is 
completely  reduced  by  zinc  to  lepidene;  by  boiling  with  alcoholic  potash-solution  it 
ia  converted  into  a  crystalline  body,  separable  by  water  and  differing  in  its  properties 
from  oxylepidene  (ZininV 

Lepidene  and  oxylepiaene  are  analogous  in  composition  to  thionessal  and  tolallyl 
sulphide;  thus: 

Lepidene,     0»H«K)  Oxylepidene,         0»H»0« 

Tluonessal,  C^^  TolaUyl  sulphide,  C**H»S*, 

and  may  be  formed  from  thionessal  and  tolallyl  sulphide  respectively  by  treatment 
with  hydrocfalorie  acid  and  potassium  chlorate  (Limpricht). 

Oxylepidene  is  converted  by  the  most  various  reducing  agents  into  lepidene,  but  the 
lattar  cannot  be  deprived  of  any  further  portion  of  oxygen,  even  by  passing  it  over 
haated  sine-powder.  Oxylepidene  heated  with  phosphorus  pentachloride  yields  the 
■ame  products  as  lepidene,  namely,  chlorinated  derivatives  of  the  latter.  The  following 
erimpoandB  have  been  obtained  by  Bom : 

DiektaroxyUpidenef  OTH^'Cl^O',  is  prepared  by  treating  dichlorothionessal  witli 
hjdroehloric  acid  and  notassinm  dilorate.  It  forms  white  needles  melting  at  178^, 
and  is  eonverted  b^  reaucing  agents  into  dichlorolepidene,  (^H^CIK),  wluch  forms 
'vbita  needles  meltrns  at  156°. 

Oxylepidene  heated  in  sealed  tubes  with  phosphorus  pentachloride,  or  (to  diminish 
tlie  pressure)  with  phosphorus  oxychloride,  gelded : 

1.  PmtaeMlcToUpidene,  CH^^Gl^O,  in  white  crystals  melting  at  186°,  very  slightly 
soluble  in  alcohol  and  ether. — 2.  Hexchlorolemdene,  CH'^CIH),  a  yellow  amorphous 
anbstance,  melting  at  80°-90°,  easily  soluble  m  alcohol  and  ether. — 8.  OetocklaroUpi- 
iieme,  C**H**C1K),  an  oranse-yellow  amorphous  substance,  softening  at  70°,  melting  at 
^Z^'t  easily  soluble  in  alcohol  and  ether. 

^UMKBTDOWWJBtkWBm  This  variety  of  mica,  hitherto  found  only  at  one  locality 
in  Sweden  (iii.  574),  occurs,  together  with  danalite,  another  variety  of  mica  called 
^rrwfphjftiUt  and  a  ziroon-like  mineral,  in  the  granite  of  Bockport,  Massachusetts. 
Tfid  lepidcHuelane  occurs  in  black  six-sided  prisms  with  dark  green  streak,  hardness 
About  3,  and  sp.  gr.  8' 169.    Analysis  gave : 


«»• 

A1»0»    lfn"0»    F«PO» 

FeO 

BCgO 

K*0 

Ll-0 

HK) 

0-62 

16-73    0*60     1207 

17-48 

0-62 

10-66 

0-59 

1-60  - 

55     0-62     16-73    0*60     1207     1748    062     1066    0*59     1*60  -   100*42, 

j^^rreeing  with  the  general  formula  (M^ ;  M*)SiO^  (J.  P.  Cooke,  jun.,  8iU,  Am,  J,  [2] 
:xJiii.  217). 


On  the  methylated  derivatives  of  this  base,  produced  by  the 
^eeompofition  of  iodine-green,  see  AiauNB  (p.  P64). 
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solution  into  a  cylindrical  vessel  filled  with  alcohol,  a  liquid  \a  formed,  peifecdr 
transparent,  with  light  rose-colour  by  transmitted  light,  but  eixhibitiDg  in  refieetrti 
light  a  strong  and  peculiar  fluorescence,  giving  an  appearance  of  opacity,  as  it  a 
precipitate  were  being  formed,  and  difiuaing  itself  through  the  liquid  in  clouds  of  i 
dery-red  colour. 

Naphthylamine-red  is  also  formed  by  treating  aiodinM>hthyl-diamine  with  naph- 
thylamine,  ammonia  being  evolved  at  the  same  time.  In  this  case  its  formstioa  fnca 
naphthylamine  may  be  represented  by  the  two  following  equations : 

2C"H»N     +  HNO«     -  2H«0  +  C»H»N« 

Naphthyl*  AwwHnaph- 

■JDxine.  thylamine. 

C»H»»N»  +  C»«H»N  »    NH«  +  C»H«"N» 
▲lodioaph-  Kaphtbjl- 

thyldiamine.  smlne-nd. 

Naphthylamine-red  forms  splendidly  ciystallised  colouring  mattexa  with  the  iodides 
of  methyl  and  ethyl  (Hofmann,  Ikut.  chim,  6m,  Ber.  1869,  pp.  376,  412;  ZeiUckr. 
f.  Ckem.  [2]  V.  632,  694). 

On  the  action  of  acids  on  naphthylamine,  see  Chapman  {Ckem,  8oe.  J,  [2]  iv.  133, 
329). 

Syn.  with  Nafhtroic  Acid  (p.  851). 


(C"|.TJN..        and 


By   ^     -OK    \  N*. — Naphthyl-diamine  is  produced,  together  with  naphthjl- 

amine  and  p^dine  (as  secondary  product),  by  the  action  of  nascent  hydrogen  on  axo- 
dinaphthyldiamine : 

When  a  saturated  alcoholic  solution  of  asodinaphthyldiamine  is  digested  with  tin  and 
strong  hydrochloric  acid,  the  decanted  yellow  solution  evaporated,  the  aqueous  extract 
of  the  residue  freed  from  tin  by  hydrogen  sulphide,  and  the  filtrate  evaporated  as  much 
as  possible  without  contlict  of  air,  a  residue  is  left,  which,  after  nfcrystallisBtioQ 
from  a  small  quantity  of  water,  with  addition  of  strong  hydrochloric  acid,  and  washing 
with  dilute  hydrochloric  acid,  consists  of  the  hydrochlorides  of  naphthylamine  aaii 
naphtbyl-diamine ;  the  pyridine  salt  remains  in  the  mother-liquor.  The  separation 
of  the  two  salts  is  most  easily  effected  by  repeated  digestion  with  absolute  alcohol. 
which  dissolves  chiefly  the  hydrochloride  of  naphthylamine,  while  the  napbthyl< 
diamine  suit  remains  undissolved. 

Naphthyl-diamine  precipitated  from  the  hydrochloride  by  ammonia  ferms  splendid 
shining  sciiles,  which  on  exposure  to  the  air  are  very  quickly  converted  into  a  dark 
green  mass.  By  distillation  in  a  stream  of  hydrogen  it  is  obtained  as  a  pale  yellow 
oil  of  very  high  boiling  point,  solidifying  to  a  crystalline  mass  on  cooling.  It  is 
easily  soluble  in  alcohol,  other,  and  bensoL  The  hfdrocklande,  C"H»»N*.2Ha, 
crystallises  from  hot  water  in  laminse,  and  is  almost  completely  precipitated  from  its 
aqueous  solution  by  hydrochloric  acid.  The  gold  and  platinum  salts  form  dingy 
green  needles.  The  sulphate,  C>*H'*N'.H'SO*,  is  precipitated  by  dilute  sulfuric 
ucid  from  the  hot-saturated  solution  of  the  hydrochloride  in  long  needles,  or  as  a 
light  brown  crystalline  powder  nearly  insoluble  in  cold  water  and  in  aloohoL  The 
nitrate  is  a  nodular  crystalline  mass ;  the  oxalate  crystallises  in  tufts. 

The  alcoholic  solution  of  naphthyl-diamine  forms  with  silver  nitrate  a  whits 
precipitate,  which  quickly  decomposes  with  separation  of  metallic  silver;  the  pre- 
cipitate formed  with  meituric  chloride  likewise  decomposes  in  drying.  On  mixing 
the  alcoholic  solution  of  the  base  with  carbon  bisulphide,  hydrogen  sulphide  is 
gradually  evolved,  and  dark  gamet-red  crystals  separate,  sparingly  soluble  in 
alcohol,  ether,  and  bensol.  Potassium  nitrite,  ferric  chlcffide,  potassium  dichromate 
or  ferricyanide,  produce,  in  dilute  solutions  of  naphthyl-diamine  salts  a  splendid 
green  colour;  in  moro  ooncentrated  solutions  a  green  flocculent  precipitate;  this 
reaction  is  very  delicate  and  serves  to  distinguish  naphthyl-diamine  from  naphthylene- 
diamine  (infra),  which  is  coloured  brown-red  or  chestnut-brown  by  the  oxidising 
agents  above  mentioned.  The  green  substance  is  coloured  violet  by  ammonia  and 
brown-red  by  hydrochloric  acid;  by  distillation,  either  alone  or  with  potash,  it 
reproduces  naphthylamine  (Perkin,  Chem.  Soe.  J.  [2]  iii.  173). 

Naphthiflene-diamine  hydrochloride,  C'»H*(NH«)«.2Ha,  is  formed  by 
boiling  dinitro-naphthalene  with  tin  and  hydrochloric  acid,  and  crystallises  fixim  the 
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feriea,  the  specific  refractive  eneigy  increMes  aa  the  aeries  adyanoea,  but  that  the 
amount  of  its  yariation  b  leea  between  the  higher  than  between  the  lower  terms  of  the 
series. 

landolt  {P>oag.  Ann.  cxzii.  646 ;  cxziii.  696;  Jakreab.  1864,  p.  101)  simplifies  the 
expression  of  these  relations,  especially  of  the  last,  by  adopting,  instead  of  the  specific 
refiractiTe  eneigy,  the  product  of  this  fraction  by  the  moleeiuar  weight  of  the  compound, 

M-1 
P.  -T-;  this  is  called  the   refraction -equiyalent.     In  homologous  series 

the  refraction  increases  in  all  cases  for  a  difference  of  CH',  by  a  nearly  equal 
amount,  the  mean  increment  in  the  fatty  acids,  alcohols,  &c.,  being  7*60.  The  first 
and  third  of  the  abore  laws  remain  true  for  re£raction-equiTalents  to  the  same  extent 
as  for  specific  refractiye  energies.  The  expression  of  the  second  becomes:  The 
refraetion'tquiwdefU  of  a  mixture  or  compound  it  the  sum  of  the  rejraetian-equivalents 
of  Ut  components. 

This  last  law  giyes  the  means  of  determining  the  refraction-equivalents  of  elements 
£rom  those  of  their  compounds.  Landolt  has  shown,  by  comparison  of  the  optical 
properties  of  a  large  number  of  organic  compounds,  that  the  refraction-equiTalent  iB 
increased  by  addition  of  either  carbon,  hydrogen,  or  oxygen,  but  by  somewhat  diftrent 
amounts  according  to  the  type  to  which  the  compound  belongs,  these  values  vazying 
for  C  from  4'76  to  6*43,  for  H  from  1-06  to  1-88,  for  O  from  2*46  to  8*24.  The 
mean  refraction-equivalents  of  these  three  elements  in  the  homologous  fatty  alcohols 
and  acids  are : 

OHO* 
600  1-80  800 

By  means  of  these  values,  the  refraction-equivalent  B  of  a  compound  of  carbon, 
hydrogen,  and  oxygen  may  be  calculated  according  to  the  formula, 

B.  ^  mr  +  mV  +  «iV, 

where  m,  m\  m"  denote  the  numbers  of  the  atoms  of  the  three  elements,  and  r,  r,  r" 
their  refraction-equivalent :  thus  in  the  ease  of  ethyl  oxide,  OH'*0 : 

4  X  60  +  10  X  1*3  +  8*0  <-  36*0 
Refraction-equivalent  deduced  from  observation   .  .     -■  86'26. 

The  values  above  given  for  the  refraction-equivalents  of  C,  H,  and  O  agree  very 
nearly  with  those  deduced  from  the  experiments  of  Gladstone  and  Dale  already 
cited.  Gladstone  has  subsequently  determined,  by  similar  methods,  the  refraction- 
eqoivalents  of  chlorine,  bronune,  tin,  iodine,  and  mercury ;  and  Haagen  i^ogff.  Ann. 
czzxi.  117),  by  examining  a  variety  of  liquid  halo'id  compounds,  has  aedfuced  for 
serend  of  these  elements,  refraction-equivalents  agreeing  with  those  found  by  Glad- 
■tone,  together  with  those  of  arsenic,  antimony,  and  silicon. 

The  fact,  previously  established  by  Gladstone  and  Dale,  that  a  substance  when 
disaolved  retains  the  same  specific  refractive  eneigy,  and  consequently  the  same 
Rfractton-equivalent,  as  in  the  solid  state,  affords  the  means  of  determining,  the 
refraedon-eqnivalents  of  a  great  number  of  solid  bodies  which  could  not  otherwise 
be  ascertained.  Bv  determining  the  refractive  indices  of  a  series  of  chlorides, 
bromides,  and  iodides  dissolved  in  water,  Gladstone  has  shown  that  a  chloride  has, 
in  each  case,  a  refraction-equivalent  about  6  less  than  the  corresponding  bromide,  and 
about  17  less  than  the  corresponding  iodide ;  and  that  a  potassium  salt  has,  in  each 
esse,  a  refraction-equivalent  about  3*2  greater  than  that  of  the  corresponding  sodium 
salt,  about  4  greater  than  the  lithium  salt,  and  about  3*6  less  than  the  ammonium 
siUt  Hence  it  seems  to  follow:  1.  That  the  dififerent  salts  are  really  comparable 
with  one  anoUier  in  this  respect — 2.  That  each  halogen  and  each  metal  retains  its 
own  refractiye  power,  with  whatever  other  elements  it  is  combined. — 3.  That  if  the 
^Ine  of  any  one  of  these  elements  can  be  ascertained  with  certainty,  all  the  rest  may 
slso  be  determined. 

Experiments  conducted  on  these  principles  have  been  extended  by  Gladstone  to 
about  180  different  salts,  containing  28  inorganic  salt-radicles  and  88  metals.  The 
results  are  tabulated  in  a  paper  recently  communicated  to  the  Boyal  Society  (PhU. 
Trans.  1870,  p.  9 ;  abetr.  JProc.  Soy.  8oc.  1868,  p.  439). 

The  refinwtion-equivsjents  of  the  elementary  oodies  deduced  from  these  results  are 
given  in  the  following  table : 

*  Then  Tsloes  dUter  tat  Slightly  from  those  of  the  free  elements  deduced  \xy  Landolt  trom  tte 
oteerratioos  of  Scbiarf,  Dnloog,  and  Regnanlt,  tU.  C  s  4-W,  H  »  I'M,  0  s  8*04. 
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NARCOTINB. 


iff  dUori^  lams 


Hydrochloride  of  dimethyl-nomarootine  treated  with  ferrie  or 
methyl-noropianic  acid  and  cotamine ;  thoB : 

C'*H»*(CH»)'NO*   +   0  »  OH»(CH«)0»  +  C»»H«»(CH»)NO«. 

Methyl-nomarcotine  heated  with  water  yields  in  like  manner   noimeeonin  aad 
cotamine : 

C"H'«(CH«)NO»  -  CHH)*  +   C"H»(CH«)NO«; 

with  oxidising  agents,  noiopianic  acid  and  cotamine : 

C"H««(CH»)NO'   +   0  =  C«H*0»  +   C"H»»(CH»)NO« ; 

and  nomarcotine  yields  with  heated  water  and  with  oxidising  agents,  noimeoonin  or 
noropianic  acid  respectiTely,  and  cotamimide : 

C»»H"NO»     -=     C«HK)«     +     C"H»»NO« 
Nomarootine.  Normeoonin.  CotaraimUe. 

C»H"NO'     +     0     =     C«H«0»     +     C"H"NO« 
Nonuurootine.  Koropianto  Cotunlmide. 

acid. 

The  following  table  exhibits  a  comparatiYe  yiew  of  the  physical  propeities  voi 

reactions  of  nomarcotine  and  its  methylated  deriratiyes,  and  of  cotamine : 

Characters  of  Narcottne,  jv. 


Form 


Solubility  in: 
Water  .  . 
Alcohol  . 
Ether   .    . 


Concen- 
trated solu- 
tion of 
Chloride. 


Taste  of 
Chloride 


T3 

§8 


'PtCl« 


Trimethjl- 

nornarootine 

(ofdinary 

narcotine), 


White 
crystals 


Almost  insoL 

Soluble 

Soluble 


Not  ppd.  by 
Ha.    Solu- 
tion in  HCl 
not  ppd.  by 
water 


Dimethyl- 
nomarootine, 
C"H«'NO' 


White  or 
amorphous 


Almost  insol. 
Very  soluble 
Slightly  sol. 


Ppd.  par- 
tially by  HCl. 
Solution  in 
strong  HCl 
ppd.  by 
water:  the 
ppd.  chloride 
IS  tarry 


Bitter 


KHO 


NH«HO 


Na«CO> 


Yellow  pp. 


Pp.  insoluble 
in  excess 


Pp.  insoluble 
in  excess 


Pp.  insoluble 
in  excess 


Bitter 


Yellow  pp. 


Pp.  soluble 
in  excess 


Pp.  slightly 
sol.  in  excess 


Pp.  insoluble 
in  excess 


Methyl. 

nomarootine, 

0~H»*NO' 


White,  when 
freshly  ppd., 
sometimes 
brown; 
amorphous 


Nomarootine, 
C"H"NOr 


Almost  insol. 

Insoluble 

Insoluble 


Mostly  ppd. 
by  HCl. 
Solution  in 
strong  HCl 
ppd.  by 
water;  ppd. 
chloride 
granular 


Astringent 


Yellow  pp., 
slowly  turn- 
ing brown 


Pp.  slightly 
sol.  in  excess 


Pp.  soluble 
in  excess 


Pp.  soluble 
in  excess 


White,  tam- 
ing brown 
immediately 
on  exposure 
to  air; 
amorphous. 


White; 

geneiallj 

buff-oolouTPil: 

crystElliM 


Almost  insol. 

Insoluble 

Insoluble 


Almost 
wholly  ppd. 
by  HCl. 
Solution  in 
strong  HCl 
ppd.  by 
water;  ppd. 
chloride 
granular 


Almost  iosol- 
Very  8oInW« 
Veiy  solnbU 

Not  ppd.  bT 
Ha.    Solu- 
tion in  HH 
not  ppd.  by 
water 


Tasteless 


Yellow  pp., 

immediately 

turning  brown 


Pp.  soluble 
in  excess 


Pp.  soluble 
in  excess 


Pp.  soluble 
in  excess 


Bitter 


Yellow  pp. 


Pp.  slightlj 
sol.  in  excess 

Pp.  soluble  ^ 

in  excess 

.1 

__- 1 

Pp.  80lllW« 

in  excess 


*  All  these  precipitates  decompose  on  boiling  with  excess  of  platinum  chloride. 


NEPHRITE— NICKEL.  865 

.  Aoootding  to  Gh>bley  {J.  Pkann,  [4]  ii.  156),  narootine  may  be  extracted  £rom 
opium — ^together  with  a  fotty  oil  and  a  substance  resembling  qioutchouc — by  digeetioi| 
with  oil  of  terpentine  at  100^. 

.  Narootme  iWiodide^  C**H'*NO'HI',  is  formed  by  mixing  an  alcoholic  solution  of 
narootine  with  hydrochloric  acid,  adding  the  calculated  quantity  of  iodine,  and  then 
water  till  a  permanent  turbidity  is  produced.  On  stirring  the  liquid,  the  tri-iodido 
separates  in  shining  laminn,  and  an  additional  quantity  may  be  obtained  by  adding 
more  water.  This  oompoand  is  moderately  soluble  in  alcohol,  but  undergoes  n 
remarkable  alteration  when  boiled  therewith,  the  solution  on  cooling  depositing  the 
tri-iodide  of  a  new  base,  tarconine,  C"H"NO',  containing  2  at.  hyw)gen  less  than 
cotamine: 

8(C««H"N0Mn«)  +  H*0  =  C"H"NO».HP  +   C»»H"0»  +  4m  + 
NarootiBa     ^  Tuoonine  Oplanio 

til-iodide.  tel-iodido.  add. 

2(C««H"N0».HI) 

KsrooCine 

Hydilodlde. 

(Joigensen,  DeiU,  ekem.  Gss.  Ber.  1869,  460;  ZeiUehr.  /.  Ckmn,  [2]  ▼.  678). 

nVBSIT&  For  analyses  of  this  mineral  from  the  pile-buildings  of  the  Swiss 
lakes  and  other  localities,  see  Fellenberg  (Jahre^,  1865,  p.  880) ;  Damour  (Coti^^ 
rend.  Ixi.  318,  357 ;  Jahresb.  1865,  p.  880). 


This  name  is  applied  by  B^hamp  (BuU,  $oe.  Ckim,  [2] 

iii.  213)  to  a  soluble  ferment  existing  in  the  urine  of  man,  the  dog,  and  the  rabbity 
and  capable  of  converting  starch  into  sugar. 

Syn.  with  Cholihb  (p.  448). 

The  atomic  weight  of  this  metal  has  been  redetermined  by  Russell 
(Ckem.  8oo.  J.  [2]  vii.  294)  by  measuring  the  volume  of  hydrogen  evolved  on  dissolving  a 
known  weight  of  the  pure  metal  in  hydrochloric  acid.  (See  MminstB  of  Gases,  p.  142.) 
The  mean  of  four  closely  agreeing  experiments  gave  for  the  atomic  weight  of  nickel 
the  ntimber  68*70,  which  is  Tery  nearly  the  same  as  that  which  Russell  foimerly 
obtained  (iv.  40)  by  reducing  the  pure  monoxide  with  hydrogen,  viz.  58*74. 

Different  but  less  trustworthy  results  hare  been  obtained  by  Sommaruga  {Jakresb, 
1866,  p.  244)  and  by  Winkler  (ibid,  1867,  p.  289).  The  former,  by  analysis  of 
niccolo-potassic  sulphate,  (SO^)*NiK'  +  6H'0,  obtained  the  number  58 ;  the  latter,  by 
reducing  a  neutral  solution  of  sodio-auric  chloride  with  metallic  nickel,  and  weighing 
the  gold  precipitated,  found  Ni  ■>  59*06. 

Detection  of  Nickel, — A  solution  of  a  nickel  salt  mixed  with  sodium  acetate  and 
fypothlorite,  and  heated  to  the  boiling  point,  deposits  a  deep  blue,  nearly  black  peroxide 
forming  a  specular  coating  on  the  glass ;  the  reaction  is  extremely  delicate,  and  every, 
trace  of  nickel  is  thereby  removed  from  the  liquid  (Popp,  Ann.  Ch.  Pkarm,  cxxxi.  363 ; 
see  also  Wicke,  Zeitsekr.  /.  Chem,  [2]  i.  86  ;  Jahrab.  1865,  p.  267).  Sodium  hyposul- 
phite added  to  nickel  salts  at  the  boiling  heat  throws  down  black  nickel  sulphide. 
j>robably  also  forming  trithionate  and  chloride  of  sodium : 

Nia«  +  2Na«S«0»  «  NiS  +  Na«S»0«  +   2NaCl. 

The  precipitate  is  not  attacked  by  strong  sulphuric  or  boiling  hydrochloric  acid,  but  ia 
oxidised  by  nitric  acid  to  nickel  sulphate  (W.  Gibbs,  SUL  Am.  J,  [2]  xxxvii.  346). 

BoUusium  suiphoearbonate  colours  a  nickel  solution  crimson-brown,  or,  if  veiy 
dilute,  rose-red.  The  solutaon  to  be  tested  is  first  freed  from  cobalt  by  potassium 
nitrite,  and  the  filtrate  is  made  alkaline  with  ammonia,  mixed  with  sal-ammoniac,  and 
precipitated  with  a  little  colourless  ammonium  sulphide.  The  filtrate  from  this 
preci]^itate  yields,  when  strongly  concentrated  by  evaporation,  a  precipitate  of  nickel 
sulphide.  This  precipitate  is  washed  on  a  filter,  dried,  ignited,  treated  with  a  little 
nitric  acid,  and  evaporated.  The  saline  residue  is  dissolved  in  water  and  added  to 
about  50  c.  c.  water  containing  1  or  2  drops  of  the  solution  of  sulphocarbonate  (prepared 
by  saturating  one  half  of  250  c.  c.  potash-ley  containing  5  p.  c.  K'O  with  hydrogen 
sulphide,  adding  the  other  half,  gentlv  warming  the  liquid  for  two  days  with  10  c  c 
carbon  bisulphide,  and  then  decanting  from  the  uncombined  CS*).    If  nickel  is 

S resent,  the  rose-red  or  crimson  colour  will  be  produced.    This  reaction  sufBuses  to 
istinguish  jj^  milligrm.  of  nickel  in  1  c  c.  of  liquid.    The  nickel-compound  dissolved 
in  the  alkaline  sulphocarbonate  exhibits  in  dilute  solution  distinct  absorption-bands ; 
concentrated  solutions  stop  the  light  almost  completely  (C.  D.  Braun,  ZeiUehr.J,  Chem^ 
[2]  T.  309). 
8up,  3K 


866 


NICOTINB— nitrates; 


For  oUm*  methods  of  deteeting  nickel  ift  proMiiee  of  cobalt^  and  for  wepaniiag  ths 
two  metals,  see  Cobjxt. 


On  the  prepazmtion  of  this  base  see  Pribram  {BuO.  8k.  Ckm. 
[2]  viii.  276).  De  Luynes  {Compt.  rend.  Ixrii.  656)  describes  a  compound  of  moocioe 
and  orcin,  as  an  oil  soluble  in  excess  of  narootine.  Aorording  to  Hnber  {Jtau  Ck 
J*karm,  odi.  271),  nicotine  oxidised  with  potassium  chiomate  and  Balphnric  scid 
yields  an  amidated  acid,  C*H*NO*,  from  whicA  bj  distillation  with  lime  an  oily  bsee^ 
0*H*N,  soluble  in  water  is  obtained. 


1.  B]rArog«a  WttrMe  or 

tions  of  the  specific  gravity  of  aqueous  nitric  add  of  Tarioos  strcogths  fasT*  bees 
published  by  J.  Kolb  {Ann.  Ck.  PA^.  [4]  z.  136).  The  peiventsge  p  of  hydrogea 
nitrate,  HNO',  was  determined  in  eadi  case  by  adding  a  weighed  and  excesfiiTe 
quantity  of  pure  calcium  carbonate,  and  weighing  the  undisscuTed  portion.  The 
Talues  directly  determined  are  distinguished  in  uie  following  table  by  an 


p 

DeiMi^y 

CoQtrso- 
tkn 

P 

Denrity 

Contrae- 

tfOB 

stO" 

stl^ 

•to* 

•tic* 

10000 

1-559 

1-530 

0-0000 

58-88 

1-387 

1-368 

0-0861 

99-84* 

1-559* 

1-530* 

0-0004 

68-00 

1-382 

1-368 

<H)864 

9972» 

1-558* 

1-530* 

0-0010 

67-00 

1-876 

1-358 

0-0868 

99-62» 

1-557* 

1-529* 

00014 

56-10* 

1-371* 

1-353* 

0-0870 

97-89» 

1-551* 

1-523* 

00065 

65-00 

1-865 

1*346 

0-0874 

97*00 

1-548 

1*520 

0-0090 

54-00 

1-859 

1-341 

00875 

96-00 

1-544 

1516 

0-0120 

53-81 

1-858 

1-389 

0-0876    > 

96-27* 

1-542* 

1-514* 

0-0142 

53  00 

1-353 

1-335 

00875 

9400 

1-537 

1-509 

0-0182 

52-38* 

1-349* 

1-331* 

0-0875 

9801* 

1-533* 

1-506* 

00208 

50-99 

1-341* 

1-823* 

0-0872 

9200 

1-529 

1-503 

0-0242 

49-97 

1-334 

1317 

0-0867 

9100 

1-526 

1-499 

0-0272 

49-00 

1-328 

1-312 

0-0862 

90-00 

1-522 

1-495 

Qi)301 

48-00 

1-321 

1-304 

0*0856 

89-56» 

1-521* 

1-494* 

00315 

47-18* 

1-815* 

1-298* 

0-0850 

8800 

1-514 

1-488 

00354 

46-64 

1-812 

1-295 

0-0848 

87-46» 

1-513* 

1-486* 

0-0369 

45-00 

1-300 

1*284 

0-0835 

8617* 

1-507* 

1-482 

0-0404 

43-53* 

1-291* 

1-274* 

00820 

86<X) 

1-503 

1-478 

0-0433 

42-00 

1-280 

1-264 

0-0808 

8400 

1-499 

1-474 

0-0459 

41-00 

1-274 

1*257 

0-0796 

8300 

1-495 

1-470 

0-0485 

40-00 

1-267 

1-251 

0-0786 

8200 

1-492 

1-467 

00508 

39*00 

1-260 

1-244 

0-0755 

80-96* 

1-488* 

1-463* 

0-0531 

37-95* 

1-253* 

1*237* 

0*0762 

8000 

1-484 

1-460 

0-0556 

3600 

1-240 

1-225 

0-0740 

7900 

1-481 

1-456 

0-0580 

3500 

1234 

1*218 

0*0729 

77-66 

1-476 

1-451 

00610 

33-86* 

1-226* 

1-211* 

0-0718  : 

7600 

1-469 

1-445 

00643 

32-00 

1-214 

1-198 

0-0692 

7500 

1465 

1-442 

0-0666 

3100 

1-207 

1-192 

0-0678 

7401* 

1-462* 

1-438* 

00688 

3000 

1-200 

1-185 

00664 

7800 

1-457 

1-435 

0  0708 

29  00 

1  194 

11 79 

0-0650 

72-39* 

1-455* 

1-432* 

00722 

28  00* 

1187* 

1-172* 

0-0635 

71-24* 

1-450* 

1-429* 

00740 

2700 

1-180 

1-166 

0*0616     ■ 

69-96 

1-444 

1-423 

00760 

25-71 

1-171* 

1-157* 

0-0593 

69-20* 

1-441 

1-419* 

0  0771 

23-00 

1-153 

1-138 

0-0520 

6800 

1-435 

1-414 

00784 

20-00 

1132 

1120 

0-0483    I 

67-00 

1-430 

1-410 

0-0796 

17-47* 

1115 

1-105 

0-0422 

6600 

1-425 

1-405 

00806 

15-00 

1-099 

1089 

0-0336 

66-07 

1-420* 

1-400* 

0-0818 

1300 

1085 

1-077 

00316 

6400 

1-415 

1-395 

0-0830 

11-41* 

1-075 

1*067* 

00296 

63-59 

1-413 

1-393 

00833 

7-22* 

1-050 

1-045* 

0-0206 

6200 

1-404 

1-386 

0-0846 

4-00 

1026 

1-022 

0-0112 

61-21* 

1-400* 

1-381* 

0  0850 

200 

1013 

1-010 

0-0055 

6000 

1-393 

1-374 

0-0854 

000 

1-000 

1-999 

0-0000 

69  59* 

1-391* 

1-372* 

00855 

NITRATES.  867 

Deimiitm  and  Estimation  of  Niirie  Acid.— P.  Holland  [Ckem,  News,  XTii.  219) 
modifies  Felouze's  method  of  estimating  nitric  acid  (by  oxidation  of  a  fenous  salt^ 
iv.  87)  by  peirforming  the  oxidation  in  a  vacuum. 

Chapman  {Ckem.  Sec,  J.  [2]  vi.  172)  estimates  nitric  acid  by  reducing  it  with 
aluminiton  (a  method  first  suggested  by  Fr.  Schulze,  Jakresb,  1861,  p.  835),  and 
distilling  off  the  ammonia  thereby  produced.  The  quantity  of  anmionia,  if  somewhat 
considerable,  is  determined  by  titration ;  if  Tery  small,  as  in  ordinary  waters,  by 
Nessler's  test,  the  depth  of  colour  produced  being  compared  with  that  developed  in  a 
similar  manner  in  a  standard  solution  of  ammonia.    (See  Watbb-analtsis,  v.  1032.) 

According  to  £.  Schulse  {Zeitschr,  anal.  Chem.  vi.  379),  the  estimation  of  nitric 
acid  by  reduction  with  aluminium  (or  sine)  is  not  applicable  to  vegetable  juices,  or 
any  liquids  containing  laige  quantities  of  oiqganic  matter,  whereas  that  of  Sehlosing, 
depending  on  the  rwlucing  action  of  ferrous  chloride  (iv.  88),  gives  good  results. 
Fr.  Scfaube  {Zeiieckr.  /.  Okem.  [2]  iv.  296)  now  recommends  that  such  liquids  be 
first  distilled  with  dilute  potash  to  remove  ammonia,  the  organic  matter  then  destroyed 
by  heating  the  alkaline  solution  with  potassium  permanganate,  the  excess  of  perman« 
ganate  decomposed  with  a  salt  of  formic  acid,  and  the  nitric  acid  determined  in  the 
neutralised  and  concentrated  filtrate  by  reduction  with  aluminium. 

Schenk  a.  Chapman  {Laboratatyf  i,  152)  find  that  Pugh's  method  of  estimating 
nitric  acid  by  converting  it  into  ammonia  with  stannous  chloride,  and  determining 
the  excess  of  the  latter  volumetrically,  is  not  applicable  to  water-analysis,  because 
or^nic  matters  of  all  kinds  likewise  convert  stannous  into  stannic  chloride,  ammonia 
being  also  formed  if  the  organic  matter  is  nitrogenous. 

'  G.  Nollner  (Zeiteekr,  a$ial.  Chem.  vi.  375 ;  vii.  355)  estimates  nitric  acid  in  salt- 
petre and  saltpetre-lyes  by  means  of  the  solubility  of  ammonium  nitrate  in  alcohol. 
1  grm.  of  the  salt  is  heated  with  ammonium  sulphate  and  a  little  water ;  absolute 
alojhol  is  then  added ;  and  the  liquid  filtered  from  the  sulphates  is  mixed  with  an 
alcoholic  solution  of  pure  potash,  whereby  potassium  nitrate  is  precipitated,  and  may 
be  washed  with  alcohol  and  weighed. 

The  following  process  for  the  detection  of  nitric  and  nitrous  acids,  founded  on  an 
observation  of  Hofinann  {Anm,  Ch.  Pharm,  xlvii.  60),  is  given  by  C.  D.  Braun 
{Zeiieckr.  anal.  Chem.  vi.  71)  •  ^  ^  ^  ^^  P^^^  strong  sulphuric  add  is  mixed  on  a 
watch-glass  by  drops  with  4  c.  c  of  a  solution  of  aniline  sulphate,  and  a  drop  of  the 
liquid  to  be  tested  is  brought  on  the  end  of  a  glass  rod  to  the  edge  of  the  acid  liquid. 
If  only  a  trace  of  the  nitric  acid  is  present,  deep  carnation-red  streaks  and  curves 
make  their  appearance  as  the  liquids  slowly  mix,  and  the  entire  liquid  becomes  rose- 
red,  or,  if  the  quantity  of  nitric  acid  is  rather  larger,  carmine-red  to  brown-red  or 
brown-yellow.  In  this  manner  nitric  acid  may  be  detected  in  common  sulphuric 
acid  and  in  spring  or  river  water. 

On  the  reduction  of  nitric  acid  by  tin  and  hydrochloric  acid,  see  Htdboxtlaminb 
(p.  722). 

According  to  Schonbein  {J.  pr.  Chem.  cv.  208;  JahrtA.  1868,  p.  179),  those 
oiganic  substances  which  decompose   hydrogen  dioxide  catalytically  have  also  the 

E>wer  of  reducing  nitrates  in  solution  to  nitrites,  and  completely  decomposing  the 
tter.    This  reaction  has  been  especially  noticed  with  fresh  confervse^, yeast,  and 
ftingi  in  general,  also  with  blood-corpuscles. 

2.  MetalUo  Vimtes.  Copper  Nitrates.^A  ietracupric salt,  4GuO.N'0*  + 
SAH'O,  is  precipitated  from  a  boiling  solution  of  the  normal  nitrate  by  an  acetate  of 
afkali-metal,  magnesium,  manganese  cobalt,  nickel,  zinc,  cadmium,  copper,  or  lead, 
also  by  many  propionates  and  valerates,  also  on  mixing  a  solution  of  cupric  acetate 
with  tne  nitrates  of  many  of  the  bases  just  mentioned ;  ammonium  nitrate  gives  no 
precipitate  (Casselmann,  Jakresb.  1866,  p.  274). 

Indium  Nitrate. — See  Iivbiux  (p.  732). 

Iron  Nitrates.^ Ferrous  nitrate  is  most  readily  prepared  by  dissolving  ferrous 
sulphide  in  cooled  nitric  acid  of  sp.  gr.  less  than  1*12.  The  solution,  made  aa  neutral 
as  possible,  carefully  concentrated  by  evaporation,  and  then  exposed  to  a  winter 
temperature,  deposits  the  salt  in  crystals,  which  appear  to  consist  of  (NO*)'Fe  + 
fiHH).  These  crystals  may  be  preserved  in  the  moist  state  at  low  temperatures ;  but 
when  separated  horn  the  mother-liquor  they  are  quickly  converted  into  red-brown 
basic  ferric  nitrate.  100  pts.  of  the  crystallised  salt  dissolve  in  50  pts.  water  at 
O^',  in  40-8  pts.  at  15<»  (sp.  gr.  of  solution  1*48),  and  in  33*3  pts.  at  25^  (sp.  gr.  of 
solution  1-50  (Ordway,  BiU.  Am.  J.  [2]  xl.  325). 

Cubic /«TU?««ra<»,Fe«0«.3NK)*  +  12H*0  or  (Fe«)'*(NO«)«  +  12H«0,  is  always 
obtained  when  the  solution  is  so  composed  that  it  may  be  rogarded  as  containing 
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equTBleDt  quantitiM  of  the  eryBtallifled  salt  and  the  hydrate  of  nitric  acid,  H^.SHKI. 
If  it  contains  less  water,  no  crystals  are  fonned ;  if  more,  the  cnbie  salt  is  alvsTs 
associated  with  the  dinorhombie  salt,  containing  18H'0  (ir.  93).  The  latt»  is 
formed  exclusirely  when  the  solution  has  a  constitution  represented  by  the  ftffmok 
(re*0*.3NK)*  +  18HH))  -f-  fi(N«0«.4H<0).  The  cubie  salt  also  oTstallisee  o«t 
when  the  clinoihombic  salt  is  heated  till  it  has  lost  14  p.  c,  and  the  liquid  is  mizai 
with  an  equal  Tolnme  of  fused  hydric  nitrate,  (NO'H),  or  when  1  moL  of  the  fesei 
dinorhombie  salt  is  mixed  with  rather  more  than  4  mol.  NO'H.  During  the  cooli^ 
and  crystallisation  the  liquid  must  be  protected  from  atmospheric  moisture  (Qrdwaj). 

The  same  method  serres  also  fbr  the  preparation  of  other  nitrates  in  the  crystalliae 
state,  especially  those  'of  eArsmttMii,  gtuemum^  gime,  and  mamganewe ;  the  gludaiia 
salt  czysUllises  in  (quadratic  octohedrons  (Ordway). 

On  oommerdal  nitnte  of  iron,  see  Lenssen  {ZiUaokr.  /.  Ckem,  [2]  Ti.  284). 

Lead  mtrat€».^Tbb  dipiumAie  wU,  Fb(KO')*.PbO  +  4HK),  is  powipitstoa 
f^m  a  solution  of  potassium  nitrate  or  normal  lead  nitiate  by  a  sli^t  excsss  of 
basic  lead  acetate.  The  tr^umbie  salt,  Fb(NO*)*.2PbO,  is  formed  by  mixing  the 
aqueous  solutions  of  triplumbic  acetate  and  potassium  nitrate  (the  precipitate  redissolTes 
in  excess  of  the  basic  acetate) ;  it  is  slightly  soluble  in  cold  water,  mare  aolable  tlan 
the  diplumbic  salt,  is  precipitated  therefrom  in  the  crystalline  form  by  alcohol,  and 
crystallises  from  the  hot-saturated  solution  in  small  hard  prisms.  It  has  bece 
obtained  with  quantities  of  water  varying  from  1  to  |  mol.  The  sexpimtmbie  mU, 
Pb(NO*)'.6PbO  +  H*0,  is  separated  from  the  solution  of  either  of  the  precedins 
salts  by  excess  of  ammonia,  as  a  fine  white  perfectly  insoluble  predpitate  (J.  Lamt, 
Zeittekr.  anal.  C^m.  iv.  388 ;  J,  pr,  Ckem,  xcriii.  885). 

Sodium  Nitrat€.  KaKO*. — This  salt  occurs  native,  not  in  Chile,  as  oommooly 
stat>ed,  but  in  the  province  of  Tarapaca,  Dep.  MoquQgua,  in  Fern.  The  foUoviqg 
analyses  are  by  D.  Forbes  {Phil.  Maa.  [4]  xxxii.  139):  a.  Comparaitvely  pa* 
Fclected  crystals  from  the  bed  of  La  Nona,  about  30  miles  east  of  Iquique,  sad 
8052  feet  above  the  sea-level. — 6.  Fine-grained  saline  mass  from  a  hill  on  the  Stl  da 
Ohispo,  west  of  the  port  of  Pisagua : 

KI        Na*SO*    lIg80«Al*(S0«>*  InaoL 
—         0-92         —         —         0-81    »    100 
0*87       4*74       5*98      9*81       2  04-100 

Thallium  titrates. — See  Thallium  (v.  754,  756).  According  to  Gkietaa^ 
{Jahretb.  1867t  p.  280),  thallious  nitrate  is  decomposed  at  a  bright  red  heat^  gnnof 
off  a  volatile  thalliom'Compoond,  and  leaving  a  mixture  of  tludlious  nitrite  and 
thallic  oxide. 

3.  »ltrle  BUiara  (CSiapman  a.  Smith,  Chem,  Soe.  J.  [2]  v.  576 ;  vi.  174).— 
Amyl  nitrate,  C*H"N0',  is  best  prepared  by  gradually  pouring  150  c  c  of  a 
mixture  of  1  vol.  nitric  acid  (sp.  gr.  1*36)  and  3  vol.  strong  sulphuric  cooled  with  ies 
and  salt  into  50  c.  c.  amyl  alcohol,  through  a  funnel  reaching  to  the  bottoo  of  the 
vessel,  the  liquid  being  stirred  all  the  while.  The  amyl  nitrate  then  rises  to  the 
surface  as  an  oily  layer,  which  may  be  purified  bv  washing  with  weak  potash-ley  and 
water,  drying  over  calcium  chloride,  and  rectification. 

It  boils  constantly  at  1 47^-1 48*^;  between  7°  And  8^  it  has  exactly  the  same  spedfic 
^vity  as  water,  but  is  lighter  above  and  heavier  below  that  temperature.  The 
inhaliition  of  its  vapour  pr^uees  headache  and  restlessness  for  several  hours.  It  is 
quite  insoluble  in  water,  soluble  in  ethylic,  methylic,  and  amylie  alcohols,  bensol;  ^nd 
glacial  acetic  acid,  insoluble  in  concentrated  formic  acid,  hydrochloric  acid,  cold  nitric 
and  sulphuric  acids,  and  is  not  attacked  by  hydrochloric,  acetic,  formic,  or  oxalic  add» 
even  at  the  boiling  heat.  At  its  boiling  point  it  dissolves  considerable  quamlities  of 
sulphur  and  phosphorus.  It  is  not  attacked  by  trichloride  or  pentachloride  of  phos- 
phorus ;  but  with  the  oxychloride  it  gives  off  hydrochloric  add,  and  forms  chlorinated 
substitution-products  of  intolerable  odour.  With  sodium  methylate  and  alcoholic 
potash  it  behaves  like  amyl  nitrite  (p.  870).  Sodium  introduMd  into  well-eooled 
lunyl  nitrate  acquires  a  strong  silveiy  lustre,  and  forms,  with  violent  reaction,  sodium 
amylate  and  sodium  ni^te :  CH"NO*  +  Na*  :=  C*H"Na0  +  NaNOl  If  the  amyl 
nitrate  is  diluted  with  an  equal  volume  of  ether,  sodium  acts  very  yiolently  on  it,  even 
in  the  cold. 

Amyl  nitrate  is  not  acted  upon  by  einc-eihul  when  the  two  are  mixed  in  an  atmo- 
spliere  of  carbon  dioxide ;  but  on  bringing  the  mixture  for  a  moment  in  contact  with 
the  air,  it  explodes  with  vivid  incandescence.  If  heated  to  about  40*^  it  explodes  with 
extraordinary  violence.  By  dilution  with  ether  the  reaction  may  be  moderated ;  it 
then  begins  at  about  100**,  yielding  products  of  deep  decomposition. 

Ethyl  Nitrate,  C*H*NO",  may  be  prepared  like  the  amyl  compound,  and  reacts  in 
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NaOl 

CsOl' 

76-69 

21-68 

0*45 

2101 

55-27 

0-38 
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i  similar  inann«r  vith  the  chlorides  of  phosphorus ;  it  likewiso  disaolTee  galphvr  and 

phosphorus,  and  is  decomposed  by  potassium  acetate  into  ethyl  acetate  and  potassium 

titrate  ;  with  sodium  it  forms  ethylate  and  nitrate  of  sodium. 

'  Methyl  Nitrate  resembles    the  ethyl  compound,  distils  over  sodium  without 

alteration,  and  is  decomposed  by  it  only  when  the  two  are  heated  together  in  a  sealed 

tnbe  and  in  presence  of  ether. 

'   On  the  nitrates  of  isobutyl  and  isopropyl  see  Bxtttl  and  Pbottl  ooMFomfDfl. 

On  the  reduction  of  nitric  ethers  by  tin  and  hydrochloric  add,  see  HyDBOxTLAMXim 
(p.  722). 

Actum  qf  Fatty  Aeids  on  NUria  Ethers  in  Presence  of  Svlphurie  Aeid, — ^When  amyl 
nitrate  is  added  by  drops  to  a  warm  mixture  of  20  pts;  glacial  acetic  acid  and  1  pt 
strong  sulphuric  acid,  carbon  dioxide  and  methyl  nitrite  are  given  off,  while  amyl 
acetate  remains  in  solution : 

C»H»NO'  +  2C»H*0«  -  0»H»».C«H«0«  +  CH«NO«  +  00«  ^.  HH). 

Butyl  nitrate  and  ethyl  nitrate  act  in  a  similar  manner.  With  methyl  nitrate  the 
reaction  appears  to  be  as  follows : 

3CH»N0»  -  2CH«N0«  +  HKO«  +  CO*  +  HH>. 

Similar  reactions  are  also  produced  when  valeric  acid  is  used  instead  of  acetio 
acid,  but  the  butyl  nitrite  thereby  produced  sufibrs  immediate  decomposition.  Amyl 
nitrate  and  formic  acid  in  presence  of  sulphuric  acid  yield  amyl  formate,  nitrogen 
monoxide,  carbon  dioxide,  and  water,  red  vapours  being  also  given  off. 

See  Ctavides,  AiiCOHOLic  (pp.  622-628). 


For  the  preparation  oi  potassium  niiriiet  Stahlschmidt  (Poffa.  Ann, 
cxxviii.  466  ;  Jahresb,  1B66,  p.  153)  recommends  the  following  process,  founded  on  the 
fiict  that  potassium  nitrate  in  presence  of  free  alkali  is  quickly  reduced  by  the  action 
of  zino-powder,  Sfven  at  ordinary  temj^ratures,  to  nitrite,  and  partly  to  caustic  potash, 
with  evolution  of  nitrogen.  •  A  solution  of  potassium  nitrate  saturated  at  30^-40°  is 
paixed  with  about  one-tenth  of  its  volume  of  aqueous  ammonia ;  and  zinc-powder  is 
added  by  small  portions,  with  frequent  agitation  and  ooolinff,  to  keep  the  temperatura 
below  60^,  till  the  greater  part  of  the  nitrate  is  decomposed  (which  may  be  known  by 
a  sample  of  the  liquid,  boiled  to  expel  ammonia  and  filtered  from  precipitated  zinc 
oxide,  no  longer  giving  a  perceptible  precipitate  when  mixed  with  4  or  6  vol.  alcohol). 
The  clarified  solution  is  toen  decanted  from  the  zinc,  boiled  to  volatilise  the  ammonia, 
then  filtered,  and  treated  with  carbon  dioxide  at  the  boiling  heat  to  decompose  the 
metallic  nitrites.  The  solution  thus  freed  from  zinc  and  camnium  is  lastly  neutralised 
with  nitric  acid,  and  the  potassium  nitrate  is  separated  by  evaporation  and  crystalli- 
sation. A  similar  process  may  be  applied  to  the  preparation  of  other  nitrites. 
Erdmann  (Jakresb.  1866,  164)  prepares  potassium  nitrite  b^  melting  saltpetre  in  a 
cast-iron  crucible  at  a  moderate  red  heat,  with  several  times  its  weight  of  iron  filings 
or  turnings,  till  a  sample  dissolved  in  water  and  treated  with  sulphuric  acid  gives  off 
abundance  of  nitrous  acid.  The  cooled  mass  is  then  lixiviated  with  water ;  the  solu- 
tion somewhat  concentrated  till  the  undecompoeed  nitrate  crystallises  out,  then  super- 
saturated with  nitrous  acid  (evolved  from  sta^  and  nitric  acid),  and  evaporated  at  a 
gentle  heat* 

Nitritet  of  Nicksl  and  Cobalt  {YaAxnhjm,  J.  pr,  C/^m.  xcvii.  386 ;  Jakresh. 
i866,  p.'717 ;  1866,  p.  245). — Nickel  solutions  quite  free  from  cobalt  or  calcium  yield 
on  sddition  of  a  huge  quantity  of  potassium  nitrite,  a  red-brown  precipitate  of 
potassium-nickel  nitzate  (iv.  74) ;  but  when  calcium  chloride  is  added  to  a  solution  of 
this  double  salt,  or  to  a  mixture  of  nickel  chloride  and  potassium  nitrite,  a  yellow 
tiystalline  precipitate  of  the  triple  salt,  KiGaK'(NO')*,  is  formed,  very  slightly  soluble 
in  cold  wat«r»  but  dissolving  easily,  with  green  colour,  in  boiling  water.  Barium  chloride 
and  strontium  chloride  form  in  uke  manner  yellow  or  reddish-yellow  triple  salts  of 
analogous  constitution,  which  separate  from  hot  solutions  in  microscopic  cubes  or 
combinations. of  the  cube  with  octohedral  faces.  Cobalt  salts  mixed  witn  chloride  of 
barium,  strontium,  or  calcium,  yield  with  potassium  nitrite  blackish-green  precipitates 
6f  coiresponding  composition  ;  they  are  formed,  however,  only  in  concentrated  solutions^ 
and  decompose  during  filtration  and  washing.  It  appei^  from  these  results  that  the 
separation  of  nickel  from  cobalt  by  potassium  nitrite  (i.  1046)  cannot  be  efiiscted  in 
presence  of  calcium  salts. 

A  neutral  solution  of  cobalt  chloride  forms  with  excess  of  potassium  nitrite  a  yellow 
crystalline  precipitate  of  the  salt  3NiE*(N0*)*  +  WO  ;  a  solution  mi^ed  with  a  largo 
excess  of  acetic  add  yields  double  salts  of  more  complex  constitutibn. 

TsirammonuhmcM  Nitrite,  4NH>.Ni(N0*)<,  is  gndually  deposited  from  a  mixture 
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of  nickel  aceUto  and  ammoniiim  nitrite  in  small,  shining,  eheny-red,  appamntly : 
clinic  crystals.  A  double  salt  of  tetrammonio-oobaltic  nitrite  with  potaasinm  nitzifea, 
4NH*.  Co*(NO*)*  +  2EN0S  is  obtained  by  mixing  a  solutkm  of  cobalt  diloride  vitk 
a  large  quantity  of  sal-ammoniac  and  excess  of  potassium  nitrite ;  the  liquid  thes 
deposits  at  a  gentle  heat  shining  yellow  scales  of  potassium-cobalt  nitrite^  siiid  aftar- 
wards  brown  yitreous  riiombic  prisms  of  the  double  salt  just  mentioned.  The  potas- 
sium in  this  salt  may  be  replaced  by  equivalent  quantities  of  other  metals :  tins  iif 
solution  forms  with  silrer  nitrate  a  yellow  or  orange-colonzed  inecipitate  of  the  nit 
4NH*.C6^NO*)«  +  2AgN0*.  A  neutial  solution  of  cobalt chlondemixad  with  neotxml 
ammonium  nitnte  yields  by  slow  eraporation  biown  rhombic  prinna  of  the  doable  mH 
4NH«.Co*(N0«)«  -I-  2NH«N0«. 

On  the  estimation  of  nitrous  acid  by  means  of  potaashim  pennanganate,  see  Kulcl 
{J.  pr.  Chem,  cii.  222 ;  ZeUsehr.f,  Chem.  [2]  ir.  814). 

Wltrmui  attoan.    Amy  I  nitrite,  C*H"NO*,  is  formad,  together  witih  mtiieacM^ 

by  the  action  of  nitrogen  tetxozide  on  amyl  alcohol : 

C»H>H)  +  N»0*  -  C»H"NO*  +  HHO». 

When  nitrous  add  vapour  (flmn  staxeh  and  nitrie  add)  is  passed  into  ami  afeohol, 
ammonium  nitrate  is  produced,  as  well  as  amyl  nitrite,  probably  because  the  nitroes 
add  Tapour  is  a  mixture  of  [or  is  resolved  into]  toe  tetioxide  and  diozidi  of 
nitrogen: 

6C»H»«0  +  8NK)«  -  50»H"N0«  +  KH»  -f  BPO 

(N.  Bunge,  ZeiUekr.f,  Chem,  [2]  ii.  82,  226 ;  BwU.  Soc.  Ckim.  [2]  ri.  482). 

Amyl  nitrite  added  bv  drops  to  a  hot  mixture  of  potasmwm  d%ekromate  and  Mrf# 
eulphurie  acid  is  oxidised  to  nitric  add,  valeric  add,  and  amyl  valerate.  Strong  salpfaarie 
add  acts  violently  on  it,  sometimes  setting  it  on  fire ;  sulphuric  add  diluted  with  2  pta, 
water  decomposes  it  at  100^,  forming  sulphurous  oxide,  nitiogan  dioxide,  and  amyl 
valerate: 

2C»H"N0"  -I-  H«80«  -  2H«0  +  S0«  +  NW  +  C»H».OH»0«. 

Amyl  nitrite  dropped  into  a  gently  warmed  mixture  of  concentrated  J^riodie  snf 
and  jfkoapkarut  is  decomposed,  with  formation  of  nitrogen  dioxide  and  amyl  iodide. 
Q'reated  with  excess  of  pioapkoHe  ankydride,  it  is  violenUy  attacked,  forming  a  biown 
solid  mass,  probably  containing  the  cyanide  of  an  aleohol-radide  of  the  allyl  aeries, 
OH'.CN,  formed  according  to  the  equation  C*H"NO*  -  G*H'N  -h  2H'0  (ClmpMa. 
Chem,  Soo.  J.  [2]  ir.  838,  886). 

Amyl  nitrite  (boiling  at  QS^-QO^)  heated  to  106^  with  aodiwn  metkylaU  is  resolved 
into  methyl-amyl  oxide  and  sodium  nitrite : 

C»H"NO«  +  CH«NaO  =  CH«.OH»».0  +  NaNO«. 

With  iodium  ethvlaiet  it  yields  in  like  manner,  ethyl-amyl  oxide ;  with  an  aleohdlie 
solution  of  potash,  it  forms  amyl  alcohol  and  ethyl-amyl  oxide  in  proportiona  varying 
with  the  quantity  of  water  present.  Heated  with  ammonia  to  180^,  it  is  resolved  into 
amyl  alcohol,  nitrogen,  and  water : 

0»H"NO«  +  NH»  -  C»H»«0  +  N«  +  H«0. 

Strong  aoueons  hydroehUmo  aeid  decomposes  it  only  when  heated,  and  even  then  not 
completely ;  but  when  saturated  with  hydrochloric  add  gas  and  heated,  it  yirids  amyl 
alcohol,  nitrogen  dioxide,  and  chlorine : 

C»H"NO*  +  HCl  -  C'H'K)  +  NO  +  Q; 

if  water  is  altogether  absent,  amyl  chloride  and  its  chlorinated  dcriTatiTes  are 
also  formed.  With  hydrobromic  acid,  amyl  bromide  and  nitrous  add  are  formed : 
C'H"NO*  -f  HBr  -  OH"Br  +  HNO*;  with  Aj/uTriMiMasM;,  iodine  U  separated,  and 
ammonia  is  frequently  formed : 

2C*H»N0«  +  4HI  -  20»H"I  +  N«0"  +  2HK)  +  P. 

Boiled  with  glacial  aectio  add,  it  gives  off  red  vapours,  then  pure  nitrogen  dioxide,  and 
forms  amyl  acetate : 

C»H"NO«  +  C*H«0«  -  C*H».C«H«0«  +  HNO*. 
Heated  withybrsMO  acid,  it  reacts  according  to  the  equation : 

2C»H"N0«  +  4CH«0«  -  2{C»H»» .  CHO«)   +  N«0   +   2C0«  -I-   8H«0. 


NITROGEN  OXIDES.  871 

Heated  with  a  eoncentxated  solution  of  Hne  chloride^  it  gradually  disaolyes,  with 
abundant  eyolataon  of  gu  and  formation  of  valeraldebyde  and  amyl  valezate : 

4C»H»»N0«  -  2H«0  -  40»H»»0  +  NH)"  +  N«; 

and 

r     -    4C»H"N(J«  -  2HK)  -  2(0»H".C*H"0«)  +  N«0»  +  N«,      - 

JZiao  acta  but  slowly  on  amyl  nitrite  at  the  boiling  beat,  forming  zinc  amylate,  with 
continuoua  evolution  of  nitrogen  dioxide : 

2C»H"N0«  +  Zn  -  Zn(C»H"0)»  +  NK)«. 

Sodium  acts  but  ilowly  at  first  on  amyl  nitrite,  but  the  reaction  quickly  beoomee 
violent  and  sometimea  explosive ;  if  the  liquid  be  suiOciently  diluted  with  ether,  the 
action  goes  on  more  quickly,  with  evolution  of  nearly  pure  nitrogen  if  the  sodium  is  in 
excess,  chiefly  of  nitrogen  monoxide  in  the  contrary  case,  and  formation  of  amylateand 
oxide  of  sodium,  but  opiy  a  small  quantity  of  nitrite : 

2C»H"N0«  +  8Na«  »  2C»H"NaO  ♦  2Na«0  ^  K»; 
and 

2C*H"N0«  +  2Na«  -  2C»H"NaO  +     NaK)  +  NO 

(Chappian  a.  Smith,  Okem.  Boo.  J.  [2]  ▼,  676). 


On  the  formation  and  general  properties  of  organic 
compounds  formed  firom  others  by  substitution  of  HO*  for  H,  see  Engelharot  a, 
Latachinoff(2M^M^r./.  Ckm,  [2]  vi.  226). 


IS.  Monoxide.  NK).— According  to  B.  Weber  {Beri. 
Akad,  Ber.  1869,  688 ;  Jahretb,  1866,  p.  140),  both  nitrous  and  nitric  acids  are  reduced 
to  nitrogen  monoxide  by  the  action  of  sulphurous  add.  The  monoxide  is  also  pro- 
duced, though  very  slowly,  by  the  action  of  sulphurous  acid  on  the  dioxide,  as  formerly 
4>b8erved  by  Pelouxe.  Nitrogen  monoxide  is  sometimes  formed  in  sulphuric  acid 
chambers,  giving  rise  to  loss  of  nitric  acid  and  disturbance  of  the  process.  It  is  formed 
chiefly  from  the  nitrous  acid  (and  to  a  less  extent  from  the  nitric  acid)  when  this  add 
is  in  contact  with  excess  of  sulphurous  add  and  a  large  quantity  of  water.  This 
reduction  may  therefore  be  avoided  by  the  introduction  of  a  suffident  quantity  of  nitric 
acid,  and  by  having  a  certain  quantity  of  dilute  sulphuric  add  (which  also  interferes 
with  the  reduction)  constantly  present  in  the  chamber. 

Salts  of  Nitrogen  Monoxide^  or  Hvponitritee,  are  formed  by  the  action  of  sodium- 
«amalgam  on  the  nitrates  of  the  alkali-metals.  The  sodium  salt  is  alkaline  to  test^ 
paper,  and  gives  with  silver  nitrate  a  yellowpredpitate  having  the  composition NOAg 
(Divers,  Proe.  Boy.  Soc.  xix.  426 ;  Chem,  Soo.  J,  [2]  ix.  484). 

Dioxide.  NO  or  NK)*.— According  to  Chanman  (Chem.  Soo.  J.  [2]  v.  166),  this 
oxide  is  slowly  reduced  by  concentrated  hydriodic  acid,  with  formation  of  ammonia 
and  separation  of  iodine.  It  is  oxidised  by  permanganates  to  nitric  acid,  with  sepa- 
ration of  manganese  dioxide  if  the  solution  is  neutral.  The  trioxide  and  tetroxide  are 
'oxidised  to  nitric  acid  in  the  same  manner,  but  the  monoxide  is  not  attacked. 
'  Trioxide.  N'O*. — On  the  action  of  water  on  this  compound  and  on  nitrous  add, 
see  Fr^y  (Compt.  rend.  Ixx.  61 ;  ZeUechr.f.  Chem.  [2]  vi.  138). 

N0« 

Tetroxide.    NO*orN<0«  -  I      .— Deville  a.  Troost  (Owipf.  rend.  bdv.  267; 

N0» 
Jakreeb.  1867.  p<  177)  have  determined  the  vaponr-dendty  of*this  compound  by  Dumas' 
•process  for  temperatures  above  its  boiling  point.  To  obtain  a  series  of  determinations  tot 
increasing  temperatures,  the  water-bath,  or  oil-bath  for  temperatures  above  100^,  was 
heated  by  a  gas-flame  6^  to  10^  higher  in  each  experiment  tnan  in  the  preceding ;  the 
glass  globe  cit  the  capadty  of  84*68  cub.  cent,  was  immersed  in  the  bath  with  its  point 
•still  unbroken ;  kept  in  it  about  half  an  hour  at  a  uniform  temperature ;  then  opened 
carefully  and  without  loss ;  sealed  again  after  the  escape  of  gas  had  ceased ;  then 
weighed,  &c.  &c.  The  results  of  the  experiments  are  given  in  the  following  table,  in 
which  P  denotes  the  weight  of  the  vapour  contained  in  the  globe  at  the  variable 
.temperature  ^ ;  JT  the  expansion-coefficient  of  the  glass ;  0  the  expansion-ceeffident 

of  nitrogen  tetroxide  between  two  successive  values  of  t,  and  therefore  ^   "t    '    the 

volume  occupied  by  1  gram  of  vapour  at  ^ ;  D  denotes  the  density  calculated  on  the 
assumjption  that  nitrogen  tetroxide  is  a  perfect  gas,  so  that  fi  «  0*00367,  the  normal 
coefficient  of  expansion,  and  that  the  dendty  varies  with  the  pressure  according  to 
Mariott6*s  law : 
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Vt^pomt'dmuiUy  of  VUrogtn  Utnmds, 


t 

D 

P 

P 

109^ 

26-7® 

2-66 

2-604 

820-86 

36-4 

2-63 

2-419 

846*12 

0-888 

89-8 

2-46 

2-368 

860-42 

1-008 

49-6     . 

2-27 

2-108 

408-88 

l-tl6 

60-2 

2*08 

1*870 

464*96 

1-207 

tioo 

1-92 

1*688 

606*86 

1-187 

80-6 

1*80 

1*630 

666-37 

0-946 

900 

1-72 

1*42« 

597-22 

<^81 

1001 

1-68 

1*364 

629*28 

0-631 

111*8 

1-66 

1-291 

660-29 

0-441 

121-6 

1-02 

1*240 

688*74 

0-422 

I860 

1-60 

1*180 

723-87 

0*878 

1640 

1*68 

1*118 

764*40 

0-367 

183-2 

1-67 

1*087 

824-77 

The  ooefficient  /9  ezhibita  a  mazimixm  Tfihi6  at  the  tsmpenttare  of  40^»  mod  doMnoi 
become  conataai  till  the  temperature  neea  above  100°. 

The  nitrogen  tetrozide  with  which  the  preceding  •zperimenti  w«re  aiade  vai 
preparHi  by  direct  combination  of  the  dioxide  with  pore  oxygen.  It  aolidiiled  eoi»- 
Btantly  at  — 10®,  but  when  once  fused  remained  liquid  even  at  ->2r8®.  The  yellow 
colour  of  the  liquid  and  vapour  becomes  darker  aa  the  temperature  xiam ;  at  22^  the 
gas  is  reddish,  and  at  188®  rather  black  than  red. 

Deville  a.  Troost  infer  from  their  experiments  that  the  vapour-density  of  nitragca 
tetroxide  is  constant  and  equal  to  1*689,  and  therefore  that  the  quantity  leprasnted 
by  the  formula  KO*  occupies  2  volumes  (  s  H*). 

Salet,  on  the  other  hand  (Ckmpt,  rmd,  Ixni.  488 ;  Jakrth,  1868,  pw  177\  adduDBS 
an  experimental  argument  in  favour  of  the  view  that  at  comparatively  low  tempera- 
tures  the  quantity  of  the  vapour  of  nitrogen  tetrozide  contained  in  two  volumes  is 
NH)*,  and  that  as  the  temperature  rises,  the  compound  is  more  and  more  leaolvad  inte 
two  molecules,  NO',  each  ooeupyiag  two  volumes.    Firstly,  ficom  the  reLoioiia 


a  4.  6  a  D; 
If  -  46  -  D; 


23  *  46        '• 
6  «  2D  -  46 


(in  which  I)  is  the  density  of  the  mixed  vapour  referred  to  hydrogen  ss 
unity,  a  and  h  the  quantities  by  weight  of  NO'  ana  N*0^  contained  in  it^  28  the 
theoretical  density  of  NO',  46  that  of  N'O*),  he  calculates,  from  the  vapour* 
densities  determined  by  Deville  and  Troost,  the  amount  of  dissociation  at  the  varions 

observed  temperatures,  according  to  the  formula  ^,  which  expresses  the  weight  of  NO* 

contained  in  the  unit  of  vapour.  Secondly,  assuming  that  the  vapour  of  N*0*  is 
■colourless,  and  that  of  NO'  coloured,  he- calculates  the  lengths  which  a  column  of  the 
vapour  at  26*7®  must  have  in  order  to  exhibit  a  depth  of  colour  equal  to  that  of  a 
column  of  constant  length  regarded  as  unity  at  the  temperatures  given  in  the  following 
table.  On  the  other  hand,  having  ascertained  that  a  short  hot  column  and  a  longer 
cold  column  of  the  vapour,  which  exhibit  equal  depths  of  colour,  also  exhibit  similar 
absorption -spectra,  he  determines  the  required  lengths  of  the  columns  by  a  peculiar 
mode  of  observation.  The  near  agreement  of  the  experimental  results  thus  obtained 
with  Xhmj  is  exhibited  in  the  following  table,  in  which  the  column  headed  *  Oslcalated 

lengths '  contains  the  values  obtained  by  the  formula  «  «  -.  .  -r— — ^^^^.  (P 

^  D      3-1214  X  20*26    ^ 

denoting  the  weight  of  the  unit  of  volume  at  1®): 
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B 

A 

A 

IiongUM  ol  Oolmmi 

Tempentara 

WaightPotamn 
of  Tmponr 

5 

mTmlitwrt 

ooNmBa 

267* 

81214 

20*26  p.  c. 

1 

1 

86-4 

2-8976 

258 

1182 

118   . 

89-8 

2-7746 

29-6 

1-299 

1*28 

49-6 

2-4793 

40-6 

1*688 

1*28 

60-2 

2-1980 

63-3 

1-862 

1*9 

700 

1-9768 

66-1 

2066 

19 

80-6 

1-7978 

76-9 

2*186 

2*2 

90*0 

1-6744 

861 

2-268 

2*2 

100-1 

1*6892 

89*7 

2-264 

2*8 

111-8 

1-6144 

93*8 

8-234 

2-26 

121-6 

1*4619 

96*6 

2-218 

2-24 

186*0 

1-3814 

99-1 

2-166 

2*20 

1640 

1*8082 

101*7  » 

2*104 

2-12 

2000 

1*9 

1-96 

226*0 

1*8 

1*96 

2600 

1-7 

1-96 

2760 

1-6 

1*6 

800*0 

1*66 

1*62 

Theae  numbers  show  that  the  depth  of  colour  increaaeo  rapidly  witli  the  temperature 
at  first,  attains  a  maximum  when  the  decrease  of  density  balanoes  the  increase  of 
coloration,  and  afterwards  diminishes  when  the  diminution  of  the  density  exerts  a 
predominating  infiuencd. 

A.  Kaumaan  (Ann.  Ck,  Pkarm,  Sujfpi.  ri.  203)  has  also  calculated,  from  the  experi- 
mental results  of  Deyille  and  Troost,  the  amount  of  dissociation  of  the  molecule  N*0* 
which  may  be  supposed  to  take  place  at  the  seyeral  temperatures  obserred.  The 
calculations  are  based  upon  the  fbrmula 

_   100{d-V) 

^      (a-iyo  • 

in  which  d  is  the  theoretical  speciflo  gravity  of  a  body  susceptible  of  dissociation,  D 
the  obserred  sp.  gr.  of  the  gaseous  mixture  at  any  temperature,  a  the  number  of  mole- 
cules into  which  a  molecule  of  the  original  oompound  is  resolred  by  dissociation,  and 
p  the  number  of  parU  per  cent,  of  the  dissociated  compound. 


Tcmpcratme 

yaponr-denslty  of 
Nitrogen  tetnoide 

Fwoantagaa 
of  Deoompoaltion 

Increaae  per.  omt.  of 
decompoaltion  for 
temperature  in< 
tarratooClO^ 

26*7** 

2-66 

19*96 

36-4 

2-68 

26-66 

6-6 

39-8 

2*46 

29-28 

81 

49*6 

2-27 

'  4004 

11*0 

60*2 

208 

*     '62-84 

12*1 

700 

1-92 

•  66-67 

18-0 

80-6 

1*80 

76-61 

10-4 

90-0 

1-72 

84-88 

•      8*8 

1001 

1-68 

89-23 

4-4 

111-8 

1-66 

92-67 

8*1 

121*6 

1*62 

96-28 

8*6 

136*0 

1*60 

98-69 

1-8 

164-0 

1-68 

183*2 

1-67 

•                • 

These  numbers  afford  an  explanation  of  the  apparent  maximum  of  the  eigpaiision* 
coefficient  obserred  by  Deville  and  Troosty  inasmuch  aa  they  exhibit  a  diaiociatioa  of 
the  yapour  gradually  increasing  with  the  temperature. 

*  Oorreapooding  to  tbo  aomewhat  too  low  ddtaalty  obserred. 
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On  Uie  spectn  of  the  Tapoun  of  nitrogen  triozide  and  tetrozide,  see  Lad:  {Zataeir, 
/.  Chem.  [2]  vi.  287). 

Pentoxide  or  Nitric  Anhydride,  NK)*. — ^Thii  oxide  is  most  readily  pr^snd 
by  pissing  the  vapour  of  nitryl  chloride,  NOK^l,  over  well-dried  silver  iutist«  heated 
to  60^-70°,  and  condensing  the  product  by  a  freesing  nuxtore.  The  anhydride  tha 
collects  in  colourless  prismatic  or  needle-waped  crystals  having  ezactlv  the  pn^etties 


described  by  Beville  (Odet  a.  Vignon,  Compt,  rmd. 
vi.  81). 


1142; 


t: 


/■ 


p] 


The  fbnnation  of  these  oompoDiids  by  the  aetka 
of  nitrous  acid  on  asotised  bodies  appears  to  depend  essentially  on  the  preeenee  of  the 
imidogen  group  NH  in  the  hitter,  the  reaction  consisting  in  an  interaiaiige  betwesa 
the  group  NO  of  the  nitrous  acid  and  the  H  of  the  imidogen ;  thus : 

B.NH  +  NO. OH  »  HOH  4-  KN.NO 

(Baeyer,  Zeitsehr,  /.  Chem,  [2]  vi.  216). 

fllTAlJb   CB&OXIsav   N0*€1,    is  produoed  by  the  actioii  of  phosphoni 

oxychloride  on  lead  nitrate,  or  better  on  silver  nitrate.  It  is  a  liquid  having  a  £unt 
yellow  colour,  boiling  at  +  6°,  remaining  liquid  at  —31®,  and  converted  by  water  inte 
nitric  and  hjdrochlorio  acids  (Odet  a.  Vignon). 

WQMAMM  or  VOnx  MTBSIsa.  CH**,  is  produced  by  heating  amune, 
C*H",  with  80  pts.  of  saturated  aqueous  hydriodic  add  (Berthelot) ;  also,  aeooiding 
to  H.  Yohl  (Jakresb.  1866,  p.  841),  when  tetiadecane,  C'^H",  is  passed  throqgh  red- 
hot  wrought-iron  tubes. 

MOVT&Brat  C*H^*,  is  found  among  the  hydrocarbons  produced  by  deeompoa- 
tion  of  the  lime-soap  of  Menhaden  oil  (p.  814).    Boiling  pointy  263®  (Wazna  a. 

Storer). 

WUCTTJkMWIM  or  Ji  UCITAHXZO  AOZB.  A  peculiar  tannin  ooenrring  is 
the  episperm  of  walnuts.  It  dissolves  in  water  and  aloonol,  is  precipitated  by  basie 
lead  acetate,  and  is  resolved  b^  dilute  acids  into  sugar  and  a  red  add  substance,  f^/w 
aeidt  soluble  in  ammonia  and  in  alcohoL  The  nudtannin  is  likewise  accompanied  bj 
considerable  quantities  of  sallic  and  ellsgic  acids,  which  greatly  impede  its  purificatioB. 
B^fie  acid  is  a  brown-red  amorphous  substance  easily  soluble  m  aloohoU  fonniog 
soluble  salts  with  the  alkali-metals,  insoluble  or  slightly  soluble  coloured  salts 
with  caldum,  lead,  and  silver  (Phipson,  Chem,  Newa,  zx.  116). 


r.  Frankland  (Phil  Mag.  [4]  xxxiL  182 ;  Chem,  8oe,  J.  [2]  vi.  33) 
has  determined  the  heat  of  combustion  of  muscular  substance,  urea,  and  other  sub- 
stances which  plaj  an  essential  part  in  the  transformation  of  tissue  in  the  animal  body, 
by  burning  them  with  a  mixture  of  potassium  chlorate  and  manganese  dioxide.  The 
mean  results  are  as  follows : 


1  gram  of  sabstanoe  dried  at  1(XP 

1 

d0f«loped  bj  oomhiutioii 

H«ai-unlts 

OorreqModiqg 
Mefere-kOogrvna 

Beef-muscle,  purified  by  repeated  wash- 
ing with  etner    .        .        •        •        . 
Purified  albumin  .        •        .        .        . 

Beef-fat 

Hippuric  acid        .        .        •        .        . 

Uric  add 

Urea     .••••.. 

6103 
4998 
9069 
6383 
2616 
2206 

2161 
2117 
3841 
2280 
1108 
934 

'  Dried  musde  and  albumin,  in  passing  through  the  organism,  yield  about  a  third  ci 
their  weiffht  of  urea.  Hei^e  it  may  be  calculated  that  these  substances,  when  oxidised 
in  the  anunal  body,  yield  the  following  amounts  of  heat  and  force : 


Beef-muscle 
Albumin     . 


Heat-miits 

kllQgnuna 

4368 

1848 

4263 

1803 

;  Frankland  has  also  determined  the  quantities  of  heat  produced  by  the  combustion 
of  various  articles  of  food  with  potassium  chlorate.  The  following  table  gives  the 
mean  values  in  heat-units  for  1  ^m  of  the  undried  substances,  together  with  the 
mechanical  equivalents  in  metre-kilograms : 
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•                                                       • 

1  gxam  of  niidrted  lalMUiioe 

Water 
I>.c 

Derelopt  wben  bnriit  in  ozygOD 

WhennddlMil 

in  ttao  animal 

body. 

SCet-UL  of  force 

r                                   ^ 

Heat-uiiti 
4647 

Met-ULofforoe 

Cheshire  cheeM   . 

24 

1060 

1846 

Potatoes      • 

73 

1013 

420 

422 

Apples 

82 

660 

280 

278 

Oatmeal 

— 

4004 

1606 

1666 

Wheat-floor 

— 

3086 

1660 

1627 

Pea-meal     • 

-^ 

8036 

1667 

1608 

QzooDd  rice 

— 

8818 

1616 

1601 

Arrowroot  • 

— 

8012 

1667 

1667 

Biead-cmmb 

44 

2281 

046 

010 

Bread-crust 

.. 

4460 

1888 

-» 

Beef  (lean)  . 

70-5 

1667 

664 

604 

Veal    . 

70*0 

1314 

666 

406 

Ham  (boiled) 

64*4 

1080 

830 

711 

Mackerel 

70*6 

1780 

768 

836 

Whiting       . 

* 

800 

004 

383 

— 

White  of  «>gg 

86  3 

671 

284 

244 

Hard-boiled  egg 

62*8 

2383 

1000 

066 

Yolk  of  egg 

47 

8423 

1440 

1400 

Milk   . 

87 

662 

280 

2M 

Carrots        • 

86 

627 

223 

220 

Cabbage 

88*6 

434 

184 

178 

Coooa-nibs  • 

6873 
0060 

2011 

2002 

8841 

Batter 

_ 

7264 

8077 

Cod-liyer  oil        , 

i— 

0107 

8867 

Lump-sugar 

— 

8348 

1418 

Commercial  grape-sugar       • 

•~ 

8277 

1888 

Bas8*s  ale  (alcohol  reckoned) 

88*4 

776 

828 

Guinness's  stout  . 

88-4 

1076 

466 

The  question  as  to  how  far  the  production  of  muscular  force  depends  on  the  oxida- 
tion of  nitrogenous  materials,  has  iMsen  examined  experimentally  by  Pick  a.  Wislicenus 
(Phil,  Mag,  [4]  xxxi.  486).  These  observers  estimated  the  quantities  of  albuminous 
substances  oxioised  in  their  own  bodies,  on  a  purely  non-nitrogenous  diet,  both  at  rest 
and  during  muscular  exertion  (in  an  ascent  of  the  Paulhom),  taking  as  a  measure  of 
this  oxidation  the  amount  of  nitrogen  excreted  in  the  urine.  These  amounts  were 
as  follows :  (a)  During  11  hrs.  60'  rest,  previous  to  the  ascent ;  (6)  during  the  ascent, 
3  hrs.  10' ;  {e)  during  6  hrs.  40'  rest  after  the  ascent;  {<£)  during  the  following  11  hrs. 
(night)  after  a  full  meat  dieL  The  numbers  marked  I.  give  the  results  for  Pick 
(weiglung  %^  kilograms) ;  those  marked  IL  for  Wislicenus  (76  kilograms) : 


T7iea 

Amonntof 

nitrogen  in  tbe 

nrea 

Amoimt  of  Kitrogen 
in  tbe  Uilne 

Oorreflpondlng 

quantity  of 

attmminoldi 

(oidlMd* 

Total 

Total 

Per  hour 

■!ii. 

*JII 

fix. 

^& 

12*4820 
11*7614 

7-6330 
6-6073 

6*1718 
6-1020 

6*8240 
6*4887 

3-2681 
8-1264 

2*4161 
2*3800 

6-0163 
6*6841 

3-3130 
3*1336 

2-4203 
2*4166 

4*8167 
6*3462 

6*7432 
6*6601 

0-63 
0*61 

0*41 
0*30 

0*40 
0*40 

0*46 
0*61 

461020 
44-6607 

220867 
20-8007 

16*1063 
16*1100 

82*1118 
86*6418 

871700 
87-0007 

•  falmlfttrl  on  the  asnunptlon  that  albuminoids  contaia  10  p.  c.  N. 
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The  quantities  of  albnviinoids  azidised  during  the  ascent  of  the  moontain  (1956 
metres  high)  were  therefore:  L  37*17  grms.,  and  IL  37*0  gma.  Compeni^ 
thene  numbers  with  Frankland's  estimate  of  the  amount  of  force  generated  bj  the 
oxidation  of  1  gram  of  albumin,  we  obtain,  for  L  68,690  metre-kiloenunfl,  for  IL 
688,376  metre-kilograms  of  force  generated  during  the  aseentbythe  oziaatioD  of  sUm- 
minous  substances  in  the  body. 

Further,  Fick  and  Wislioenus  conclude — ^fiom  calculations  lor  which  we  must  TCfer 

to  their  memoir— that  the  work  expended  in  raising  the  bodjr  through  the  height  of 

1956  metres,  and  in  the  action  of  the  heart  and  respiratory  organs  during  the  same 

time  (neglecting  that  expended  in  other  bodily  moTements), -was  for  L  159,637,  sad 

for  IL   184,287   metre-kilograms.    Since,  howerer,  of  the*  total  energy  generated 

in  a  giren  time  by  the  process  of  oxidation  in  the  organism,  only  a  feaction  is  expended 

in  mechanical  force— this  fraction,  according  to  Haidenhain,  not  exceeding  one-half  ia 

the  most  faronrable  case — these  values  must  be  doubled  in  orderto  obtain  the  total 

amount  of  energy  developed  by  the  oxidising  process.  •  We-  have  then  as  the  final 

xesnlt: 

L  n. 


Maximum  expenditure  of  force  during  the  ascent        •        .    '    .    319,274    368^74 
Ma-ritnnip  of  foTce  generated  by  oxidation  of  museolar  sdbstaAce     '  68,690      68,376 

Hence  it  appears  that  the  force  generated  by  the  oxidation  of  muode  amounts  toosly 
a  flilh  of  that  required  for  Uie  work  actoalhr  performed,  and  eoneequently  that  the 
greater  part  of  the  muscular  force  is  generated  by  the  non-antiaed  conetitoents  (&ks, 
carbohydrates)  of  the  animal  body  (or  of  the  food).  A  certain  quantity  of  the  muscular 
substance  is  however  oxidised  at  the  same  time,  and  this  oxidation  gives  rise  to  the 
nitrogenous  constituents  of  the  urine.  These  views  afibid  an-  explaiuition  of  the  fret 
that  daring  muscular  exertion  the  amount  of  carbonic  acid  eliminated  is  enonnoesly 
increased,  whereas  the  quantity  of  nitrogen  in  the  urine  exhibits  little  or  no  inoesse 
(see  table,  p.  875) ;  also  of  the  necessity  for  a  complicated  digestive  apparatus  in  the 
berbivora,  to  effect  the  transformation  of  the  greatest  possible  quantity  of  cellulose 
(Fick  a.  Wislicenus). 

Nitrogenous  food  serves  chiefly  for  the  renewal  of  the  muscular  substance,  although 
it  may  also  contribute  to  the  aevelopment  of  muscular  and  nervous  power.  lie 
muscle  may  be  regarded  as  a  mechanism  for  converting  latent  energy  into  meehaaieal 
force,  and  this  force  is  produced  mainly  by  the  oxidation  of  substaneee  intxodneed 
into  the  blood,  not  by  that  of  the  muscle  itself:  its  production  is  necessarily 
accompanied  by  development  of  heat,  and  this  is  oerhaps  the  only  source  of  animal 
heat.  The  muscle,  like  every  other  part  of  the  body,  is  continually  renewed,  but  this 
renewal  does  not  stand  in  any  direct  relation  to  its  function,  inasmuch  as  it  is  not 
perceptibly  greater  during  strong  exertion  than  during  comparative  rest  (Franhland). 

The  connection  between  the  elimination  of  nitrogen  and  the  development  of 
muscular  energy  has  also  been  made  the  subject  of  an  extended  series  of  experiments 
by  Dr.  Farkes  ( Proe.  Roy.  8oe.  xv.  339 ;  xvi.  44),  the  mean  results  of  which  are  as 
follows :  1.  With  a  regular  addition  of  nitrogen  in  the  food,  the  nitrpgenoos 
excretion  increases  slightly  during  rest  as  compared  with  a  period  of  oi^nary 
exercise. — 2.  The  urinary  nitrogenous  excretion  decreases  during  active  exercise  as 
compared  with  a  period  of  rest,  and  this  decrease  is  perceptible  both  when  the  ingress 
of  nitrogen  is  stopped,  as  well  as  when  the  nitrqgen  is  supplied  in  regular  amount. — 
8.  After  exercise  there  is  an  excess,  though  not  great,  in  tne  nitro^nous  excretion. — 
4.  Nitrogen,  when  again  supplied  after  having  been  cut  off,  is  retained  in  the  system 
after  both  rest  and  exercise,  and  in  greatest  amount  in  the  latter  case,  showing  that 
it  is  needed  in  the  system,  and  that  an  insufficient  supply  must  be  subeoquently 
compensated. 

From  these  results  Farkes  concludes  that  the  muscle  during  its  activity  takes  up 
nitrogen,  and  that,  parallel  with  the  assimilation  of  nitrogen,  and  as  a  consequence  of 
it,  the  decomposition  of  the  non-nitrogenous  substance  surrounding  the  muscular 
tissue  takes  place,  which,  according  to  Fick  and  Wislicenus,  is  the  source  of  the 
muscular  energy.  In  the  subsequent  period  of  rest,  the  products  of  metamorphosis 
are  removed,  and  the  muscle  at  the  same  time  loses  nitrqgen.  Nitrogen  is  thwefore 
necessary  to  the  activity  of  the  muscle,  and  in  greater  quantity  in  proportion  to  the 
increase  of  work ;  and  even  if  severe  labour  can  sometimes  be  performed  on  a  non- 
nitrogenous  diet,  it  is  possible  only  for  a  short  time,  and  at  the  expense  of  the 
nitrogenous  constituents  of  other  parts  of  the  body. 

Pettenkofer  a.  Voit  (Zeitsckr,  /.  Biologie,  ii.  566  ;  Ckem,  Cmir,  1867,  p.  779 ; 
Jakretb.  1867»  p.  790)  also  regard  the  assumption  that  muscular  power  is  developed 
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by  UiA  oombnstioii  of  the  noii*Motised  cooBtitaenta  of  food,  and  that  the  exeietion  of 
urea  is  meraly  a  oonsequenoe  of  a  constant  consumption  of  the  muscles,  as  inoonect, 
especially  be^nse  this  consumption  does  not  increase  during  exezdse.  They  regard 
it  as  more  probable  that  the  storing  up  of  albumin  in  the  body,  and  the  condensation 
of  oxygen  tkereby,  forms  a  reserroir  for  the  muscular  power,  which  can  be  drawn  upon 
at  pleasure  (perhaps  by  elimination  of  oi^^n  and  formation  of  carbonic  acid  and  water 
from  fat).  The  accumulation  of  dispoeible  or  potential  energy  takes  place  therefore 
but  slowly,  and  by  no  means  in  proportion  to  the  quantity  of  the  products  of  com- 
bustion which  are  formed  in  the  course  of  24  hours.  Before  the  elimination  of  carbonic 
acid  can  be  increased  in  proportion  to  a  more  abundant  supply  of  food,  a  lai^er  quantity 
of  oxygen  must  also  be  taken  up,  and  this  increased  faculty  of  absorbing  oxygen  is  but 
slowly  acquired  by  the  organism.  Hence  persons  who  baye  been  badly  nourished 
may  live  on  a  generous  diet  for  a  considerable  time  before  they  recover  their  full 
normal  muscula^  power ;  and  to  patients  suffering  firom  diabetes  or  leukhsemia  (in 
whom  the  power  of  absorbing  oxygen  is  defectire),  strong  muscular  exertion  is 
impossible,  in  spite  of  the  most  abundant  nutriment.  See  fur&er  the  experiments  of 
Pettenkofer  a.  Voit  (Ann,  Ch.  Pharm,  cxli.  296 ;  SUgungtber,  d,  Bayeriachen  Akad,  d, 
Wissensek.  1867,  1;  Zeitsckr.  /  Ckem.  [2]  iii  80;  PkU,  Mag.  [4]  zzxiy.  30; 
JaknA,  1866,  p.  738 ;  1867,  p.  781). 


0 


A  substance  intermediate  in  character  between  the  fats  and  resins, 
occurring  in  Meidoo  on  the  twigs  of  Alcea  rosea.  It  is  nearly  insoluble  in  alcohol, 
easily  soluble  in  ether,  chloroform,  and  turpentine  oil,  and  remains,  on  evaporating  its 
solutions,  as  a  colourless  inodorous  mass,  having  the  consistence  of  turpentine,  and 
saponiiiable  by  alkali^. 

OOTAVa.  O'H". — This  hydrocarbon  is  one  of  the  constituents  of  Americaii 
petroleum.  It  is  produced  by  the  action  of  sine  and  hydrochloric  acid  on  secondary 
octyl  iodide  (Schorlemmer,  Proc.  Boy.  8oe.  tm,  329) ;  by  that  of  sodium-amalgam  on 
primary  octyl  iodide  (Zincke,  p.  878) ;  and,  together  with  others  of  the  same  series,' bv 
heating  phthalic  acid,  CH*0*,  indi^  blue,  C"H*NO,  and  acenaphthene,  C"H'*,  with 
80  pts.  of  saturated  aqueous  hydriodic  add  (Berthelot,  pp.  3,  728,  741) ;  by  the  dry 
distillation  of  the  lime-soap  of  Menhaden  oil;  and,  accoiding  to  Vohl  {Jakreab.  1S65, 
p.  841),  by  passing  the  vapour  of  tridecane,  C^'H",  through  a  red-hot  iron  tube. 

The  isomeric  modifications  of  octane  have  not  yet  been  very  completely  inves- 
tigated. Schorlemmer  (Proc,  Boy.  8oo.  xvi.  370),  from  a  comparison  of  the  boiling 
point  (121^)  of  octane  obtained  from  secondai^  octyl  alcohol  with  those  of  qui ntane 
(amyl  hydride),  C»H>*,  hexane  (ethyl-butyl),  C«H",  and  heptane  (ethyl-amyl),  CH", 
infers  that  it  has  one  of  its  carbon-atoms  associated  directly  with  three  others — in 
other  words,  that  it  contains  the  radicle  isopropyl — and  is  represented  by  the  formula 

H«C— CH«— CH«-.CH«— CH«— CH  C:  ^, 

(see  Htdbooabbomb,  p.  709).  From  the  experiments  of  Zincke  (Ann.  Ch.  Pharm, 
clii.  15),  it  appears  that  octane  prepared  from  primary  octyl  iodide  has  very  nearly  the 
same  boiling  point  and  specific  gravity  as  that  obtained  from  the  secondary  octyl 
iodide ;  and  recent  experiments  by  Schorlemmer  (ifnd.  clii.  153)  have  shown  that  the 
octane  from  secondary  octyl  iodide  and  that  obtained  from  petroleum  yield,  by  con- 
Tersion  into  octyl  chloride  and  acetate,  and  saponification  of  the  latter,  both  a  primary 
and  a  secondary  octyl  alcohol :  hence  it  seems  probable  that  these  hydrocarbons  are 
themselves  mixtures  of  two  isomeric  compounds ;  in  fact,  the  octane  from  petroleum 
may  be  separated  by  long-continued  fractional  distillation  into  two  hydrocarbons, 
C»H»,  one  boiling  at  119<'-122°,  the  other  at  122«>-125®. 

OCTSX  or  ]IIO€n|VX«  'C**H'S  is  produced,  togetlier  with  octane,  when  primary 
octyl  iodide  is  heated  with  sodium-amalgam,  and  the  product  is  subsequently  rectified 
over  sodium;  it  is  easily  separated  from  the  octane  oyits  higher  boiling  point,  and 
may  be  purified  by  dissolving  it  in  a  small  quantitfr  of  ether-alcohol,  and  cooling  the 
solution  by  a  freezing  mixture,  whereupon  it  soli<ufles  to  a  crystalline  pulp,  which, 
after  the  liquid  has  been  quickly  filtered  pff  in  the  oold,  must  be  wawed  with 
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well  -cooled  alcohol  and  fepaatedly  pteooed.  It  then  fbims  white  Tamiw*  hsring  a  ftzong 
naereona  Instare,  eoluble  in  hot  abflolnte  alo(Aol  or  in  ether,  and  eeparating  from  cither 
solution  in  well-deflned  crjatalB.  Hot  concentrated  alcoholic  solutions  beoome  tnz^ 
on  cooling,  yielding  drops  of  oil  which  aftenrards  solidi^r-  Oetji  melts  at  21^  ud 
boils  constantly  at  278°  (Zincke). 


CKnrrb  A&COBOZJI  and  BTSJOM.  Primary  Oetyl  Alcohol,  or  Htf- 
tplearhinol,  C'H^^.CH'OH,  and  the  oorrespondinff  acetate^  CrH».CHH>C*H%. 
are  contained  in  the  volatile  oil  obtained  from  tke  seeds  of  the  cow-parsnep  (Htrafdam 
8pondj/Uum),  The  comparatively  small  portion  of  this  oil  which  boils  between  190^ 
and  195''  consists  mainly  of  the  alcohol ;  but  by  &r  the  gpteater  portion  passes  onr 
between  200°  and  212°,  and  this  by  continued  fractionation,  yields  primacy  ottfi. 
acetate,  C>*H**0*;  boiling  between  206°  and  208°.  This  compound  i«  insolBbte  ia 
water,  easily  soluble  in  idcohol  and  ether,  and  has  a  sp.  gr.  of  0*8717  st  16°.  Heated 
with  alcoholic  potash,  it  yields  potassium  acetate,  and  an  oil  which  floats  on  tfat 
surface  and  distils  completely  between  186°  and  196°.  To  obtain  the  whole  of  it, 
the  alkaline  liquid  is  mixed  with  common  salt,  and  the  separated  oil  is  washed  tho»> 
with,  then  dried  with  fresh  quick  lime,  and  distilled. 

The  colourless  oily  liquid  thus  obtained  is  primary  octyl  alcohol.  It  has  a 
spL  gpr.  of  0-830  at  16°,  boils  between  190°  an  J  192°,  is  nearly  insoluble  in  water, 
miscible  with  alcohol  and  ethers,  has  a  peculiar  pungent  aromatie  odour,  and  tastei 
sweetish  at  first,  afterwards  burning  and  sharp  (Zincke,  Ann,  Ch,  Pkarm^  clii.  1). 

By  boiling  for  some  hours  with  potassium  dichromate  and  dilute  sulphuric  add,  this 
alcohol  is  converted  into  an  acid,  C*H**0*,  melting  at  16°  to  17°>  and  isomene  or 
identical  with  the  captylic  acid  of  natural  fats,  together  with  the  ooireepoodiog 
octylie  ether,  CH'^.C'MiH)*.  This  reaction  shows  it  to  be  a  primaiy  alcohol;  and 
from  the  boiling  point  of  the  octane  derived  from  it  (p.  897),  it  appears  to  be  u 
iso-aloohol,  that  is  to  say,  to  contain  the  radicle  isopropyL  The  structural  formuUeol 
the  alcohol,  and  of  the  caprylic  acid  derived  from  it,  are  accordingly: 

^  I  CH«CHKJH«CH«CH  |  ^  ^^  |  CH»CH«CH«CH«CH  |  ^ 

Akobol.  Acid. 

If  the  alcohol  were  a  normal  alcohol,  the  octane  derived  from  it  should  boH,  if 
.  Schorlenmier's  views  are  correct,  at  1 31*6°.  (See  Htpbocabbons,  p.  709.)  The  boiliog 
points  of  the  alcohol  and  its  derivative  are  (like  those  of  primary  alcohols  and  ethers 
in  general)  considerably  higher  than  those  of  the  corresponding  secondary  odyiie 
compounds  derived  from  castor-oil  alcohol  (Zincke,  Ann,  CK  Pkarm,  clii.  1). 

Primary  octyl  alcohols  are  likewise  obtained  from  octane  by  converting  that  hydro- 
carbon into  oc^l  chloride,  then  into  acetate,  and  saponifying  the  latter  with  aloc^ie 
potash ;  secon ^{ury  alcohols  are  however  formed  at  the  same  time.  The  primary 
alcohol  thus  obtained  from  octane  prepared  from  secondary  octyl  iodide,  yields  I7 
oxidation  with  chromic  acid  mixture,  an  acid  having  the  composition  C^H*'0*,  but 
differing  both  from  the  caprvlic  acid  of  natural  fats,  and  from  that  obtained  by 
oxidation  of  the  octvlic  aloonol  of  Heracleum  oil,  inasmuch  as  when  floating  on 
water  it  remains  liquid  when  cooled  to  0° :  hence  the  primary  octyl  alcohol  from  this 
variety  of  octane  appears  to  be  different  from  that  of  Heracleum  oil.  Octane  frtim 
petroleum  likewise  yields  a  primary  alcohol  convertible  by  oxidation  into  an  acid, 
C*H'*0' ;  but  the  quantity  obtained  was  too  small  for  the  determination  of  its  physical 
properties  (Schorlemmer,  ibid,  clii.  162). 

Prmary  Octyl  Chloride^  G^>'C1  »  CrH^'.GH^Gl,  is  best  prepared  by  satumtiog 
the  alcohol  from  Heracleum  oil  at  a  low  temperature  with  hydrochloric  acid  gas, 
heating  for  some  time  to  120°,  and  converting  the  small  portion  of  the  alcohol  which 
then  remains  undecomposed,  with  phosphorus  chloride.  The  bromide  and  iodide  are 
obtained  by  treating  the  alcohol  wim  bromine  or  iodine  and  red  phosphoms.  Thess 
three  ethers  are  colourless  liquids,  insoluble  in  water,  sparingly  soluble  in  weak 
spirit,  easily  soluble  in  absolute  alcohol  and  ether.  Their  boiling  points  and  spsciiic 
gravities  are  as  follows : 

Boiling  point  Sp.  gr. 

Chloride,  C^"a        •        ,         179-6°-180*6°  .        ,        0*8802  at  16° 
Bromide,  C"H"Br       .        .  198°-200°     ,        ,        11116    „ 

Iodide,     C"H>1  .        .  220°-222°     .        .        11838    „ 

The  primary  octyl  ethers  of  the  fatty  acids  are  colourless  oily  liquids,  insoluble  in 
water,  soluble  in  alcohol  and  ether,  and  exhibiting  an  average  difference  of  16°  in 
boiling  point  for  each  difference  of  GH* : 
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BoOiziff  point  Bp.ge. 

Acetate,     C«a".C*H»0«      .        .        206°  to  208<»  .  0-8717  at  16<> 

Valerate,    C*H".C»H»0«      .        .        249^'  „  261°       .  .  08642     „ 

Caproate,   C"H".C«H"0«     .        •        268<»  „  27i<»       ,  .  — 

Caprjrlate,  C«H".C»H»K)«     .        .        297**  „  299o       .  .  08626    „ 

The  acetate  and  caproate  exist  ready-formed  in  Heradeum  oil ;  the  caprylate  was 
obtained  by  oxidising  the  alcohol  with  chromic  acid ;  the  yalerate  by  heating  the 
bromide  in  sealed  tnbes  with  potassium  valerate  (Zincke). 

Secondary  Oetyl  AleokoU. — The  eight-carbon  alcohol  obtained  from  castor-oil 
(iv.  170)  is  converted  by  oxidation  with  c£^mie  acid  mixture  into  a  ketone,  namely 

fCH" 
methyl-CBuanthol   or   methyl-hexyl  ketone,  C-  C*H*',  which,  by  ftirther  oxidation, 

lo 

yields  acetic  and  caproic  acids:  hence  this  alcohol  consiBts  of  methyl-hexyl 


carbinol,   C 


Q      .    Further,  by  converting  it  into  the  corresponding  iodide,  and 


lOH 
treating  this  iodide  with  zinc  and  hydrochloric  add  in  a  flask  surrounded  with  cold 
water,  octane,  C*H'*,  is  obtained  as  an  oily  liquid,  which  when  freed  from  adhering 
traces  of  iodide  and  alcohol  by  treatment  with  nitric  and  jmlphuric  adds,  boils  at 
124°.  This  hydrocarbon  is  inferred,  from  considerations  already  adduced,  to  contain 
the  ladide  isopropyl  (p.  709),  and  accordingly  the  alcohol  from  which  it  is  produced 

CH»CH«CH«CH(CH»)« 

H 
OH 


is   regarded   as  constituted  according   to   the   formula   C 


(Schorlemmer,  Proe,  Soy,  8oe,  xvi.  876). 

The  same  alcohol  is  obtained,  together  with  a  very  small  quantity  of  the  primary 
alcohol,  from  the  octane  of  American  petroleum.  This  liquid  treated  with  chlorine 
yields  an  octyl  chloride,  C*H*'C1,  having  an  odour  of  oranges,  and  boiling  at  178°  to 
176°;  the  latter  heated  to  200°  with  strong  acetic  acid  and  potassium  acetate,  is 
converted  into  octylene,  together  with  a  comparatively  small  quantity  of  octyl  acetate,  a 
liquid  having  an  odour  of  pears  and  boiling  at  200^-205° ;  and  by  heating  this  acetate 
with  alcoholic  potash-solution,  treating  the  resulting  liquid  with  water,  washing  the 
oily  liquid  thereby  separated  several  times  with  water,  and  drying  it  over  fused 
potash,  an  octyl  alcohol  is  obtained  boiling  at  180°-182^,  having  exactlvthe  same 
odour  as  the  castor-oil  alcohol,  and  yielding  bv  oxidation  (together  with  a  little 
caprylic  acid)  the  same  products  of  oxidation  as  the  latter. 

Another  secondanr  oc^l  alcohol  is  obtained,  together  with  a  larger  proportion  of 
the  primary  alcohol,  by  a  similar  series  of  operations  on  the  octane  produced  by 
reduction  of  the  secondary  octyl  iodide  corresponding-  to  castor-oil  alcohol  (p.  877). 
This  octane  yields  a  chloride  having  but  a  slight  odour  of  oranges,  boiling-  at 
174°-176^,  and  likewise  converted  by  heating  with  alcoholic  potash  into  octylene  and 
octyl  acetate  ;  but  these  two  products  are  formed  in  about  equal  quantities,  whereas 
the  octyl  chloride  from  petroleum  octane  yields  about  three  times  as  much  octylene 
as  octyl  acetate.  The  acetate  thus  obtained  has  also  an  odour  of  pears,  and  boils  at 
198°-202°.  The  alcohol  prepared  from  it  by  heating  with  alcoholic  potash  boils 
between  180^  and  190°,  the  greater  portion  between  182°  and  186^.  It  smells  very 
much  like  methyl-hexyl  carbinol,  and  likewise  yields,  by  oxidation  with  chromic 
acid  mixture,  an  acid,  0*H"0',  isomeric  with  caprylic  add,  and  a  ketone  isomeric 
with  methyl-oBuanthol ;  but  this  ketone  vields  by  further  oxidation,  propionic  and 
valeric  acids,  without  a  trace  of  acetic :  nence  it  consists  of  ethyl-caproyl  or  ethyl- 

fC«H» 
amyl  ketone,  C •{  OH",  and  the  alcohol  which  yields  it  is  ethyl-amyl  carbinol, 

rc«H» 


c 


^        (Schorlemmer,  Ann,  Ch,  Pharm,  dii.  152). 


A  secondary  octyl  alcohol,  perhaps  different  from  both  the  preceding,  is  obtained 
fh)m  octylene  (De  Clermont,  Compt.  rend,  Ixvi.  1211 ;  Ann.  Ch,  Pharm,  cxlix.  38). 
This  hydrocarbon  heated  in  a  sealed  tube  with  saturated  aqueous  hydriodic  acid  is 
converted  into  eecondary  octyl  iodide^  or  octylene  hydriodide,  0'H'*.HI ;  the  latter  is 
decomposed  at  ordinary  temperatures  bv  silver  acetate,  yielding  a  secondary  octyl 
acetate  or  octylene  fnonoaceiate,  (^W*  ,n.(?E.*0\  together  with  octylene  and  acetic 
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aeid ;  and  the  acetate  distilled  with  fineljr  polTerifled  potassium  hjdiBte,  jkUi  6e 
seoondaiy  octyl  alcohol,  which  for  distinction  maj  be  prorisioiiaUy  called  oet  jlea* 
hydrate. 

This  alcohol,  G*H**0  or  G^**.HK),  is,  after  rectificadoti,  a  eoloiirlMB,  Bobue 
liquid,  which  does  not  stain  paper,  has  an  aromatic  odour,  and  m  bnmiiig  penafeeBS 
taste,  is  insoluble  in  water,  bnt  soluble  in  fdoohol  and  ether ;  bnniB  with  s  Ibbumos 
flame.  Boils  at  174^-178^  (lower  than  either  of  the  preceding  modilleatioins) ;  W^ 
sp.  gr.  of  0-811  at  0^  and  0*793  at  23^.  It  is  not  decomposed  by  heating  to  S80°  fat 
twenty  hours.  By  oxidation  with  chromic  acid  mixture  at  the  boiling  heat  it  it 
conv^ted,  partly  into  methyl-<Bnanthol,  partly  by  further  oxidation  into  acetic  sad 
caproic  acids.  It  yields,  therefore,  the  same  oxidation-products  aa  octyl  alcohoJ  frrm 
castor-oil,  and  must  therefore  consist,  like  the  latter,  of  methyl-hezyl  eNbinol ;  hot  iu 
boiling  point,  and  those  of  the  corresponding  ethers,  so  far  as  thej  hare  bees 
examined,  are  lower  than  those  of  the  castor-oil  alcohol  and  its  oompoond  ethcfs :  it 
is  probable  therefore  that  the  hexyl  radicles  in  the  two  aloohola  are  di&Rotlj 
constituted  ^De  Clermont,  B^.  Soc.  Ckim,  [2]  xii.  212). 

Oetyiene  kudriodidet  obtained  by  heating  octylene  or  the  alcohol  with  eatazBted 


hydriodic  acid,  has  a  sp.  gr.  of  1-314  at  21^  and  boils  at  120<*  (the  iodide  fnn 
castor-oil  alcohol  at  193^  according  to  Squire,  210^  according  to  Bouie).  Tbe  Aiiffv- 
hfwMe  boils  at  a  lower  temperature.  The  aogfats  has  a  sp.  gr.  of  0*832  at  €r  and 
0  803  at  26^,  and  boils  at  about  176^  (that  firam  the  castoKnl  alcohol  at  193* 
Bonis). 

fC«H» 

Tertiary    Oetyl  Aleokol  or   Propyl-dUtkyl    Carbinoi,    cj^^t      » 

(oh 

produced  by  treating  butyxyl  chloride,  CH'COCl,  with  sine-ethyl,  leering  the  piodoet 
for  seyeial  days  till  it  becomes  viscid,  then  heating  it  in  the  water-bath,  aadnlatisir 
with  hydrochloric  acid,  and  distilling.  The  tertiary  alcohol  then  passes  oTer,  and 
after  being  freed  from  an  admixed  ketone  hj  agitation  with  sodium  bisulphite,  may 
be  purified  by  distillation  over  ignited  potassium  carbonate.  Its  formation  ie  repfe- 
•anted  by  the  equations : 

(  C«H» 
CH'COCl  •»•  Zn((?H»)«  -  ZnO  +  CJ(C«H»)« 

I     CI 
BnljrTl  Propyl-dietliyl 

ohlorioe.  chloromrtlMme. 

f  C«H»  f  C»H» 

CJ(C«H»)«  +  HOH  -  HCl  +    C](0^»)« 

I    a  (oh 

PropyMieihTl  Fronrl-dletlul 


This  alcohol  is  similar  in  its  properties  to  the  tertiary  butyl  and  hexyl  alcohols 
(pp.  374,  698),  being  a  somewhat  viscid  liouid,  lighter  than  water,  ami  slightly 
soluble  therein  ;  it  has  an  alcoholic  and  camphorous  odour  and  does  not  solidifVia  a 
freesing  mixture.  With  phosphorus  pentachloride  it  forms  an  octyl  chloride,  C*H"CI, 
having  a  peculiar  and  unpleasant  odour,  and  boiling  at  155^.  By  oxidation  with 
chromic  acid  mixture  it  yields  propionic  and  acetic  adds  (Buttleiow,  BuU,  Soc,  Ckiau 
[2]  V.  17). 

OOTTZiBWa  AOBTOOBliOBHnBnr.     C*«H>*GK)<   -  C*H'<j^^^— 

This  compound  is  produced  by  direct  combination  of  octylene  with  aceto-hypochloroos 
anhydride  or  chlorine  acetate,  CICHK)',  prepared  by  Schiitxenbeiger's  method  (p.  2^)1 
Hypochlorous  anhydride  prepared  from  dry  chlorine  and  mercuric  oxide  is  passed 
into  50  grams  of  acetic  anhydride  cooled  to  a  low  temperature,  till  an  increase  of 
weight  amounting  to  10  grains  has  been  attained,  whereby  the  liquid  is  one-fouxth 
saturated ;  this  limit  must  not  be  exceeded,  for  fear  of  explosion.    The  mixture  is 
added  by  drops  to  14  grams  of   pure   octylene,  previously  diluted  with    acetic 
anhydride  and  glacial  acetic  acid,  and  cooled  by  a  fireesing  mixture  to  moderate  the 
action.     Combination  then  t^kes  place,  attended  with  rise  of  temperature,  and  on 
subsequently  adding  water,  the  acetochlorhydrin  separates,  and  may  be  purified  by 
washing  with  water,  drying  over  calcium  chloride,  and  rectification.    It  is  a  light 
mobile  liquid,  having  a  pleasant  aromatic  odour  and  burning  taste;  soluble  in 
alcohol,  ether,  and  acetic  acid,  insoluble  in  water ;  burns  with  a  bright  green-edged 
flame.     Boiling  point  226^    Sp.gr.  «i  1026  at  0°,  1011  at  18^.    Vapour-density 
obs.  oi  7*32;  calc.  »  7'12.    It  is  not  altered  by  cohobation  for  several  days  with 
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eavatie  EoUsh,  but  when  hoatad  to  180^  in  ft  sealed  tube  with  potuMium  hydrate  for 
for^  honn,  it  ia  partially  saponified,  the  prodact  yielding  by  fractional  distillation  a 
liqmd  which  boils  at  146^,  and  has  nearly  the  composition  of  octylene  oxide, 
G^H^H)  (De  Cleimont,  Cbn^.  remd.  Izriii.  1328  ;  Znttekr.  /.  Chem,  [2]  ▼.  469). 

^&-umaAS.    See  Ubka. 

and  VATS.  For  the  extraction  of  oils  from  seeds,  H.  Yobl  {Dmgl,  pot.  J. 
dxxxii.  319 ;  Jakmb,  1866,  p.  893)  recommends  the  light  hydrocarbons  of  Canadian 
petzoleum  boiling  at  about  60^  (which  he  calls  Canadol),  instead  of  carbon 
Disnlphide. 

On  the  testing  of  fixed  oils,  see  Donny,  Bull,  8oc,  eTEne.  1864,  p.  372 ;  Divffh 
pol,  J,  clxxiT.  78 ;  Jakretb.  1864,  p.  734 ;— Dragendorff,  Russ.  Zeitsehr.  Pharm.  ii. 
434;  Jakreab.  1864,  p.  734 ;— Nicklis,  BtiU,  8oe.  Ckim.  [2]  yi.  89;  JakreBb,  1866, 
p.  827;— Jaoobsen,  BuU.  Soe.  Chim.  [2]  vii.  96  ;  Jakresb.  1866,  p.  827. 

A  method  of  determining  the  quantity  of  fatty  oil  in  seeds,  &c,  by  exhausting  the 
substance  with  a  Tolatile  solvent,  as  ether,  bensene,  or  carbon  bisulphide,  evaporating 
the  solvent,  and  weighing  the  residual  oil,  is  described  by  B.  HofBnann  {ZeiUehr, 
anal.  Chem,  vii.  368 ;  ZeU$ekr.  /,  Cham,  [2]  iv.  630}. 

The  amount  of  oil  obtainable  from  various  seeds,  European  and  exotic,  has  been 
determined  by  aoes  (Bull,  Soe,  Chim,  [2]  iii.  41-50;  Jahresh,  1865,  p.  629),  and 
by  Miinch  {N,  Jahrb,  Pharm,  xxv.  8  ;  jahreth.  1866,  p.  698) ;  from  seeds  of  various 
Indian  plants  by  J.  Lei>ine  {J,  Pharm,  [2]  xL  16;  Jahnab,  1861,  p.  741).  The 
proportion  of  olein,  stearin,  and  palmitin  in  the  seeds  of  various  Indian  plants  has 
been  determined  by  Oudemanns  (</.  jm*.  Chem,  xcix.  407  i  e.  409 ;  BuU,  Soe,  Chim,  [2] 
viii.  121 ;  Jahresb,  1866,  p.  696). 

H^ge-Mourite  (Oon^t.  rend,  Iviii.  864;  Ix.  785;  Jakreth.  1864,  p.  809)  describes  a 
new  method  of  saponification,  founded  on  the  property  of  fats  in  the  state  of 
emulsion  (JUai  fflobtuaire)  to  take  up  soda-ley  containing  common  salt.  See  also  Do 
Milly  and  Legrand,  Bull,  Soe.  dBHeouragement,  1864,  xi.  406,  410 ;  Divgl.  poL  J. 
dxxvi.  145,  151 ;  Jahreab,  1865,  p.  843 ;— F.  Knapp,  Dtny/.  pd,  J,  dxxx.  309 ;  Jahresb, 
1865,  p.  844. 

A  detailed  account  of  the  methods  in  use  for  the  manufacture  of  fatty  acids,  with 
an  experimental  examination  of  the  various  statements  relating  to  the  decomposition 
of  fats  by  sulphuric  acid,  is  given  by  J.  Stas  (*  Auszug  aus  einem  fiericht  iiber  die 
Londoner  Industrie- Ausstellung  von  1862,' aus  aehweizeriaahe  polyteehn,  Zeiteohn/tf  ix. 
138,  in  JHngl,  pol.  J.  dxxv.  68  ;  Jakreab,  1865,  p.  845). 

On  the  saponification  of  fats  by  Ume,  see  H.  L.  Buff  (Inauguraldiatertatian 
GolHngen,  1863;  abstr.  Dm^l,  pol,  J,  dxxiii.  53;  Jahresb.  1864,  p.  808).  The 
same  author  (loc.  cU.)  has  given  a  report  on  the  manufacture  of  fatty  acids  and 
glycerin,  and  a  histozy  of  the  investigations  relating  to  the  chemical  nature  of  fats. 


According  to  K  £.  Schmid  (Pogg.  Ann,  cxxvl.  148;  Jahresb.  1865, 
p.  889),  this  mineral  gives  off  two-thirds  of  its  water  at  100°,  being  thereby  reduced  to 
8(Ca0.2SiO«)  +  4H«0. 

oabBZO  ACZ»«  G»H*«0*  (Overbeck,  J.  pr,  Chem.  xcvii.  159 ;  Zeitschr.f.  Chem.  [2] 
i.  509;  ii.  186;  JakreHb.  1865,  p.  326;  1866,  n.  830).— When  1  mol.  bromine  is 
mdually  added  to  cooled  oleic  acid,  oleic  dioromide  (or  dibromoetearic  acid), 
C"H**Br^*,  is  produced,  and  may  be  purified  by  saponifying  it  with  dilute  potash-ley 
(containing  not  more  than  1  mol.  KHO  to  1  mol.  of  the  dibromide),  dissolving  the 
white  soap-cake  in  dilute  alcohol,  decomposing  it  with  hydrochloric  acid,  dissolving 
the  washed  oil  in  ether,  and  evaporating,  finally  over  sulphuric  acid.  It  then  remains 
as  a  yellow  syrupy  oil,  heavier  than  wator,  insoluble  therein,  easily  soluble  in  alcohol 
and  ether,  and  not  decomposing  till  heated  above  100°.  Its  salts  are  viscid,  unctuous, 
or  gummy  masses.  When  crude  oleic  acid  which  had  been  altered  by  exposure  to  the 
air  was  treated  with  bromine,  a  butteiy  product  was  obtained,  the  solution  of  which  iu 
a  small  quantity  of  alcohol  deposited  granular  crystals  having  nearly  the  composition 
C"H«Br»0«  (iv.  194). 

Monobromoleie  aeii,  C'*H'*BrO',  is  produced  by  mixing  the  dibromide  with  at  least 
2  mol.  potassium  hydrate  in  alcoholic  solution.  The  solution  decanted  from  potassium 
bromide,  and  considerably  diluted  with  water,  deposits  a  light  yellow  oil,  which  when 
left  to  itself  in  a  vacuum,  yields  white  ci^tals  melting  at  35°  to  36°,  and  probably 
consisting  of  monobromoleie  add  containing  a  small  quantitv  of  stcarolic  ncid.  It  is  • 
reduced  to  oleic  acid  by  sodium-amalgam.  Monobromoleie  dwromide  or  tribromosieario 
acid,  C'"H"^r*0*,  is  rarmed  by  direct  union  of  bromoleic  acid  with  bromine,  as  a 
limpid  viscid  oil,  easily  soluble  in  alcohol  and  ether.    Alcoholic  potash  removes  part 

8itp.  3  L 
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of  the  bromine  at  ordinaiy  tempeiatoref,  and  the  vhole  when  heated,  fSazmiiig'  rtesfdie 
acid. 

Elaidie  dibzomide  (Bnig's  dibromelaidic  acid)  ie  likewiee  eonraited  into  feteaidk 
add  by  heating  with  alcoholic  potash  to  180^. 

O&BOVROSVXOSZO  JtCIB.    See  Lbcitkinb  (p.  779). 


On  the  occnzrence  of  this  mineral  in  trap-rocks  and  other  fonnatwus, 
see  Tschermak  (Wien.  Akad,  Ber.  lii.  [I]  265 ;  lyi.  [1]  261  ;  Jahnth.  1865,  p.  921; 
1867,  P.  1025).  On  olivin  in  meteorites :  Daubrte  {Compt.  rend,  Ixii.  200,  369,  66S; 
Jahresb.  1866,  p.  1002).  On  olivin-rock:  Sandberger  {Jahrh,  Mm^  186is,  p.  385; 
JahreA,  1866,  p.  978)  and  Ejerolf  {Jdhrh.  Mm,  1867,  p.  480;  JaJkraL  1867. 
p.  1025). 

OWZBJna  ACSDf  C**H**0*,  is  formed,  together  with  other  products,  by  beilii^aa 
alcoholic  solution  of  narcotine-tri-iodide  (Jargmsen,  p.  865). 

Opianic  add  heated  with  concentrated  hydiochlorie  or  hydriodic  acid,  ia  eonTerted, 
with  erolution  of  methyl  chloride  or  iodide,  into  methyl-noropianie  acid«G*H^, 
a  compound  intermediate  between  normal  opianic  add  (see  NABOOTnai)  and  opiaiiie 
(dimeUiyl-noropianic)  add : 

Opiaiiie 

(dimetliyl-iioroiiiaale) 

add. 

Hethyl-noropianic  add  is  monobasic  It  dissolves  in  cold,  but  more  easily  In  boilia; 
water,  and  ciystallisos  there&om  with  2^  moL  water.  Like  hypogallic  add,  it  fonoa 
with  ferric  diloride  a  dark  blue  liquid,  which,  howeyer,  on  addition  of  ^w»w»jmi^ 
becomes,  not  blood-red,  but  li^t  red.  By  dilute  nitric  add  it  is  oonrverted  into 
nitromethjfl-noroptanio  acid^  G%'(NO')0*,  which  crystallises  with  1  moL  water 
(Matthiessen  a.  roster,  Chan,  8oe.  J.  [2]  ti.  857)^ 


C«H«0» 

C»H«0» 

Normftl 

Xethyl- 

opiAiiio 

noropUuile 

•dd. 

add. 

OVnno  and  ZSOVZWXO  ACZBS.  C>«Hi*0*.— Isomeric  acids  pndneed, 
according  ta  Liechti  {ZeiUokr,  /.  Chem,  [2]  li,  196),  by  the  action  of  hydnodic  acid 
upon  hemipinie  add : 

2C"H««0«  +  4HI  -  4CH»I  +  C«HK)«  +  C»*H>K)» 
Hemipinlo  Methyl  Oxalic  Ophiio 

.    ecld.  '  lod|4e.  odd.  add. 

The  oxalic  acid  is  resolved  by  the  further  action  of  the  hydriodic  acid  into  water  and 
the  oxides  of  carbon.  The  two  isomeric  acids  cnrstaUise  from  the  solution,  and  are 
easily  separated  by  recrystallisation.  Opinio  aeia  crystallises  in  prisms  or  tables  oon- 
taining  C**H**0*.  8H*0,  which  gradually  turn  yellow  on  exposure  to  the  air ;  it  gfres 
off  its  water  at  100°,  is  oonTorted  at  105°  into  a  riscid  tenacious  mass,  melts  and 
partly  sublimes  at  148° ;  when  heated  on  platinum  foil  it  gives  off  an  odour  of 
vanilla.  It  dissolves  easily  in  water  and  alconol,  very  slightly  in  ether ;  colours  ferric 
chloride  bluish-violet;  reduces  ammoniacal  silver  solution  slowly,  Fehling's  copper 
solution  not  at  all  even  when  heated. 

Isopinio  acid  ciystallises  in  nodules,  also  containing  3  moL  water,  more  soluble  in 
water  than  opinic  acid,  easily  soluble  in  alcohol,  sparingly  in  ether.  It  gives  off  f  of 
its  water  of  crystallisation  over  oil  of  vitriol,  the  rest  at  100° ;  sublimes  at  130°,  begins 
to  melt  at  144°,  melts  completely  at  148°,  and  emits  an  odour  of  vanilla  when  mare 
strongly  heated.  In  its  original  state  it  forms  a  blue  solution  with  ferric  chloride,  but 
after  fusion  a  green  solution.  It  is  a  more  powerful  reducing  agent  than  opinio  add, 
decomposing  Fehling*s  solution  when  heated. 

Liecbti  regards  isopinic  acid  as  identical  with  Matthiessen  and  Foster's  hypogallic 
add  (iii.  239),  which,  according  to  his  view,  is  not  isomeric  with  oxysalicylio  acid. 


IB*  Gl.  Bernard  (Arch.  Pharm,  [2]  cxix.  240)  divides  the  opium- 
bases,  according  to  their  observed  action  upon  animals,  into  the  three  following  classes, 
in  each  of  whidi  the  most  active  base  is  placed  first : 

Narcotie,                       ExcUing,  Pi>i90W>ut, 

Narceine.                       Thebaine.  Thebaine. 

Morphine.                     Papaverine.  Codeine. 

Codeine.                        Narcotine.  Papaverine. 

Codeine.  Narceine. 

Morphine.  Morphine. 

Narceine.  Narcotine. 


I 
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Od  the  ph3rBiolpgical  action  of  the  opium-ha8e8,  see  also  Bazt  ( Wien.  Akad.  Jier.  Ivil 
2]  189 ;  Jahreab.  1867t  p.  525).  For  their  solubilities  and  reactionSi  see  AuLAix>iDS 
p.  87). 

Several  new  bases  have  lately  been  obtained  by  Hesse  (Ann.  Ch,  Pharm.  cliii.  47)  from 
the  aqueous  extract  of  opium — namely,  codamine,  C"H^O*,  Utnthopine,  CH'^NO', 
laudanine,  CH'^NO*,  and  meconidine,  O^H^NO*.  To  separate  them,  the  aqueous 
extract  is  precipitated  with  excess  of  lime  or  sodium  carbonate ;  the  liquid  separated 
from  the  precipitate  is  agitated  with  ether ;  and  the  ethereal  extract  is  mixed  with 
acetic  acid.  After  removing  the  ether,  the  acid  solution  is  poured  in  a  thin  stream 
into  moderately  dilute  potash*  or  soda-ley,  the  alkali  being  kept  in  excess,  and  the 
liquid  stirred  to  prevent  the  caking  together  of  a  resinous  precipitate  (P)  containing 
papaverine  and  thebaine.  This  precipitate  is  separated  after  24  hours,  and  the  filtrate, 
after  supeisaturation  with  hydrochloric  acid,  is  immediately  mixed  with  ammonia, 
whereby  a  flocculent  precipitate  is  formed,  then  with  chloroform  without  previous 
filtration,  and  the  chloroform  solution  is  treated  with  acetic  acid.  After  removal  of 
the  chloroform,  the  acid  solution  is  exactly  neutralised  with  ammonia,  whereby  a 
reddish,  resinous,  quickly  crystallising  precipitate  is  formed,  containing  lanthopine. 
After  24  hours  the  yellowish  solution  is  decanted,  filtered,  and  add^  to  the  small 
quantity  of  potash-ley  sufficient  to  precipitate  it  (this  quantity  must,  however,  be  large 
enough  to  decompose  all  the  acetate  of  ammonia  in  the  liquid,  and  leave  an  excess 
sufficient  to  precipitate  the  bases).  The  potash-solution  thus  obtained  is  turbid  from 
separated  codeine,  which  may  be  completely  removed  by  agitating  the  liquid  with 
ether,  as  it  is  much  more  soluble  in  ether  than  the  other  bases ;  the  latter,  indeed,  are 
not  taken  up  by  the  ether  till  they  have  been  set  free  by  sal-ammoniac  The  ethereal 
solution  left  to  evaporate  very  slowly  in  a  tall  narrow  cylinder  yields  in  the  first  place 
a  crystallisation  oflandanine;  and  on  diluting  the  mother-liquor  with  a  little  ether, 
washing  with  bicarbonate  of  soda,  and  leaving  the  ether  to  evaporate,  crystals  of 
eodamine  are  very  soon  deposited.  The  mother-liquor  contains  meconidine, 
together  with  anothar  base,  £,  not  yet  examined. 

These  bases  and  their  salts  are  described  in  their  alphabetical  places.  The  qnanti^ 
ties  of  them  contained  in  opium  are  extremely  small.  A  sample  of  Turkey  opium 
containing  8*3  p.  c  morphine  yielded  only  0*0058  p.  c  lanthopine,  0*0052  p.  c  lauda- 
nine,  and  0*0083  p.  c  oodamine. 

Codamine  and  landanine  form  a  homologous  series  with  morphine  and  codeine : 

C"H"NO»  C"H"NO'  C"H"NO»  C*»H«*NO« 

Morphine.  Codeine.  Codamine.  Landanine. 

iVieadomorphine,  C^'H^NO^  (iii.  1051),  and  apomoiphine,  G^'H^^O*  (p.  839),  )ire 
lateral  members  of  this  series. 

A  second  group  of  homologous  opium-bases  includes  papaverine,  C''H'*KO\  and 
lanthopine,  O*H**N0*,  to  which  are  related  cryptopino,  C"H**NO*,  and  the  isomeric 
bases  rhoeadine  and  rho^agenine,  C^'H'^NO*.  Khceagenine,  the  salts  of  which  resemble 
those  of  papaverine  in  many  respects,  may  indeed  be  regarded  as  dioxypapaverine, 
and  cryptopine  as  ozylanthopine.  Meconidine,  C^H^NO*,  contains  2  at  hydrogen 
more  than  papaverine,  and  is  homologous  with  sanguinarine  or  chelerythrine,  C"H"NO^ 
(v.  188),  the  alkaloid  contained  in  ue  common  celandine,  also  a  papaveraceous  plant 
(Hesse). 


OVOVOVAZ.  This  resin  fused  with  potassium  hydrate  is  converted  into  proto» 
catechuic  acid,  a  small  quanti^  of  pyjocatechin,  and  an  acid  precipitated  by  lead 
acetate,  but  not  yet  analysed  (Hlasiwetz  a.  Barth,  Jdhrttb,  1866,  p.  630). 


OFOBZV.  An  albuminous  substance  obtained,  together  with  syntonin,  from 
muscular  flesh.  It  is  found  in  the  expressed  flesh-juice,  and  appears  to  exist  more 
abundantly  in  mutton  than  in  beef.  The  solution  of  well-washed  syntonin  in  water 
containing  hydrochloric  acid  is  not  precipitated  by  mercuric  chloride ;  but  that  of 
oposin  gives  a  precipitate  both  with  mercuric  chloride  and  with  strong  hydrochloric 
acid.  The  platinum  salts  of  both  these  bodies  contain  from  10  to  11  p.  c  platinum 
(Conunaille,  J.  Pharm.  [4]  iv.  108). 


T.  E.  Thorpe  (^Chem,  8oc.  J,  [2]  vi.  515)  has  analysed  the 
ash  of  the  root,  stem,  branches,  and  fruit  of  a  diseased  orunge-tiee  from  the  Balearic 
Isles,  where  the  orange-trees  have  lately  suffered  ftom  a  very  formidable  malady. 
The  ash  of  all  parts  of  the  diseased  tree  was  found  to  differ  considerably  from  that 
of  the  corresponding  parts  of  a  healthy  orange-tree,  exhibiting  especially  an  increased 
proportion  of  lime,  and  a  diminished  proportion  of  phosphoric  acid,  excepting  in  the 
miit,  in  which  there  was  a  large  excess  of  potash.    It  is  not  known  wnothr^r  these 
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deyiatiooB  hare  any  connectioii  with  the  origui  of  the  diowinr,  or  whether  they  sse 
meielj  oonaeqneiiceB  of  it. 

IMUJnUbA  HTSBB.  Two  Tarieties  of  oichella  weed  are  need  for  the  prf- 
|iaiatioD  of  archil  or  orchil,  namely  BoeMla  tincioria,  imported  fiom  the  C^pe  ce 
Verde  islandi  and  from  Chile,  and  RocheRa  fueiformU,  imparted  bwn  AngcildL. 
Zanzibar,  Madagascar,  and  lima.  The  former  treated  with  milk  of  lime  ji&Iia 
Ucanoric  acid  (with  which  Steuhonee's  a  and  fi  orsellic  acide  hsTo  been  shown  to  l« 
identical,  both  by  himself  and  by  Oerhardt) ;  tiie  latter  was  found  by  Hesse  to  jkJd 
erythric  acid  (Stenhouso,  Chem,  Soe,  J,  [2]  y.  221). 

For  estimating  the  amount  of  oolonring  matter  in  these  and  otiier  lichens.  Steii]»«ise 
formerly  gaye  the  two  following  methods :  (1)  The  lichen  ia  ezhaaated  with  milk  of 
lime ;  the  clear  liquor  is  precipitated  with  acetic  acid ;  and  the  precipitated  ooloorii^ 
matter  is  collected  on  a  weighed  Alter,  dried  at  the  ordinazy  temperature,  and  wei^a^L 
—(2)  The  comminuted  lichen  (100  grains)  having  been  macerated  with  milk  of  lii^ 
till  all  the  colouring  matter  is  extracted,  a  titrated  solution  of  caldnm  hypochlente  t» 
^gnuclually  added  to  the  clear  filtrate,  whereby  a  blood-red  ooloar  ia  at  first  produced* 
which  sfaortlv  disappears,  leayin|^  the  liquid  of  a  deep  yellow  colour.  The  addidoa 
of  die  hypochlorite  must  be  continued,  at  last  by  drops,  as  long  aa  these  changcB  of 
colour  continue  to  be  produced.  The  number  of  measures  of  the  hypochlorite 
•olutton  required  to  destroy  the  colouring  matter  determines  the  amount  of  it  in  the 
eolution  (PkU,  Trant.  1848).  Stenhouse  now  modifiee  this  last  process  by  ezhanitiif 
the  lichen  with  weak  caustic  soda,  and  using  a  standard  solution  of  aodinm  hypo- 
chlorite instead  of  the  corresponding  calcium  salt.  The  advantage  bf  this  modifica- 
tion of  the  method  is  that  the  liquor  remains  quite  tzansparent  during  the  entire 
process  (Ckem,  Soe,  J,  £2]  t.  226). 

omonr.  C'H*0*  «  C*H«(H*0*\.— This  substance  appears  to  hare  tha  eoastita- 
tion  of  a  diatomic  phenol,  inasmuca  as  it  is  produced  by  abstraction  of  CO'  from 
orsellinic  acid,  C*H''0*  (by  boiling  it  with  baryta-water),  just  as  oxyphenol  or 
pyrocatechin,  C"H*0*,  is  proiduced  from  oxysalieylic  acid,  CH*0\ 

Bespecting  the  preparation  of  orcin  (aiiid  eiythrite)  firom  erythiin,  see  EBTnonn 
(p.  682).  The  nearly  colourless  solution  of  orcin  in  benaol  is  agitated  ia  a  glass 
flask  with  about  one-tenth  of  its  bulk  of  water,  which  eztzacts  the  oneia  from 
the  bensol.  The  aqueous  solution  thus  obtained  generally  deposits  crystals  of 
orcin  on  cooling,  and  the  whole  of  the  orcin  may  be  separated  by  sufficient  concen- 
tration. It  may  be  obtained  colourless  by  a  second  treatment  with  benaol  and 
xecrystallisation  from  water  (Stenhouse,  C%em.  Soc.  J.  [2]  y.  228). 

Oicin  heated  for  some  time  above  its  boiling  point  remains  liquid  sereral  hoars 
after  cooling,  and  at  last  solidifies  suddenly,  with  evolution  of  heat.  Yapour-dennty 
obs.  «  4*20 ;  calc  »  4*28.  Orcin  dissolves  without  alteration  in  eaustie  potash ; 
docs  not  oxidise  in  contact  with  platinum-black ;  is  not  attacked  b^  concentrated 
hydriodic  acid ;  when  fused  with  phosphorus  iodide  it  gives  off  hydnodic  add,  and 
forms  a  resin  soluble  in  alkalis.  Aqueous  orcin  dissolves  the  hydrates  of  barium  and 
calcium  in  considerable  quantity,  the  solutions,  when  heated  or  mixed  with  aloohoL 
yielding  precipitates  of  indefinite  composition  which  turn  red  on  exposure  to  the  air 
(De  Luynes,  Ann.  C%.  P^s.  [4]  vi.  184 ;  Jaknth.  186^,  p.  691).  In  contact  with 
sulphur  chloride,  orcin  is  converted,  with  evolution  of  hydrochloric  add,  into  a 
sulphur-yellow  amorphous  compound*  insoluble  in  water,  alcohol,  bensol,  and  carbon 
bisulphide,  but  dissolving  with  partial  decomposition  in  alkalis  (^nhonse^. 

Anhydrous  orcin  heat^  in  ammonia  gas  melts  and  absorbe  a  considerable  quuitity. 
A  solution  of  orcin  in  3  or  4  pts.  ether  saturated  with  ammonia,  de^maits  on  standing 
hxgp  octohedral  crystals  of  orcin-ammonia,  C'H'O'.NH'.  This  compound  when 
quickly  dried  in  a  vacuum  is  colourless  and  inodorous,  easily  soluble  in  alcohol, 
;iparingly  in  ether ;  it  is  not  altered  by  dry  oxygen,  even  when  exposed  to  it  for 
months,  but  on  adding  a  little  water  it  takes  up  oxygen  and  becomes  coloored  in  a 
few  hours ;  on  exposure  to  the  air  it  takes  up  water,  gives  off  ammonia,  and  tans 
violet  It  is  likewise  oxidised  and  coloumi  by  pemmn^nate  of  potassium, 
chromate  of  potassium'  or  ammonium,  and  peroxide  of  barium«  these  componnds 
being  reduced,  and  the  products  forming  lakes  with  the  colouring  matter.  It  aJso 
ceduces  arsenic  add  and  ammoniacal  solution  of  cupric  sulphate.  When  ordn  is 
heated  to  46^-60^  with  aqueous  ammonia,  the  surface  of  the  liquid  being  constantly 
renewed  and  the  ammonia  replaced  as  it  evaporates,  the  solution  in  about  a  week 
becomes  visdd  and  violet  coloured,  and  when  filtered  yields  a  violet  liquid,  which 
leaves  on  evaporation  a  violet  resinous  mass  resembling  oidn,  and  a  brown  precipitatcv 
the  alcoholic  solution  of  which  deposits  colourless  crystalB  covered  with  a  brown 
powder  (De  Luynes,  loe,  eit, ;  also  ZeiUekr.  /.  Chem.  [2]  iv.  700). 


ORCIN— ORSELLIOTO  ACID,  885 

Oicin  unites  dii«ctly  with  pierie  acid,  fonning  the  compound  C^*0'.C*H*(KO>)*0, 
the  aqneouB  solution  of  which  dyes  silk  yellow,  like  firee  picric  add.  With  wrogaUic 
acid  it  forms  a  compound  which  crystallises  in  large  laminse,  and  blackens  slightly  on 
exposure  to  the  air.  Aqueous  solutions  of  ordn  and  nicotine  when  mixed  deposit 
a  compound  of  the  two  in  oily  drops,  which  dissolve  in  excess  of  nicotine.  An 
aqueous  solution  of  orcin  dissolves  rotaniline,  with  deep  red  colour.  Orcin  deliquesces 
in  gaseous  ethylene  oxidSf  I  gram  of  it  absorbing  more  than  400  e.  c  of  the 
gas,  which  it  does  not  give  up  again^  in  contact  with  solid  potash.  On  adding 
common  salt  in  excess  to  an  aqueous  solution  of  orcin,  the  two  combine  and  form 
a  crystalline  precipitate,  which  ftUs  the  entire  liquid  (De  Luynes,  Zeiteckr,  /.  Chem^ 
[2]  IV.  703). 

Diaeetpl'Orein,  C"H"0<  « .C'H(C»H«0)*0«,  is  formed  by  the  action  of  acetyl 
chloride  on  pulverised  orcin,  and  remains,  ou  evaporating  its  ethereal  solution,  as  an 
oily  body,  which  crystallises  in  needles  when  cooled  below  25^.  It  melts  at  25°,  then 
remains  liquid  for  a  long  time  even  if  cooled  to  0°,  and  solidifies  suddenly  by  contacft^^ 
with  a  crystal.  It  is  nearly  insoluble  in  water,  very  soluble  in  alcohol  and  ether» 
makes  a  transient  greasy  stain  on  paper,  evaporates  when  heated,  leaving  a  small 
quantity  of  charcod,  and  is  resolved  by  boiling  with  alkalis  into  orciH  and  acetic 
acid.  It  acquires  a  transient  red  colour  in  contact  with  chloride  of  lime,  and  is 
converted  in  an  atmosphere  of  ammonia  into  ammonium  acetate  and  orcein.  Dibutyryl 
orcin,  C'H*(OH'0)'0'',  formed  by  the  action  of  butyryl  chloride  on  fused  orcin,  is  a 
colourless  uncirstallisable  liquid,  which  reacts  like  the  acetyl  compound.  JHbemoyl 
orcin,  CH'(C^H*0)'0',  crystallises  in  hard  colourless  needles,  inodorous,  but  having 
a  sweet  taste ;  melts  at  40°,  decomposes  at  a  higher  temperature,  is  insoluble  in 
water,  but  dissolves  easily  in  alcohol  and  ether,  and  is  decomposed,  by  boiling  witb 
alkalis,  into  ordn  and  benzoic  add  (De  Luynes). 

Alcoholic  Orcina.—Methyl-orcin,  C'H'(CH«)0*,  ethvt-ordn,  C'H'(C«H»)0«,  and 
amyl-crein,  C'H'(C*H")0',  ara  produced  by  heating  the  corresponding  aleoholie 
iodides  wiUi  ordn  in  equivalent  proportions.  The  first  two  are  syrupy  liquids ;  amyl- 
ordn  crystallises  in  needles.  tHethyl-orcin,  C*H*(CH»)*0*,  and  diamyl-orcin^ 
C'H*(C^H*')'0*,  are  formed  by  heating  1  mol.  orcin  with  2  mol.  of  the  alcoholic 
iodide  and  potash.  Both  are  syrupy;  the  ethyl-compound  distils  without  decom- 
position between  240^  and  250°.  Lastly,  when  a  large  excess  of  the  alcoholic  iodide 
IS  used,  together  with  potash,  the  compounds  C»H»(CH»)*0«,  C»H»(C*H*)«0»,  and 
C'H*(G*H")'0*  are  proauced.  Trimethyl-orein  is  liquid,  and  boils  without  decom- 
position at  about  250°  under  ordinary  pressure ;  trietkyl-orcin  at  265°.  It  has  not 
yet  been  found  possible  to  reconvert  either  of  these  compounds  into  ordn  and  the 
original  alcohol.  Biacetyl-orcin  treated  with  sodium  ethylate  forms,  together  with 
sodium  hydrate  and  ethyl  acetate,  a  body  soluble  in  water,  but  apparently  not  oo»-> 
sistiog  of  orcin  (Be  Luynes  a.  Lionet,  Compt.  rend.  Ixv.  213). 

TrinitrO'Oreinio  acid,  C'H*(NO')'Q',  is  produced  b^  gradually  adding  ore» 
to  strong  nitric  acid  cooled  by  a  freezing  mixture,  and  droppmg  the  resulting  brown 
solution  into  strong  sulphuric  acid  also  cooled  to  a  low  temperature.  On  pouring  the 
yellow  pasty  mixture  thus  produced  into  a  considerable  quantity  of  cold  water,  the 
trinitro-ordnic  acid  separates  as  a  bright  yellow  crystalline  powder,  which  may  be. 
purified  by  one  or  two  crystallisations  from  boiling  water.  It  then  forms  large 
yellow  needles,  soluble  in  alcohol,  slightly  soluble  in  cold  water,  readily  in  hot  water. 
It  is  a  strong  acid,  much  resembling  picric  acid,  but  difiers  ^m  the  latter  by  thft 
solubility  of  its  salts.  The  potassium  salt,  C^H'(NO')'0«E*,  prepared  by  dissolving 
the  acid  in  a  warm  and  rather  strong  solution  of  potassium  carbonate,  solidifies  on 
cooling  to  a  mass  of  fine  needles  of  a  deep  orange  colour.  The  sodium,  calcium,,  and 
silver  salts  crystallise  well,  and  are  moderately  soluble  in  water ;  the  lead  salt  i» 
much  less  soluble. 

Beta-orcin,  C*H**0',  treated  with  nitric  and  sulphuric  acids  as  above,  yields  a 
yellow  substance  which  appears  to  be  the  corresponding  nitro-compound  of  beta>orcin. 
Kesorcin  yields  tHnitroresorcinio  acid,  CH'(KO')'0',  which  crystallises  readily^  is  of 
a  much  paler  colour  than  trinitro-orcinic  acid,  but  resembles  it  dosely  in  most 
respects,  and  likewise  forms  crystalline  salts  (Stenhouse^  Chcm,  News^  xxii.  98; 
Aug.  26, 1870). 


Tricaldff  phosphate,  (P0*)*Ca»  +  2H*0,  found  in  monodinic 
crystals  in  Sombrero  guano  (Juhen,  801.  Am.  J.  [2]  xl.  367)* 


C"H»0«.— Menschutkin  {BuU.  8oc,  Chim.  [2]  ii.  424) 
regards  this  acid  as  diatomic,  and  represents  its  formation  from  lecanoric  acid« 
eiythrin,  and  picro-e^thrin,  by  the  following  equations : 
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C«H«o4o»  ♦  HH)  «  2[^J^|o«] 

Leoaoorio  Add.  OndUnlc  add. 

(c-HH)«r[o«  +  H«o  -  (cra-o'yvo*  t     ^  jo« 

BxyihriB.  FlcroeiTtlizfii.         QneDlnic  add. 

ci|o.]o.  +  wo  -  c'g:jo«  +  c^rjo. 

FIcroeiTtbriii.  Szyfhrlta.        Ornniaic  aeid. 

\xruiiaiix,  o^  the  other  hand  {ibid.  iii.  410),  legazds  oraeUinic  add  as  joonokmrnt, 
but  triatomio^  as  represented  by  the  formula       m       [O*  (inasmiich  as  it  is  eoa- 

Tertdd  by  loss  of  CO*  into  diatomic  orcin),  and  alters  Menschntkin's  foRnnla  of  the 

lichen -constituents  as  follows : 

(C^HH))")  (Q*Wf    )  (OHT*   ) 

(C«H*Or'  [  O*  2(C*H»0r  [  O*  (C"H*Or  [  O* 


Lecsnorlo  Brythrin. 

(DiornUinto)  ackL 

Ethyl  Orssllinat^t  C^^O^.CH*,  is  most  conveniently  pivpared  by  d^cstiof 
eiythrin  with  8  pts.  absolute  alcohol,  distilling,  boiling  the  yiscid  residue  (oonsistnig 
of  ethyl  orsellinate,  picro-erythrin,  and  resin)  with  water,  and  the  pordoii  which 
crystallises  from  the  aqueous  solution  with  benzol,  which  dissolves  the  etnyl  arselliaate 
and  deposits  it  in  crystals.     EtJ^l  di-iodoraeUinate,  G*HM*0<.C*H*,  is  formed  by 
mixing  a  cold-saturated  aqueous  solution  of  ethyl  orsellinate  with  a  very  dilute 
solution  of  iodine  chloride  containing  excess  of  iodine^  in  quantity  not  sufficient  for 
complete  precipitation.    The  precipitate,  washed  with  cold  water  and  several  times 
recrystallised  from  carbon  bisulphide  and  alcohol,  forms  small  needles  soluble  in 
bensol,  carbon  bisulphide,  and  hot  alcohol,  slightly  soluble  in  boiline  water.    Heated 
above  100°,  they  melt  and  decompose,  with  liberation  of  iodine.    Juetiyl  di-iedorBfl- 
linate,  C'H^IH)^ .  CH*,  prepared  in  a  similar  manner,  likewise  crystallises  in  needles 
(Stenhouse,  Chem,  Soe.  J,  [2]  v.  224). 

OSnoOAmBOVATBS.    See  Carbonates  (i.  778  ;  iv.  238). 
OSTBOrOBMATBS.    Soe  Fobxatks  (p.  622). 


OSmulC  Experiments  by  Wohler  (Ann,  Ch.  Pkarm,  Suppl,  iv.  253)  seem  to 
show  that  the  black  oxide  produced  by  fusing  metallic  osmium  with  potash  is  neither 
the  trioxide,  nor,  as  commonly  supposed,  the  tetroxide  (iv.  246),  but  an  intermediate 
oxide,  inasmuch  as  it  dissolves  in  water  with  deep  reddish-yellow  colour  (without 
perceptible  evolution  of  gas),  and  is  resolved  by  addition  of  acids  into  a  black  oxide 
and  the  tetroxide  OsO^  Such  a  solution  concentrated  to  one-fourth,  and  left  to  cool 
out  of  contact  with  the  air,  deposits  crystallised  violet  potassium  osmite.  On  passing 
earbon  dioxide  through  the  vellow  liquid  decanted  from  the  crystals,  it  first  becomes 
colourless,  then  violet,  with  liberation  of  osmium  tetroxide,  and  deposition  of  a 
greyish-violet  precipitate.  On  treating  this  precipitate  with  water,  a  small  quantity 
of  brown  oxide  is  separated,  and  a  violet  solution  formed,  &om  which  nitric  acid 
sgain  precipitates  black  oxide,  with  formation  of  osmic  acid.  The  solution  of  the 
violet  crystals  reacts  with  carbon  dioxide  in  the  same  manner. 

When  sublimed  osmium  tetroxide  is  dissolved  in  excess  of  potash,  and  the  deep 
yellow-red  liquid  is  evaporated  over  potassium  hydrate,  opaque  nodular  groups  of  crystals 
are  formed,  soluble  in  water  with  roidish-yellow  colour  (without  a  trace  of  potassium 
osmite),  and  nitric  acid  added  to  the  concentrated  solution  throws  down,  first  white 
tetroxide,  and  then  black  oxide.  The  black  oxide  forms  with  concentrated  hydro- 
chloric add,  first  a  purple  solution,  which  afterwards  becomes  yellow-brown,  green, 
and  when  heated  brownish-yellow,  and  is  coloured  pure  yellow  hj  sulphurous  acid, 
without  separation  of  metal,  even  at  the  boiling  heat.  Zinc  precipitates  osmium  from 
ihis  solution  in  black  fiocks. 


In  osteolite  from  Eichen  in  the  Wetterau,  Church  (Ckem,  News, 
xvi.  liO)  found  87*25  p.  c  (PO*)H)a«,  570  CO'Ca,  4-92  CaF*,  and  234  water: 
hence  he  oondudes  that  it  consists  of  apatite,  more  or  less  altered. 
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COOH 
;o  ACZ3»»    CH'O*  -•    I  .—This  acid  is  formed  lyy  reduction  of 

COOH 

carbonic  acid.  When  dry  carbon  dioxide  is  paaaed  into  a  flask  containing  metallic 
sodium  and  fine  sand,  and  heated  to  about  the  boiling  point  of  mercury,  the  mixture 
of  sand  and  sodium  being  well  stirred,  sodium  oxalate  is  produced  by  direct  com- 
bination :  Ka'  +  200'  «  CO^Na*.  This  product,  spread  out  upon  a  plate  to  oxidise 
the  remaining  sodium,  and  then  digested  with  water,  yields  a  solution  which,  after 
neutralisation  with  acetic  acid,  forms  with  calcium  chloride  the  characteristic  precipitate 
of  calcium  oxaLite  (Drechsel,  Zeitsckr.  f.  Chem,  [2]  iv.  120).  Oxalic  add  is  also 
formcHl  by  oxidisihg  acetic  acid  in  alkaline  solution  with  potassium  permanganate ; 
C-H*0«  +  0»  «  C«H«0«  +  H«0  (Lessen,  Ann.  Ch.  Pkarm.  cxlviii.  174). 

On  the  occurrence  of  oxalates  in  urine  and  urinary  sediments,  see  Neubauer 
{ZeiUckr.  /.  Ckem,  [2]  ▼.  30). 

By  potassium  permanganate,  in  acid  solution,  and  likewise,  though  slowly,  in 
alkaline  solution,  oxalic  acid  is  oxidised  to  water  and  carbon  dioxide  (Berthelot). 
Haicourt  (Chem,  8oe.  J,  [2]  ▼.  460)  gives  for  this  reaction  in  acid  solution  the 
equation : 

K»Mn«0»  +  8H«80*  +  6H«CK)*  -  K«SO*  +  2MnS0*  +  10CO«  +  8H«0. 

The  oxidation  of  oxalic  to  carbonic  acid  takes  place  quickly  at  the  positive  pole  of  a 
voltaic  circuit.    A  neutral  solution  of  potassium  oxalate  gives  off  at  the  positive 

Sole,  first  carbon  dioxide,  then  oxygen ;  an  alkaline  solution,  first  oxygen,  then  carbon 
ioxide  (Burgoin,  Ann,  Ch,  Phys.  [4]  xir.  157). 

Oxalic  acid  heated  with  concentrated  aqueous  Itydriodie  acid  is  resolved  into  carbon 
dioxide,  carbon  monoxide,  and  water  (Berthelot). 

The  crystalline  forms  of  several  metallic  oxalates  have  been  examined  by  J. 
Loschmidt  (Wien.  Akad,  Ber,  li.  [2]  7,  384;  Jakresb.  1865,  p.  374). 

Calcium  oxalate  mav  be  obtained  in  fine  crystals  by  placing  a  layer  of  aqueous 
oxalic  acid  abore  a  denser  solution  of  sugar-lime  (E.  Monier,  Compt.  rend.  Ixiii. 
1013).  Both  calcium  oxidate  and  lead  oxalate  dissolve  in  the  saccharine  juice  of  beet 
(Scheibler,  Zeitsckr.  /.  Chem.  [2]  i.  62). 

ManganoHs  oxalate  precipitated  by  adding  a  cold  concentrated  aqueous  solution  of 
oxalic  acid  to  manganous  sulphate,  or  ammonium  oxalate  to  excess  of  manganous 
sulphate,  has  the  composition  CK)*Mn  +  3H'0 ;  in  the  latter  case  the  precipitation 
of  the  oxalic  acid  is  complete  (How,  Chem.  News,  xix.  41). 

Silver  oxalate  is  commonly  said  to  retain  2  p.  c  water  with  great  obstinacy  (  Gmelin^s 
Handbook,  ix.  169).  According  to  Thudichum  a.  Wanklyn,  however,  this  is  not  the 
case,  the  salt  dried  in  a  Tacuum  over  sulphuric  acid,  and  finally  at  110^,  being  quite 
anhydrous  (Chem.  8oe.  J.  [2]  vii.  294). 

An  oxalato^hloride  of  strontium,  CSrO^.SrCl  +  6H.'0,  is  obtained  in  rhombic 
crystals  by  prolonged  contact  of  a  perfectly  saturated  solution  of  strontium  chloride 
with  washed  and  still  moist  strontium  oxidate.  It  gives  off  4  mol.  water  at  100^, 
is  not  altered  by  alcohol,  but  is  resolved  by  water  into  its  constituent  salts. 
When  the  crystals  of  this' salt  are  covered  with  two  or  throe  times  their  weight  of  a 
saturated  solution  of  strontium  chloride,  and  a  solution  of  the  same  salt  diluted  with 
an  equal  bulk  of  water  is  gradually  added  at  intervals  of  two  or  three  hours,  the 
rhombic  crystals  disappear,  and  are  succeeded  by  prismatic  crystals  of  the  salt 
dC^rO«.Sra<  +  16H<0.  This  latter  salt  is  also  formed  when  the  rhombic  crjrstals 
are  left  for  some  time  in  an  atmosphere  saturated  with  aqueous  vapour.  In  a  similar 
manner  may  be  obtained  the  double  calcium  salt,  CCaO'.CaCl'  +  7H''0,  described 
by  Fritzsche  (iv.  255),  and  corresponding  oxalato-chlorides  of  barium  and  magnesium 
(Q.  Bainey,  Proc.  Roy.  Soe.  xiv.  144). 

Neutral  thallium  oxalate,  CTl'O*  +  4H'0,  forms  short  prismatic  crystals.  An 
acid  salt,  C^H'TIO*  +  2H'0,  crystallises  in  large  laminie  from  a  Bolution  mixed  with 
a  considerable  excess  of  oxalic  acid  (Carstanjen,  Jahresh,  1867i  p.  2&1). 

Eth^l  oxalate  heated  with  sodium  ethylate  is  converted  into  ethyl  carbonate,  with 
evolution  of  capbon  monoxide,  and  simultaneous  formation  of  sodium  oxalate,  a  small 
quantity  of  sodium  formate,  and  the  sodium  salts  of  complex  oiganic  acids  (Lowig's 
^nigric  acids')  (Genther,  Zeitschr.  f.  Chem.  [2]  iv.  656.  Cranston  a.  Dittmar,  C%m. 
Soe.  J.  |[2]  vii.  441).  In  the  production  of  ethylic  carbonate  from  ethylic  oxalate,  by 
the  action  of  sodium  (ir.  270),  sodium  ethylate  appears  to  be  formed  in  the  first 
instance,  which  then  reacts  as  above  (Geuther). 


lO    ACZn.      G*H<N20\— An   acid    produced   by  the 
action  of  hydroxylamine  on  etliyl  oxalate.    (See  HYDSoxYXAMisfK,  p.  724.) 
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.  MeoQnidiDe  is  easily  decompoeed  by  stzoog  acid$,  especially  if  heated.  Its  Mlatioo 
•in  dilute  sulphuric  acid  becomes  rose-coloured  in  a  few  minutes,  porple-red  in  s  fev 
houzs ;  at  the  boiling  heat  these  changes  of  colour  take  ^lace  immediately.  With 
acetic  add  the  change  is  much  slower.  Ammonia  produces  m  the  pniple-ied  sQlvtbn 
a  dirty-white,  reiy  changeable  precipitate.  Strong  sulphuric  acid  dissolTes  nieeooidiDe 
with  olive-green  colour ;  strong  nitric  acid  colours  it  orange-red. 

The  mUU  of  meoonidine  are  yery  unstable.  Their  dilute  solutions  have  as  intenielj 
bitter  taste.  From  the  acetic  acid  solution  the  meoonidine  is  precipitated  hjpetoA 
or  ioda  in  white  flocks,  but  is  redissolred  by  excess  of  the  reagent,  and  may  be 
separated  from  the  alJEaline  solution,  after  addition  of  sal-ammoniac,  by  ether, 
chloroform,  and  other  solvents ;  acids  precipitate  it  from  the  alkaline  solatioo,  hot 
redissolve  it  when  added  in  excess.  Ammoma  likewise  precipitates  the  ban, 
redissolves  it  when  added  in  very  laige  excess,  but  gives  it  up  to  ether  or  chknofora 
when  agitated  therewith.  lAme  reacts  in  a  similar  manner.  The  reaction  vith 
potash  (Sstinguishes  meoonidine  ftom  rhoaadine,  the  salts  of  which  give  with  potash 
a  permanent  crystalline  precipitate. 

PUUinoekloride  ofmsetmiUne,  2(C"H*^0«) .  PtCl\  is  a  yellow  amor^oos  precipitate, 
which  soon  turns  reddish.  The  auroeklande  is  a  dingy  yellow  amorphous  pradutate ; 
the  mtreuroeUoride  is  a  white  amorphous  precipitate,  which  in  contact  with  hydro- 
chloric acid  soon  acquires  a  rose  colour* 

U&AOOVZTB.  Native  cnpric  oxide  found  at  Copper  Harbour,  Lake  Soperior, 
in  monoclinic  crystals  (Maskelyne,  Br,  Amoo,  BeporU,  85 ;  Notice»  amd  AbtifW^li\ 
Jakretb,  1867,  p.  979). 

waauUKOnL    C*H«N*.— Syn.  with  Ctakubamidb  (ii.  287). 

Triethyl-maamine,  C"H*(C>H*)'N«,  is  produced  by  desulphuzataon  of  eCfayl-salplio- 
carbamide.  (^See  Sulfbocabbajodbs.)  By  prolonged  intact  with  cold  hydioehloiie 
acid,  or  by  boiling  for  a  short  time  with  the  same  acid,  it  ia  converted  into  asaMoia 
and  triethyl-ammelide : 

C«H«(C«H»)^«  +  H«0  ^  NH«  •¥  C»H«(0«H»)«N»0. 

The  pUtinochloride  of  triethyl-ammeUde,  2[C*HXC*H')'NH) .  Hal .  Fta«,  oyitalUM 
in  beautiful  four-sidedprisms,  vaiy  easily  soluble  in  water,  leas  soluble  in  alcohol,  not 
decomposed  at  100^  (Hoftaiann,  Zeitsehr,/.  Ckem.  [2]  vi.  168)« 

OTTi A  yH  1  MLm  Analysis  of  this  rock  f^m  Norheim  near  Kreumaeh  and  Kokot 
in  the  Dobrudscha,  are  given  by  Laspeyres  (Jahntb^  1865,  p.  922)  and  Sonunanga 
(t6iV;.  1866,  p.  978). 

AOn.    Syn.  witli  Htdbooovxabic  Acid  (pu  715). 

C^H^'O.— This  alcohol  occurs  in  Canauba  wax  (p.  891). 

C>'H«0»  (Baeyer,  Amn.  Ch.  Pharm.  S^ppL  vii  1 ;  Fie- 
liminazv  Notice,  Berl,  Akad,  Bar.  1866,  p.  77  ;  Ann.  Ck.  Pkarm.  cxfi.  271 ;  Anther, 
Jkut.  ehem.  Ges.  Ber.  1871,  273 ;  Ckem.  8oe.  J,  [2]  ix.  372).— This  acid,  focsieriy 
represented  by  the  formula  C*HK)^,  and  regards  as  bibaisic,  has  been  abovn  by 
Baeyer*s  investigations  to  be  sexbasic,  and  to  have  the  constitution  of  bttHBne- 
hexcarbonic  acid,  C*(CO'H)' — ^that  is,  to  consist  of  benzene  in  which  all  the  bz 
carbon-atoms  are  replaced  by  oarboxyL 

The  composition  of  the  salts  and  ethers  of  mellitic  acid,  according  to  the  nz-eaibon 
formula,  may  be  illustrated  by  the  following  examples : 

NentraL 

C>«0"(NHO» 
C>H)»«(CH')* 
C»«0»«(C»H»)« 


C>«0"Ba« 
C»«H»«(A1«)'» 


Cito«H*(NH«)« 

C««0>«H»K« 

C"0»«H«(0*H»)* 

C»"0»«HK3u« 


Mellitic  chloride,  obtained  by  H.  Muller  (iii.  874)  by  the  action  of  phoephflm 
pentachloride  on  mellitic  add,  has  the  oom^ition  G*(C0C1)'.  Muller  deseribed  it  aa 
non-volatile,  but  Baeyer  finds  that,  on  distilling  the  product  in  a  stream  of  air,  ^ 
mellitic  chloride  passes  over  (after  the  POGl'  and  excess  of  Pd*)  as  a  eoloarieis 
oil,  which  solidifies  to  a  crystalline  mass  on  cooling.  It  dissolves  easily  in  pan 
ether,  is  insoluble  in  water,  and  is  slowly  converted  by  boiling  therewith  into  neUitie 
acid. 

Mellitic  acid  is  capable  of  yielding  a  large  number  of  amidogen  derifatiTes. 
Between  mellitamide,  C*(CONH*)«,  and  melliUc  acid,  (^(COOH)*,  there  nay  •»« 
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bv  hjrdfogen  sulphide,  eeywtoXliaee  in  rhombic  tables  sparingly  soluble  in  cold  water, 
alcohol,  and  ether.  Its  aUkali-metai  salts  are  rery  soluble  and  crystallisable.  The  l^aul 
salt,  (C"H«N*0*)<Pb,  forms  sparingly  soluble  needles ;  the  bariutKsali,  (0«H'NH>*)«Ba, 
microscopic  rhombic  tables ;  the  sUver  salt  is  very  soluble  in  water,  and  decomposes 
oven  when  its  solution  is  heated. 

Oxethyl-glyoollyl-allophanic  acid  gives  off  cyanic  acid  when  heated,  and  is  deoom* 
posed  by  boiling  with  strong  potash-ley  into  glycollic  acid,  carbonic  acid,  alcohol,  and 
ammonia: 

C^»«N»0»  +  6KH0  -  C«H«0«K  +  2C0«K«  +  C«H»0  +  2NH». 

It  is  not  decomposed  by  nitric  or  nitrous  acid.  Strong  sulphuric  acid  decomposes  it 
with'  evolution  of  carbon  dicodde.  By  boiling  with  dilute  sulphuric  acid  it  is  converted 
into  a  new  acid,  which  is  likewise  produced,  together  with  oxethyl-glycoUyl-allophanie 
acid,  by  the  action  of  potassium  cyanate  on  ethyl  monochlonuietate.  This  acid  is 
soluble  in  ether,  uncrystallisable,  forms  uncrystallisable  salts,  and  is  likewise  converted 
into  glycollic  acid  by  boiling  with  potash. 

OXTJkMXLXmm,  CH'NO  »  (>H»— 0— NH',  is  produced  by  heating  amidosali- 
cylic  acid  mixed  with  pumice-powder : 

C^*(NH«)0«  -  CO*  +  C«H»NO. 

When  freed  from  a  brown  secondary  product  by  means  of  alcohol  containing  acetic  acid, 
it  forms  white  needles,  the  aqueous  solution  of  which  ouickly  turns  brown  when  left 
to  itself,  indigo-blue  on  addition  of  alkalis,  and  is  oeoolorised  again  by  acids.  It 
reduces  the  oxides  of  the  noble  metals,  forming  a  violet  liquid.  It  unites  with  hydro- 
chloric, hydrobromic,  and  hydriodic  acids,  forminff  salts  which  are  stable  only  in  presence 
of  excess  of  acid  (R.  Schmitt,  Chem.  800.  J.  [2]  li.  124). 


OXTBavxAMIBfl.  C'H'NO<  ^  C^«(OH) .  CONH*.->Produced  by  boiling 
the  aqueous  solution  of  nitrate  of  diazobenzamiae : 

C«H«N«.CONH«  +  H«0  =  N«  +  C«H*(OH).CONH«. 

It  oystallises  in  white  prisms  sparingly  soluble  in  cold  water,  easily  in  boiling  water, 
also  in  alcohol  and  ether.  By  boiling  with  aqueous  potash  ic  is  converted  into  oxybenzoic 
acid:  C'H'NO«  +  H*0  =  NH«  +  C»H«0«,  whereas  its  isomeride,  amidobensoic  acid, 
CH^NH'.CO'H  (formed  by  reduction  of  nitrobenzoic  acid),  is  not  decomposed  in  the 
same  manner,  but  only  bv  fusion  with  potassium  hydrate,  being  then  resolved  into 
carbon  dioxide  and  aniline:  C^^O*  ■■  CO'  -i-  C*H'N.  Moreover,  oxybenzamide 
is  converted  bv  nitrous  acid  into  a  diazo-compound,  whereas  amidobenzoic  acid 
similarly  treated  is  transformed  into  oxybenzoic  acid.  In  like  manner,  paraoxybenzamide 
(oxydracylamide)  differs  from  amidoparooxybenzoic  acid,  and  metaoxybenzamide 
(salicylamide)  f^m  amido-metaoxybenzoic  (anthranilic)  acid  (Qriess,  Zeitschr,  f, 
Chem,  [2]  ii.  1). 

OXnsVXOIO  Aiun.  CHH)*  »  G*H«(0H).C0<H.— in  preparing  this  acid 
by  the  action  of  nitrous  acid  on  amidobenzoic  (oxybenzamic)  acid  (iv.  200),  Griibe  a* 
Schultzen  (Ann.  Ch,  Pharm.  cxlii.  360)  neutralise  the  boiling  solution  of  amidobenzoic 
acid  in  100  pts.  water,  after  the  action  of  the  nitrous  acid  is  complete,  with  levigated 
chalk,  to  prevent  loss  by  volatilisation  with  the  aqueous  vapour,  decolorise  the  result- 
ing calcium  salt  by  repeated  treatment  with  animal  charcoal,  and  decompose  it  with 
hydrochloric  acid.  Oxybenzoic  acid  is  more  advantageously  prepared  by  fusing 
potassium  sulphobenzoate  (benzene-sulphate,  benzyl-sulphite)  with  potassium  hydrate; 

SO«K       .      rrn.^  or..Tr,     .      r^^AOR 


C^N?i;,^   +  KOH  -  SO»K«  +  C*H 


■\ 


Solphobenxoate.      Hydrate.      Sulphite.        Ozybensoate. 

Benzoic  add  (100  grms.)  is  converted  into  sulphobenzoic  acid  by  treatment  with 
vapour  of  sulphuric  anhydride ;  the  product  is  made  to  drop  through  a  nairow  funnel 
into  cold  water ;  the  liquid  filtered  from  undecomposed  benzoic  acid  is  neutralised 
with  milk  of  lime ;  the  filtij^te,  together  with  the  solution  obtained  by  boiling  the 
residual  gypsum,  is  concentrated,  and  precipitated  while  warm  with  potassium  car- 
bonate ;  and  the  filtered  solution  of  potassium  sulphobenzoate  is  evaporated  to  dryness. 
This  salt  is  then  fused  with  2^  times  iu  weight  of  {lotassium  hydrate  and  a  little 
water  in  a  silver  basin  ;  the  fused  mass  is  saturated  with  sulphuric  acid  and  agitated 
with  ether ;  the  ethereal  solution  evaporated ;  and  the  residual  oxybenzoic  acid,  after 
being  recrystallised  once  or  twice,  with  addition  of  animal  charcoal,  is  finally  freed 
from  traces  of  benzoic  acid  by  treatment  with  carbon  bisulphide.  By  this  process 
100  ptsy  bcnaoic  acid  yield  from  70  to  lb  pts.  oxybenzoic  acid.    A  small  quantity  of  a 
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syrupy  acid,  probably  oxysalicylic  acid,  C^H*0*  (protocateehoic  acid,  afieoidinfr  to 
Benhofer),  is  formed  at  the  same  time  (L.  Barth,  Ann.  Ch.  Pharm,  esdviii.  30 ;  Zatsdtr. 
f.  Chem.  [2]  t.  23).  Amidobenzoic  acid  heated  with  poCaasiom  hydiate  yields  cslj 
small  quantities  of  oxybenzoic  acid :  C'H*(Nfl')0*  +  HK)  »  NH>  +  CBH^  {B^xihl 

Ammonium  Oxybenzoate^  C'H^O* .  NHS  czystallises  in  tnfts  of  needles  easily  solahle 
in  cold  water,  giving  off  part  of  their  ammonia  when  dried  in  a  Tacaum.  The  hen^h 
gaUt  (C^H*0')^Ba,  obtained  by  saturating  the  acid  with  barium  carbonate,  is  nncrysul- 
listible.  Its  solution  mixed  with  excess  of  baryta  does  not  yield  a  salt  cmitainic; 
C'H^O'Ba.  The  cadmium  salt,  (C'HH)*)*Cd,  forms  nodular  groups  of  indiatiiict  needi^ 
The  copper  salt,  (C'H^O*)'Cu  +  H'O  (air-dried),  crystallises  in  green  needles. 

Oxybenzoic  Ethers.^Etkyl  Oxybenzoaie,  C«H«(OH) . CO*C*HS  is  farmed  br 
passing  hydrochloric  acid  gas  into  the  alcoholic  solution  of  the  acid,  and  precipitaticf 
with  water.  It  crystallises  from  ether  and  from  hot  water  in  hard  tables,  melting  at 
72^-74®  (Grabe  a.  Schultzen);  in  broad  laminie  and  scales  melting  at  67^  (Birth  l 
It  distils  at  higher  temperatures,  is  nearly  insoluble  in  cold  water,  more  scduble  ra 
hot  water,  also  in  alconol  and  ether.  By  strong  soda-ley  in  the  cold  it  is  eooTerced 
into  a  white  crystalline  pulp  of  ethylic  9odium-ciybmsoat€^  C*H*(ONa).COK?^S 
which  is  resolved  into  alcohol  and  sodium  oxybensoate  by  boiling  its  aqueous  soluticai, 
and  reconverted  into  ethylic  oxybenzoate  bv  boiling  with  hydrochloric  add  (Gribe  a. 
Schultzen).  According  to  Rosenthal  (Zeitschr.f,  Chm.  [2]  v.  627).  ethylic  oxybenscat^ 
treiited  with  sodium  and  carbon  dioxide  is  converted  into  ethyl-oxybensoic  aeSd. 
e'H«(0(?H»).CO*H. 

Metkyl-oxybenzoic  Acid,  C«H*(OCH').CO*H.— The  ethylic  ether  of  this  aod  is 
produced  by  heating  the  ethylic  ether  <»  sodium-oxybenzoic  acid  with  methid  iodide 
tol40«: 

The  acid  produced  from  this  ether  by  boiling  with  potash  may  be  more  easily  pi«- 
pared  by  heating  1  mol.  oxybenzoic  acid  to  140°  with  2  moL  potassilim  Hydrate  sod 
1  mol.  methyl  iodide,  and  decomposing  the  resulting  methylic  ether  of  methyl-oxyben- 
Boic  acid  with  potash;  or,  according  to  Korner  {BtM,  Acad,  Belg.  [2]  xxir.  1&>5),  bv 
the  action  of  carbon  dioxide  and  sodium  on  methyl  monobromophenate,  C*H*BrO.CH^ 
It  crystallises  from  water  in  long  needles,  slightly  soluble  in  cold,  easily  in  hot  water, 
alcohol,  and  ether,  melts  at  95^,  and  sublimes  without  decomposition.  Its  potet^mm 
and  ammonium  salts  are  easily  soluble  and  crystallisable ;  the  calcium  salt,  (OH'CyC^ 
+  H^O,  separates  from  the  concentrated  solution  in  needles  easily  soluble  in  hot 
water.  The  silver  salt,  C"H'0'Ag,  is  a  white  precipitate,  which  cr^'stallises  from  waia 
water  in  long  needles. 

Dioxyhenwoie  acid,  C'H«0*  or  C«H«(OH)«.CO«H,  identical  with  pTotocatechuk; 
acid,  is  produced  by  converting  oxybenzoic  acid  into  sulphoxybenzoic  acid,  C'H^SO*, 
and  fusing  the  potassium  salt  of  the  latter  with  potash  (Barth). 

Sulphoxyhengoio  Acid,  CH'SO*  -  CH^O'.SO'H  (Senhofer,  Ann,  Ck,  Pkarm. 
clii.  102). — Aoduced  by  passing  vapour  of  sulphuric  anhydride  over  oxybenzoic  acid. 
On  diluting  the  product  with  10  or  12  pts.  of  water,  removing  unaltered  oxybenaoie 
Hcid  by  repeated  agitation  with  ether,  precipitating  the  sulphuric  acid  with  a  slight 
excess  of  lead  carbonate,  mixing  the  filtrate  with  basic  lead  acetate,  decomposing  the 
washed  precipitate  with  hydrogen  sulphide,  concentrating  the  filtrate  strongly  on  the 
water-bath,  and  leaving  it  to  itself  for  some  time,  sulphoxybenzoic  acid  separates  in 
dingy  yellow  crusts ;  it  may  be  purified  by  repeated  treatmt'nt  after  drying,  with  a 
mixture  of  1  pt  alcohol  and  2  pts.  ether,  in  which  the  pure  acid  slowly  dissolves.  By 
recrystallisation  ffom  water  the  acid  is  obtained  in  siskin-green  needles,  which  retain 
1^  moL  H'O  when  dried  over  sulphuric  acid,  give  it  off  at  160^,  and  melt  to  a  black 
pasty  mass  at  208^.  It  is  deliquescent,  very  soluble  in  alcohol,  nearly  insoluble  is 
ether ;  forms  with  ferric  cliloride  a  wine-red  liquid,  which  is  decolorised  by  sodium  car- 
bonate, and  precipitated  by  basic,  but  not  by  neiftral  acetate  of  lead.  The  impure  add 
quickly  becomes  moist  in  contact  with  the  air ;  but  the  pure  acid  is  much  less  hygioeeopic. 

Barium  Sulphowhenzoate,  C'H^SOfBa,  forms  colourless  transparent  prisms,  which 
become  opaque  and  friable  on  exposure  to  the  air,  and  are  somewhat  sparingly  soluble 
in  water ;  the  air-dried  salt  nves  off  2081  p.  c.  water  at  168^ ;  cale.  for  4|H*0,  20*36 
p.  c.  The  acid  cadmium  sMt,  (C'H^O")*Cd  +  2H*0,  forms  straw-yellow  crystalline 
nodules.  The  lead  salt,  (C'H"SO")*Pb*,  is  obtained  as  a  bulky  precipitate,  which 
becomes  somewhat  denser  when  left  in  the  liquid,  and  dries  up  to  a  pale  red  amor- 
phous mass. 


OZTaavZTIi-OOMVOUirBS.       See    ToLYL    Bisvlphidb,    under    BfiiszBifK 
lloMOLOQVBS  (p.  289). 
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C*H«0«  (Morkownikoff,  ZeiUchr,  f.  Chem.  [2]  ii.  485 ; 
IT.  620.  Wislicenus,  Ann,  Ch,  Pharm.  cxliz.  205 ;  ZeUschr,  /.  Chem,  [2J  iv.  680  ; 
▼.  325). — ^The  general  formula  of  this  add  may  be  resolved  into  five  different  structural 
formnlse,  three  of  which  contain  only  a  single  chain  of  earbon-atoms,  and  may  be 
regarded  as  deriyatiyes  of  ordinary  butyric  acid : 


CH« 
CH« 
VCOOH 
Bntyrlo 
add. 


rcH« 

CH« 

CHOH 

COOH 


'CH« 

CHOH 

CH« 
I  COOH 


'CH«OH 

CH« 

CH« 
I  COOH 


Oxybutyrio  add. 


while  the  remaining  two  may  be  derived  iirom  isobutyricacid^ 
CH«    CH«  CH«    CH«  ^T 


CH«    CH'OH 


CH 
COOH 
iBobnlTiic  add. 


COH 
COOH 


a 


Ozyiaoba^rric  add. 


CH 
COOH 


Of  these  fire  oxybutyric  acids  two  hare  been  known  for  some  time,  namely  a-oxyiso^ 
butyric  and  o-oxybutyric  acids.  The  former  is  produced  by  the  action  of  moist  silver 
oxide  on  bromo-isobutyric  acid  fMorkownikoff,  Ann.  Ch,  Pharm.  cxlvi.  339).  The 
same  structure  belongs  to  Stadelers  acetonic  acid,  produced  by  the  action  of  hydro- 
cyanic and  hydrochloric  acids  on  acetone  (p.  28) : 


CH» 


CH« 


CH«    CH» 


CO 


+  CNH  +  Ha  +  2H*0  =  NH*a  + 


COH 
COOH 


and  to  Frankland  a.  Duppa*8  dimethoxalic  acid  (iv.  274).  Wurtz's  butylactic  acid 
(i.  688),  obtained  by  oxidation  of  amylene  glycol*  is  also,  aeooiding  to  Friedel  a. 
Machuica  (ibid.  cxx.  279),  identical  with  acetonic  acid.  There  are  therefore  fotir- 
modes  of  formation  of  a-ozyisobutyrie  acid,  all  of  which  yield  it  in  the  crystalline 
state. 

Another  oxybutyric  acid,  also  crystalline^  was  obtained  by  Friedel  a.  Haehuca  (iv.  296), 
and  by  Naumann  {Ann.  Ch.  Pharm.  cxix.  115),  by  the  action  of  silver  oxide  on  normal 
bromobntyric  acid.  Now  when  hydrogen  is  replaced  by  chlorine  or  bromine  in  organic 
molecules  already  containing  negative  elements,  the  replacement  generally  takes  place, 
at  least  in  the  first  instance,  in  the  immediate  neighlK)urhood  of  the  negative  atoms 
already  present :  thus  aldehydes  are  converted  into  acid  chlorides ;  ethyl  chloride, 
CH«.CH«a,  into  ethylidene  dichloride,  CH«  .CHC1« ;  propionic  acid,  CW-  CH«—COOH, 
into  a-chloropropionic  acid,  CH' — CHCl — COOH,  &c.  In  like  manner,  normal  butyric 
aicid,  CH' — CH* — CH'— CO'H,  acted  upon  by  bromine  will  most  probably  yield  a 
bromobutvric  acid  having  the  constitution  CH' — CH' — CHBr — CO'H,  and  this  acid 
treated  with  silver  oxide  will  be  converted  into  a-oxylnUvrie  acid,  CH' — CH* — CHOH 
— CO'H  (Wislicenus). 

A  third  modification,  viz.  B-o^hutyrie  acid,  which  is  non-crystalline,  has  recently 
been  obtained  by  Morkownikoff  and  by  Wislicenus: — 1.  From  propylene-hydroxychlo- 
ride,  by  converting  that  compound  into  the  corresponding  hydrocyanido  by  heating  with 
potassium  cyanide,  and  boiling  the  alcoholic  solution  of  the  product  with  caustic 
potash  as  long  as  ammonia  continues  to  escape : 

CH' 

ECN  «  KQ 


I 


and 


CHOH 
ICH'Cl 

/CH' 
J  CHOH 
|CH« 
ICN 


fCH' 

{CHOH 

(CH'CN 


+  2H»0  =  NH*  + 


CH» 
CHOH 
CH» 
I  COOH. 


By  acidulating  the  resulting  solution  with  dilute  sulphuric  acid,  agitating  with  ether, 
and  evaporating  the  ethereal  solution,  /3-oxybutyric  acid  is  obtained  in  the  form  of  n 
syrup,  which  may  be  purified  by  conversion  into  a  lead  salt,  and  separation  with 
hydrogen  sulphide  (Morkownikoff). 
'  2.  By  addition  of  hydSx)gen  to  acetyl-acetic  acid,  C»H»(C»H'0)0« ; 
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CH« 

CH«         *     ^ 
ICOOH 


rcH» 

CHOH 

CH« 

COOH 


The  ethylie  ether  of  aoetyl-acetio  acid  (Oenther's  ethyl-diacetic  add,  p.  601)  tnated 
with  water  and  eodium-amalgam  is  rapidly  oooTorted  into  the  sodium  salt  of  ^-oxj- 
butyric  acid : 


rcH« 

^^,  +  2HH)  +  Na«  «  NaHO  +  C«HK)H  +  i 


ICOOC'H 


'ft 


rcH" 

CHOH 
CH« 
ICOONa 


By  slightly  acidulating  the  alkaline  liquid  with  hydrochloric  acid,  again  nentzalifiat 
with  sodium  carbonate,  evaporating  to  a  syrup,  separating  the  sodium  chloride  whica 
ciystallises  out,  evaporating  to  dryness,  digesting  the  residue  with  strong  alcohnl,  and 
leaving  the  solution  to  cool,  sodium  i3-<nybutyrate  is  obtiiined,  and  may  be  purified  by 
repeated  crystallisation  from  alcohol.  By  decomposing  this  sodium  salt  with  snlphmk 
acid,  ngitnting  the  solution  with  ether,  and  evaporating,  /3-ozybutyrie  acid  is  obtained 
as  a  slightly  coloured  viscid  syrup,  which  quickly  absorbs  water  from  the  air,  sad 
shows  no  tendency  to  crystallise.  It  volatilises  somewhat  readily  with  vapour  of 
water,  and  decomposes  when  heated  to  120^-130°,  yielding  a  thickish  add  waterr 
distillate,  which  on  cooling  deposits  snow-white  crystals,  having  the  compositioB 
C^H*0',  and  exhibiting  nearly  the  properties  of  crotonic  acid  obtained  from  aQjl 
cyanide  (p.  509). 

Sodium  $-oxvbutyrate,  C^H'O'Na,  prepared  as  above  forms  anhydrous  crusts  made 
up  of  very  sore  sharply  pointed  crystals ;  it  is  soluble  in  water  and  in  aloohid,  sad 
veiy  deliquescent.  Tne  nlver  saltf  C*H'0'Ag,  separates  on  mixing  the  solution  (tfthe 
sodium  salt  with  silver  nitrate,  in  snow-white,  capillary,  interlaced  crystals.  Tlie 
calcium,  copper,  lead,  and  zinc  salts,  which  are  veiv  soluble  and  amorphous,  an 
obtained  by  boiling  the  add  with  the  corresponding  carbonates  (Wislicenus). 


OXTOAMWAMSMm  OH*0'. — ^A  neutral  dystalline  substance  obtained  by  the 
action  of  nitric  acid  on  the  resinous  extract  of  Indian  hemp.    (See  Cakkabis,  pi  99L) 

OJLTOmAMZO  AOSD.    See  CiiTKAinc  Acid  (p.  470). 

OJLTBXAOT&AJKZO  AOIB*  Syn.  with  Paramidobenioie  add.  See  BmnoK 
Acid  (p.  820). 

OXTaBir.  Prtparaiioii. — I.  Bobbins  {Pkarm,  J,  JVans.  [2]  t.  456)  recommeods 
the  decomposition  of  a  pulverised  mixture  of  8  moL  barium  peroxide  and  1  moL 
potassium  dichromate  with  dilute  sulphuric  acid,  whereby  oxygen  is  abundantly 
evolved  at  ordinary  temperatures. — 2.  Carlevaris  (Bull,  8oe.  Ckmi.  [2]  iv.  256)  heats 
u  mixtuTC  of  manganese  dioxide  and  sand  to  incipient  redness,  whereby  manganoas 
silicate  is  produced,  and  half  the  oxygen  of  the  manganese  dioxide  is  evolved. — 
3.  Chloride  of  lime  in  solution  heated  with  a  small  quantity  of  recently  prepared 
eehalt  peroxide,  is  completely  resolved  into  calcium  chloride  and  oxygen  (less  easily  by 
nidLel  peroxide).  A  concentrated  solution  of  strong  chloride  of  lime  (85  p.  c)  filtered 
to  pravent  frothing,  yields,  when  heated  with  0*1  to  0*5  p.  c  cobalt  peroxide,  a  volume 
of  oxygen  from  26  to  30  times  as  great  as  that  of  the  liquid,  and  always  rather  mora 
than  the  calculated  quantity,  probably  in  consequence  of  absorption  of  oxygen  from  the 
air.  The  remaining  peroxide  can  always  be  used  again.  The  same  result  is  obtained 
by  nuxing  the  chloride  of  lime  solution  with  a  small  quantity  of  an  ordinary  cobalt  salt. 
It  is  probible  that  several  peroxides  of  cobalt  exist,  and  that  the  reaction  depends 
upon  the  alternate  formation  and  partial  reduction  of  a  higher  oxide,  or  on  the  forma- 
tion of  a  cobaltic  or  peroobaltio  hypochlorite,  which  is  subsequently  resolved  into 
cobaltous  chloride  and  oxygen  (Fldtmann,  Ann.  Ch.  Pharm.  cxxxiv.  64).  These 
observations  have  been  confirmed  by  Beinsch  {ZeUechr,/.  Ckem.  [2]  ii.  81),  and  similar 
observations  have  been  made  by  Bottger,  who  likewise  observes  that  cupric  oxide  and 
ferric  hydrate  decompose  chloride  of  lime  with  violence,  even  at  60°,  both  remaining 
unaltered  (J.  pr.  Ckem.  xcv.  309,' 375  ;  Jakresb.  1866,  p.  119).  Stolba  (ibid,  xevii. 
309)  recommends  that  .the  chloride  of  lime  in  Fleitmann*s  process  be  used  m  the  fonn 
of  a  stiff  paste,  with  addition  of  a  small  quantity  of  cupric  nitrate  or  chloride  and  a  few 
small  lumps  of  paraffin ;  by  this  means  the  frothing  of  the  liquid  is  prevented. 
Winkler  (J.  pr.  Vhem.  xcviii.  840)  passes  chlorine  into  Uiick  milk  of  lime  containing  a 
few  drops  of  solution  of  cobaltous  chloride,  and  passes  the  evolved  oxy^n  through  a 
wash-bottle  containing  milk  of  lime,  to  remove'  a  small  quantity  of  chlonne  with  which 
it  is  mixed. 
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viUi  eUier,  and  the  aqfnaona  tolntioii  of  the  ethereal  extraet  ie  piedpitated  with 
boiling  barjrta-water,  whereby  pyromellitie  and  tiimellitie  adds  are  precipitated, 
while  isophthalio  add  lemaine  in  eolntion.  The  precipitate  is  deeompoeed  by 
snlphnric  add,  the  filtrate  concentrated,  and  the  ciyst^ne  mass  which  separatee  on 
oooiing  ia  ftieed  and  digested  with  pnre  ether,  which  diflsolyee  the  tiimellitie  add, 
loaring  the  pyxomellitic  add  nndisBolyed. 

The  deeompoeition  of  hjdiopyzomellitic  add  by  Bolphnrio  add  may  be  represented 
by  the  following  equation : 

{C"H«0",  Pyromellitic  acid 
C0«  +  C»H«0»,  Trimellitic  add 
2C0*  +  C*H*0«,  IsophthaUc  acid. 


C^*0*  B  0^*(CO*H)*.— This  acid,  dissolved  as  abore  by 
ether,  is  purified  by  oonTerdon  into  a  lead  salt  in  the  manner  already  described  (p.  81 1 ). 
It  ia  moderately  soluble  in  water  and  ether,  and  crystallises  from  aqneoos  solution 
by  slow  erapoiation  in  nodular  groups  of  indistinct  crystals.  It  melts  at  216®,  and 
when  more  strongly  heated  does  not  sublime,  but  distils  in  oily  drops,  which  soUdiff 
on  cooling  to  nodular  groups  of  concentric  needles.  In  this  respect  it  bears  oon- 
nderable  resemblance  to  isopyromellitic  add,  which  however  melts  at  288®,  and 
solidifiee  from  the  dl  obtained  on  distilling  it,  in  needles  and  isolated  oystak. 
Theee  characters,  however,  are  distinctly  exhibited  only  when  the  respective  acids  are 
pare.  The  two  adds  are  further  distinguished  by  the  different  solubilities  of  their 
iMmmn  salts,  isopyromdlitic  add  giving  a  predpitate  with  barium  chloride,  whereas 
thia  rsagent  does  not  produce  a  predpitate  even'  with  the  ammonium  salt  of  trimellitio 


trmdUtatt  is  easily  soluble  in  water,  and  oystallisee  in  concentric 
needlea  from  the  ooncentzated  solution.  The  barium  salt  is  sparingly  soluble,  and 
separates  on  mixing  the  ammonium  salt  with  barium  chloride,  especially  on  heating, 
in  erystalline  nodules,  ezhibitiuR;  After  drying  over  sulphuric  add,  the  compodtion 
(C*HH>«/B4  -I-  8HK).  With  lead  acetate,  trimeUitie  acid  forms  a  floccnlent  predpitate 
nearly  insoluble  in  acetic  add.  Silver  nitrate  forms,  especially  on  addition  of 
amaoniay  a  granular  predpitate,  which  dissolves  when  h^ted,  and  reappears  on 
cooling. 

Tlie  adds  ahore  described  belong  to  two.  dasses,  the  benaocarbonic  and  the  hydio- 
benaocarbonie  acids.  Of  the  benaocarbonie  adds,  as  already  observed,  twelve  are 
poanble,  and  eleven  have  actuallv  been  obtained.  These  are  arranged  by  Baeyer  as 
ortho-,  meta-,  and  para-  oompoonds  (Aboxatio  Sanns,  p.  107)  as  foUows : 


C^(00»H)» 


'  Orihhmfiee, 

1  2  3  4  6  e 

liellitio  add. 

12  8  4  5 

Unknown. 


Meta-eetiee. 


1284  1286 

MeUophanie  add.  ^rehnitie. 

12  8  12  4 

CnS\(yy^   Hemhnellitieadd.  Trimedeadd.. 

12  18 

G«H«(00*H/    Phthalieadd.  IsophthaUc  add.    Teiephthalic  add. 


12  4  5 
J^rromellitie  add. 

18  5 

Trimellitic  add. 

1  4 


.CnSKO^       Benaoioadd. 

Of  the  hydrobeiiBO-«arbonio  adds,  two  were  previously  Imown,  via.  )iydrobenaoie 
add,  C'H^'O',  and  hydzophthalic  add,  C*H*0*;  and  four  more  have  been  added  to  the 
list  bjr  Baeyer^s  recent  invesUffations,  viz.  hydromellitic  sddi^  C'*H"0'*|  hydropyio- 
mclliue,  hydroprehnitic,  and  hydromellophanic  acids,  C'*H**0'.  The  difference  of 
atmctiire  A  mellitie  and  hydzomellitie  acid  may  be  zepxesepted  by  the  following 
lormiila^  in  which  the  igrmbol  X  stands  for  CO'H:  .... 
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in  ether,  and  especially  in  bensoL    Heated  with  potadi  it  yields 
and  ethylic  alcohol  (Stenhonee). 

OXrqvzaron.     C^<0'  »  C«H«  |  ^     O  (Malin,  Jmu.  OL  Fkarm,  czlL  M5> 

—A  compound  prodnoed  by  fusing  nifigaUic  add  with  potash: 

CHK)*  +  0  «  C»H*0«  +  CO«. 

On  saturating  the  product  with  dilute  sulphuric  acid,  agitating  tho  iUtered  soliitiQa 
with  ether,  and  leaving  the  ether  to  eyaporate,  ozyquinone  is  obtuned  in  hydratoi 
yellowish  crystals  containing  C*H^O'.H'0.  After  being  pressed  to  ran.ov«  the  btovi 
mother-liquor,  and  recrystallised  from  boiling  water,  it  forms  soft  straw-yeUow  ■ic»' 
scopic  needles,  slightly  soluble  in  oold,  easily  in  boiling  water,  also  in  alooboi  aad 
ether,  having  a  faint  acid  reaction,  and  not  volatile.  The  aqueous  solution  wliso  beatsd 
reduces  silver  nitrate  and  alkaline  cupric  solutions ;  in  the  dilute  state  it  eolouzs  fenie 
chloride  violet,  afterwards  blue-green.  Oxyquinono,  like  quinone,  has  but  slig&t 
combining  tendencies ;  nevertheless  it  absorbs  dry  ammonia  gas  andfonns  ayeUovi^ 
precipitate  with  lead  acetate.    It  is  not  converted  into  quinone  by  naseemt  faydregea. 

czlvii.  52 ;  Jakretb,  1867,  p.  685). — ^Fhxluced  by  the  action  of  strong  sulphuric  aal 
on  crystallised  phenoL  It  dissolves  easily  in  boiling  water,  also  in  alcohol  and  ethn-, 
and  crystallises  therefrom  in  groups  of  thick  needles,  fusible  at  a  moderate  heat, 
decomposing  at  a  higher  temperature.  It  unites  both  with  bases  and  with  acids.  Its 
ammoniactd  solution  deposits  short  prisms  of  the  salt  C'*H*(NH')SO^ ;  the  miam. 
saltt  C'H'NaSO^,  forms  short  prisms  easily  soluble  in  water  and  in  boning  akohoL 
The  acetate,  C"H^C*H'0)«SO*,  obtained  by  heating  ozvsulphobenside  with  ezees  of 
acetyl  chloride  to  180°,  crystallises  from  alcohol  in  needles,  decomposing  at  tha  baflhg 
heat  into  oxysulphobenzide  and  acetic  acid.  yUro-ifxvsu^piobmuiiff  u-jtt"^IIU')'BO*, 
crystallises  in  scales,  and  forms  with  the  alkalis  and  aualins  earths  easily  soluUe 
deep  yellow  compounds,  e.g.  C"H«Na«(NO«)W)«  and  C»«H«Ba(NO«)«SO«.  By  phos- 
phorus iodide  in  presence  of  a  little  water,  it  is  converted  into  the  eomposnd 
0"H\NH')*S0*.2HI,  which  forms  cfystals  easily  soluble  in  water  and  in  alcohol; 
caustic  soda  decomposes  it»  sspanting  the  corresponding  base  as  a  white  precipitate 
quickly  turning  brown  on  exposure  to  the  air. 


OXTVAUOUO   AOni.     C*H>«0*  »  CH^COH) .  CO^.     VaUnUuHe  Aeid.-^ 

Produced  bj  heating  bromovaleiic  acid  with  silver  oxide  and  water,  and  porilled  by 
converting  it  into  ^cium  salt,  precipitating  the  latter  with  alcohol,  convaiting  it 
into  zinc  salt,  and  decomposing  this  salt  with  hydrogen  sulphide.  Crystallises  by 
evaporation  over  sulphuric  acid  in  laige  rectangular  tables,  not  deliquescent,  but  itrf 
soluble  in  water,  alcohol,  and  ether ;  melts  at  80^,  and  volatilises  with  vapoor  of 
water,  also  at  100<>  in  the  air-bath.  The  eodium  9alt,  OH'O'Na,  the  calcium  mU, 
(C»H»0«)«Ca  +  S»0,  and  the  sine  eaU,  (C»H»0»)«Zn.  are  soluble  in  water  and  ciyitol- 
lisable.  The  copper  salt,  (OH''0')'Cu  +  H^O,  separates  on  mixing  the  calcium  salt 
with  cupric  acetate,  in  light  green  prisms  which  become  anhydrous  at  170®.  Ihe 
silver  saltt  C*H*0*Ag,  is  a  bulky  TO«cipitate,  separating  from  hot  water  in  tethcfy 
crystals  (Clark  a.  Fittig,  Ann,  CL  i'Aom.  cxxxix.  199). 

OSOank  Soret  has  determined  the  density  of  osone  by  comparing  its  rate  of 
diffusion  with  that  of  chlorine.  His  experiments  confirm  the  result  previously 
obtained  by  Andrews  (iv.  801),  that  the  density  of  ozone  is  1}  time  as  great  as  that 
of  ordinary  oxygen  (Ann.  Ch.  Phys,  [4]  xiii.  257  ;  Jakreab.  1867,  p.  128).  Another, 
but  less  exact  method,  depending  on  the  absorption  of  ozone  by  oil  of  turpentine, 
yielded  results  tending  to  Uie  same  conclusion  (JiMt.  Ch.  Phy».  [4 J  vii.  118 ;  JiaknA, 
1866,  p.  120). 

'  On  the  properties  of  ozone  and  ozonides,  see  Schonbein  (J.  pr,  Chem,  xcv.  469 ;  cii 
145,  155,  164;  cv.  226;  Jahresb,  1865,  p.  121;  1867,  p.  182;  1868,  p.  136).  Ob 
ozone  and  so-called  antozone,  see  v.  Babo  a.  Claus  {Ann,  Ch,  Pharm.  cxL  348; 
Jahresb,  1866,  p.  98) ;  Weltziea  {Ann.  Ch.  Pharm.  cxxxviii.  129  ;  Jahresb.  1866,  p.  99); 
C.  Hoffmann  (Poffg,  Ann,  cxxxii.  607 ;  Jahresb.  1867,  p.  180). 

P.  J.  Hollmann  finds  that  1  gram  of  ozone,  in  passing  to  the  state  of  ordinaiy 
oxygen,  gives  off  365*5  units  of  heat  (Arch,  nhriand.  iii.  260 ;  Jahresb.  1868,  p.  186). 

According  to  O.  Loew  (Zeitschr.  /.  Chem.  [2]  vi.  65,  269),  ozone  is  proauced  in 
active  as  well  as  in  slow  combustion.  Air  which  had  passed  through  the  flame  of  a 
Bunsen's  burner  smelt  strongly  of  ozone,  turned  guaiae  paper  blue,  and  quickly 
separated  iodine  from  potassium  iodide. 

On  the  existence  of  ozone  in  the  air,  see  Atmosfbhub  (p.  233). 


J 
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A  reddish-vhite  quadratic  variety  of  this  minezal,  of  ep.  gr. 
2'74  to  2*76,  and  the  hardness  of  cryolite,  was  found  by  Hagemann  {SiU,  Am,  J.  [2] 
xli.  1 19)  to  have  nearly  the  composition  indicated  by  the  formula  2(}Ca .  ^Na')^^ .  A1*F* 
•f  2H'0.  On  the  crystalline  rorm  and  optical  properties  of  rhombic  pachnolite,  see 
Descloizeanx  {ilrid,  xliii.  271 ;  Jahreab.  1867,  p.  1009). 

PA&ZOOmtBA.  Paiicaurea  Marcgravii,  a  Brazilian  rubiaceous  plant,  contains 
as  peculiar  principles :  1.  A  small  quantity  of  an  oily  narcotic  acid  sabstance,  myoc- 
lonic acid,  obtained  b^  distilling  the  acidulated  juice. — 2.  Falicoureie  acid,  an 
iron-greening  tannic  acid,  insoluble  in  water  and  subliming  in  needles.— 3,  Pali- 
fro urine,  a  volatile  organic  base,  forming  a  crystallisable  nitrate  and  sulphate.— 
4.  Several  resins  (Peckolt,  Areh,  Pharm,  cxxvii.  93). 


On  the  separation  of  this  metal  from  Petersburg  platinum- 
residues,  see  Bossier  (Bull,  8oo.  Chim.  [21  vi.  233  ;  Jahreab,  1866,  p.  275). 

On  the  occlusion  of  hydrogen  bv  pallBiaium,  see  Gasbs,  Absobftiok  of  (p.  634). 

According  to  Wohler  (^Ann,  Ch,  Pharm,  cxl.  144),  the  quantitative  separation  of 
palladium  from  copper  is  best  effected  by  precipitating  the  copper  as  white  sulpho- 
cyanate,  the  solution  of  palladium  chloride  being  saturated  with  sulphurous  anhydride 
and  the  copper  precipitated  by  potassium  sulphocyanate.  The  precipitation  of 
palladium  by  mercuric  cyanide  is  not  exact 

Pailadamm&nium  Salts, — The  colourless  solution  of  palladammonium  chloride  in 
ammonia,  which  contains  tetrammonio-palladious  chloride,  4NH'.FdCl',  or  ammono- 
palladammonium  chloride,  N'[H*(NH^)'Pd'nCl',  gives  off  ammonia  when  heated,  the 
liquid  on  cooling  depositing  a  mixture  of  the  chlorides  of  palladammonium  and 
ammopalladammonium.  If,  on  the  other  hand,  the  palladammonium  salt  be  first 
moistened  with  alcohol,  and  then  treated  with  concentrated  ammonia,  the  mass  turns 
white,  and  is  converted  into  the  ammopaUadammonium  salt.  This  latter  dissolves 
when  heated,  and  the  solution,  evaporated  at  about  90°,  first  deposits  yellow  pallad- 
ammonium chloride,  together  ^th  monodinic  prisms  of  ammopalladammonium 
chloride,  and  finally  honey-yellow  crystals  of  h^drated  palladammonium  chloride, 
N'H'PdCl'  +  H'O.  These  ciystals  are  combinations  of  a  quadratic  octohedron  with 
a  right  four-sided  prism.  They  effioresce  in  contact  with  the  air  to  opaque  pseudo- 
morphs  of  jialladammonium  chloride ;  give  off  ammonia  at  140° ;  and  leave  metallic 
palladium  when  more  strongly  heated.  The  salt  is  insoluble  in  alcohol.  The  aqueous 
solution  quickly  decomposes,  especially  when  heated,  depositing  ordinaiy  pallad- 
ammonium chloride.  Soda  precipitates  palladamine  without  evolution  of  ammonia. 
Acids  separate  the  ordinaiy  yellow  chloride  (Baubigny,  Ann,  Ch,  Pharm,  Suppl, 
iv.  253). 


C**H"*0*. — By  treating  sodium  palmitate  with  hypo- 
chlorous  acid,  a  chlorinated  oil  is  obtained,  probably  dichloropalmitic  acid,  which, 
when  treated  with  alcoholic  potash,  yields  a  aecomposition-product  separating  from 
alcohol  in  flat  nodules  (W.  Scnlebusch,  Ann,  Ch,  Pharm,  cxli.  322). 


C>«H»0»  (Schroder,  Ann,  Ch.  Pharm,  cxliii.  22).- 
An  acid  produced  by  heating  hypogsic  dibromide  (dibromopalmitic  acid),  CH^'Br^O*, 
with  alcoholic  potash  to  170^-180°  in  a  sealed  tube  for  tliree  or  four  days.  The 
product  treatea  with  a  little  alcohol,  filtered,  diluted  with  water,  and  decomposed 
with  hydrochloric  acid,  yields  palmitolic  acid  as  a  crystalline  mass,  which  when 
pressed  and  recrystallised  from  alcohol,  forms  colourless  slender  silky  needles,  melting 
at  42°,  insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether.  The  acid  is 
monobasic  Its  alkali-metal  salts  are  obtained  by  direct  saturation  and  evaporation. 
The  potassium  and  sodium  salts  are  amorphous ;  the  ammonium  salt  forms  small 
indistinct  crystals.  The  silver  salt^  CH^'O^Ag,  is  formed,  by  precipitating  an  alcoholic 
solution  of  Uie  add  with  silver  nitrate  and  gradual  addition  of  ammonia,  as  a  white 
amorphous  powder  easily  blackened  by  light.  The  barium  salt  is  obtained  in  like 
manner,  by  precipitation  with  a  concentrated  solution  of  barium  acetate  in  dilate 
alcohol,  as  a  white  precipitate,  which  dissolves  only  in  boiling  alcohol,  and  separates 
in  the  granulo-crystalliue  form  on  cooling.    The  copper  salt  is  a  blue-green  precipitate. 
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Palmitolic  acid  anites  with  1  mol.  bronune,  forming  the  dibromule,  CIl^BFO" 
(dibromo-hypogseic  acid) ;  with  excess  of  bromine  in  sunshine  (with  partial  decora- 
position  and  evolation  of  hydrobromic  acid)  it  forms  the  tetrabromide,  C'*U*"Br*0' 
(tetrabromopalmitic  acid),  which  ciystallisee  from  alcohol  in  light  yellow  laminae. 

MonobromopalmUolio  acid,  C"H*'BrO*,  is  piodnced  by  the  action  of  boiling  alooholie 
potash  on  monobromo-hypogseic  dibromide  (p.  727)  according  to  the  equation  i 

C"H»BrH)«  +  2KH0  =  C"H"BrO«  +  2KBr  +  2HK). 

It  has  been  obtained  only  in  an  impure  state,  as  a  solid  dark  brown  mass  melting  at 
81®,  heavier  than  water,  soluble  in  alcohol  and  ether. 


LT&IO  AOZB,  G>*H"0«,  is  produced,  together  with  suberic  add 
and  suberic  aldehyde,  by  gradually  adding  fuming  nitric  acid  to  pamitoUc  aad» 
assisting  the  action  at  first  by  a  gentle  iieat : 

2C»«H»0«  +  70  -  C>«H"0«  +  C«H"0«  +   C>H"0» 

Falmitolio  PBlmltozyUa        Saberlo  Subario 

•dd.  aoid.  add.  aldetijda. 

The  suberic  acid  is  dissolved  out  of  the  product  by  repeated  boiling  with  water ;  the 
washed  residue  is  dissolved  in  hot  alcohol ;  and  the  lower  dark-coloured  oily  layer  of 
the  filtrate,  consisting  chiefly  of  suberic  aldehyde,  is  separated  after  cooling  tcom  the 
supernatant  yellow  solution  of  palmito]r^lic  acid.  The  crystalline  mass  which 
remains  on  evaporating  this  solution,  when  pressed  between  filtering-paper  and 
recrjrstallised  from  hot  absolute  alcohol,  yields  pure  palmitozylic  acid  in  irideeeent 
yellowish  lamins,  melting  at  64®,  insoluble  in  water,  easily  soluble  in  alcohol  and 
ether.  It  is  monobasic.  The  silver  salt,  CH**O^Ag,  obtained  from  the  sodium  salt 
by  precipitation,  is  white,  nearly  insoluble  in  water,  turns  dark  violet  when  exposed 
to  light,  and  may  be  heated  to  150®  without  decomposition. 

VAarATOm.  Q.  Hinrichs  has  endeavoured  to  reduce  the  chemistary  of  the 
present  day  to  a  system  of  atomic  mechanics,  starting  from  the  hypothesis  that  tdl 
the  elements  are  formed  of  a  single  primary  substance,  pantogen,  the  atoms  of 
which  are  regarded  as  material  points,  and  as  equal  to  one  another.  For  the  develop- 
ment of  the  system  we  must  refer  to  the  original  treatise :  Atameehanik,  oder  die  Cktrnk 
eine  Meehanik  der  Panatome,  4to,  Iowa,  1867*  A  short  abstract  of  it  is  given  in  the 
Jakrubeneht  fur  ChenUe,  1867,  p.  20. 

VAVAVaBZWB.  This  base  has  been  re-examined  by  Hesse  (Aim,  Ck,  Pktrm. 
cliii.  76),  who  prepares  it  from  the  precipitate  P,  obtained  from  aoueous  opium 
extract,  as  described  under  Opittic-basbs  (p.  883).  This  precipitate  digested  with 
excess  of  oxalic  acid  yields  crystalline  oxalate  of  papaverine.  U  is  better,  however, 
first  to  dissolve  the  precipitate  in  acetic  acid,  remove  thebaine  by  means  of  tartaric 
acid,  precipitate  the  mother-liquor  of  the  tartrate  with  ammonia,  and  treat  the 
resinous  precipitate  with  a  small  quantity  of  alcohol,  whereby  it  is  gradually  con- 
verted into  crystals,  while  an  amorphous  base  passes  into  the  solution.  The  ezystals 
are  dissolved  m  excess  of  oxalic  acid,  and  the  oxalate  is  purified  by  repeated  crystal- 
.lisatiou  from  boiline  water,  till  it  dissolves  without  colour  in  strong  sulphuric  acid. 
The  oxalic  acid  is  £en  removed  by  calcium  chloride,  and  the  base  is  precipitated  by 
ammonia,  and  obtained  pure  by  reciystallisation  from  hot  aloohoL 

Papaverine  forms  delicate  colourless  prisms,  tasteless,  without  action  on  litmus, 
melting  at  147^,  turning  reddish,  and  finally  decomposing  at  a  higher  temperature. 
According  to  Merck  (W,  338),  it  assumes  a  deep  blue  colour  when  strong  sulphuric  acid 
is  poured  upon  it.  According  to  Hesse,  on  the  other  hand,  pure  papaverine  dissolTcs 
^thout  colour  in  strong  sulphuric  acid  at  ordinary  temperatures,  but  the  solution 
when  heated  becomes  dark  violet,  like  a  similar  solution  of  codamine  or  laudanine 
(pp.  480,  774).  Papaverine  which  had  not  been  completely  purified  by  oxalic  acid 
dissolved  in  strong  sulphuric  acid  with  very  dark  colour.  Papaverine  dissolves  in 
acetic  acid,  but  does  not  neutralise  it ;  dilute  sulphuric,  nitric,  or  hydrochloric  acid 
added  to  this  solution,  produces  a  milky  turbidity  and  ultimate  precipitation  of  the 
sulphate,  nitrate,  or  hydrochloride  of  papaverine ;  the  chlori^  of  sodium  and 
calcium  act  in  like  manner,  precipitating  papaverine  as  hydrochloride ;  sodium  nitrate 
precipitates  the  nitrate.  With  a  solution  of  the  acetate  of  a  certain  degree  of 
dilution,  the  hydrochloride  and  nitrate  are  obtained  in  fine  crystals.  Potash  and 
soda  produce  in  the  acetate  solution  a  resinous  precipitate,  which  soon  becomes 
crystalline,  and  is  insoluble  in  excess  of  the  reagent. 

Papaverine  contains,  according  to  the  mean  of  Hesse's  analysis,  71*77  p.  c  carbon, 
602  hvdrogen,  and  4*26  nitrogen,  agreeing  with  the  formula  C>'H**NO<  f71'76  C, 
6'98  H,  and  8'99  N).    f'ormcr  analyses  by  Merck  and  Anderson  (iv.  838)  gave  a 
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smnller  proportion  of  carbon  (70*47-70*71  p.  c),  leading  to  the  formula  C^^H'^NO^ 
He8se*8  anatjBis  of  sevonl  of  the  salta  of  papaverine  gave  reenlta  in  accordance 
with  his  formula  of  the  base.  These  salts  dissolve  in  strong  sulphuric  acid  without 
coloration. 

The  name  papaverine  has  also  been  applied  by  Beschamps  d'Arallon  (Ann.  Ch. 
Pkys,  [4]  i.  45S)  to  another  base  (better  called  pseudopapaverine),  extracted 
from  the  dried  capsules  of  Papaver  aomniferum.  It  is  described  as  colourless, 
inodorous,  bitter,  acid  to  test-paper ;  more  soluble  in  hot  water  than  in  cold ;  insoluble 
in  ether  and  in  chloroform;  crrstallising  from  alcohol  in  short  nacreous  needles; 
precipitated  from  solution  in  hydrochloric  add  by  mercuric  chloride.  A  solution  of 
iodine  in  potassium  iodide  colours  it  in  aqueous  solution  blue,  and  forms  a  brown 
precipitate  with  the  solution  in  hydrocbloric  acid. 


A  substance  obtained  from  the  same  dried  poppy  capsules, 
after  exhaustion  with  water,  by  digesting  them  with  alcohol  of  66  p.  c.,  treating  the 
alcoholic  extract  with  ether,  dissolving  the  ethereal  extract  in  hydrochloric  acid,  and 
repeatedly  crystallising  the  base  precipitated  by  magnesia  from  alcohol.  It  is  colour- 
less, inodorous,  nearly  tasteless,  slightly  alkaline;  soluble  in  alcohol,  ether, 
chloroform,  hot  olive  oil,  and  benzol ;  does  not  crystallise  from,  ether  or  chloroform, 
but  separates  from  the  other  solvents  in  prisms  apparently  monoclinic  Strong 
sulphuric  acid  colours  it  violet,  changing  to  red  when  heated,  and  to  dark  orange  on 
addition  of  a  little  nitric  acid.  Its  solution  gives  a  whitish  precipitate  with  platinic 
chloride ;  yellow  with  potassium  chromate  and  with  solution  of  iodine  in  potassium 
iodide ;  white  with  potassio-mercuric  iodide,  ammonium  molybdate,  barium  peroxide, 
potassium  ferrocyanide  and  ferricyanide  (Deschamps,  loe,  cU.). 

.  9JkMJLm    BespecUng  the  meaning  of  this  prefix  in  the  Abomatxc  Sbuxs,  see 
page  798. 

VABABAVIO  ACZBy  CH'NK)*,  is  obtained  in  crystals  by  heating  uric  acid 
with  manganese  dioxide  and  water,  and  gradually  adding  sulphuric  acid  as  long  a» 
any  action  takes  place  (Wheeler,  Bull.  Soc.  Chim.  [2]  vii.  62 n;  also  by  heating  urio 
acid  with  potassium  or  sodium  nitrite,  adding  sulphuric  acia,  and  evaporating  over 
the  water-bath  (Gibbs,  Deut.  ekem.  Oee.  Ber,  1867>  p.  841).  Parabanic  acid  heated 
with  potassium  permanganate  in  presence  of  sulphuric  acid  is  ultimately  converted 
into  carbon  dioxide  and  ammonia :  C*H<N«0*  -l-  2HK)  +  O  •  300*  +  2K&*  (Gibbs). 


iCOJno  ACXIK    An  acid  isomeric  with  itaconic  acid,  produced  by  heating 
itamonochloropyrotartaric  acid  with  water.     (See  Itaookic  Acid,  p.  760.) 


C»H»0"  rHlasiweta,  ^«».  Ch.  Pharm.  cxxxvi. 
31). — This  acid,  isomeric  with  coumaric  acid  (p.  498),  is  extracted  by  ether  from 
aloes  previously  exhausted  with  water  containing  sulphuric  acid.  After  repeated 
ciystaUisation  from  weak  spirit,  with  addition  of  animal  charcoal,  it  forms  sickle- 
shaped  or  ftircate  needles,  slightly  soluble  in  cold,  more  freely  in  boiling  water,  most 
easily  in  warm  alcohol-  or  ether.  •  It  is  nearly  tasteless,  has  a  strong  acid  reaction ; 
melts  at  179^-180^ ;  produces  a  dark  golden-brown  coloration  with  ferric  chloride  in 
alcoholic  solution  ;  does  not<reduee  either  silver  nitrate  or  an  alkaline  cupric  solution. 
It  is  monobasic  and  forms  crystalline  salts.  C*H'0*(NH^)  +  H'O  crystallises  in 
monoclinic  tables;  (C»H'0»)*Cd  -i-  8H»0  in  stellate  groups  of  needles;  (C»H'0»)«CM 
•f  6H'0  in  sparingly  soluble  gieenish-blue  needles;  CH'O'Ag  is  a  white  bulky 
precipiteto. 

Paracoumaric  acid  is  converted  by  sodium-amalgam  into  hydroparacoumnric  acid 
(p.  716),  and  by  nitric  acid,  or  by  fusion  with  potesh,  into  paraoxybenzoic  acid,  just  as 
coumaric  acid  is  converted  into  salicylic  acid  (p.  498). 


QiftQioQ*. — A  compound  isomeric  with  datiscetin  (ii, 
306)  and  luteolin,  produced  by  fusing  quercetin  with  potash,  and  separated,  on  super- 
saturating the  fiised  mass  with  hydrochloric  add,  as  a  flocculent  substance,  which 
crystallises  from  very  weak  spirit  m  yellowish  needles.  It  dissolves  easily  and  with 
acid  reaction  in  dilute  alcohol,  less  easily  in  ether,  and  is  nearly  insoluble  in  water ; 
the  alcoholic  solution  is  coloured  violet  by  ferric  chloride,  yellow  by  potash,  turning 
green  in  contact  with  the  air,  ted  or  red-brown  by  aqueous  chlorine  or  bromine. 
Silver  nitrate  and  alkaline  cupric  solution  are  reduced  when  heated  with  it.  Boiled 
with  the  carbonates  of  alkaline  earths,  it  yields  hydrated  salte,  which  ciysUllise  in 
long  needles ;  the  barium  salt  dried  at  lOO®  is  (C»H*0«)*Ba  +  2HK) ;  the  strontium 
salt,.  (C'*H*0*)*8r  +  2H*0.  Paradatiscetin  fused  with  potash  yields  phloroglucin,  but 
neither  quercetic  nor  protocatechuic  add  (Hlasiwetz  a.  Pfaundler,  J.  pr.  Chem,  xdv. 
66 ;  Jahreib.  1864,  p.  668). 

Sup.  3M 


818  MERCURY-RADICLES,  ORGAOTO. 

The  fonnAtion  of  cinnabar  nnder  the  conditions  above  mentioned  does  noitikBtihee 
in  presence  of  stiontiani,  calcium,  or  magnesium  salts,  but  is  aooelfliated  by  eopnr  or 
sine  salts.  When  1  moL  mercuric  chloride  is  mixed  with  4  moL  sodiiim  hjponupkka 
and  4  moL  zinc  sulphate  in  reiy  dilute  solution,  and  the  mixture  is  beats&to  46^  or 
60^  for  about  sixty  hours,  three-fourths  of  the  mercury  is  separated  from  the  neotai 
liquid  as  dark  red  czystalline  ciunabar,  the  rest  at  a  higher  tempentoxe  as  bbck 
amorphous  sulphide.  If  barium  chloride  be  used  instead  of  nnc  mlphaiab  baiinm 
sulphate  separates  together  with  the  cinnabar.  In  the  ordinazy  mode  of  prepaiing 
eijanabar  in  the  wet  way,  the  transformation  of  the  amorphous  solphide  d^mids  VfM 
its  successive  solution  in  the  alkaline  sulphide,  from  which  it  lepeantes  in  Hbt 
crystalline  form.  The  presence  of  sodium  hyposulphite  does  not  fiidlitate,  bstatltf 
hinders  this  transformation  (H.  fleck,  J,  pr.  Chem,  xdx.  247). 

The  aolability  of  maKuric  sulphide  in  the  sulphides  of  the  alkBh-melali  aid 
alkaline-earth  metals  may  be  made  available  for  the  extraction  of  the  sulphide  fram 
its  gaogue,  and  especially  for  the  valuation  of  poor  cinnabar  ores  (contaisiog  8  to 
8  p.  c.  ,fiinnahar).  The  best  solvent  for  the  purpose  is  a  eolation  of  bariun  svlpbidit 
containing  about  60  grms.  of  barium  in  a  litre,  obtained  by  dissolving  crude  berram 
sulphide  in  water,  and  crystalliaing  out  the  greater  part  of  the  barium  hjdrate^  The 
mercuric  sulphide  is  precipitated  from  the  solution  of  hydrochloric  aod  (vhmbj 
barium  chlonde  is  obtained  as  a  secondary  product),  and  decomposed  in  the  oidiou? 
way.  For  the  assay  of  poor  bituminous  ores,  the  bituminous  matter  must  M  bi 
extracted  by  benzol*  the  ore  then  well  dried  and  exhausted  with  barium  sulphide,  asd 
the  precipitate  thrown  down  by  hydrochloric  acid  freed  from. admixed  eiilphsrby 
digestion  with  carbon  bisnlphide  (Wagner,  J,  pr.  Ckem,  xcviii.  2S ;  MrtA,  1866, 
p.  834). 

Cinn^MT  digested  for  a  day  witli  excess  of  a  soludon  of  ioimt  m  ^Issmhr  ioM 
is  convezted  into  potassio-meicnric  iodide:  HgS  +  2KI  -h  P  «>  2£I.HgI'  -f  & 
The  diminution  of  the  free  iodine  affords  a  measure  of  the  quantity  o£  ncrany 
dissolved  (Wagner,  loc,  eit,). 

The  black  precipitate  formed  in  mercoxous  salts  by  k^fdroyen  nUphide,  otookmMm 
ammtmium  mlpmde,  is  not  a  definite  compound,  but  a  mixture  of  merciaj  ud 
mercuric  sulphide,  from  which  nitric  acid  extiacfaB  the  metallic  meremy,  frnung 
either  a  meieurous  or  a  mercuric  salt,  and  in  the  latter  case  the  white  dooUt 
compound  Hg(N0')'.2HgS.  This  double  oompound  is  neariy  insoluble  is  mttie 
add,  and  forms  with  hydrochloric  add  the  yellow  compound  HgCl'.2Hgfil  vhieh 
decomposes  when  heated  in  the  liquid,  with  formation  of  sulphuric  add  and  Bepaatkn 
of  sulphur ;  sulphuric  add  of  medium  strength  converts  it  into  the  vlute  t^ 
HgSO* .  2HgS.  Xercuric  sulphide,  which  under  ordinaiy  drcumstanoes  is  insokbie  it 
nitric  acid,  is  likewise  converted  by  prolonged  heating  with  that  add  into  the  white 
compound  Hig(N0')'.2HgS.  Mercuric  sulphide  is  insoluble  in  sodium  sulph^dnte, 
and  oonsec^uently  its  solution  in  sodium  sulphide  is  precipitated  by  hTdrqgen  solpbidfl 
or  ammonium  sulphydrate.  It  appears  £n>m  the  preceding  that  the  sepeiatioe  of 
mercury  as  sulphide  from  other  sitlphides  of  the  same  group  by  nitric  aod  is  exact 
only  when  the  mercury  is  present  as  mercuric  sulphide  (Barroed,  BuU,  8oe,  CUsk  [i] 
iii.  188). 


tT-aL^mo&aSf  OSO^AWIC  Mercwrie  eikids  is  n^y  deeoii- 
posed  at  temperatures  near  its  boiling  point  by  carbon  orrsulphide,  metallie  maeaj 
Doing  separated,  and  a  liquid  having  a  strong  alliaceous  odour  being  fonnsd,  psobsfalj 
ethyl  thioproplonate  (Than,  Zrt/scAr.  /  CheSi  [2]  ir.  66). 

Kereiirto  aoetonymelliidai  G'H*0>Hg  «  %|^p^*f »  pEodueedbjhestiBg 

Dercuric  methide  with  acetic  add  to  120^-130^  in  a  sealed  tube.  It  oystallices  froes 
hot  glacial  acetic  acid  in  shining,  white,  thin,  rhombic  tables,  melting  at  142^-14^1 
having  an  offensive  and  very  persistent  odour,  nearly  insoluble  in  boiling  water  and 
cold  acetic  acid,  more  soluble  m  hot  acetic  add  and  in  aloohoL  It  vobtilisee  vith 
vapour  of  water,  and  reacts  with  hydrochloric  add,  amnumium  sulphide,  and  iodiM^ 
like  the  corresponding  compounds  of  the  aromatic  series  described  below.  Jf^rvsne 
aceloxetMde  resembles  the  methyl-compound,  and  melts  at  178^  (Otto,  Zeitscir,/.  C^f^ 
[2]  vi.  26). 

Mterevrlo  VaphttayUae.  Hg(C*«H^)s  (Otto  a.  Hones,  Ann.  Ck.  l^im.  ezlriu 
164 ;  Zeitsehr.  f.  Chem.  [2]  iii.  377  ;  iv.  162  ;  Jahresb,  1867,  p.  715).— This  oompao»d 
is  easily  and  abundantly  formed  by  the  action  of  sodium-amalgam  on  monoto^B^ 
naphthalene : 

2C«H'Br  +  Na*Hg  «  Hg(C»H»)*  +  aNaBr. 
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A  aolntioii  of  bromonaphthalene  in  seyenl  times  its  Tolume  of  eo<il-tar  naphtha 
boiling  between  120^  and  140^  is  boiled  for  about  nineteen  honn  vith  pasty  sodium- 
amalgam,  in  a  flask  haying  an  upright  condenser,  and  the  liquid  is  filtered  hot, 
whereupon  the  mercuric  naphthide  crystallises  out  almost  completely.  After  reciy- 
stallisalion  Irom  benzol  or  carbon  bisulphide,  it  forms  small  white  crystals,  appearing 
under  the  microscope  as  rhombic  prisms  terminated  by  four-sided  pyramids.  It  is 
inodorous,  unaffected  by  air  and  light,  insoluble  in  water,  slightly  soluble  in  boiling 
alcohol,  Qold  benzol,  or  ether,  more  easily  in  hot  carbon  bisulphide,  chloroform,  and 
benzol.  It  melts  at  243°  and  decomposes  at  a  higher  temperature,  depositing  small 
quantities  of  charcoal  and  mercury,  and  yielding  an  oily  crystallising  distillate.  By 
ignition  with  soda-lime  it  yields  naphthalene,  together  with  another  hydrocarbon 
aystaUiaing  in  canaiy-yellow  lamime,  and  melting  at  183^.  Heated  with  concen- 
txated  hydriodic,  hydrobromie,  or  hydrochloric  acid,  it  is  resolred  into  naphthalene 
and  mereuric  iodide,  bromide,  or  diloride.  With  iodine  it  unites  directly,  forming 
Dapfatho-mercoric  di-iodide,  (C**H')'HgP,  which  on  further  addition  of  iodine  ia 
reaolTed  into  mexcoric  iodide  and  iodonaphthalene,  C^'H^I. 


yapktkomereurie  Di-iodide,  (CH')'HgP  »  Hg^    I  (the  iodine  being 


-Hg/  I  I 


triyalent),  is  prepared  by  mixing  the  solutions  of  1  mol.  mercurie  naphthylide  and  1  moL 
iodine  in  cariNm  bisulphide,  distilling;  off  the  latter,  and  recrystaUising  the  residue 
from  hot  alcohol.  It  forms  soft  satiny  needles  or  dendritic  groups,  not  altered  by 
hgtA,  insofaible  in  water,  slightly  soluble  in  hot  alcohol,  dilorofonn,  benzol,  and  carbon 
bwalphide,  melting  at  186°,  and  resolved  by  ignition  with  lime  into  naphthalene, 
iodine,  and  mercuric  oxide. 

Bnirnkm  acts  on  mercuric  naphthylide  in  the  same  manner  as  iodine,  forming  in  the 
first  instance  a  aystallisable  dibromide,  which  is  decomposed  by  more  bromine  into 
bromona]^thalene  and  mereuric  brraude. 

Mereuric    Aeetoxynapkthlyide,   C'^H^'BgO*   «    Hg<Qn,Q,^,  isproduced« 

together  with  naphthalene,  by  heating  mercuric  naphthylide  with  excess  of  glacial 
•oedcaeid: 

Hg(C"H-)»  +  HOCBPO  -  C"H»  +  Hg(C>«H0(OC«H«O). 

On  mixing  the  solution  with  a  lArge  quantity  of  hot  water,  and  crystallising  the 
foaolting  white  precipitate  from  hot  ^oohol,  naphthalene  separates  out,  while  mereuric 
aoetoxynaphthylide  remains  in  solution,  and  may  be  obtained  by  evaporation,  prolonged 
heating,  and  redystallisation.  It  is  insoluble  in  water,  easily  soluble  in  hot  glacial 
aeede  acid,  alcohol,  carbon  bisulphide,  benzol,  and  chloroform,  less  soluble  in  ether ; 
erretallises  in  smaU  needles  appearing  under  the  microscope  as  flat  rhombic  prisms  or 
tables ;  melts  at  164^,  and  decomposes  at  a  higher  temperature,  depositing  charcoal, 
and  yielding  an  oily  distillate  which  ouickly  solidifies.  With  hydrochloric,  hydriodic 
add,  te.,  it  reacts  hke  mercurie  naphthylide.  It  is  not  decomposed  by  heating  with 
water  to  140^,  with  ethyl  iodide  to  160°,  or  by  sodium-amalgam,  zinc,  copper,  or  tia 
at  osdinary  teip.peratureB ;  neither  does  it  unite  with  mercuric  chloride. 

aserearlo  ybenxUde.  Hg(C<H«)*  (Dreher  a.  Otto,  ZeiUchr,  /.  Chem,  [2}  iv. 
695 ;  vi.  9). — ^This  compound  is  prepared,  like  the  naphthylide,  by  heating  a  mixture 
of  monobinmobenzene  and  anhydrous  benzol  (B.  P.  1 00^-120°-!  40°)  with  pasty 
sodium-amalgam  ;  the  reaction  may,  however,  be  considerably  facilitated  by  adcutioii 
of  a  little  acetic  et  her  (^  of  the  weight  of  the  bromobenzene). 

Mereoric  phenylide  crystallises  from  a  hot-saturated  benzol-solution  in  small,  white, 
TiCzeons,  asbestos-like  needles ;  from  a  dilute  solution  in  white  rhombic  prisms  often 
united  in  tofts.  It  is  insoluble  in  water,  easily  soluble  in  chloroform,  carbon  bisul- 
phide, and  benzol,  less  easily  in  ether  and  boiling  alcohol,  slightly  in  cold  alcohol. 
Ifielta  at  120°;  sublimes  without  decomposition  when  cautiously  heated  in  small 
qnaotitaes ;  boils  when  heated  above  300°,  and  distils,  with  formation  of  benzene  and 
diphanyly  and  separation  of  mercury  and  charcoal ;  probably  thus : 

«Hg(C«H»)«  -  5C^«  +  Hg"  +  (}• 


2C^«  -  C'«H»«  +  H». 

It  is  quickly  decom^sed  by  dry  hjfdrochloric  acid  gas,  or  by  heating  with  the 
concientgated  aqueous  acid,  into  benzene  and  mercuric  chloride : 

Hg(C^»)«  +  2Ha  «  2C*H«  +  HgCl«; 

in  a  similar  manner  with  hydriodic,  hydrobromie,  nitric,  sulphuric  acid,  &o. 
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ooncentric  or  arborescent  groups  of  silky  cxystals.  The  acid  dissolyes  easily  in  akobol 
and  ether,  and  in  272'6  pts.  of  eold  water,  melts  at  187*5**  to  1-88^  and  sablimes  ia 
small  transparent  needles.  Neutral  or  slightly  acid  solutions  form  a  pad-brovn 
precipitate  with  ferric  chloride  (R  Peltier,  Ann.  Ch.  Pharm,  czItL  2S4 ;  ZfOtwehr.  f. 
Chem,  [2]  V.  225). 

SlIiroiBO-iMtfaozylMiiaoto  Aeld.  C'H'BrK)'. — ^The  ethylie  ether  of  this  and 
separates  on  adding  saturated  bromine-water  to  an  alcohol  solution  of  ethjlie  para- 
oxybenzoate  diluted  with  hot  water,  in  white  flocks  which  separate  from  alcohol  in 
short  shining  needles  (Barth,  J.  pr.  Chem,  c  366). 

lodopfumozybeBBOle  aolds  are  produced  by  the  simultaneous  action  of  iodine 
and  iodic  acid  on  paraozybenaoic  add ;  the  best  proportions  are  those  indioited  by 
the  following  equation : 

10C»H*O»  +  8I0«H  +  61*  -  6C*H*I0«  +  6CH*IK)*  +  »H«0. 

The  paraoxrbensoic  acid  is  dissolred  in  hot  water  in  a  flask  provided  with  an  npright 
condenser ;  iodine  and  iodic  acid  are  added  in  powder ;  and  the  liquid  is  heated  neuly 
to  boiling  for  about  fiye  minutes,  and  then  quickly  filtered.  Di-iodopaiabenaoie  add 
then  remains  on  the  filter,  while  the  mono-iodated  acid,  contaminated  with  a  small 
quantity  of  paraoxybeQzoic  acid  separates  from  the  filtrate.  The  mono-iodated  add 
is  purified  by  repeated  crystallisation  from  hot  water,  with  addition  of  animal  char- 
coal :  it  first  separates  in  granules,  but  when  nearly  pure,  in  small  needles  having  a 
glassy  lu^re  (Peltzer,  loc.  cit,).  It  is  also  produced,  though  not  in  the  pure  state,  by 
heating  paraoxybenzoic  acid  with  potassium  iodate  and  sulphuric  acid :  the  prodnd 
is  a  resinous  mass  which  when  frised  with  potash  is  resolTed  into  potassium  iodide  and 
protocatechuic  acid  (Barth  ;  Peltzer). 

Monoiodoparaoxybeneoic  aeid,  in  the  air-dried  state,  contains  20^*10*  -i- 
H*0,  and  gives  off  its  water  at  100^.  It  dissolves  in  676  pts.  of  cold  water,  much  room 
easily  in  hot  water,  very  easily  in  alcohol  and  ether.  It  melts  at  160^,  decomposes  at 
192^  (iudosalicylic  acid  does  not  melt  below  196^)  ;  when  veiy  gradually  heated  it 
sublimes,  much  below  its  melting  point,  in  silky  needles  two  lines  long.  The  aqueous 
solution  forms  a  dingy  brown  precipitate  with  ferric  chloride.  The  numasodie  soft, 
C*H'1(0H) .  CO'^Na,  formed  by  adding  the  add  to  a  hot  solution  of  sodium  carbonate 
in  sufficient  quantity  to  produce  strong  acid  reaction,  removing  the  excess  of  acid  by 
ether,  and  strongly  concentrating  the  remaining  solution,  crystallises  in  fine  efflorescent 
monoclinic  crystals,  often  concentrically  grouped.  The  disodio  salty  C*H'I(ONa) .  CCHXa 
•f  5H'0,  is  obtained  by  adding  the  acid  to  excess  of  hot  aqueous  sodium  carbonate, 
adding  a  large  quantity  of  alcohol,  and  evHporating  the  filtered  solution  to  dryness. 
On  redissolring  in  absolute  alcohol  and  evaporating  in  a  vacuum,  the  salt  is  obtained 
in  hygroscopic  silky  needles,  having  a  neutral  reaction,  and  giving  off  their  water  at 
130°.  The  barium  salt,  (G'H«IO*)'Ba  -I-  7H20,  forms  transparent  rhombic  tables 
having  their  prismatic  edges  truncated ;  becomes  anhydrous  at  100^.  The  use  of  an 
excess  of  banum  carbonate  does  not  give  rise  to  a  salt  richer  in  barium.  The  sUver 
salt,  G'H^IO'Ag,  is  a  white  pulverulent  predpitate  nearly  insoluble  in  water,  easily 
soluble  in  ammonia  (Peltzer). 

Di'iodoparaoxybengoic  actrf,  C*H*I«0»  «  C^«I*(OH) . CO«H,  is  easily  puri- 
fied by  boiling  it  several  times  with  water,  dissolving  the  residue  in  sodium  carbonate^ 
precipitating  with  hydrochloric  acid,  then  dissolving  in  strong  alcohol,  decolorising 
with  animal  charcoal,  and  mixing  the  solution  with  a  sufficient  quantity  of  water  to 
produce  turbidity ;  the  acid  is  then  deposited  on  cooling  in  small  colourless  needles. 
It  is  nearly  insoluble  in  boiling  water;  aissolves  easily  in  alcohol  and  ether;  decomposes 
when  heated,  without  previous  fusion  ;  and  cannot  be  sublimed.  Its  two  sodium  salts. 
are  prepared  similarly  to  those  of  the  mono-iodated  acid.  The  salt  C^H'IK)'Na  -i- 
7H'0  forms  tufts  of  delicate,  iridescent,  efflorescent  needles.  The  disodie  salt, 
C'H^I^O'Na'  +  6H'0,  forms  transparent  rhombic  tables :  both  are  easily  soluble  in 
water.  From  these  salts  two  corresponding  silver  salts  are  obtained  as  flooculent  cunly 
precipitates  detonating  when  heated.  The  barium  salt,  C'H*I'0*Ba,  is  separated  by 
alcohol  from  its  aqueous  solution,  as  a  gelatinous  precipitate,  which  dries  up  to  a  veiy 
loose  white  powder.  The  calcium  salt,  C^HUK>*Ca  +  2H'0,  crystallises  from 
concentrated  solution  in  nacreous  laminae,  easily  soluble  in  cold  water.  The  lead  salt^ 
C'H-PO*Pb,  is  formed,  as  a  bulky  precipitate,  with  elimination  of  acetic  acid,  when 
a  solution  of  the  disodie  salt  is  mixed  with  lead  acetate ;  when  heated  it  swells  up  like 
mercuric  sulphocyanate.  Both  mono-  and  di-iodoparaoxybenzoic  acid  are  easily  reduced 
by  sodium-amalgam  to  para-oxybenzoic  acid'.  The  di-iodated  acid  is  but  imperfectly 
decomposed  by  fusion  with  sodium  carbonate,  even  at  200® ;  the  fused  mass  assumes  a 
flesh-red  colour  on  exposure  to  the  air  (Peltzer). 
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lodo-methylparaoxyb^ngoie  or  lodantBio  aeid^C^H^O^  «  C^HIJ^q^ 

18  prodnoed  by  heating  4  gmu.  of  anisic  acid  to  146°-160^  with  the  quantities  of 
iodine  and  iodic  acid  corresponding  to  the  equation : 

6C«H«0«  +  lO'H  +  2P  -  3H«0  +  SC^'IO*. 

The  crystallised  portion  of  the  product  contains,  besides  anisic  acid,  which  may  be 
extracted  by  boiling  water,  iodanisic  acid  and  a  non-acid  body.  The  iodanisic  acid  is 
extracted  by  hot  solution  of  sodium  carbonate ;  the  exactly  neutralised  solution  preci- 
pitated by  barium  chloride ;  and  the  barium  salt  recrystallised  from  boiling  water  till 
the  acid  separated  &om  it  melts  at  234*5^.  The  acid  is  nearly  insoluble  in  boiling 
water,  dissolves  in  165  pts.  of  ether  at  ordinary  temperatures,  somewhat  more  easily 
in  boiling  ether  and  in  alcohol,  and  crystallises  from  the  two  latter  in  needles  haying 
a  ritreous  lustre.  Its  ammonium  salt  crystallises  in  nodular  groups  of  small  needles  ; 
the  aodimm  salt^  CH'IO'Na  +  2HK),  in  ooncentrically  grouiMd  needles ;  the  barium 
saU,  (0»H«IO")«Ba  +  3H*0,  in  ritreous  prisms ;  the  calcium  aaU,  (C*H«IO«)»Ca  + 
8H*0,  in  nacreous  laminn.  The  lead  salt,  (C*H*IO*)<Fb,  (at  100'')  is  a  curdy  preci- 
pitate, which  cakes  together  on  boiling.  The  tUver  Baity  C'HIO'Ag,  separates  ftom 
boiling  water  in  microarystalline  laminae  ouickly  blackened  by  light.  The  copper 
And  iran  salts  are  brown  precipitates  insoluble  in  water  (Peltaser). 

Vltroparaozgrlieiixolo  and  iLmldopanuMEybeiiBOle  Aeids  (Barth,  loc, 
c^O'—The  dmitro-aeid,  C'H«(NO«)«0%  is  obtained  (but  not  quite  free  from  the 
following  compound)  by  dissolving  paraoxybenzoic  acid  in  warm  nitric  acid  of 
sp.  gr.  1*40,  and  crystallises  from  water  in  stellate  groups  of  yellowish  needles,  which 
acquire  a  lemon-yellow  colour  on  exposure  to  light  and  air.  The  manonitro-acid, 
0*H*(NO')0',  which  is  more  easily  obtained  pure,  separates  from  a  solution  of  para- 
oxy benzoic  acid  in  1  vol.  nitric  acid  of  1*40  and  6  vol.  water,  in  flesh-coloured 
crystals,  which,  after  recrystallisation,  exhibit  sickle-shaped  forms  under  the  micro- 
scope. Both  these  nitro-acids,  when  treated  with  tin  and  hydrochloric  acid,  ouickly 
yield  double  compounds  of  the  hydrochlorides  of  the  corresponding  amido-acios  with 
stannous  chloride. 

Ethylic  Dinitroparaoxyhetuoate  is  formed  by  dissolTing  ethylic  paraoxybenaoate  ift 
strong  nitric  acid,  and  separates  on  cooling  in  radiate  feathery  crystals,  and  on 
addition  of  water  as  an  oil  which  quickly  crystallises  in  warty  masses ;  after  recry- 
stallisation from  alcohol  it  forms  nearly  colourless,  rery  light  needles,  which  become 
strongly  electric  by  friction.  Ethylic  mononitroparaoxyhruzoaiey  C'H*(NO')0' .  C*H*, 
is  prepared  by  heating  the  paraoxybenzoic  ether  wim  1  vol.  nitric  acid  of  sp.  gr. 
1*40  and  6  toL  water,  till  an  oil  separates  which  crystalliaes  on  cooling.  Both  these 
.  nitrated  ethers  melt  below  100°,  and  solidify  in  the  crystalline  state  on  cooling. 

The  mononitrated  ether  reduced  with  tin  and  hydrochloric  acid  yields  a  yellow 
solution,  which  when  fr«ed  from  tin  by  hydrogen  sulphide,  deposits  colourless  laminae 
of  the  hydrochloride  of  ethyl  aTtddoparaox^zoate,  C'H*(NH«)0«(C«H») .  HCl  +  JH«0. 
Tliis  compound  in  very  dilute  solution  is  coloured  blood-red  by  ferric  chloride,  and  is 
therefore  only  isomeric  with  tyrosine  hydrochloride,  which  does  not  exhibit  this 
reaction.  (See  Ttbosjicb.)  Ethyl  amidoparaoxybenzoate  cannot  be  separated  from  this 
compound,  on  account  of  its  instability.  The  mother-liquor  of  the  hydrochloride, 
especially  if  mixed  with  hydrochloric  acid,  deposits  crystals  of  the  hydrochloride  of 
amidopmruxybenzoic  add.  This  last-mentioned  compound  mixed  in  moderately 
dilute  solution  with  sulphuric  acid,  solidifies  to  a  crystalline  pulp  consisting  of  the 
sulphate  of  amidoparaoxybenzoic  acid,  whidi  when  treated  with  cold  concentrated 
nitric  acid,  acquires  a  splendid  dark  cherry-red  colour.  Amidoparaoxybeneoic  acid, 
C'H*(NH*)0*  +  JH'O,  prepared  by  decomposing  the  sulphate  with  baryta-water, 
neutralising  the  filtrate  with  lead  carbonate,  and  decomposing  the  resulting  lead  salt 
with  hydrogen  sulphide,  crystallises  in  needles,  which  decompose  even  below  100^, 
and  appear  under  the  microscope  as  hexagonal  scalenohedrons,  often  with  cuired 
ikces  (Barth). 

See  ToLuiDivB. 


A  silTor  ore  discovered  by  A  W.  Parte  in  the  Blind  Spring 
mountains.  Mono  County,  California.  It  forms  dull  amorphous  masses  havjng  a 
conchoidal  to  uneven  fracture,  and  yellowish-green,  blackish-green,  or  black  colour. 
Hardness  between  3  and  4.  Sp.  gr.  »  3*8.  Contains  47'66  p.  c.  Sb'O',  32*11  CuO» 
612  AgK>,  201  PbO,  2*33  FeO,  and  8'29  water  (»  98-51),  agreeing  with  the 
formula  (CuO  ;  A^O ;  PbO  ;  FeO)SbH}'  -f  8H*0  (Arents,  Sill.  Am.  J.  [2]  xliii.  362). 

VAST&BZTX.     A  yellow  amorphous    ferric    sulphate,  found,  txigether  with 
eerusite  and  fibroferrite,  at  Pailli^ree,  near  Alais,  in  the  Dip.  du  Qard,  on  the 
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mbbifih-heapB  of  mines  from  which  amntiferoiiB  galena  and  iion  pyritea  an 
obtained.  Contains  30*47  p.  c  SO*,  46-60  FeH)*,  and  1604  water,  together  with  1-86 
As'O*,  2*40  SiO',  1*25  PbO,  and  0-89  lime,  clay,  and  manganese  (Beigemann,  Jakrash. 
1867.  p.  1006). 

PATSUUUUO  ACZB.  CH*H)>*.— This  add,  obtained  some  time  ago  bj 
.Knop,  from  the  lichen  Parmdia  scruposa  or  jPdtdlaria  serupota,  has  been  ftuther 
examined  by  Weigelt  {Zeitschr.  /.  Chem,  [2]  t.  298).  It  does  not  appear  to  be 
identical  with  any  of  the  known  lichen  adds.  It  unites  easily  with  bases,  and  yields 
with  cold  baryta-water  a  salt  haying  a  transient  blue  colour.  Boiling  bazyta-water 
decomposes  it,  forming  carbonate  and  oxalate  of  barium,  together  with  a  barium  salt 
of  a  new  acid  (fi  patellaric  acid)  poesesdnj^,  to  a  certain  extent^  essentiany  differeni 
qualities.  Patellaric  add  forms  two  series  of  salts,  in  which  1  and  2  at.  H  are 
replaced  by  metals.  The  formation  of  the  salt  C"H>"(NH*)'0>«  appears  to  require 
the  aid  of  sunshine.  Among  the  decomposition-products  of  the  acid  are  carbonie 
acid,  oxalic  acid,  and  orcin.  The  lichen  contains  between  2  and  8  per  cent  of 
patellaric  add.  The  acid  is  situated  between  the  layers  of  the  outer  bark  aad  the 
gonidia,  where  it  was  detected  microscopically  by  the  reaction  with  baiyta-water. 

VATSCXOmUL  Volatile  oil  of  patschouli  gradually  deposits  a  camphor  or 
stearoptene,  the  formation  of  which  may  be  aooelemted  by  dehydrating  the  oil  with 
calcium  chloride.  This  camphor  is  homologous  with  that  of  Borneo,  and  has  the 
composition  C>*H**0 ;  Tapourdendty  ohs.  »  8*00 ;  calc.  »  7*86.  It  melts  at 
64°-6d^,  boils  at  296^,  and  has  a  sp.  gr.  of  1*061  at  4*6°.  It  is  insoluble  in  water, 
easily  soluble  in  alcohol  and  ether,  and  separates  from  these  solutions  by  slow 
eraporation,  sometimes  in  huge  and  very  well-defined  hexagonal  prisms  tenninated 
by  six-sided  pyramids.  The  alcoholic  solution  is  Iserogyzate,  a  solution  of  1  gim.  in 
6*3  c  c.  alcohol  in  a  tube  0'06  met.  long  producing  a  deflection  of  9*1°.  The 
camphor  distilled  orer  zinc  chloride  yields  a  hydrocarbon,  C^H"*,  which  boils  at 
248°-262°,  and  appears  to  be  conrerted  into  polymeric  hydrocarbons  at  slightly 
higher  temperatures.  The  oil  from  which  the  camphor  has  been  deposited  -pasavs 
oyer  almost  entirely  between  282°  and  294°,  has  the  same  composition  as  the 
camphor,  and  yields  the  same  hydrocarbon  when  treated  with  sine  chloride.  It  is 
also  Iseyogyrate,  but  less  so  than  the  camphor,  produdng  under  the  conditions  above 
mentioned^  a  deflection  of  only  3°  (H.  Qal,  Compt.  rend.  Ixyiii.  406). 

VBOTO&ITB.  The  mineral  from  Kiederkirehen,  near  Wolfstein  in  the  Rhdn- 
pfalz,  called  osmeliie  by  Breithaupt,  appears,  from  a  renewed  examination  by  y.  Kobell 
{J.  pr.  Chem.  xcyii.  493;  Jakreai,  1866,  p.  986),  to  hare  the  oom]^tion  and  all  the 
properties  of  pectolite.  It  is  intergrown  with  a  brown  friable  mineral,  yeiy  dmilar 
to  it  in  structure,  which  appears  to  haye  been  formed  from  it  by  the  action  of  water 
and  carbonic  acid. 

VBCTOV8  BVBSTAVCBS  (iy.  363).  On  the  preparation  of  pectin  from 
turnips,  see  Stiide  (Ann,  Ch.  Pharm.  cxxxi.  244  ;  Jakresb.  1864,  p.  687).* 

On  the  preparation  of  metapectic  acid  from  horse-chestnut  bark,  see  Rochlaier 
(ZeiUchr.  f.  Chem,  [2]  iy.  381).  Metapectic  acid  heated  with  excess  of  potassium 
hydrate  is  resolyed  into  formic  and  protocatechuic  acids : 

C^WO'  -  CH«0«  +  CH'O*  +  H«0. 

The  formation  of  pyropectic  acid,  C^^H'K)',  from  metapectic  acid,  by  the  action  of 
heat,  is  represented  by  the  equation:  2C*H*«0'  ->  C^^H**0*  +  2C0*  +  HH) 
(Rochleder). 

Scheibler  {Deut,  chem.  Oea,  Ber,  1868,  pp.  68,  108 ;  ZeUsckr,  f,  ChMn,  iy.  433) 
prepares  metapectic  acid  by  heating  tumi]^-pulp  with  milk  of  lime  on  the  water-bath, 
decomposing  the  resulting  caldum  salt  with  ammonium  carbonate,  precipitating  the 
ammoniacal  solution  with  basic  lead  ncetate,  separating  the  acid  by  hydrogen  sulphide 
(remoying  the  last  portions  of  lead,  if  necessary,  by  sulphuric  acid),  and  decolorising 
it  with  animal  charooal  fr^  from  lime.  The  acid  thus  prepared  possesses  all  the 
properties  of  that  described  by  Fr&my  (iy.  369),  excepting  that  its  alkali-metal  salts 
are  not  precipitated  by  basic  or  neutral  lead  acetate  in  neutral  solution,  but  only  on 
addition  of  ammonia;  and  that,  instead  of  being  optically  inactiye,  it  exhibits  a 
yery  strong  Isvogyration,  I  pt.  of  it  bdng  sufficient  to  neutralise  the  dextrogyrate 
power  of  I^pt.  dextroglucose.  This  lieyogyrate  power  is  not  altered  by  satomting 
or  supersaturating  the  solution  of  the  ada  with  alkalis  or  alkaline  earths ;  but  on 
boiling  the  solution  with  a  strong  acid,  mineral  or  oiganic,  it  quickly  diminishes, 

•  See  also  toI.  It.  p.  S64,  iu  which  (Uuc  0  from  bottom)  read  *taroips'  instead  ef  * 
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becomes  nothing,  and  then  passes  into  dextrogyration,  ultimately  equal  in  magnitude 
to  the  original  IsTogyration.  This  change  arises  ttom  the  resolution  of  the  meta- 
pectic  acid  into  an  organic  acid  precipitable  by  lead  acetate,  and  a  deztiosyi&te  sngar, 
pectin-sugar:  metapectic  acid  is  therefore  a  glucoside. 

Pectin-sugar,  CH"0*,  crystallises  in  long  brittle  prisms  inth  dihedral  summits. 
It  is  less  sweet  than  cane-sugar,  dissolves  easily  in  boiling  water,  and  separates 
thereftom  on  cooling.  At  160^  it  melts  to  a  transparent  liqmd,  which  solidifies  to  a 
crystalline  mass  on  cooling ;  at  higher  temperatures  it  carbonises,  and  gives  off  an 
acid  distillate.  It  is  carbonised  by  sulphuric  acid,  and  when  treated  with  nitric  acid 
yields  oxalic  but  no  mucic  acid.  Alkalis  and  alkaline  earths  are  dissolved  by  it,  and 
quickly  turn  it  brown  when  heated  with  it;  the  lime-solution  is  precipitated  by 
alcohol  Its  dextrogyrate  power  exceeds  that  of  all  other  kinds  of  sugar  except 
trehalose  and  lactose,  and  is  1*6  time  as  great  as  that  of  dextroglucose ;  [a]  s  +118^ 
for  the  transition  tint.  Pectin-sugar  very  easily  reduces  an  alkaline  solution  of 
potassio-eupric  tartrate  (Fehling*s  solution).  From  an  ammoniacal  silver  solution  at 
100^  it  throws  down  a  speculum  of  silver.  It  is  not  brought  into  alcoholic  fermen- 
tation by  yeast  (Scheibler). 


iOCiMlC  ACZB.  0^**0*. — The  compound  of  this  acid  with  nitrogen 
dioxide,  C^H^'O'.N^O',  which  Chiozza  obtained  as  a  secondary  product  in  the  prepara- 
tion of  pelargonic  acid  by  the  action  of  nitric  acid  on  oil  of  rue  (Comp#.  rend.  xxxv. 
797 ;  Jakte£.  1852,  p.  499),  may  be  prepared,  according  to  Alexeyeff  {ZeitKhr.  /. 
Chem,\i\  i.  736),  by  heating  oil  of  rue  with  an  equal  volume  of  nitric  acid  of  sp.  gr. 
1*2.  When  the  action  is  complete,  the  oil  which  separates  is  washed  with  water  and 
treated  with  potash.  The  liquid  diluted  with  water  deposits  an  abundant  precipitate 
of  the  potassium  salt  of  nitroso-pelargonic  add,  which  may  be  purified  by  recrystal- 
lisation  from  boiling  water.  The  barium  salt  obtained  by  double  decomposition  has, 
according  to  Chiozsa,  the  composition  (C*H**0'.N'0')'Ba.  The  silver  salt  of  analogous 
constitution  bums  with  a  greenish  flame.  The  acid  separated  from  its  potassium  salt 
is  an  oily  liquid,  which  when  heated  suddenly  gives  off  large  quantities  of  nitrogen 
dioxide  mixed  with  combustible  gases  (ChiosBi). 


vaonrmXU^  C*H*'N,  or    OCTTX  OTAVXBa,    C*H*'.CN.~Sea 
Ctanidxs,  Alcoholic  (p.  525). 

raraxWB.  Fellenberg  (Jahreth.  1867i  p.  992)  found  for  pennine:  A  from 
Rimfischgrat,  B  from  Zermatt,  the  following  percentage  composition,  whence  he 
deduces  for  A  the  formula  6(4MgO . SSiO*)  4-  2(3MgO.Al*0«)  +  20H*O;  for  B  the 
formula  3(4Mg0.8SiO')  -f  2(2^40 .  A1*0*)  +  12H*0: 

S10«  Al^O-         OrH)»  Fb^y  FeO  MgO  H«0 

8312         13*25        0*60  1*52  4*69  84*04         12*87  -  100*09 

83  97        11*66         —  2-49  1*81  87'60        13*57  »  10110 


I,  G'^"*.  Benyl  Hydride, — ^This  hydrocarbon,  obtained  from 
American  petroleum,  has  a  sp.  gr.  of  0*825  at  19^,  and  boils  at  258^  to  262°.  With 
chlorine  it  vields  pentadecyl  chloride,  C'*H"Cl  (Pelouze  a.  Cahours).  When  passed 
through  red-hot  tubes,  it  is  for  the  most  part  converted  into  decane,  C^'H"  (Vohl, 
Jahrub,  1865,  p.  841). 

VaVTABBCXVa.  C^H**.  ^M;y2nM.— This  hydrocarbon,  homologous  with 
ethine  or  acetylene,  and  reUted  to  benic  acid,  C'*H**0',  in  the  same  manner  as 
quintine  or  valerylene  to  valeric  acid,  is  produced  by  heating  triamylene  acetate  with 
potash: 

.    C'»H*.(C»H"0«)«  +  2KH0  -  2C»H»0«K  +  2H«0  +  C»H». 

It  is  a  thickish,  colourless,  £untly  smelling  liquid,  boiling  at  230^-240°.  It  unites 
with  bromine,  producing  great  rise  of  temperature,  and,  if  well  cooled,  without  percep- 
tible evolution  of  hydrobromie  acid  (Bauer,  Amu,  CK  Pluxrm.  cxxxvii.  249). 

WWM*Xtk  H I  UOJjanL  C*'H'*K. — A  homolQgue  of  chinoUne  oocurrinff  among 
the  higher  products  of  the  dry  distillation  of  cinchonine  (C.  Oct,  Williams,  LMoratory, 
i.  109). 


Lechartier  (Compt»  rend.  Ixvii.  41 ;  ZeUnchr.  /.  Chem.  [2J  iv.  606) 

Sirepares  peridotes  and  pyroxenes  bv  mixing  the  required  oxides  with  sibca,  intro- 
ucing  the  mixture,  together  with  anhydrous  calcium  chloride,  into  a  graphite  crucible 
contained  within  an  earthen  crucible, the  intervening  space beingpacked with  charcoal 
powder,  and  igniting  the  mixture  stronglv  for  an  hour  or  two.  Tne  fused  mass  when 
treated  with  water  leaves  the  silicate  in  the  crystalline  form.  For  silicates  containing 
iron  and  manganese,  a  clay  crucible  is  used  instead  of  the  graphite  crucible,  and  the 
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ftnd  dedomposeB  at «  higher  tempentore.  It  unites  with  hjdzoehlorie  add,  fonning  tin 
oompoand  0*H*(NH*)0*.HC1,  which  c^talliBes  from  ezoeM  of  hjdrodilorie  add  in 
long  needles*  and  is  deoomposed  bj  heating  its  aqueous  solntion,  with  sepantioD  of  tm 
amidomesitylenic  acid. 

M— ttyiemwnKHi,  C*HH)  .NH*,  is  obtained  by  gently  heating  1  moL  mtatflBBk 
acid  with  rather  more  than  1  mol.  phoephoms  pentachloride,  adcUng  the  product  to 
strong  aqueous  ammonia,  washing  the  resulting  crystalline  pulp  with  dilute  aaunoBii, 
and  recrystallising  from  boiling  water.  It  crystallises  in  long  needles ;  melts  at  131° ; 
Sublimes  without  decomposition ;  dissolres  sparingly  in  cold,  more  easily  in  boiling 
water,  also  in  alcohol  and  ether ;  and  is  decomposed  by  alkalis  into  ammonia  aad 
mesitylenate. 

f  OH 

OsjiaesltFlmile  Mid,  0*H>*0*  «  C'H*]  (CH*)*,  is  produced  by  headog  the  diy 

potassium  salt  of  mesitylene-sulphuric  add  with  three  times  its  weight  of  potaninm 
hydrate  to  240^>260<': 

.  C«H«},?2J?P    +   8KH0  -  (?HM(CH«)«  +  K«SO«  +  SH. 

PotSHinm  mesitylene-  Dipotaario 

anlphatflb  OzgrniMitylaDate. 

Part  of  the  oxymesitylenate  is  at  the  same  time  oouTeited  into  the  potasnum-oompoond 
of  isoxylyUc  phenol,  C*H*(CH')K),  which  is  moreover  the  chief  product  obtained  wiua 
the  temperature  is  raised  to  280® : 

C^«|(CH|^  +  KHO  -  C«H«|.^2,v,  +  KKJO". 

On  dissolying  the  cooled  mass  in  water,  acidulating  with  sulphuric  acid,  and  dirtinisfr 
a  small  quantity  of  isoxylylic  phenol  passes  OTer  at  first  with  the  yaponr  of  water ;  and 
if  the  distillation  be  continued  as  long  as  suddenly  solidif^ng  oil-drops  appear  in  tin 
condenaiug  tube,  the  residual  liquid  repeatedly  agitated  with  ether,  and  the  ether  era- 
porated,  ozymesitylenic  acid  is  obtained  as  a  dark-coloured  crystalline  mass.  It  nay 
be  purified  bjr  repeated  solution  in  sodium  carbonate,  precipitation  with  hydroeUooe 
acid,  conyeraion  into  barium  salt,  repeated  crystallisation  of  this  salt  from  water, 
separation  of  the  acid  therefrom  by  hydrochloric  acid,  repeated  crystallisation  tcm 
alcohol,  and  final  sublimation. 

Oxymesitylenic  add  melts  at  176^;  sublimes  without  decomposition  in  liroad 
daszling  white  needles  nearly  an  indi  long,  insoluble  in  cold,  aliehtly  soluble  in  but 
water,  yery  soluble  in  alcohol  and  ether ;  and  crystallises  from  dilute  alcohol  in  long 
silky  needles.  The  aqueous  solution  of  the  acid  or  its  salts  acquires,  on  additioo  of  a 
drop  of  ferric  chloride,  a  yery  deep  blue  colour  with  a  faint  tinge  of  yiolet,  changing 
to  dirty  yellow  at  the  boiling  heat.  Free  acids  and  alkalis  interrara  with  this  nncCioa. 
Barium  oxynuntyleruUe,  (CH*0')'Ba  +  6H'0,  forma  compact  groups  of  hard  afaiBiat 
laminae,  yery  soluble  in  hot,  moderately  soluble  in  cold  water,  turning  brown  at  \W 
and  black  at  1S0<>.  The  calciwm  aaU,  (C*HK)*)H}a  •»•  5HK),  crystallises  in  dense  toilt 
of  colourless  needles  easily  soluble  in  water,  especially  at  the  boiling  heat»  somewliat 
more  permanent  than  the  barium  salt  (Fittig  a.  Hoogewerff). 

•KasoSZSBSXTa.  This  name  is  applied  by  G-.  Rose  to  meteorites  consisting 
of  nearly  equal  portions  of  metal  and  silicates  {BeaehreHnmg  und  EmthtStumg  ^ 
Afeteoriten,  Berlin,  1864 ;  Jahrtab,  1863,  p.  909 ;  1865,  p.  946). 

XBSOauUUO  ACUI.  C*HK>^~This  acid,  originally  obtained,  together  with 
urea,  by  boiling  alloxan  or  alloxanic  add  with  alkalis  (iiL  982^  is  also  prodooed  by 
oxidation  of  amidomalonic  add,  e,g,  by  treating  that  add  with  iodine  and  vattf 
(iy.  116); 

C»H»(NH«)0«  +  H»0  +  I«  -  C«H«0»  +  HI  +  NH*L 

On  the  preparation  of  mesoxalic  add  from  alloxan,  see  Beichsel  (Berl,  Akai.  £^« 
1864,  p.  687;  Jahresb.  1864,  p.  640).  It  crystallises  from  a  syrupy  sdatioB 
evaporated  at  40^-60°,  and  finally  oyer  sulphuric  add,  in  prismatic  oyitala, 
C'H*0*.HK),  yery  deliquescent,  easily  soluble  in  alcohol,  melting  without  lott  of 
water  at  116®,  and  resolidifying  at  66**.  It  has  a  strong  add  taste  and  reaction; 
decomposes  in  concentrated  aqueous  solution  at  70®~80® ;  forms  with  barium  and  lead 
ucetate,  floccnlent  predpitates  which  gradually  become  crystalline ;  and  after  nentimJ- 
iujition  with  ammonia,  is  precipitate  by  bs^um  and  caldum  salts,  also  by  silrer 
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'With  a  smaller  quantity  of  water  (6  to  10  pts.)  dibromosnceinic  acid  is 
obtained,  together  with  bromoform,  hydrobromic  acid,  and  carbon  dioxide : 

C«H«0«  +  8Br»  =  C*H*Br»0«  +   CHBr»  +  C0»  +  HBr. 

■ 

When  the  product  of  this  last  reaction  is  boiled  with  barj^water,  the  dibromo* 
succinic  acia  is  converted  into  par  a  tar  tar  ic  acid,  identical  in  crystalline  fonn  and 
most  of  its  properties  with  natural  racemic  add : 

OH*BrK)«  +  2HH)  «  2HBr  +  C*H«0«. 

Phenaconic  add  is  a  strong  acid  containing  4  atoms  of  replaceable  hydrogen.  Its 
salts  crystallise  weU,  and  are  mostly  composed  according  to  the  general  formula : 
CH'0*K'.  With  the  alkali-metals  it  likewise  forms  salts  containing  2  or  1  at.  metal, 
but  not  double  salts  containing  the  alkali-metals  together  with  other  metals.  These 
salts  give  off  their  water  of  crystallisation  between  100^  and  150^,  and  decompose  at 
higher  temperatures,  leaving  more  or  less  charcoal,  and  giving  off  acid  vapours 
smelling  like  acetic  acid,  without  a  trace  of  products  containing  less  hydrogen.  Free 
phenaconic  acid  is  not  precipitated  by  any  of  the  ordinary  reagents ;  the  solutions  of 
Its  ammonium  and  barium  salts  give  with  ferric  chloride  a  brownish-yellow  pulverulent 
predpitate  ;  with  cupric  acetate  no  precipitate  in  the  cold,  but  at  the  boiling  heat 
green  gelatinous  flocks  which  redissolve  on  cooling.  Silver  nitrate  and  lead  acetate 
slowly  added  to  the  solution,  produce  transient  turbidity,  and  the  liquid  if  then  left 
at  rest,  deposits  crystalline  phenaconate  of  silver  or  lead ;  by  an  excess  of  the  preci- 
pitant these  salts  are  thrown  down  in  the  amorphous  state. 

The  potassium  salts,  C»H«0»K«,  C«H*0«K«H,  and  C«H«0«KH«,  obtamed  by  predpi- 
tating  the  barium  salt  with  potassium  sulphate,  or  partially  with  sulphuric  add,  form 
hydrated  easily  soluble  czystals.  An  acid  ammonium  salt  remains  on  evaporatinga  solu- 
tion of  the  add  neutralised  with  ammonia ;  an  amjnonio-potassic  salt,  C'H*0*K(NH*) 
+  H'O,  is  obtained  in  like  manner  by  saturating  the  dipotassic  salt  with  ammonia 
and  evaporating.  The  calcium  salt,  (C*H*0')'Ca*  +  4H'0,  forms  nacreous  tables 
and  laminse  like  those  of  the  oxalate ;  it  is  soluble  in  alcohol,  and  on  rapid  evaporation 
crystallises  with  8  mol.  water.  The  barium  salt,  (C*H*0*)'Ba"  +  4H'0,  crystallises 
in  tables  and  lamine,  sometimes  also  in  prisms  ;  aissolves  slowly  in  cold  water  (100 
pts.  water  at  17^  dissolve  0*9663  pt)  ;  more  quickly  but  not  more  abundantly  in  hot 
water.  The  copper  salt,  CH'O'Cu'  +  4H*0,  separates  on  evaporating  a  solution  of 
the  acid  saturated  with  cupric  oxide,  as  a  greenish  indistinctly  crystalline  powder. 
The  same  salt  is  obtained  in  beautiful  blue  monoclinic  tables  on  evaporating  a  solution 
containing  the  constituents  of  the  soluble  salt,  (C"H'0*)>Cu*K'.  The  lead  salt, 
(C*HK)')'Pb'  (at  120°\  prepared  as  above  described,  crystallises  in  oblique  rhombic 
tables  and  prisms.  Tne  silver  salt  forms  microscopic  tables  and  prisms,  giving  off 
water  at  90^,  and  blackening  both  when  heated  in  the  dry  state  and  when  boiled 
with  water  (whereby  it  is  abundantly  dissolved) ;  it  is  easily  soluble  in  acetic  and  in 
phenaconic  add.  With  ethyl  iodide  it  forms  neutral  ethyl  phenaconate,  CHK)' .  (C*H*^', 
as  an  oily  liquid  having  a  faint  odour,  and  distilling  without  decomposition.  The 
same  ether  is  formed  by  treatin^^  phenaconic  chloride  with  alcohol ;  it  is  heavier  than 
water,  insoluble  therein,  and  boils  at  226^. 

Phenaconic  Chloride,  C*H*0'.C1',  produced  by  the  action  of  phosphorus  penta- 
chloride  on  the  acid,  is  a  colourless  liquid  boiling  at  166^,  and  decomposing  at  250°; 
it  sinks  in  water  and  is  immediately  decomposed  thereby,  reproduang  phenaconic 
add.    Vapour-density  obs.  7'62  and  7*60 ;  calc  a  7'952. 
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C«H*jg^g*.— When  phenetol  (ethyl- 


phenol)  is  heated  with  an  equal  weight  of  strong  sulphuric  add,  the  resulting  cxystal- 
line  mass  dissolved  in  water,  and  the  solution  neutralised  with  htaytA,  a  barium  salt, 
(CHVOCHVSO*)'Ba  +  4H'0,  separates  in  tabular  and  lancet-shaped  crystals, 
nearly  insoluble  in  cold,  slightly  soluble  in  hot  water.  The  mother-liquor  retains  a 
very  soluble  barium  salt  of  an  isomeric  acid,  disting^shed  as  phenetoiparasulphurio 
acid,  the  salts  of  which  are  all  amorphous,  and  therefore  not  well  characterised.  Lead 
phenetolmdphate,  (C*H^OG*H^SO*)?b,  obtained  by  neutralising  the  acid  with  lead 
carbonate,  cxystallises  from  the  concentrated  solution  in  cauliflower-like  masses, 
the  phenetolparasulphate .  remaining  in  solution.  Potassium  phenetolevlphate, 
C*H^OC'H^SO'K  +  H*0,  crystallises  in  large  silky  needles  easily  soluble  in 
cold  water,  slightly  soluble  in  boiling  alcohol.  The  sUwr  salt  is  completely 
decomposed  by  evaporation,  with  separation  of  silver  (Opl  a.  Lippmann,  ChmpL 
rend,  ixviii.  1332). 
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VBXVOIn  C«H*0  -  C*H'OH.  Phenyl  Hydrate,  Pkei^l  MeehoL—Tlhai  eon- 
pound  18  formed:  1.  By  heating  anisol  with  oonoentnted  hydriodicor  hjdnKhkne 
acid  to  136^-140^  (Graebe,  Ann,  Ch,  Pharm,  czxzix.  149): 

C«H»OCH«  +  HI  =  CSn  +  CTB»OH. 

2.  By  boiling  the  sulphate,  nitrate,  or  hydrobromide  of  diMBobfloaene  with  ists 
(Griees,  ibid,  aaxvii.  39) : 

C«H*N«.SO<H«  +  H«0  «  SO«H»  +  N»  +  CTBCK). 

8.  By  fosing  potassium  phenylsolphite  with  exoeas  of  potash  (Wuiti,  BfA,  Sac 
Ckim,  [2]  yiii.  197) : 

C«H».SO«  +  KOH  -  SO«K?  +  CTIK)H. 

4.  By  heating  acetylene  with  fuming  snlphnrie  acid,  wheiebT  it  is  oonyeited  into  tb 
acid  CH'SO',  and  fusing  the  potassium  salt  of  this  acid  with  potash.  The  antjlM* 
is  then  separated  and  polymerised,  and  the  polymeric  oompoiiiid  takes  up  QOTgo, 
8CH*  +  0  »  CHH)  (Beithelot,  Can^.  rend.  bmii.  639). 

The  phenol  obtained  by  distilling  ozybenaoio  acid  with  lime  (iT.  205)  is  identieil 
with  that  produced  in  like  manner  from  parabenzoic  and  salicyUc  acids,  and  with  tint 
obtained  from  coal-tar  (Bosenthal,  Zeitsekr,  /.  Chem.  [2]  y.  627). 

PrqMration, — ^The  following  method  of  obtaining  pure  phenol  from  coal-tar  is 
given  by  Hugo  Miiller  {Zeitschr.  f,  Chem.  [2]  i.  270).  The  aqueous  solution  obtaioed 
by  treating  coal-tar  with  caustic  soda  or  milk  of  lime,  or  a  mixture  of  the  two- 
which  contains,  besides  phenol,  certain  easily  oxidisable  substances,  and  a  not  ioeoB- 
siderable  quantitv  of  naphthalene — is  diluted  with  water  as  long  as  naphtbaleoe  ii 
thereby  separated,  and  the  liquid,  which  soon  turns  dark  brown,  is  exposed  to  th«  «r 
in  shallow  ressels  for  several  days  and  frequently  stirred.  The  brown  scdutioo  is 
then  filtered,  the  quantity  of  phenol  contained  in  a  given  quantity  of  it  is  detennioed; 
and  the  quantity  of  acid  required  to  precipitate  the  entire  amount  is  cslcnlated 
therefrom.  If  now  ^  to  ^  of  this  quantity  of  add  be  added  to  the  liquid  vitli 
constant  stirring,  the  resinous  substances  altered  by  the  action  of  the  air  an  fiist 
precipitated,  together  with  larger  or  smaller  quantities  of  cresol  and  lylol  A 
further  addition  of  acid  precipitates  chiefly  cresol,  and  after  a  few  trials  it  is  ^nenlly 
possible  so  to  adjust  the  quantity  of  acid  that  the  third  and  last  precipitation  sh&Il 
yield  nearly  pure  phenol,  which  crystallises  after  a  single  distillation.  As  eren  > 
small  quantity  of  water  prevents  Uie  crratallisation  of  phenol,  it  is  necessaiy  to 
remove  this  water  completely  by  heating  the  phenol  nearly  to  the  boiling  point,  vbile 
a  stream  of  di^  air  is  passed  over  it.  The  ciystallisation  may  be  acceler^  ^T 
cooling,  or  by  the  introauction  of  a  Small  quantity  of  crystallised  phenol.  Croiia 
phenol,  such  as  is  obtained  from  tar-refineries,  may  be  conveniently  purified  by 
treating  it  several  times  in  succession  with  soda-ley.  The  first  extracts  contain  the 
purer  product :  the  precipitation  of  the  phenol  must  however  be  preceded  by  dilution 
with  water  and  exposure  to  the  air.  A  perfectly  pure  product,  remaining  colonr^f^ 
when  preserved,  is  obtained  only  when  the  substances  which  turn  brown  by  oxidatioa 
have  been  completely  removed  by  exposure  to  the  air.  Phenol  commonly  oouteios 
a  small  quantity  of  a  very  disagreeably  smelling  sulphur-compound  (phenyl  8ulplua0)i 
which  may  be  removed  by  distillation  over  a  small  quantity  of  lead  oxide. 

For  the  preparation  of  crystallised  phenol,  Bickerdike  (Chem.  News,  xvi.  1^ 
recommends  that  the  commercial  product  purified  by  one  rectification  be  dehydxst^ 
with  1  or  2  p.  c.  of  anhydrous  cupric  sulphate.  The  distillate  solidifies  for  ^ 
most  part  at  16°,  especially  in  contact  with  solid  phenol. 

Reactions. — 1.  An  alcoholic  solution  of  phenol  is  turned  brown  by  an  alcobow 
solution  of  ferric  chl4»ide ;  wood-tar  creosote  similarly  treated  yields  a  solution  o» 
•a  fine  emerald-green  colour  (Frisch,  J,  pr.  Chem.  o.  223 : — Gorup-Besanes,  Jti*-  ^ 
Pharm.  cxliii.  129). — 2.  When  a  few  sticks  of  potash  are  immened  in  a  solutioD  oi 
.phenol  in  chloroform,  the  potash  becomes  covered  with  a  rose-coloured  layer  ▼hKj' 
.gradually  dissolves,  the  liquid  becoming  very  hot  and  ultimately  brown  and  ^^^ 
The  first  product  is  a  brown  amorphous  mass,  soluble  in  alkalis,  repredpitated  dJ 
acids,  and  apparently  consisting  of  two  substances,  one  of  which  dissolves  ^ 
easily  in  alkaline  carbonates,  less  easily  in  strong  sulphuric  acid ;  this  latter  solatipo 
gives  with  water,  a  precipitate  exhibiting  with  fdkalis  the  reactions  of  rosolic  aciu- 
The  other  substance  is  less  soluble  in  alkalis,  but  dissolves  very  easily  in  stivo^ 
sulphuric  acid,  and  is  not  repredpitated  by  water.  If  carbon  tetiachloride  be  rfsw 
as  the  solvent  instead  of  chloroform,  no  reaction  takes  place  in  the  cold,  but  at  180^ 
ihe  liquid  assumes  the  oplqur  of  rosolic  add.  When  wood-tar  creosote  fs  treated  >n 
the  same  manner,  a  very  similar  reaction  takes  place,  but  the  product  is  tiXUJff^ 
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different,  forming  with  sulphaHe  acid  a  deep  crimson  solution,  ftoai  which  water 
throws  down  a  green  precipitate.  Moreover,  the  products  obtained  as  aboye  from 
phenol  colour  Bi&  and  wool  brown  in  alkaline  solution,  whereas  those  from  creosote 
exhibit  no  tinctorial  power  (C.  Crump,  Chem.  NewSf  zx.  126). 

3.  PotasMum  jpermanganate  is  immediately  decolorised  by  aqueous  phenol,  and  if 
the  permanganate  be  added  till  the  colour  no  longer  disappears,  the  only  products  are 
carbonic  and  oziilic  acids ;  by  incomplete  oxidation  there  is  formed — beeides  a  resin 
yery  near  to  phenol  in  composition — only  oxalic  add  in  determinable  quantity, 
together  with  extremely  small  quantities  of  resinous  and  syrupy  bodies  (Tollens, 
Zeitachr.f,  Chem.  [2]  iy.  716). 

4.  Phenol-yapour  passed  oyer  heated  m«-<^i»<  is  easily  reduced  to  benaene,  together 
with  small  quantities  of  liquid  and  solid  seoondaiy  products  of  higher  boiling  point. 

5.  Phenol  heated  with  carbon  dioxide  under  strong  pressure  yields  crystals 
resembling  rock-salt,  of  a  compound  probably  containing  8C*H*0 .  CO'  (Barth,  Ann. 
Ch.  Pftarm.  cxlyiii.  49). 

6.  Phenol  dissolyee  easily  in  an  equal  weight  of  strong  eulpkurio  aeidt  producing 
two  isomeric  acids,  CH*(OH).SO*H,  distinguished  as  phenyl-pazasulphuric  and 
phenyl-metasulphuric  acid  (KekuU,  Zeitechr,  /.  Ckeim,  [2]  iii.  197)  (see  p.  923). 
When  2  pts.  of  crystallised  phenol  and  3  pts.  hydrogen  sulpnato  are  heated  for  three 
or  four  hours  to  160°,  and  the  yisdd  product  is  poured  into  cold  water,  crystals  of 
oxysulphobenzide,  C"H>*SO«  (p.  894),  are  deposited  (Gluts,  Ann.  Ch.  Pharm. 
cxWii.  52). 

7.  Phenol  heated  to  160°  for  three  or  four  hours  in  sealed  tubes  with  ttdphur^l 
cMoride  is  converted  chiefly  into  monochlorophenol  (Dubois/Zn/^jcAr.  /.  Chem.  [2]  li. 
706): 

C«H«0  +  SOKJl*  -  HCl  +  SO*  +  C^»C10. 

8.  According  to  Glutx  {Ann,  Ch,  Phann.  cxliii.  180),  a  mixture  of  equal  parts  of 
phenol  and  phosphorus  pmtachloride  heated  to  100°  for  about  three  hours,  and  then 
distilled  over  the  open  fire,  yields  a  large  quantity  of  chlorobensene  or  phenyl  chloride, 
C*H*C1.  No  phosphorus  ox^chloride  is  obtained,  because  it  reacts  witn  the  phenol  in 
such  a  manner  as  to  form  tnpbenylic  phosphate : 

8C^«o  +  poa«  -  8Ha  +  Poxc^»)». 

Otto  {ibid,  cxlyii.  317)  obtained  by  the  same  process  only  a  very  small  quantity  of 
phenyl  chloride  (compare  iy.  390). 

9.  On  adding  phosphoric  anhydride  to  pure  liquefied  phenol,  a  yisdd  syrup  is 
formed,  which,  after  standing  for  24  hours  at  40°,  contains  mono-  and  di-phenylio 
phosphate  (Hembold,  Zeitschr.  /.  Chem.  [2]  ii.  661).— 10.  Phenol  distilled  with 
pulverised  phosphorus  pentatulphide  yields  phenyl  sulphydrato,  C*H*SH,  and  phenyl 
sulphide,  (C*H*)*S  (Kekul^  a.  Szuch,  Compt  rend,  Ixiv.  762). 

On  the  constitution  of  the  compounds  of  phenol  with  bases,  see  Komei  {BuU.  8oa. 
Chim.  [2]  xi.  120 ;  ZeUschr.  f,  Chem,  [2]  y.  383). 

Bramoplienoto  (Eomer,  Ann.  Ch.  Pharm.  exxxyii.  197). — Monobromo- 
phendf  Cn*BrOH,  originally  obtained  by  Cahours  by  distilling  bromosalicylie  acid 
with  baryta,  is  also  produced  when  air  saturated  with  the  vapour  of  160  pts.  bromine 
is  passed  into  94  pts.  of  cooled  phenol  (on  passing  the  hydrobromic  acid  thereby 
evolved  into  water,  the  solution  deposits  after  a  while  flocks  and  threads  of  nearly 
pure  tribromophenol).  The  still  impure  monobromophenol  remaining  in  the  flask  is 
washed  with  dilute  soda-ley,  reprecipiteted  by  dilute  hydrochloric  add,  and  the 
separated  oil,  after  washing  with  water,  is  distilled  under  reduced  pressure.  The  same 
compound  may  be  prepared  more  quickly,  though  with  greater  loss,  by  carefully 
mixing  a  cooled  solution  of  phenol  in  6  to  8  pte.  carbon  bisulphide  with  bromine,  and 
after  removal  of  the  solvent,  purifying  the  product  by  distillation  as  above. 

Monobromophenol  is  a  colohrless  oily  liquid,  of  sp.  gr.  1*6606  at  30°,  and  boiling 
at  132°  under  a  pressure  of  22  mm.,  or  at  118°  under  a  pressure  of  9  mm.  It  does 
not  solidify  at  — 18° ;  is  very  easily  coloured  brown  by  dust,  Bee. ;  has  an  unpleasantly 
penetrating  odour ;  instantly  produces  a'white  blister  on  the  skin ;  is  insoluble  in 
water,  but  dissolves  in  all  proportions  of  alcohol,  ether,  benzol,  and  carbon  bisulphide. 
It  unites  with  alkalis,  forming  salte  which  are  very  soluble  in  water.  Heated  with 
alcoholic  potash  to  160°-180^  it  forms  potassium  rosolate,  and  with  a  large  e^ess  of 
potiish,  also  phenol.  Heated  with  1  mol.  sodium  hydrate  and.  methyl  iodide  to 
100°-120**,  it  IS  converted  into  methylic  monobromophenate,  C^*BrO .  CH«,  a  colourless 
mobile  liquid  having  an  ethereal  odour,  a  burning  aromatic  taste,  and  boiling  at 
223°  (corr.). 


908  PHENOL 

Dibromopkenolj  CH'Br'OH,  is  prepared  in  the  same  manner  as  monobramo- 
phenol,  nsing  the  requisite  quantities  of  the  materials,  and  collecting  apart  the 
portion  which  distils  at  164°  under  a  pressure  of  11  mm.  It  forms  a  ciyslalliDe 
mass  haying  a  satiny  lustre  and  unpleasant  odour,  melting  at  40*^,  and  subliming 
eren  at  ordinary  temperatures.  It  distils  quite  undeoompoeed  under  reduced  prpasme, 
and  for  the  most,  part  also  under  the  ordinary  pressure ;  is  nearly  insoluble  in  water,  hot 
dissolves  easily  in  alcohol,  ether,  bensol,  and  carbon  bisulphide.  By  nitric  acid  it  if 
easily  converted  into  picric  acid.  Its  potassium  salt  forms  white  deliquescent  nodules. 
Methylio  dibromophenaU,  produced  by  heating  dibromophenol  to  100^-120^  with 
caustic  soda  and  methyl  iodide^  is  identical  with  that  which  Cahours  obtained  by  tba 
action  of  bromine  on  anisoL  It  melts  at  69°,  boils  at  272^,  and  crystallises  from 
alcohol  in  nacreous  scales,  after  ftision  and  partial  cooling  in  large  highly  lustrous  tables. 

Tribromophenolf  C'H'Br'.OH,  is  easily  formed  by  dropping  bromine  into 
phenol  cooled  at  first,  but  afterwards  gently  wanned,  as  a  crystalline  mass,  which 
when  reciystallised  from  hot  alcohol  with  addition  of  a  little  water,  forms  long  silky 
needles,  melting  at  96°,  easily  subliming,  nearly  insoluble  in  water,  easily  soluble  in 
alcohol,  and  uniting  with  bases  to  form  salts,  some  of  which  crystallise  welL 

Tetrabromophenol^(yKBT*OB.,  is  produced  by  heating  pure  tribromophenol 
with  1  mol.  bromine  to  1 70^-180°,  and  after  repeated  crystallisation  and  sublimatioB 
of  the  portion  of  medium  solubility,  forms  concentric  needles  which  melt  at  120°, 
and  dissolve  very  easily  in  alcohol. 

Pentabrotnopkenolt  C*Br^OH,  is  obtained  by  heating  tetra-  or  tri-  brimopheaol 
Vith  excess  of  bromine  to  210°-220°  for  several  days,  washing  the  product  with 
water,  and  reciystallising  it  from  carbon  bisulphide.  It  dissolves  but  slowly  in 
alcohol  or  carbon  bisulphide,  and  cr^tallises  from  the  latter  in  large  adamantiDe 
needles,  from  the  former  in  ooncentncally  grouped  needles,  which  melt  at  226°,  and 
sublime  without  decomposition  when  cautiously  heated.  With  strong  nitric  add  it 
forms  bromopicrin  and  bromanil,  OBr^O*  (Edmer). 

Ctaloroplieiiola*  3f on ocA/orooAe»o 2,  C*H*C10H,  is  i>repared:  I.  By  slowly 
passing  chlorine  into  well-cooled  pnenol  (600  grms.),  distilling  after  about  twelve 
hours,  collecting  apart  the  portion  which  goes  over  between  216°  and  226°,  and 
rectifying. — 2.  dj  the  action  of  sulphuryl  chloride  on  phenol  (p.  907).  It  is  a  white 
crystalline  body  havUig  a  penetrating  odour,  melting  at  41°,  boiling  at  about  220°, 
soluble  in  alcohol,  ether,  benzol,  and  aqueous  dftUsUc  alkalis,  but  not  in  alkaline 
carbonates  (Dubois,  ZeiUchr,  f.  Chem,  [2]  iii.  206).  Bahr-Fredari  (ibid.  vi.  246),  by 
passing  chlorine  into  phenol  mixed  with  a  little  wsLier  and  cooled  with  ice,  washing 
the  product  with  weak  potash-solution,  dehydrating  with  calcium  chloride  and 
anhydrous  cupric  sulphate,  then  filtering  and  fractionating,  has  obtained  a  mono- 
chlorophenol  melting  at  8*6°  and  boiling  at  220°.  Heated  with  potash  to  190°,  it 
appears  to  yield  hydroquinone. 

Dichlorpphenol,  CH*C1'.0H,  previously  known  only  as  an  oil  (iv.  392),  is 
obtained  by  passing  dry  chlorine  into  phenol,  repeated  fractional  distillation,  and 
recrystallisation  from  benzol,  in  colourless  slender  six-sided  needles  several  mcha 
long,  exhibiting  a  pale  reddish  tint  when  dried  and  viewed  in  mass.  It  melts  at 
42°-43°,  boils  at  209°,  and  does  not  therefore  appear  to  correspond  with  monochloro- 
phenol  (which  boils  at  220°).  It  is  nearly  insoluble  in  water,  but  dissolves  very 
easily  in  alcohol,  ether,  and  warm  benzol.  It  has  an  unpleasant  odour,  volatilises 
with  vapour  of  water,  and  expels  carbonic  acid  from  alkaline  and  earthy  carbonates 
when  boiled  with  them  in  presence  of  water ;  in  the  cold,  however,  it  is  separated 
from  these  solutions  by  carbonic  acid.  Its  amnumium  salt,  CH*C1K)(NH*),  crystallises 
from,  a  hot  solution  of  dichlorophenol  in  strong  ammonia,  in  colourless  shining 
needles ;  from  dilute  solutions  in  tables  apparently  rhombic  The  potassium  salt 
forms  thin  colourless  rhombic  tables,  quickly  becoming  greyish-violet  on  exposure  to 
light,  especially  when  moist,  easily  soluble  in  water  and  alcohol,  giving  ofif  the  free 
acid  even  at  70°.  The  st^o^r  salt  is  a  yellowish  amorphous  precipitate,  quickly  blackening, 
even  in  the  dark.  The  lead  salt  (probably  basic  C*K*aK) .  Pb .  OH),  precipitated  from 
the  solution  of  the  ammonium  salt,  is  white  and  amorphous,  llie  ethnic  ethtr^ 
OH'Cl^C'H*,  obtained  by  boiling  the  potassium  salt  with  ethyl  iodide,  precipitating 
with  water  and  rectifying,  is  a  colourless  oil  boiling  at  226°-227^,  nearly  insoluble  in 
water,  miscible  in  all  proportions  with  alcohol  and  ether  (F.  Fischer,  Zeitsekr.  /• 
Chem,  J2]  iv.  386). 

Another  modification  of  dichlorophenol  is  obtained  by  passing  nitrous  acid  vapour 
into  a  cooled  mixture,  of  dichlor-orthoamidophenol  sulphate  (p.  913)  and  dilute  sulphuric 
acid,  whereby  diazodichlorophenol  sulphate  is  separated  as  a  light  brown  ciystallino 
powder;  heating  this  powder  with  water  and  sodium  carbonate;  and  distilling  th« 
product  with  sulphuric  acid.     Dichlorophenol  then  separates  firom  the  distillate  in 
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slender  colourless  needles  (sometimes  also  as  a  faintly  yellow  oil)  rery  slightly 
soluble  in  water,  miscible  in  all  proportions  with  alcohol  and  ether,  haying  a  dis- 
agreeable pungent  odour,  melting  at  65°,  and  boiling  between  218°  and  220°  (Seifart, 
Zeitsekr.  f.Chem,  [2]  v.  460). 

Trichlorophenol,  C*HK;1'0H  (ir.  392),  produced  by  the  action  of  dry  chlorine 
on  melted  phenol,  melts  at  67°-68°,  boils  with  slight  decomposition  at  248*6°  to 
244'6°,  volatilises  with  yapour  of  water,  and  exhibits  an  acid  reaction  in  alcoholic 
solution.    Kitrie  add  converts  it  into  dichloroquinone : 

C«H»C1H)  +  NO«H  «  HCl  +  NO«H  +  C«H«a«0«. 

The  salts  produced  by  boiling  trichlorophenol  with  the  carbonates  of  the  alkalis 
and  alkaline  earths  have  an  aUEaline  reaction,  and  mostly  give  off  trichlorophenol 
when  gently  heated.  The  potasnum  salt,  2C<H'C1*0K  +  H'O,  is  easily  soluble  in 
water,  and  crystallises  in  cauliflower-like  masses,  appearing  under  the  microscope  as 
f^ircate  groups  of  capillary  needles.  The  ammonium  iut,  C*H*G1'0(NH*),  crystallises  in 
large  somewhat  sparingly  soluble  needles.  The  rather  sparingly  soluble  oarium  stdt, 
(C*H*ClK))*Ba  +  4II'0,  crystallises  in  radiate  groups  of  laminae,  which  give  off 
their  water  at  140°.  The  easily  soluble  magnewum  salt,  (C«H»a«0)»Mg  +  2H«0, 
crystallises  with  difficulty  in  circularly  grouped  pointed  needles.  On  mixing  the 
alcoholic  solution  of  trichlorophenol  with  neutral  lead  acetate,  a  hatic  lead  salt, 
2(C*H'Cl*0)'Fb.PbO,  separates  in  the  crystalline  form,  while  the  normal  salt, 
(OH*Cl'0)^Pb,  which  crystallises  in  slender  prisms,  remains  in  solution.  The  silver 
salt,  C«H«Cl»OAg,  is  a  yellow  amorphous  precipitate.  The  et^lic  ether,  C«H«C1»0CH*, 
formed  by  boiling  the  potassium  salt  with  ethyl  iodide,  crystallises  in  white  prisms, 
melts  at  43°-44°,  boils  at  240°,  and  is  converted  by  a  mixture  of  sulphuric  and  nitrio 
acids  into  a  body  which  crystallises  in  tufts  of  needles  melting  at  68'^~64°  (A.  Faust, 
Zeitsckr.  /.  Chem,  [2J  iii.  727). 

lodopliMiols.  Schutzenberger  a.  Sengenwald  obtained  these  compounds  by  the 
action  of  iodine  chloride  on  phenol  (iv.  394,  409).  Komer  (Ann.  Ch.  Pkarm,  cxxxvii« 
197)  has  prepared  mono-  and  tri-iodophenol  bj^  treating  phenol  with  iodine  and  iodic 
acid,  in  presence  of  free  alkali  and  a  dilute  solution.  Mono'iodophenol, 
C*H*I .  On,  is  produced,  according  to  the  equation : 

6C^K)H  +  2I«  +  IO«H  =  8H«0  +  6C^«I0H. 

The  iodine  and  iodic  acid  are  first  dissolved  in  the  required  proportions  in  dilute 
potash,  the  phenol  is  then  added,  and  the  liquid,  while  constantly  stirred,  is  super- 
saturated with  dilute  hydrochloric  acid.  The  precipitated  oil,  which  contains  mono- 
iodophenol,  with  a  small  quantity  of  the  tri-iodated  compound,  is  washed  with  water 
containing  alcohol,  and  again  precipitated  from  alkaline  solution  by  hydrochlorie 
acid.  It  is  colourless,  solidifies  at  low  temperatures,  has  a  strong  disagreeable  odour, 
and  unites  with  alkalis,  forming  salts  which  are  insoluble  in  concentrated  alkali,  and 
are  decomposed  by  carbonic  acid.  Tri-iodophenol,  C*H*POH,  prepared  like  the 
preceding  compound  with  the  required  proportions  of  the  materials,  separates  on 
acidulation  with  hydrochloric  acid,  as  a  greyish-white  fiocculent  mass,  and  crystallisea 
from  alcohol  of  60  p.  c.  in  interlaced  needles,  or  in  large  flattened  needles  like  those 
of  benzoic  acid.  It  has  a  faint  but  unpleasant  odour,  melts  at  160°,  and  decomposea 
when  sublimed. 

Mono-iodophenol  (prepared  as  above),  added  to  melting  caustic  potash  mixed  with 
so  much  water  that  it  melts  at  166°,  is  converted  into  a  mixture  of  the  isomeric 
compounds  pyrocatechin  and  hydroquinone,  C*H*0',  the  latter  in  the  larger  proportion, 
the  change  consisting  in  the  replacement  of  I  by  HO.  On  precipitating  with  hydro- 
chloric acid,  agitating  with  ether,  and  evaporating,  there  remains  a  mixture  of 
pyrocatechin  and  hydroquinone,  which  may  be  separated  by  precipitation  with  lead 
acetate  (not  in  excess),  the  hydroquinone  then  remaining  in  solution. 

MonO-iodophenol  is  likewise  obtained,  by  a  series  of  transformations,  from  nitraniline, 
namely,  by  converting  this  compound  into  diaaonitrobenzene  sulphate  (iv.  448) ;  this 
latter  into  iodonitrobenzene  by  the  action  of  hydriodic  acid :  C«H»(NO")N*  +  HI 
«B  C*H^(NO')I  +  N* ;  this  into  diazo-iodobenzene  by  the  action  of  nitrous  acid ; 
and  the  diazo-iodobenzene  into  iodophenol  by  boiling  its  nitrate  or  sulphate  with 
water:  C«H"IN«  +  H'O  «  C«H»IO  +  N«.  The  iodophenol  thus  obtained  from 
nitraniline  is  converted  by  melting  potash  wholly  into  hydroquinone ;  and  that 
prepared  in  like  manner  iVom  $  nitraniline  or  paranitraniline  (from  dinitrobenzene) 
yields  the  isomeric  compound  resorcin.  There  are  therefore  three  modiflcations  of 
raono-iodophenol,  yielding  by  substitution  of  HO  for  I,  the  corresponding  modiflca- 
tions of  oxyphenol :  viz.  oriho-iodophenol  (1  :  2),  yielding  hydroquinone ;  meta- 
iodophenol  (1:3),  yielding  pyrocatechin ;  and  paia-iodophenol  (1 :  4),  yielding  resorcin. 
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The  iodophonol  obtained  by  the  nctkin  of  iodine  and  iodic  add  on  piieiiol  is  a 
mixture  of  ortho-  and  meta-iodophenols,  the  fonner  predominating  (KoriMr).  See 
Aromatic  Sanias  (p.  198). 

Hlasiweta  a.  WeseUky  {Wtm,  Akad.  Ber.  Iz.  [2]  290;  Ckem.  Cmtr.  1870,  «3) 
prepare  mono-  and  di-iodophenol  by  the  action  of  iodine  on  phenol  in  aleoholie 
solution,  in  presence  of  an  easily  redocible  metallic  oxide  which  yields  an  insolnUe 
iodide  (mercuric  oxide).  For  mono-iodophenol  the  proportions  are  those  indicated  bj 
the  equation : 

2C^«0  +  HgO  +  I*  «  2C«H»I0  +  HgP  +  HK)  ; 

but  even  when  these  proportions  are  exactly  obserred,  di-iodophenol  ia  always  fonsfd 
at  the  same  time.  The  mono-iodophenol  is  found  chiefly  in  the  alcoholic  filtrate ; 
the  di-iodophenol  remains  mixed  with  the  mercuric  iodide,  and  may  be  diaBolved  out 
by  dilute  solution  of  potassium  carbonate,  and  precipitated  by  hydrochloric  seid. 
The  mono-iodophenol  obtained  by  eyaporating  the  alcoholic  liquid  yields  by  deoMo- 
position  with  potassium  hydrate,  chiefly  resorcin  (witii  a  little  pyrocatechin),  and 
therefore  consists  mainly  of  para-iodophenoL 

For  the  preparation  of  di-iodophenol  the  best  proportions  are  indicated  by  the 
equation : 

C«H*0  +  HgO  +  I«  -  C«H«IK)  +  Hgl«  +  H»0. 

Crystallised  from  weak  spirit,  it  forms  colourless  or  slightly  greyish,  soft,  felted 
crystals,  having  a  silky  lustre,  and  a  fieiint  but  persistent  odour,  like  that  of  mono- 
iodophenol  ;  it  dissolyes  easily  in  alcohol,  ether,  and  carbon  bisulphide ;  sublimes ; 
melts  at  150^;  and  decomposes  at  a  higher  temperature.  It  is  not  deoompoeed  bj 
boiling  with  aqueous  or  alcoholic  potash  solution,  but  when  fused  with  potassium 
hydrate  it  yielas  a  considerable  quantity  of  a  brown  riscid  nnciystalliBable  snbstaDtt 
containing  a  small  quantity  of  pyrocatechin. 

Wltroplienotos  The  crystalline  and  less  Tolatile  modification  of  mononitro- 
phenol  called  iaonitrophenoi,  which  Fritzsche  obtained  by  the  action  of  nitric  aG«l  on 
aqueous  phenol  (iy.  895),  is  converted  by  reduction  into  an  amidophenol,  which,  when 
oxidised  with  potassium  chromate  and  sulphuric  acid,  yields  large  quantities  of 
hydroquinone ;  it  is  therefore  orthonitrophenol  (1:2).  The  dinitrophenol 
prepaiwd  from  this  compound  is  identical  both  with  that  obtained  from  the  more 
volatile  mononitrophenol  (iv.  394),  and  with  that  which  Griess  obtained  by  heating 
diasodinitrophenol  in  alcoholic  solution.  In  like  manner  the  two  modifications  of 
mononitrophenol  yield  only  one  and  the  same  trinitrophenol,  or  picric  acid,  melting  at 
122*6°  (Komer).  There  is  at  present  no  evidence  to  show  whether  the  more  volatile 
mononitrophenol  belongs  to  the  meta-  or  the  para-  series;  it  is  therefore  more 
convenient  still  to  distinguish  the  two  known  modifications  as  nitro-  and  iso-nitro- 
phenol  (Komer,  Zeiisckr.  /.  Ckem,  [2]  ii.  662,  731 ;  Bufl.  Acad.  Bdg,  [2]  xxiv.  166). 

MommUronuthyl'phenol  or  Momnitraniaol,  C*H«(CH*)(NO*)0,  formed  by  the 
action  of  methyl  iodide  in  excess  on  the  silver  salt  of  nitrophenol,  is  a  yellowish 
fragrant  oil  boiling  at  265° ;  it  solidifies  at  0°,  melts  again  at  9°,  has  a  sp.  gr.  of 
1*249  at  26°,  and  volatilises  easily  with  vapour  of  water.  JtonUrometkyi-pke»ol  ot 
honitraniMoly  prepared  like  the  preceding  from  silver  isonitrophenate,  czystallises  in 
large  rhombic  prisms,  melting  at  48°,  boiling  at  258°-260°,  and  likewise  volatilising 
with  vapour  of  water.  Both  these  compounds  are  also  produced  by  direct  nitration 
of  anisol  (Brunck,  Zeitschr.  /.  Chem.  [2J  iii.  202). 

Monoamidomethylphenol  or  Anisidine,  G'H*(NH')(CH*)0,  produced  by  reduction  of 
nitranisol  with  tin  and  hydrochloric  acid,  is  a  colourless  oil,  which  remains  liquid 
below  0°,  boils  at  216°,  and  has  a  sp.  gr.  of  1*108  at  26°.  The  hydrochloride, 
C«H*(NH*)(CH")0.HC1,  crystallises  in  easily  soluble  rhombic  tables,  /soawifo- 
meikylphenol  or  baniaidine,  C*H«(NH*)(CH*)0,  crystallises  from  alcohol  or  etJier  in 
colourless  prisms,  melting  at  52°,  and  volatilising  without  decomposition.  The 
hydroeUoride  forms  easily  soluble  prisms  (Brunck,  loc,  cit.). 

Dinitrophenol.  C"H*(NO«)'0.—This  compound  is  best  prepared  by  gradually 
adding  a  very  strong  aqueous  solution  of  phenol  to  commercial  nitric  acid  (sp.  gr.  1*4), 
with  constant  agitation,  till  the  action  becomes  feeble.  Dinitrophenol  then  separatee 
in  considerable  quantity,  and  after  washing  with  water  and  crystallisation  from  alcohol 
and  water,  forms  thin  faintly  yellow  tables  and  laminae,  or  (from  water)  nearly 
colourless,  fibro-laminar  masses.  It  volatilises  at  70°,  passes  over  also  with  T^KHir 
of  water ;  dissolves  in  2\  pts.  water  at  100°,  in  197  pts.  at  18°,  and  in  7261  pts.  at0° 
Its  silver  salt,  2C«H«(N0«)K)Ag  +  H«0,  forma  yellow  needles,  blackened  by  light, 
insoluble  in  etlier,  slightly  soluble  in  water  and  alcohol,  detonating  violently  when 
heated.    The  mercuric  salt,  obtained  by  precipitation,  forms  slightly  soluble  yellow 
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needles.  The  ferrio  $ttli,  obtained  in  like  manner,  cryetallisee  in  green  laminae 
moderatelT  soluble  in  water.  The  nickd  salt,  [C*H*(NO'm]>Ni  -i-  8H>0,  forms 
green  needles.  The  iMMgantmt  mJU,  [G*H"(NO*)K)l'Mn  +  6H*0,  ciystallises  in  tufts 
of  lose-colouzed  easily  soluble  needles.  The  qumtne  »aU,  C*H«(NO*ra .  C»H<«N'0* 
•f  SHH),  is  insoluble  in  ether,  nearly  insoluble  in  water,  slightly  soluble  in  alcohol, 
and  crystallises  from  the  latter  in  tufts  of  long  orange-coloured  needles,  or  from  water 
in  light  yellow  laminar  masses.  The  ethnic  et&r  (dinitrophenetol),  C*H*(NO')'0 .  C*H*, 
formed  by  heating  the  silver  salt  with  ethyl  iodide,  cxyBtallises  from  alcohol  in  nearly 
colourless  needles  blackened  by  light  (compare  iv.  899).  The  meth^lie  ether  (dini- 
tranisol),  CH*(NO*)K).CH*,  forms  lone  yeiy  slender  needles;  the  amylie  ether  is  a 
heaTT  colourless  oU.  Urea  dinitrophenate  forms  indistinctly  crystalline  masses. 
Napithaie§^dinUroi^kenate,C^\lSlO^,C^*B^^^  from  a  solution  of  the 

two  bodies  in  alcohol  or  bensol,  in  yellow  needles.  It  is  soluble  in  ether  and  in  hot 
water,  and  ciystallises  from  the  latter  in  micioscopie  colourless  needles.  By  prolonged 
boiling  with  water,  it  is  decomposed,  with  continued  evolution  of  naphthalene 
(Gruner,  J.  pr,  Chtm.  cii.  222). 

Trinitrofhenol  or  Picric  Acid,  C*H'(NO*)*0. — ^Pure  picric  acid  melts,  accord- 
ing to  Komer,  at  122*6^  the  commercial  acid  between  114®  and  115®. 

Casthelaz  (Chem.  Newe,  xv.  140^  describes  a  process  for  the  testing  of  commercial 
picric  acid,  founded  on  the  fact  tiiat  the  pure  acid  is  soluble  in  ether  and  in  benzol, 
whereas  the  impurities  (oxalic  acid  and  various  salts)  are  insoluble  in  those  liquids. 

Picric  acid  digested  with  a  concentrated  aqueous  solution  of  iodine  chloride  is  con- 
Terted  into  chloropicrin  and  chloranil  (Stenhouse,  Chem,  8oe.  J,  [21  ii.  366).  Under 
other  cncninstances  it  is  converted  by  the  same  reagent  into  chlorodinitrophenol 
(p.  918). 

The  following  metaUie  pierates  have  been  examined  by  D.  MtUler  (JPogg.  Amm.  ezxiv. 
103)  [N0»  -  X] : 


Manganous  salt, 
Cnpriesalt, 
Cadmium  salt^ 

Feixonssalt, 
Sodio-magnesie  salt, 
Sodio-fenous  salt, 
Sodio-oobaltans  salt, 
Sodio-nickel  salt^ 
Sodio-sinc  salt, 

Sodio-oadmic  salti 

Aluminium  salt, 
Ferric  salt. 


(C«H«X»0)«Mn  +  6H«0. 
(C«H«X»0)«Cu  +  16H»0, 
(C-H»X«0)*Cd  +  7H»0, 

((}^«X«0)«Fe  +  6H*0, 

(C-H«X-0)«Mg>       ^2«0 

3C«H»XH)Na   J  +  *^^» 

(C^«XK))«Fe) 

6C^«X«0Na   ; 

(<>H«X«0)»Co 

6C«H«X«0Na 

(C«H«X«0)«Ni 

6C^«X»0Na 

(C*H»X»0)«Zn 

6C«H«XH)Na 

(C«H«X«0)«Cdl 

6C^«X»0Na  \ 

4C«IPX«0.A1»0«  +  16H«0, 

4C«H«X"0  JU«0«  +  16H«0, 


light  yellow  rhombic  crystals, 
green  quadratic  crystals, 
light  yellow  rhombic  crystals, 
light  brown  ciystals  permanent 

below  100®. 
yellow  cauliflower-like  crystalline 

groups. 


12H»0. 
12H*0, 
12H«0, 
12H*0, 
12H*0. 


ft 


f» 


ft 


If 


ft 


ft 


ft 


ff» 


ft 


yellow  needles, 
reddish-yellow  needles. 


1  pt  of  poia$*ium  pieraie  requires  for  solution  r  of  water,  273*3  pts.  at  0®,  and  440*8 
pts.  at  20® ;  of  alcohol,  1138  pts.  at  0®,  and  736*5  pts.  at  20®  (Frisch,  J.pr,  Chem. 
c  229). 

Picrateof  TViet^lroeaniline  is  one  of  the  varieties  of  aniline  green  (Alfraisse,  Dingl, 
pol.  J.  clxxxvi.  324 ;  Jahreeb.  1867,  p.  964). 

Et^l  Pierate,  C«H*(NO*)H) .  C*HS  is  easily  obtained  by  digesting  dry  silver  picrate 
(prepiured  by  mixing  a  hot  solution  of  picric  acid  with  silver  carbonate,  boiling  for  a 
few  minutes  and  filtering)  with  five  times  its  weight  of  ethyl  iodide  at  100®,  distilling 
off  the  excess  of  the  latter,  and  repeatedly* treating  the  residue  with  hot  alcohol. 
The  ether,  when  washed  and  repeatedly  crystallised  from  alcohol,  forms  slightly 
yellowish  needles  an  inch  or  two  long,  becoming  darker  on  exposure  to  light  It  is 
somewhat  soluble  in  hot  water,  also  in  ethyl  iodide,  common  ether,  carbon  bisulphide, 
and  benzol ;  melts  at  78*5®,  solidifies  at  78®,  and  decomposes  with  slight  detonation 
at  a  higher  temperature  (H.  Muller  a.  Stenhouse,  Chem,  8oe,  J,  [2]  iv.  235). 

Picratet  of  ^droearbons, — ^Picric  acid,  as  already  shown  by  Fritzsche  (iv.  405), 
affords  characteristic  reactions  for  the  detection  of  certain  hydrocarbons.  For  this 
purpose  it  is  convenient  to  use  an  alcoholic  solution  of  the  acid  saturated  at  20®-30®, 
and  either:  (1)  add  the  hydzoourbon  to  the  cold-saturated  alcoholic  solution;  or 
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(2)  mix  the  picrie  acid  solation  with  a  hot  alcoholic  solution  of  the  hydrocjazbon ;  or 

(3)  dissolTo  the  hydrocarbon,  with  aid  of  heat,  in  the  iMcricacid  solution.  The  foUoviii^ 
combine  under  these  circumstances  with  racric  acid :  NapktheUne  is  the  onlj  solid 
hydrocarbon  whose  cold-saturated  alcoholic  solution  is  precipitated  by  piaie  add. 
The  compound  fonns  delicate  stellate  groups  of  yellow  needles,  easily  sc^uble  in 
alcohol.    Retene  treated  by  method  2  or  8  forms  similar  needles  of  an  oranga-yellow 
colour.    AnthraetHe  also  forms  ruby-oolouied  needles  still  mors  soluble  than  the 
preceding;   the  red  alcoholic  solution  is  decolorised  by  addition  of  a  little  man 
alcohol.   Other  hydrocarbons  contained  in  crude  anthiacene  exhibit  the  same  reaction, 
which  appears  to  be  peculiar  to  anthracene  and  its  homologues.    The  hydrocarbon 
boiling  at  260®  which  exists  in  crude  anthracene,  likewise  forms,  when  mssolTed  in 
the  alcoholic  solution  of  picric  add  at  the  boiling  heat,  a  oompoiind  oystalluuig  in 
orange-yellow  needles.     Chrytene  forms  a  gnuiular  yellow  precipitate,  obtainable 
only  by  method  8,  and  consisting  of  microscopic  needles  united  in  scales.   In  prpsenee 
of  benserythrene  the  scales  pass  into  brown  spherical  groups  of  needles.  BemzayikrtmM 
boiled  with  an  alcoholic  solution  of  picric  acid  deposits  brown-yellow  flocks  on  oooling. 
The  forms  of  these  compounds,  when  examined  by  the  microscope,  are  characteristaeof 
the  individual  hydrocarbons,  and  easily  distinguished  from  those  of  picric  add  itself 
which  sometimes  separates  out ;  they  may  also  be  obtained  with  mixtures,  inasmuch 
as  these  mixtures,  excepting  that  of  chrysene  andbenzerythrene,  still  yield  tlie  picrates 
of  the  several  compounds  contained  in  them.    In  mixtures  of  hydrocarbons  all  of 
which  combine  with  picric  add,  the  separation  may  in  many  eases  be  effected  by 
fractional  precipitation  (Berthelot,  BvU.  Soc.  Chim.  [2]  yii.  Se). 

BnoMOXiTSOPHBiroL,  CH^Br(NO')0,  obtained  b^the  action  of  bromine  on  Uie 
more  volatile  nitrophenol,  crystallises  from  alcohol  in  shining,  yellow,  sublxmable 
laminse,  easily  soluble  in  alcohol  and  ether,  melting  at  88^.  Its  poiOBfium.  salt, 
C*H*Br<NO')OK  +  2H*0,  forms  long  pointed  four-sided  needles,  of  a  blood-rsd 
colour,  moderately  soluble  in  water,  dryinff  up  over  sulphuric  add  to  a  dark  red 
powder.  The  barium  salt,  [C'H'Br(NO*)Oj'Ba,  crystallises  in  anhydrous  scales  of 
dark  red  colour  and  golden  lustre.  The  nlvtr  salt,  C*H'Br(NO*)OAg,  forms  a  dark 
red  precipitate  or  blood-red  laminn  having  a  golden  lustre.  Bntmuonitrnphamel^ 
C*H^Br(NO')0,  produced  b^  the  action  of  1  mol.  bromine  on  isonitrophenol,  is  not 
volatile  without  deoompodtion,  and  crystallises  from  aqueous  alcohol  or  from  ether  in 
long  satiny  needles  melting  at  102°.  The  easily  soluble  potassium  salt  forms  red 
crystalline  crusts ;  the  sodium  salt  lemon-yellow  needles ;  the  silver  salt  slender  zed 
needles  (Brunck). 

Dihromonitrophenol^  C*H'Br'(NO'^0,  is  obtained  (together  with  bromopicrin) 
by  adding  dibromophenol  to  a  cooled  mixture  of  nitric  and  sulphuric  acid ;  when 
separated  from  its  potassium  salt  and  recrystallised  from  alcohol,  it  forms  large  easily 
sublimable  prisms  melting  at  119^  lU  potassium  salt,  C«H*Br^KO*)OK,  forms 
scarlet  needles  slightly  soluble  in  cold  water,  more  soluble  in  boiling  water  and  in 
alcohol ;  the  barium  salt  iaan  orange-red,  the  siltfer  salt  a  brown-red  predpitate.  The 
methylie  ether,  precipitated  by  water  from  a  solution  of  methylic  dibromophenate  in 
fuming.nitric  acid,  crystallises  from  alcohol  in  colourless  needles  (Komer,  Jam.  Ck, 
Pharm.  cxxxvii.  197;  Zeitschr.  /.  Chem.  [2]  ii.  148).  IHbramisonitropkenol, 
G*H'Br*(NO')0,  produced  by  the  action  of  2  mol.  bromine  on  isonitrophenol,  forma 
beautiful  prismatic  crystals  sparingly  soluble  in  water,  easily  in  alcohol  and  ether, 
melting  at  141  °,  and  decomposing  at  a  slightly  higher  temperature  without  subliming ; 
the  potassium  salt  in  tufts  of  orange-yellow  anhydrous  needles,  or  in  light  yellow 
lamins  containing  2  mol.  water;  the  barium  salt,  [C*H*Br*(NO*)OpBa  +  lOHK).  in 
light  yellow  needles  which  crumble  to  a  red  powder;  the «i/ti«r  m/^,  G^'Br^MO')OAg; 
forms  sparingly  soluble  yellowish  needles  (Brunck,  loe,  cit.), 

.  CHLOBONITBOPHBN0I.S. — Mononttrochlorophsnol,  G'H*Cl(NO')0,  is  pre- 
pared by  passing  200  grms.  of  chlorine  gas  into  600  grms.  pure  phenol  not  cooled,  and 
gradually  adding  the  resulting  chlorophenol  to  1000  grms.  nitric  add  of  sp.  gr.  1*4, 
previously  diluted  with  1600  grms.  water.  The  mixture  is  left  for  four  days,  being 
frequently  stirred,  but  not  heated ;  the  chloronitrophenol  which  collects  at  the  bottom 
in  lumps  is  collected,  washed,  and  converted  into  sodium  salt ;  this  salt,  after  recry- 
stallisation,  is  decomposed  with  hydrochloric  acid ;  and  the  chloronitrophenol  thereby 
separated  is  distilled  with  vapour  of  water  and  purified  by  recrystallisation  from  hot 
alcohol,  ether,  and  chloroform.  It  crystallises  from  hot  alcohol  in  needles,  from 
chloroform  in  large  light  yellow  triclinic  prisms  having  the  form  of  eupric  sulphate ; 
has  a  strong  saffron-like  odour,  and  melts  at  86^-87°.  It  dissolves  easily  in  chloro- 
form and  ether,  less  easily  in  alcohol,  and  is  nearly  insoluble  in  water.  Its  salts 
crystallise  easily  and  well,  dissolve  sparingly  in  cold,  more  easily  in  hot  water.    The 
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ammonium  iMf,  (>H*C1(N0<)0NH\  formi  long  orange-red  needlei,  ToUtilising  with 
Tapoiir  of  water;  the  sodium  salt,  C«H*Cl(NO*)ONa  +  H'O,  ciyitallisee  in  zed 
prisms ;  the  barium  salt,  [C*H*Cl(NO>)0]*Ba  +  2H'0,  in  short  red  prisms ;  the 
silver  salt,  C*H*Cl(NO')OAg,  in  brownish-red  needles,  rery  slightly  soluble  in  water. 
The  etkylie  ether,  C«H*C1(N0')0C*HS  obtained  by  heating  the  sUyer  salt  with  ethyl 
iodide,  crystallises  in  yellowish-white  needles  or  laminsB,  having  an  unpleasant  odour, 
and  melting  at  6l''-62''  (Faust  a.  Saame,  Zeitsehr.  /.  Chem,  [2]  t.  460). 

Ckloramidtfhenol  Hydrochloride,  C*H«C1(NH<)0.HC1,  separates  from  the  cooled 
solution  obtained  by  reducing  chloronitrophenol  with  tin  and  hydrochloric  add,  and 
may  be  purified  by  recrystallisation  from  hot  water.  It  eiystallises  in  white  lamine 
easily  soluble  in  water  and  permanent  in  the  air.  The  corresponding  siulphate  forms 
stellate  groups  of  needles  (Faust  a.  Saame). 

Diehloronitrophenol,  C«H*C1*(N0')0,  obtained  b^  adding  crystalline  dichloro- 
phenol  (p.  908)  to  fuming  nitrie  acid,  precipitating  with  water,  and  recrystallising 
from  alcohol,  appears  to  be  identical  with  the  nitro-eosBpound  which  Laurent  obtained 
in  like  manner  from  liquid  dichlorophenol  (iv.  807).  It  forma  yellow  crystalline 
lamins,  melting  at  121^-122°,  sparingly  soluble,  but  with  deep  yellow  oolour,  in 
water,  sublimes  slowly  at  100^,  and  detonates  when  suddenly  heated.  Its  ammonium 
salt,  C*H'CP(NO')ONH\  crystallises  in  shining,  deep  orange-coloured,  sublimable 
needles ;  a  small  quantity  of  its  dust  excites  violent  sneezing.  The  sodiium  salt  forms 
nodular  groups  of  orange -red  needles;  the  potassium  salt,  long  shining  needles 
having  nearly  the  colour  of  chromic  acid.  The  silver  salt  crystalUses  from  a  large 
quantity  of  boiling  water  in  tufts  of  very  dark  red  needles.  The  moffnesium  and 
barium  salts  form  silky  orange-yellow  needles,  slightly  soluble  in  water.  The  basic 
lead  salt,  C«H*Cl*(NO*)O.Pb.OH,  is  an  orange-coloured  precipitate.  The  etkyli^ 
ether,  C*H*a^NO*)O.C*H*,  obtained  by  adding  ethylic  dichlorophenate  to  fuming 
nitric  acid,  c^rstaUises  horn,  absolute  alcohol  in  large,  flattened,  nearly  colourless 
prisms,  melting  at  29^.  Diehloronitrophenol  digested  with  tin  and  hydrochloric  acid 
yields  a  double  stannous  salt  (colourless  when  freshly  prepared),  whidi  after  separa- 
tion of  the  tin  by  hydrogen  sulphide,  yields  dichloramidi^henol  hydrochloride, 
C*H'C1*(NH')0.HC1,  in  colourless  lamine,  quickly  reddenmg  on  exposure  to  light, 
easily  soluble  in  water  and  alcohol.  Dichloramidophenol,  Ofi'Cl*(NH')0,  separated 
therefrom,  forms  small  white  silky  crystals  which  decompose  very  easily,  especially 
when  moist  (Fischer,  Zeitsehr.  /.  Chem,  [2]  iv.  886). 

Faust  a.  Saarae  have  obtained  diehloronitrophenol,  with  properties  exactly  the 
same  as  those  above  described,  by  passing  1  at.  chlorine  into  monochloronitrophenoh 
lU  barium  salt  forms  orance-yellow  needles  containing  [C*H*Cl*(NO*)0]'Ba  +  2H'0. 

Diohlot^-isonitrophenol  or  Diehlor-orthonitrophenol,  C*H'C1'(N0')0, 
is  obtained  by  saturating  fused  orthonitrophenol  with  chlorine,  and  may  be  purified 
by  converting  it  into  a  barium  salt,  recrystallising  this  salt  several  times,  with 
addition  of  animal  charcoal,  and  decomposing  it  with  hydrochloric  acid.  When 
separated  from  a  warm  solution,  it  forms  a  heavy,  nearly  colourless,  easily  crystal- 
lising oil ;  dissolves  easily  in  alcohol,  ether,  and  chloroform,  crystallises  from  ether 
in  long  slightly  yellowish  rhombic  prisms  or  tables,  from  chloroform  in  flat  shining 
colourless  needles.  Heated  with  water  it  melts,  but  is  not  perceptibly  dissolved.  It 
has  a  faint  phenolic  odour,  does  not  volatilise  with  vapour  of  water,  and  is  but 
slightly  sublimable.  Melts  with  decomposition  at  125^.  Its  ammonium  salt, 
C^*Ci*(NO*)ONH«  +  HH),  forms  long  shining  yellow  needles,  which  give  off  their 
water  and  become  colourless  when  left  over  sulphuric  acid ;  dissolves  easily  in 
hot,  sparingly  in  cold  water.  The  sodium  salt,  C*H'a>(NO')ONa  -i-  5H<0,  forms 
yellow  shining  needles,  easily  soluble  in  water  and  alcohoL  The  barium  salt, 
[C«H*Cl«(NO«)0]'Ba  +  4H«0,  crystallises,  according  to  concentration,  in  brown-red 
metallically  lustrous  prisms  or  laminee,  or  in  light-red  flat  needles  ;  dissolves  easily 
in  boiling  water,  sparingly  in  cold  water.  The  ealdum  salt,  [C*H'CP(NO')]'Ca  + 
9H'0,  crystallises  in  golden-yellow  shining  needles  or  lamine  very  soluble  in  water ; 
the  maaneeium  salt,  [C*H*a\NO')0]*Mg  +  10H*O,  in  rosettes  of  yellow  needles, 
very  soluble  in  water.  The  silver  salt,  C*H'Cl*(NO*)OAg,  forms  colourless  interlaced 
needles,  quickly  turning  yellow,  and  very  sparingly  soluble  in  water.  The  lead  salt, 
[C«H*Cl«(NO')0]«Pb  +  4iHK),  forms  verr  sparingly  soluble,  serrated,  dull  yellow 
needles,  which  easily  give  off  their  water.  The  copper  salt  forms  dingy  green  needles, 
decomposing  even  below  100^.  The  ethylio  ether,  obtained  from  the  silver  salt  by 
means  of  ethyl  iodide,  is  a  colourless  body  very  much  like  phenol,  melting  at  186^ 
(Seifart,  Zeitsehr.  /.  Chtm.  [2]  v.  449). 

Diehlor-orthoamidophenol,  C'H*C1*(KH')0,  obtained  by  reducing  the  dichloro- 
nitro-eompound  with  tin  and  hydrochloric  acid,  crystallises  from  water  in  sparingly 
soluble  colourless  striated  lamine,  which  easily  turn  brown.    It  dissolves  easily  iu 
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alcohol,  sublimes  in  colourless  Iftmins  when  veiy  slowly  heat«d,  melts  at  165^-1  (r6®. 
The  su/phate,  [C«H»C1»{NH«)0]« .  SO*H«  +  3H«0.  cpystaUises  from  a  boiling  saturat*.! 
aqueous  solution  in  needles  slightly  soluble  in  hot  alcohol.  The  ^fdr^cMoride, 
C*1PC1*(NH*)0.IIC1,  also  crystallises  in  needles,  decomposing  easily  in  soIqUod, 
melting  below  230^,  subliming  completely  in  white  laminsB  (Seifart). 

Chlorodinitrophenol.  C«H»C1(N0«)K).— This  compound  is  known  in  t»o 
modifications,  which  may  be  distinguished  as  a  and  fi.  a  CklorodinitropMenol  is 
obtained  by  the  action  of  nitric  acid  on  monochlorophenol  (Dubois,  Zeitackr,  /.  Ckn^ 
[2]  iii.  205),  or  by  adding  mouochloronitrophenol  to  red  nitric  acid  (Faust  a.  Sanme, 
ibui.  y.  451).  It  crystallises  from  alcohol  in  yellow  needlee,  from  chloroform  in  l&ise 
monoolinic  prisms  resembling  sugar-candy,  and  has  a  great  tendency  to  form 
twin-crystals.  It  melts  at  81°,  resolidifies  at  69^,  Tolatilises  without  deoomposition 
when  slowly  heated,  dissolves  sparingly  in  cold,  more  easily  in  boiling  water. 

/3  Chloranitrophenol  was  obtained  by  Faust  a.  Saame  from  the  residue  left  after 
the  mononitrochlorophenol,  prepared  as  above  described,  bad  been  distilled  off  vitii 
aqueous  vapour.  This  residue  was  added  to  red  nitric  acid,  the  dark  solutioa 
precipitated  by  water,  Uie  precipitate  converted  into  an  ammonium  salt ;  and  this 
salt  after  repeated  crystallisation  was  decomposed  by  hydrochloric  acid,  fi  chlorp> 
dinitrophenol  thus  obtained  crystallises  from  hot  water  and  dilute  alcohol  in 
yellowish  laminse,  from  chloroform  in  irregular  six-sided  prisms  melting  at  111''. 
It  is  more  soluble  in  hot  water  than  the  a  modification.  The  ammomntm  tdt, 
C«H«C1(N0«)«0NH*  -h  H«0,  crystallises  in  yellow  needles;  the  barimn  talt, 
rC«H^01(N0«)«0]''Ba  +  9H«0,  in  short  yellow  needles,  brick-red  when  dehydrated. 
The  sUt^r  salt,  C«H«Cl(NO«)«OAg  +  H«0,  separates  from  hot  water  in  a  bulky  bums 
of  slender  yellow  needles.  These  salts  are  likewise  more  soluble  in  hot  than  in  eoki 
water. 

y  Chlorodinitrophenol^  the  modification  which  Chriess  obtained  by  passing  s 
strong  stream  of  chlorine  into  phenol,  and  adding  the  product  by  small  portions  to 
nitric  acid  of  ordinary  strength  (iv.  400),  is  more  easily  prepared,  according  to 
Stenhouse  (Chem.  8oe.  J.  [2]  v.  435),  by  the  action  of  iodine  chloride  on  picric  add. 
Chlorine  gas  is  passed  into  a  mixture  of  8  pts.  picric  acid,  3  pts.  water,  and  1  pt 
iodine,  kept  in  gentle  ebullition  in  a  flask  provided  with  an  upright  condensing 
tube,  till  carbon  dioxide  and  nitrogen  dioxide  are  given  off  and  no  more  oily  drops  of 
chloropicrin  are  produced.  The  iodine  chloride  having  been  distilled  off  at  120°,  the 
crystalline  residue  is  washed  with  cold  water  and  recrystallised  from  hot  water.  Tlw 
chlorodinitrophenol  thus  obtained  crystallises  in  yellow  laminae  melting  at  103^, 
volatilising  slightly  at  100°,  more  easily  with  aqueous  vapour. 

On  the  constitution  of  the  chloronitrophenols,  see  Petersen  {Ann.  Ck,  Pkarm.  [1871] 
exlvii.  171 ;  Chem,  Soe.  J.  [2]  ix.  248). 

loDoiriTBOPHBNoLs  (Komer,  Btdl,  Acad,  Belg,  [2]  xxiv.  166;  Jakrab.  1867i 
p.  616). — These  compounds  are  formed  by  treating  the  nitiophenols  in  alkaline 
solution  with  a  mixture  of  iodine  and  iodic  acid,  in  proportions  indicated  by  equation 
I.  for  the  mono-iodatod,  and  by  equation  II.  for  the  ai-iodated  compounds : 

I.    5C«H»-«(N0»)"0H  +  2P  +    IO»H  -  6C«H*-«I(N0»)»0H    +  3HK) 
II.    5OH*-«(N00'0H  +  4I«  +  2I0«H  «  6C*H»-»I«(N0«)«0H  +  6HH) 

They  are  precipitated  from  these  solutions  by  hydrochloric  acid  in  the  form  of 
powder,  or  in  fused  yellowish  masses ;  if  iodine  still  separates,  the  mixture  must  be 
once  more  supersaturated  with  alkali. 

lodisonitrophenol  or  lodorthonitrophenol^  C*H*I(NO')0,  ciystallises 
from  a  hot-saturated  aqueous  solution  in  yellow  needles,  melting  at  93^,  at  a  lower 
temperature  under  water,  not  volatile  without  decomposition.  It  is  also  formed  by 
the  action  of  hydriodic  acid  on  diazonitrophenol,  but  when  thus  prepared  it  can  be 
obtained  pure  (melting  at  94°)  only  by  repeated  crystallisation  firom  boiling  carbon 
bisulphide.  Its  easily  soluble  potassium  salt  crystallises  from  water  in  yellow 
nee<llc8,  from  alcohol  with  3  moK  water,  in  lemon-yellow  prisms.  The  sodimm  tali, 
2C'lPI(N0^)0Na  -t-  5H«0,  forms  golden-yellow  elliptic  scales;  the  barium  salt, 
reddish-yellow  needles ;  the  silver  seut  is  a  lemon-yellow  precipitate  somewhat  soluble 
in  hot  water,  and  crystallising  therefrom  in  needles.  lodonitro phenol  from  volatile 
nitrophenol  is  golden-yellow,  and  crystallises  readily,  but  has  not  been  further 
examined. 

JDi'iodisonitro phenol,  C*H*P(NO')0,  crystallises  from  ethereal  solution  in 
colourless  prisms,  which  turn  yellow  on  exposuro  to  the  air,  melt  at  156*5^,  and 
decompose  at  a  higher  temperaturo.  The  potassium  salt,  C*H'I*(NO')OK,  forms 
golden-yellow  needles  with  violet  iridescence ;  the  sodium  salt,  orange-yellow  efflo- 
rescent laminsB;  the  silver  salt  is  a  yellowish,  nearly  insoluble  precipitate.   Pi'iodC' 
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niirophenol  (fiiom  volatile  nitiophenol)  crystallises  ftom  a  mixture  of  alcohol  and 
ether  in  slender  dark-yellow  needles ;  from  ether  in  large  prisms  having  a  glassy 
lustre.  It  is  slightly  soluble  in  water,  melts  at  98^.  The  easily  soluble  potasaium  salt, 
O'H«P(N0«)0K.  crystallises  in  red-brown  needles ;  the  sodium  salt,  C«H*IXNO«)ONa 
+  H^O,  from  alcoholic  solution  in  dark  brown  prisms  having  a  gulden  lustre,  and 
yielding  a  blood-red  powder ;  the  silver  salt  is  a  black-brown  precipitate. 

lodobromisonitrophenolj  C*H'IBr(NO*)0,  prepared  from  bromoisonitro- 
phenol  by  the  general  process  above  given,  is  insoluble  in  water,  slightly  soluble  in 
alcohol,  easily  soluble  m  ether,  and  crvstallises  from  this  solution  in  colourless 
prisms.  The  potassium  salt,  CH'IBr(NO')OK,  forms  tufts  of  yellow  needles.  Jodo- 
broTnonitrophsnol  (from  volatile  nitrophenol)  crystallises  from  ether  in  orange- 
coloured  prisms,  melts  at  104*2°,  and  volatilises  with  vapour  of  water.  Its  salts  are 
sparingly  soluble  ;  the  potassium  salt  crystallises  in  anhydrous  flat  prisms  having  a 
brown  colour  and  bright  metallic  lustre  ;  the  sodium  salt  with  1  mol.  water  in  dark 
brown  prisms ;  the  barium,  lead,  and  silver  salts  aro  dark  brown  precipitates. 

lodo'dinitrophenol,  OH'I(N0*)'0,  is  nearly  insoluble  m  water,  soluble  in 
alcohol  and  ether,  and  crystallises  from  alcoholic  solution  in  vitreous  sulphur-yellow 
prisms.  It  melts  under  boiling  water  and  volatilises  with  aqueous  vapour.  The 
potassium  salt,  C*H'I(NO')'OK  +  2H'0,  crystallises  from  aqueous  solution  in  yellow 
laminse  or  needles ;  the  barium  salt  in  yellow,  slightly  soluble  lamine.  A  similarly 
composed  and  probably  identical  compound  is  produced  by  the  action  of  hydriodic 
acid  on  diazodinitrophenol ;  but  its  potassium  salt  crystallises  in  orange-red  anhydrous 
needles. 

From  the  results  just  described,  and  from  those  obtained  by  Brunck  with  the 
bromonitrophenols  (p.  912),  Eomer  concludes  :  (1)  That  the  places  occupied  bv  the 
nitros^l  in  dinitrophenol  are  those  which  it  occupies  in  isonitrophenol  and  in  volatile 
nitrophenol ;  (2)  that  in  the  partial  reduction  of  dinitrophenol,  that  atom  of  nitrox^l 
which  corresponds  to  volatile  nitrophenol  gives  place  to  amidogen ;  and  (3)  that  m 
volatile  nitrophenol  the  nitroxyl  occupies  one  of  two  places,  symmetrically  situated 
with  regard  to  the  hydrozyl  [that  is  to  say,  that  it  belongs  to  the  meta-  series]. 

Seduction-derivatives  of  the  Nitrophenols :  Amidophenols, 

The  amidophenols  obtained  by  reduetion  of  mononitrophenol  and  its  chlorinated 
derivatives  have  been  already  noticed  (pp.  910,  913). 
From  trinitrophenol  or  picric  acid  three  amidophenols  may  be  derived,  viz., 

C«H«(NO«)»(NH«)OH        C«H«(NO«)(NH«)«OH        C»H»(NH«)K)H 
AmidodinftropheDol.  DiamidonltatophenoL  Triamidophenol. 

The  first,  generally  known  as  picramio  add,  was  obtained  by  Girard  in  1853,  by 
reducing  picric  acid  with  hydrogen  sulphide.  According  to  C.  D.  Braun  {Zeitschr.  /. 
Chem,  [2]  i.  744),  it  is  produced  from  picric  acid  by  the  action  of  potassium  ferro- 
^nide,  and  more  quickly  in  presence  of  alkali,  by  grape-sugar.  Petersen  (Zeitschr. 
y,  Chem.  [Sliv.  877)  has  examined  some  of  its  compounds  with  acids.  The  hydro- 
cA/&rtt2s,  C*K*(N0>)<(NH')0.HC1,  separates  from  a  hot-saturated  solution  in  con- 
centric groups  of  red-brown  needles,  soluble  in  alcohol  and  ether,  giving  off  their 
hydrochloric  acid  partially  on  exposure  to  the  air,  completely  at  80°.  The  platino- 
chloride,  2(C«H»(NO«)*(NmO .  HCl) .  PtCl*,  separatee  from  concentrated  solution  in 
small  yellow  granular  ci^staLs.  The  nitrate,  obtained  by  decomposing  the  hydrochloride 
in  alcoholic  solution  with  silver  nitrate,  crystallises  in  brown-red  laminse.  When  a 
solution  of  amidodinitrophenol  in  cold  strong  sulphuric  acid  is  diluted  with  water,  the 
amidodinitrophenol  is  precipitated,  and  the  solution  yields  brown  crystals  containing 
sulphuric  acid. 

Girard  and  Pugh  found  that  picramic  add  is  converted  by  nitric  acid  into  picric 
add  ;  but  according  to  Wohler  and  Carey  Lea,  this  is  not  the  case  (iv.  406).  Sten- 
house  {Chem.  Soc.  J.  [2]  vi.  150),  by  treating  1  pt.  picramic  acid  with  3  pts.  boiling 
nitric  acid  of  sp.  gr.  1'45,  has  obtained  crystals  of  diazodinitrophenol,  C*H'N'(NO*)*0, 
together  trith  a  comparatively  small  quantity  of  picric  acid,  which  remains  in  the 
mother-liquor. 

Lautemann  (iv.  640),  by  treating  picric  acid  with  iodine  and  phosphorus,  obtained 
the  hydriodide  of  p  i  cr  a  mi  n  e,  C*H*(NH*)*,  a  base  derived  from  picric  acid  by  substitu- 
tion of  (NH*)'  for  (NO')',  and  simultaneous  reduction  of  the  hydroxyl-group  HO  ;  and 
according  to  Beilstein  {Ann.  Ch.  Pharm.  cxxx.  242),  the  same  base  is  obtained  by 
reduction  of  picric  add  with  tin  and  hydrochloric  acid.  Heintzel  {Zeitschr.  f.  Chem, 
[2]  iii.  339)  finds  that  the  base  obtained  by  either  of  these  modes  of  reduction  is  not 
picramine,  out*  tri-amidophenol,  while,  on  the  other  hand,  Ghiuhe  (i6/^.  iv.  90) 
confirms   Lautemann's   results    as    to    the   formation    of    picramine    hydriodide, 
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C*H'(NH')'.3HI,  bj  the  action  of  iodine  and  phoephoxns  on  picric  add,  and  wgak 
the  salt  which  Heintzel  obtained  by  the  same  procefis,  not  as  the  hTdriodide  of 
triamidophenol,  but  as  the  trihjdriodide  of  piezamine  contaminated  with  phoBphocie 
acid. 

Triamidophenol.  C*H«(NH«)K)H,— A  mixture  of  1  pt  picric  add,  4  ptatia, 
and  15  pta.  crude  hydrochloric  acid,  when  gently  warmed,  begins  to  boil  in  a  hw 
minutes,  and  the  filtered  liquid  deposits  on  cooling  quadratic  laminae,  which  aftfir 
drying  over  lime  in  a  vacuum,  have,  according  to  Heintxel,  the  composition  d 
triamidophenol  ttannochloride,  C«H«(NH*)»0H.3Ha.SnCl«Xa«»«^'«  ^  Beilsteia, 
that  of  picramine  stannochloride,  C«H»(NH*)».3HCl.SnCP].  This  salt  diawdTee  io 
water,  alcohol,  and  ether,  and  after  recrystallisation  from  water  contains  \\  moL 
water  (5'8  p.  c).  It  is  partially  decomposed  by  repeated  a^stalliaation  from  a 
slightly  acicf  aqueous  solution,  buit  from  a  solution  containing  a  laxg^  exeeas  of 
hydrochloric  acid  it  separates  without  decomposition  in  fan^shaped  groups  of  l<ng 
needles.  The  alcoholic  or  ethereal  solution  of  the  salt  acquires  a  deep  blue  coloor; 
so  likewise  does  the  aqueous  solution  when  much  diluted ;  ferric  chloridie  produces  the 
same  colour.  The  hydrochloride,  OiH^NH'/OH.SHCl,  obtained  by  removing  the 
tin  from  the  preceding  salt  by  hydrogen  sulphide,  is  easily  soluble  in  water,  less 
soluble  in  alcohol  and  ether,  and  separates  by  slow  sTaporation  ia  a  Tacnnm,  in 
nodular  groups  of  yellow  needles ;  the  concentrated  solution  imparts  a  permanent 
green-black  colour  to  the  skin,  also  to  wool  and  silk.  The  tulpkattt 
2C«H*(NH>)*OH.3SO«H*,  is  deposited  on  mixing  the  concentrated  Bolntion  of  tlie 
hydrochloride  with  dilute  sulphuric  add,  in  white  cuzdy  flocks,  which  when  moist 
gradually  change  to  dark-coloured  rhombohedral  crystids.  The  l^dr^erroeffomie, 
2OH«(NH«)»0H.Fe«H*Cy«,  is  a  white  cratalline  predpitate,  alighUy  aolubls  in 
water  and  in  alcohol ;  potassium  ferrocyaniae  also  forms  a  white  precipitate. 

Amido-diimidophenol  Hydrochloride,  OTI«(NH«)(NH)«OH.Ha»  (?),  ia  gradually 
deposited  from  a  concentrated  solution  of  triamidophenol  hydrochloride,  in  brown 
crystals  having  a  bine  lustre  by  reflected  light,  insoluble  in  eUier,  slightly  soluble  in 
alcohol,  easily  and  with  splendid  blue  colour  in  water ;  decomposed  by  hot  vatff. 
The  blue  solution  heated  with  dilute  hydrochloric  or  sulphuric  add  becomes  red,  aM 
deposits  white  needles,  having  nearly  the  composition  of  the  Mfdroeklcriie  of 
amid'imid-hydroxyphenol,  C«H=»(NH«)(NH)(OH)«.HCi»  (?)  (Heintad). 

PBBXrO&ZO  BTBBBB.  Ethyl-phenol  or  Fh^netel.  C"H*«0  « 
C«H\  (C'H^)O  (Fittig  a.  Kieeow,  Zeittchr.f,  Chem.  [2]  v.  333.  Bdlatein  &.  Euhlbeig. 
ibid.  461 ;  Chem.  Centr.  1870,  45). — ^This  compound,  originally  obtained  by  the  diy 
distillation  of  barium  ethyl-salicylate  (iv.  391),  may  also  be  prepared  bj  heating  the 
potassium  salt  of  etkyl-bensene-sulphuric  acid  with  3  pts.  of  potasdnm  hydrate  to 
270^-280^  for  some  hours,  acidulating  with  sulphuric  acid,  and  distilling.  The  ethyl- 
phenol,  which  passes  over  with  the  firat  portions  of  aqueous  vapour,  is  separated  from 
the  water,  left  some  time  in  contact  with  calcium  chloride,  and  subjected  to  fractional 
distillation,  the  greater  part  passing  over  between  208^  and  210°.  This  portion 
solidifies  on  cooling  in  large  transparent  prismatic  crystals,  very  much  like  phew^, 
which  may  be  freed  from  an  adhering  viscid  oil  by  pressure  betwoen  biboloas  pap^'  ^ 
the  exsiccator.  The  crystalline  compound  is  ethyl-phenol.  It  melts  at  47^—48^  sod 
boils  at  209°-210^  (FiUiga.  Kieeow) ;  melU  at  46''  and  boils  at  214*^-216^  (Beilstein 
a.  Kuhlberg),  but  volatilises  even  at  ordinary  temperatures.  In  contact  with  water 
it  instantly  liquefies,  whence  it  seems  to  follow  that  liqvid  ethyl-phenol  (iv.  391)  ic 
rather  a  hydrate  than  an  isomeric  modification  (Fittig  a.  Eiesow).  On  the  other 
hand,  the  liquid  ethyl-phenol  expressed  from  the  crystals  as  above  mentioned  does 
not  solidify  even  in  a  freezing  mixture ;  it  boils  at  212°  (Beilstein  a.  Euhlbeis). 

Ethyl-phenol  treated  with  sodium  and  carbon  dioxide  is  converted  into  ethyi- 
(para-  or  meta-)  oxybensoic  acid :  C«H»(C«fl*)0  +  00»  =  C'H»(0«H»)O»  (Beilstein 
a.  Euhlberg).    See  Pasaoxtbbnkoic  Acid  (p.  899). 

Methyl-nhcnol.    C«H»(CH«)0.— See  Anisol  (i.  306). 

Chlorometkyl-pheftol,  C^^Q(CH")0,  is  produced  by  the  action  of  phosphorus 
pentachloride  on  anisol.  It  is  a  colourless  liquid  having  a  rather  agreeable  odour,  a 
sp.  gr.  of  1*182  at  9°,  and  boiling  at  about  200°.  Insoluble  in  water  and  in  alkalis^ 
soluble  in  alcohol  and  in  ether;  dissolved  by  strong  nitric  add  with  rise  of 
temperature,  but  without  evolution  of  gas  (L.  Henry,  Zeitackr.  f.  Chem.  [2]  vi.  247)< 

BroTMthvl-phenol,  C*H'Br(CH')0,  obtained  in  like  manner,  boils  at  220°,  and  has 
a  sp.  gr.  of  1-494  at  9°(Henry). 

Chlarethvl'phenolf  OH^C1(C*H*)0,  resembles  the  methyl-compound  in  external 
character,  boils  at  210°,  and  has  a  sp.  gr.  of  1-106  at  9°  (Henry). 

*  These  fonnnlflB  are  Inadmlnlble,  inasmnch  u  the  imfdogen,  which  I0  essentially  a  btvaleDt  radidfl, 
enters  into  them  as  univalent. 
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EihyUn$'dipk$nol  C'<H"0«  -  C'«H'»(CTI*)''0«  (Lippmann,  Chem,  Centr. 
1780,  p.  45.  Burr,  ZeU9chr»  f.  Chem.  [2]  t.  165).— Produced  by  heating  1  mol. 
eUiylene  bromide  with  2  mol.  finely  pulyeriBed  potassium-phenol  in  a  sealed  tube  to 
140^.  Forms  small  lam>9«,  melting  at  98*5^  (Burr),  95°  (Lippmann),  and  burning 
with  a  yeiy  smoky  flame  when  haated  on  platinum  foil.  Insoluble  in  water,  slightly 
soluble  in  cold  alcohol,,  easily  in  boiling  alcohol  and  cold  chloroform  (Lippmann) ; 
soluble  also  in  ether,  from  which  it  separates  iu  shining  imperfectly  develop^^  crystals 
(Burr).  When  heated  with  strong  nitric  acid  it  is  conrerted  into  an  acid  compound 
czystsJlising  in  needles  of  a  deep  yellow  colour,  and  soluble  in  ether  TBurr). 

Eihylene^ipkenol  tetrabromide^  C'^H^^O'Br*,  is  produced  by  dropping  bromine  into 
a  solution  of  ethylene-diphenol  in  chloroform,  hia^ting  the  product  for  some  hours 
to  100®,  and  ciystallising  from  hot  chloroform.  It  forms  small  interlaced  needles 
melting  above  100®. 

EtJ^lene^iphend-naphurie  acid,  C'*H"S*0«  -  C>'H"(C»H*)"(SO<H)«,  is  formed  by 
adding  strong  sulphuric  acid  to  ethylene-diphenol  heated  to  120®,  and  keeping  the 
mixture  for  some  time  at  100®.  On  saturating  the  liquid  with  lead  carbonate, 
filtering,  washing  with  hot  water,  and  eraporating,  the  l§ad  salt,  OH\C«H*S0*)<Pb 
(at  120®),  crystallises  in  laminie  soluble  in  hot  water.  The  barium  salt  is  a  fine 
crystalline  powder  slightly  soluble  in  hot  wat^  (Lippmann). 

Isopropifl'phenolf  C'H*(C*H')0,  is  obtained  by  heating  isopropyl  iodide  with 
sodium-phenol,  either  to  110®-120®  in  sealed  tubes,  or  in  a  retort  with  reversed 
condenser.  When  purified  by  precipitation  with  water,  washing  with  potash-solution, 
and  distillation,  it  forms  a  cdourless,  rather  yiscid  liquid,  smelling  somewhat  like 
geraniums.  It  boils  at  176®,  and  has  asp.  gr.  of  0958  at  0®,  0947  at  12*5®.  Vapour- 
density  obs.  a  500 ;  calc.  «  4*73.  Index  of  refraction  for  the  yellow  sodium  line 
*s  1*5124.    InactiTe  to  polarised  light. 

Isopropyl-mimobrtynuyphenolf  C*H*Br(C"H')0,  is  the  chief  product  formed  by 
gradually  adding  1  mol.  bromine  to  1  mol.  isopropyl-phenol.  It  is  a  somewhat  viscid 
liquid,  smelling  like  anisol,  insoluble  in  water,  soluble  in  alcohol,  and  more  easily  in 
ether.  Boils  at  236°.  Sp.  gr.  =  1*981  at  0® ;  1*967  at  12*5®.  Index  of  refraction 
for  the  yellow  sodium  line  =  1  '553.    Inactive  to  polarised  light. 

By  using  an  excess  of  bromine,  more  highly  brominated  products  are  obtained. 
The  resulting  crystalline  mass  dissolves  completely  in  potash,  and  on  adding  hydro- 
chloric acid,  tribromo-isopropyl-phenol  is  precipitated,  melting  at  93®  (Silva, 
BuU.  Soc,  CMm,  [2]  xiii.  27  ;  Zeitschr.  /.  Chtm.  [2]  vi.  249). 


rOMAZiZC  ACZI>.  C«H^"0^  (Carius,  Ann.  Ch.  Pharm.  cxlii.  129  ;  Jakresh, 
1866,  p.  560). — ^n  acid  homologous  with  malic  acid,  produced  by  reduction  of 
trichlorophenomal'c  acid  {i^fra\  namely,  by  heating  the  concentrated  aqueous  solution 
of  the  latter  with  zinc-powder,  assisting  the  action  towards  the  end  by  gradual  addition 
of  hydrochloric  acid  till  the  zinc  is  completely  dissolved.  The  reaction  being  com- 
pleted, the  liquid  is  neutralised  with  baryta-water,  the  zinc  precipitated  by  barium 
sulphide,  and  the  hj^drochloric  acid  removed  by  repeatedly  evaporating  the  solution, 
which  when  decolorised  with  animal  charcoal  and  evaporated,  leaves  the  phenomaliQ 
acid  in  the  form  of  a  colourless  amorphous  deliquescent  mass.  The  same  acid  is 
formed  by  the  action  of  more  powerful  reducing  agents  on  trichlorophenomalic  acid,  but 
in  that  case  it  undergoes  a  further  transformation  into  succinic  acid  and  a  body 
having  the  composition  of  acetic  aldehyde,  (C»H"0»  «*  C*n'0<  +  C'H^O).  which 
latter,  however,  »  converted  into  an  amorphous  acid,  or  completely  decomposed  with 
separation  of  charcoal,  according  to  the  circumstances  of  the  experiment. 

TrleUoropbenomaUo  Aotd.    C*H'CI*0^  (Carius,  lo<f.  ct^.).— produced,  by  tliQ 
action  of  chlorous  acid  on  benzene : 

C5«H«  -h   8C1H0«  =  H«0   +  C«H'C1«0*. 

The  best  way  of  preparing  it  is  to  add  potassium  chlorate  (150  grms.)  by  small 
portions  to  a  mixture  of  benzene  (80  grms.)  and  sulphuric  acid  (1200  grms.)  diluted 
with  half  its  weight  of  water,  agitating  after  each  addition,  and  cooling  the  vessel  if 
necessary ;  then,  after  3  or  5  days,  heating  the  mixture  to  about  70®  and  adding 
sufficient  warm  water  to  prevent  the  potassium  sulphate  from  crystallising  out.  The 
greater  part  of  the  trichlorophenomalic  acid  is  then  contained  in  the  watery  liquid 
(the  rest  in  the  brownish  supernatant  oil),  and  may  be  extracted  by  agitating  with 
ether,  evaporating  the  latter,  dissolving  the  residue,  consisting  of  trichlorophenomalic, 
sulphuric,  and  oxEdic  acids,  in  water,  precipitating  the  sulphuric  acid  with  barium 
chloride,  and  sgain  treating  with  ether.  From  the  viscid  residue  left  on  distilling  off 
the  ether,  the  trichlorophenomalic  acid  partly  crystallises  out,  either  in  a  vacuum  or 
after  heating  for  some  hours  to  40®-^0®,  and  a  further  portion  sepnratcs  after  addition 
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of  water  sufiicieiit  to  prodace  pennftnent  turbidity.  It  is  porifled  bj  recfyfalliwtimn 
from  a  quantity  of  hot  water  large  enough  to  prerent  it  fttnn  sepaxatiiig  as  an  oil  ob 
cooling. 

Trichlorophenomalic  acid  ciystalliseB  in  monodinie  fonns,  from  the  hot  aqiiMDi 
solution  in  iamins ;  by  slow  evaporation,  or  from  other  solvents,  in  tables  or  priflsi 
with  pyramidal  faces.  It  melts  at  131^-132%  with  partial  Tolatilisataon,  but  without 
decomposition,  and  solidifies  on  cooling  to  a  crystalline  mass  of  sp.  er.  about  1*5; 
when  slowly  heated  above  its  melting  point,  it  is  resolved,  almost  witnout  lesidoe, 
into  water  and  white  vapours  of  a  new  acid ;  when  quickly  heated  to  180^,  it  deeom- 
poses,  with  strong  intumescence  and  soparation  of  charcoaL  It  dissolres  sparingly  in 
cold,  easily  in  hot  water,  alcohol,  ether,  and  warm  bensol.  The  aqueous  solntioo  hai 
an  acid  reaction,  decomposes  carbonates,  gives  white  precipitates  with  silver  and  lead 
salts  on  cautious  addition  of  ammonia,  and  does  not  prevent  the  precipitation  of  fenie 
salts  by  ammonia.  It  decomposes  partially  on  exposure  to  light,  assuming  a  reddish 
colour,  very  quickly  on  boiling,  with  formation  of  hydrochloric  acid,  and  completely  bj 
heating  with  baryta-water,  whereby  it  is  converted  into  phenaconic  acid,  CHH)* 
(p.  904).  It  does  not  appear  to  form  a  nitro-oomponnd,  but  is  decomposed  b^  boiling 
with  nitric  acid,  and  more  quickly  by  potassium  chlorate  and  sulphorie  acid,  yielding 
oxalic  acid  ;  heated  in  solution  with  a  snuill  quantity  of  silver  nitrats  and  ammonia, 
it  throws  down  metallic  silver.  By  nascent  hydrogen  it  is  reduced  to  phenaeonie 
acid,  and  by  stronger  action  to  succinic  acid ;  this  last  transformation  is  pxodoeed  bj 
heating  the  trichlorophenomalic  acid  to  160^-180^  in  a  sealed  tube  with  satnntad 
aqueous  hydriodic  acid ;  also  by  the  action  of  tin  and  hydrochloric  acid  (Carius). 

FBBWT&  or  ]>Z»BXVn.  C'*H**.— This  hydrocarbon  is  formed,  tpgethtf 
with  others,  when  benzene-vapour  is  passed  through  a  red-hot  tube :  2C*H*  ■"  C"E" 
+  H* ;  also,  together  with  benzene,  by  passing  chrysene-vapour  mixed  with  hydrogen 
through  a  red-hot  tube:  CH'*  +  2H«  -  C««H'*  +  C«H»  (Berthelot,  p.  459). 
Heated  for  an  hour  in  a  sealed  tube  filled  with  hydroaen  it  is  partly  resolved  into 
benzene  and  chrysene,  the  latter  being  probably  formed  by  polymerisation  of  phenyleM 
produced  in  the  first  instance : 

C"H"     »     C«H«     +.   C«H<;    and    8C^«     «     C"H»» 
DiphenyL         Beniene.       Pheaylena.  Phenykna.        Chtjaena. 

Passed  together  with  ethylene  through  a  red-hot  tube,  it  is  PA^y  oonveited  into 
cinnamene  and  benzene :  C**H"  +  C*H*  «  C^H'  +  C^H*;  partly  into  anthracene  aad 
hydrogen:  C'«H>»  +  C«H«  =  C"H"  +  2H«.  Heated  with  80  pts. of  saturated  ilfrfriafc 
acid,  it  is  ahnost  wholly  converted  into  hezane :  C"H"  +  18HI  -  2C«H»«  -h  9P;  with 
20  pU.  of  the  acid,  parUy  (})  into  benaene:  C"H*«  +  2HI  -  2G*H"  +  P;  pai^7 
(J)  into  propane  and  carbon :  C"H"  =  C*H«  -I-  C»  +  H*  (Berthelot,  p.  741). 

»KB«T&  OAmaOWATS.  CO*(C*H*)*.<-Obtained  by  heating  3  pts.  phsool 
with  2  pts.  liquid  phosgene  to  140^-150^  in  a  sealed  tube.  Bj  heating  the  product 
with  dilute  soda-ley,  a  solid  compound  is  obtained,  which  crystallises  from  hot  alcohol 
in  white  needles  having  a  silky  lustre.  It  is  insoluble  in  water,  soluble  in  alcohol 
and  ether,  melts  at  78^,  gives  off  a  pleasant  aromatic  odour  when  heated,  and  subline* 
in  long  needles.  By  strong  soda-ley,  or  more  easily  by  alcoholic  potash,  it  is  resoh«d 
into  carbonate  and  phenylate  of  sodium.  Heated  with  strong  sulphuric  acid,  it  giTtf 
off  carbon  dioxide  (Kemp,  Zeitschr.f.  Chem.  [2]  vi.  206). 

PBnrXi  VBOBVBikTaB.  According  to  Gluts  (^ii.  Ck,  PhtKrm.  exliii. 
181),  the  tnpkenylic  phosphate,  PO«(C*H»)«.  obtained  by  treating  phenol  with 
phosphorus  pentachloride,  washing  the  residue  with  soda-ley  and  water,  and  dissolTing 
in  ether,  crystallises  from  the  latter  by  spontaneous  evaporation  as  a  coherent  maiSr 
consisting  of  transparent  needles,  snow-white  and  inodorous  after  drying  orer 
sulphuric  acid.  It  melts  at  the  heat  of  the  water^bath,  is  insoluble  in  water,  Teiy 
easily  soluble  in  alcohol,  ether,  and  hot  strong  sulphuric  acid,  and  crystallises  froo 
the  latter  in  long  needles  having  a  silky  lustre.  By  treatment  with  excess  of  potash 
or  other  strong  bases,  it  is  converted  into  diphenyl-phosphoric  acid  and  phenol : 

PO*(C«H»)»  +  K«0  -  PO«(C«H»)«K  +  C^ffOK 

Dipkent/l-pho»pkorie  acid  is  separated  from  its  potassium  salt  by  hydrochloric  add,  tf 
a  brown  oil  slightly  soluble  m  water,  easily  in  alcohol  and  ether.  Its  silver  salt* 
PO*(C*H')*Ag.  crystallises  in  silky  needles  permanent  in  the  air. 

Triphenylic  phosphate  heated  with  bromine  to  180^  yields  hromophei^ie  orth' 
phosphate^  which,  after  the  crude  product  has  been  treated  with  dilute  alkali,  ciystsIlicM 
from  hot  alcohol  in  nacreous  scales : 

PO'(C«H»)«  +  B««  -  3HBr  +  POXC^*Br)». 


] 
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-with  120  c.  c  of  70  p.  e.  alooliol ;  the  mixture  ie  introduced  into  a  glass  Tessel  and 
repeatedly  agitated,  after  the  weight  hai  been  made  up,  if  necessary,  to  125  grams; 
the  liquid  is  filtered  after  awhile ;  and  80  c.  c  of  the  filtrate  (containing  10  grm.  opium) 
are  introduced  into  a  wide  stoppered  glass.  Two  grams  of  the  ammoniacal  liquid  are 
then  transfened  by  means  of  a  drawn-out  pipette  to  the  bottom  of  the  vessel,  and 
the  stopper  is  intiodaced  without  allowing  the  two  liquids  to  mix.  After  36  hours 
the  morphine  is  found  separated  in  thick  reddish  crystals,  the  narcotine  in  slender 
white  needles ;  the  two  alkaloiuds  are  separated  by  leyigation,  and  the  morphine  is 
washed  with  boiling  water.  Stronger  or  weaker  spirit  is  not  so  well  adapted  for  the 
separation.  Ae»  however,  a  considerable  quantity  of  morphine  remains  dissolved  in 
the  70  p.  c  alcohol  (}  of  the  whole  amount,  according  to  Guilliermond),  the  results 
obtainea  by  this  process  are  not  absolute,  but  only  comparable  under  similar 
conditions. 

8.  Schachtrupp  {Zeitschr,  amal.  Chem,  vii.  284,  609)  describes  a  method  founded  on 
the  solubility  of  narcotine  and  the  insolubility  of  morphine  in  benzol,  and  the  easy 
BolubiUtj  of  morphine  in  amylic  alcohol.  A  weighed  quantity  of  opium  is  treated 
with  a  solution  of  sodium  carbonate  till  the  opium  is  completely  comminuted ;  the 
etill  alkaline  mixture  is  evaporated  over  the  water-bath ;  the  dry  dustv  residue  is 
digested  several  times  with  hot  bensene ;  the  filter  through  which  the  liquid  has  passed 
is  added  to  the  residue;  the  remainder  of  the  bensene  is  evaporated  off;  and  the 
residne  is  ^lausted  with  boiling  amylic  alcohoL  The  greater  part  of  the  morphine 
then  crystallises  from  the  united  extracts  on  cooling.  The  amylic  alcohol  is  decanted 
and  the  greater  part  of  it  distilled  off;  the  brown  residue  is  agitated  while  still  hot 
with  water  containing  hydrochloric  acid;  the  crystals  previously  obtained  are 
dissolved  in  the  same  liquid ;  and  the  solution  is  evaporated  to  twice  the  weight  of 
the  opium  used,  then  filtered,  and  precipitated  with  ammonia.  The  merphine  thus 
separated,  which  is  still  coloured,  but  otherwise  pure,  is  collected  after  24  hours, 
washed,  dried,  and  weighed.  Two  samples  of  Smyrna  opium  thus  treated  yielded 
8*30  and  8'29  p.  c  morphine ;  the  same  samples  treated  by  Merck's  process  gave 
respectively  7*06  and  8*01  p.  c 

For  Jhe  preparation  of  morphine  also,  Schachtrupp  recommends  the  treatment  of 
c^ium  with  sodium  carbonate,  and  preliminary  exhaustion  of  the  dried  mass  with 
hot  benaene.  The  residue  again  dried  is  drenched  with  water ;  strong  acetic  acid  is 
added ;  the  mixture  warmed  for  some  time  and  strained ;  and  the  undissolved  portion 
is  treated  several  times  in  the  same  manner.  The  united  extracts  evaporated  down 
to  twice  the  weight  of  the  opium  used  are  mixed  with  a  slight  excess  of  ammonia, 
and  the  morphine  which  separates  after  some  time  is  redissolved  in  acetic  acid  and 
precipitated  by  ammonia.  For  final  purification  it  is  dissolved  in  boiling  amylic 
alcohol,  from  which  it  separates  in  colourless  crystals  without  the  use  of  animal 
chaicoaL 

*Jknvativ9$  of  Morphine. 


C*«H"NO*  (Matthiessen  a.  Wright,  Proc.  Boy, 
differing  £rom  morphine  by  containing  H'''0 


or 
8oe.  xvii.  4M,  460).— An  oiganic  base 

leee,  and  produced :  1.  By  heating  morphine  in  a  sealed  tube  to  140^-160°  for  Two  or 
three  hours  with  a  large  excess  of  hydrochloric  acid : 

C*»H»»NO«  -  H«0  +   C»'H»'NO*. 

2.  From  codeine  (which  has  the  composition  of  methyl-morphine)  by  similar  treat- 
mant: 

C>«H«»KO»  +  Ha  =  CH«a  +  H«0  +  C"H»'NO» 
flo<Wwi.  Methyl-  ApomorphliM. 

chloride. 

Tlia  methyl  chloride  fi)nned  in  the  second  case  eollects  on  cooling  on  the  top  of  the 
tanpr  contents  of  the  tobe,  and  escapes  as  gas  when  the  tube  is  opened.  The  residue 
in  this  or  in  the  first  process  contains  the  hydrochloride  of  apomorphine,  and  when 
dissolved  in  water,  and  precipitated  by  sodium  carbonate,  yields,  on  extraction  with 
ether  and  agitation  with  hydrochloric  acid,  crystalline  hydrochloride  of  apomorphine, 
£rom  which  the  base  may  be  precipitated  by  sodium  bicarbonate,  as  a  snow-white 
cijstalline  mass,  which  quickly  turns  ereen  on  exposure  to  the  air.  The  green  mass 
is  psrtly  soluble  in  water,  communicating  to  it  a  fine  emerald  colour,  in  alcohol  with 
green,  in  ether  and  benzene  with  splendid  rose-purple,  and  in  chloroform  with  violet 
colour. 

of  i^morpkme  may  also  be  prepared  by  dlgeetisg  morphine  with 
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aUaropMenyl  Oxytulphide,  C**H*a*8K)«,  is  prodnoed,  like  phenyl  oz^{liiaB,b7 
heating  chlorophenyleolphuroiie  hydride  with  water  to  130^-140^: 

8C«H*C1S0«H     «     C»H«a«S*0«     +     OHH31S0«H     +     HK). 
Ohloroph«njl-  Chloropbenjl  Chloroplmyl- 

•olphiuoas  liydride.  oxjnlidllde.  nl^dinroiM  add. 

It  is  insoluble  in  water  and  alkalis,  easily  soluble  in  ether,  benaol,  and  hot  akohol; 
crystallises  from  the  latter  in  yitreous  four-sided  riiombie  prisma ;  melts  at  136^-138^. 
dissoWes  with  indigo  colour  in  fuming  sulphurie  acid,  and  is  oonverted  by  sine  aod 
sulphuric  acid  into  chlorophsnyl  sulphydrate  (Otto,  Jnn.  Ck,  PImw.  air.  317; 
Jahresb,  1867,  p.  629). 


ITTIiBra.    Syn.  with  AcanDm-BBUBn  (p^  5). 

AOn>.    Syn.  with  Cuqcaxic  Acm  (p.  467)^ 

or  AWX&ZVB.  C«H*NH'.— On  the  preparation  of  this 
base  on  the  manufacturing  scale,  and  on  the  manufacture  and  properties  of  aniluie 
colours,  see  the  article  Aniline  in  this  volume. 

Reactions. — 1.  Aniline  treated  in  Tenr  dilute  solution  with  potoBsittm  perwiMffaattt 
is  oxidised  to  hydraaobenzene,  C"H"N«,  aiobensene,  C"H"N»,  and  aaoxybeii»«, 
C>'H-«N>0  (Olaser,  pp.  269-272).— 2.  Heated  with  20  pts.  of  saturated  aqueous  Ayc2fWi£ 
aeid,  it  yields  ammonia  and  benxene ;  methylaniline  similarly  treated  yields  msUuae 
and  hezane,  together  with  ammonia ;  ethylaniline  yields  ethane  and  hezane ;  sdj^* 
aniline  yields  quintans  and  hezane  (Berthelot). — 3.  When  a  dilute  aqneoos  iolntioB 
of  an  aniline  salt  is  mized  with  iodine  chloride  containing  a  sli^t  ezoess  of  iodiiie, 
two  ozidised  compounds  are  formed,  one  soluble  in  carbon  bisulphide,  and  fonniiig 
shining  crystals  sereral  inches  long,  while  the  other,  which  is  formed  in  smalla 
quantity,  is  insoluble  in  carbon  biralphide,  and  crystallises  in  reddish  sealsf  (^es- 
house,  Chem,  8oc,  J,  [2]  ii.  327). 

4.  Aniline  well  cooled  and  added  by  drops  to  pkoejAorus  trichloride,  is  eonterUd 
into  the  hydrochloride  of  phosphanillne.  C»H»PN».3HCl  (Tait,  ZeUachr.  f,  Ckm.^ 
[2]  648).  (See  Phosphaiolinb,  p.  932.>--6.  When  3  pts.  aniline  are  heated  to  145 
with  1  pt.  chloropicrin,  nitrogen  is  abundantly  eyolyed,  and  the  residue  yields  to 
water  a  red  colouring  matter,  together  with  hyorochloride  of  carbotriphanyltriimiDe, 
0"'(C«H»)«H«N«  (Basset,  Chem.  8oe.  J,  \2]  iii.  21).— 6.  A  mizture  of  2  moL  snibw 
and  1  mol.  chlorotdutne  heated  to  160^  for  24  nonrs  yields  aniline  hydrochlaria«i 
together  with  a  base  isomeric  with  phenyl-tolylamine  (Fleischer,  Anm.  Ck.  Pism 
ezzzyiii.  226) : 

2C«H'N  +  CTH'Cl  -  0«H'N.Ha  +  C»»H»N. 

7.  Aniline  in  ezcess  heated  with  etkj/l  mtmochloraoetaU  and  water  in  a  seeled  tnbt  to 
180^-140^,  is  oonyerted  into  anilido-acetanilide,  together  with  alcohol  and  soiliM 
hydrochloride  (Wilm  a.  Wischin,  Zeiteehr,  /.  Chem,  [2]  iy.  75) : 

CH«C1  CH«NH((W) 

I  +  3(C«H».H«N)  -  C«HK)H  +  C«H»NH«.Ha  +     I 

COOC«H»  OONHCW 

Xthylohlor.  ▲nlUne.  AloohoL  AnUinehTdro-         AaUUo-aostaiiflUa 


8.  On  the  action  of  glyeolie  chlorhydrin  on  aniline,  see  Wuzts  {ZeUetkr,  /  (^^ 
[2]  y.  482^. — 9.  Aniline  heated  with  hydroekhrio  acid  and  potaseiym  ferroejecmii  i* 
oonyerted  into  a  red  colouring  matter  called  lydine  (Gnyot,  p.  798). 

10.  Aniline  unites  with  ndphuroua  oxide  (as  described  by  Hofinann),  appen^^^ 

C-HMj- 
forming  the  compound  OH'N.SO*,  or  perhaps  (SO^'^q*  ^^^^  ^^•'^  exposed  to 

the  air  giyes  off  a  laige  quantity  of  sulphurous  oxide,  leaving  the  oompooBd 
2C*H'N .  SO' ;  and  this  when  suspended  in  ether,  again  takes  up  ralphnroiis  oiidc^ 
Aeetio  aldehyde  acts  violently  on  the  compound  C'H'N.SO*,  forming  a  brown  ri^ 
mass  chiefly  consisting  of  diethylidene-diphenylamine.  In  ethereal  solution  ooloorlfl* 
prisms  are  formed,  oonsistinp;  of  CH*N.CH*O.SO',  insoluble  in  ether,  slightly 
soluble  in  oold  water,  easily  m  alcohol,  and  decomposed  by  heat,  with  ibnnatioB  of 
diethylidene^iphenyl'diamme  (iv.  467),  which  is  easily  prepared  in  this  manner: 

2(C>H'N.C»H«0.S0«)  -  [52»)«|^*  +  *®^'  "*•  ^^^^• 
(Knanthol  and  hitter  almond  9il  act  lees  eneigetieally,  forming   tfts  oompoiio^ 
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2C«H»N.2CH"0.80*  and  2C«H'N . 2C'HK) . S0«.  The  more  easily  decompomble 
▼al(»al  oompoond  seenui  to  have  a  similar  constitution  (Schiff,  Ann,  Ch.  Pharm, 
cxl.  92). 

11.  On  the  action  of  aldehydu  on  aniline,  see  Difhentldiamimss  (iy.  466,  and 
p.  79  of  this  yolume). 

12.  On  the  action  of  the  camphene  hydroehloridea,  C>*H".HC1  and  Ci*Hi*.2HCI, 
on  aniline,  see  Tkbxbbkbs. 

Bromofhenylaminea. — Mono-  and  di-hiomaniline  are  formed,  as  well  as  tri- 
bromaniline,  by  the  direct  action  of  bromine  on  aniline,  namely,  by  passing  bromine- 
Tapour  mixed  with  air  into  aniline,  or  by  gradually  adding  a  solution  of  bromine  in 
bensol  to  aniline  also  dissolved  in  benzol  (Kekul^,  ZeiUckr,  f,  Ckem.  [2]  ii.  667). 
Di-  and  tri-bromaniline  are  also  produced  by  heating  nitrobenzene  to  186^-190^  in 
sealed  tubes  with  fuming  hydrobromic  acid,  the  nitrobenzene  being  first  reduced  to 
aniline,  according  to  the  equation  : 

C^»NO«  +  6HBr  -  C*H»NH«  +  8Br»  +  2H«0, 

and  the  free  bromine  then  acting  upon  the  aniline  as  aboye  (Baumhauer,  Zeitsckr,  /, 
Chan,  [2]  y.  198). 

Trichlor aniline,  CH^Cl'N,  is  formed  by  the  action  of  tin  and  hydrochloric 
acid  on  trichloronitrobenzene  in  alcoholic  solution :  C*H'C1'(N0')  +  3E*  a  2H'0 
+  OH'Cl'N.  Bpr  dissolving  the  crystalliue  compound  which  separates  on  cooling  in 
alcohol,  freeing  it  from  tin  by  hydrogen  sulphide,  and  evaporating  the  filtrate, 
trichloraniline  is  obtained  in  long  shining  needles  slightly  soluble  in  cold,  more 
soluble  in  hot  water,  also  in  alcohol,  ether,  benzol,  moderately  dilute  mineral  acids, 
and  strong  caustic  potash.  With  strong  sulphuric  acid  it  forms  a  rose-coloured  solution, 
from  which  the  trichloraniline  may  be  distilled  without  alteration.  It  melts  at  96*6", 
Solidifies  at  86°,  and  boils  near  270^.  The  aqueous  solution  forms  with  chloride  of 
lime  or  chromic  acid  a  dye  of  the  colour  of  yermillion.  The  solution  in  strong 
sulphuric  acid  becomes  bluish-yiolet  on  addition  of  a  little  nitric  acid,  and  then 
reddish-yellow  when  warmed  or  mixed  with  water.  The  vapour  passed  over  red-hot 
lime  yields  ammonia  and  anitine  (Lesimple,  Ann.  Ch,  Pharm.  cxxxvii.  126). 

lodanilinef  C*H*IN,  exhibits  two  modifications,  a  and  /3,  obtained  from  tho 
corresponding  modifications  of  diazonitrobenzene : 

C«H«(N0«)N»  +  HI  -  C«H*(NO«)I  +  N« 
DUfonltro-  lodonitro- 

benaene.  bemene. 

C^«(NO«)I  -h  8H«  -  C^*I.NH»  +   2H»0. 
lodonltro-  lodanlHne. 

beniene* 

An  aqueous  solution  of  a  diazonitrobenzene  nitrate  mixed  with  hydriodic  acid  3rields 
a  iodonitrobenzene,  crystallising  in  yellow  needles,  melting  at  171*5^,  and  identical 
with  that  which  is  obtained  by  the  action  of  nitric  acid  on  iodobenzene,  and  this 
compound  treated  with  ammonium  sulphide  is  converted  into  a  iodaniline  melting  at 
60^,  and  identic  with  that  which  Hofmann  obtained  by  the  action  of  iodine  on 
aniline  (iv.  444).  fi  Iodonitrobenzene,  obtained  in  like  manner  from  /3  diazonitro- 
benzene, is  converted  by  ammonium  sulphide  into  /3  iodaniline  or  para-iodaniline, 
erystallising  in  silvery  lamina,  and  melting  at  25^. 

The  meltinff  points  of  a  iodaniline  and  of  all  the  benzene-deriratives  of  the  same 
series  are  higher  than  those  of  the  corresponding  compounds  of  the  /3  or  para-  series ; 
thus: 

Iodonitrobenzene         .        .        .        .171*6^        .        .        .      84^ 


Bromonitrobenzene      ....  120^ 

Chloronitrobenzene     ....  83^ 

Nitraniline* 141® 

Iodaniline 60^ 

Bromaniline        .....  67° 

Chloraniline 64° 

IHazo-amidonitrobenzene     .        .        .  246° 
Diazo-nitrobenzolimide        .        .        .71^ 

(Griess,  Chem,  8oe.  J,  [2]  v.  867;  Jakresb,  1866,  p.  467). 


66° 

46° 

108° 

26° 

liquid  at  ord.  temp. 

If  f« 

.     196° 

.      68° 


*  The  ps^fixes  «  and  fi  are  hose  applied  to  the  nitnnilines  In  the  opposite  aenae  to  that  attached 
to  them  In  toL  iv.  p.  446,  fi  or  para-nitranlUne  being  the  modifloation  obtained  by  xednction  of 
dinitrobensene. 
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fi  NitranUine  trmted  in  alcoholic  solation  with  sodium-aniAlgam  is  oonTerted  mto 
hydrazoaniiine.  C'«H'*N«  (Harrhaus,  p.  703). 

IMpbenylamine.  (C*H*)2HN. — ^This  base,  discoTeied  bj  Hofmann  (ir.  453) 
amongst  the  products  of  the  dry  distillation  of  aniline-blue,  is  likewise  formed  bj  th« 
action  of  aniline  on  various  aniline  salts,  according  to  the  equation :  C'H^.H'N-f- 
(  'H* .  H-'N  =  ( C«H*)*HN  +  NH«.  It  may  be  prepared  by  heating  Ij  mol.  aniline  ^th 
1  raol.  aniline  hydrodiloride  to  210°-214°  for  thirty  to  thirty -fire  hours  in  a  long-necked 
flask  provided  with  a  condensing  tube,  or  more  quickly  by  heating  the  same  mixtoR 
in  a  cloeod  vessel  under  a  pressure  of  four  or  five  atmospheres.  On  trwiting  the 
product — which  is  a  mixture  of  diphenylamine  hydrochloride,  aniline  hydrochloride, 
and  colouring  matters — with  hot  hydrochloric  acid  diluted  with  20  to  30  time*  it* 
bulk  of  water,  the  diphenylamine  hydrochloride  is  decomposed  by  the  water,  and  th* 
base  thus  separsitcd  rises  to  the  surface  as  an  oil  which  solidifies  on  cooling :  it  is 
purified  by  repoiited  crystallisation  from  ether  or  benzol,  in  which  the  colouring 
matters  are  insoluble,  and  finally  by  distillation.  It  then  forms  a  white  substance 
which  boils  at  310°  (I)e  Laire,  Girard,  a.  Chapoteant,  BuU.  Soc,  Chim.  [2]  vii  360). 

Vbenyl-diaiiiliies  (Hofmann,  Proc.  Boy.  Soc. xv.  55). — Diamines  containing  2  stiuss 
of  phenyl  and  1  atom  of  a  trivalent  alcohol-radicle,  such  as  methenyl,  ethenyl,  &&. 
are  produced  by  the  action  of  phosphorus  trichloride  on  a  mixture  of  aniline  with  a 
fatty  acid,  acid  chloride,  or  anilide,  e.g.  ethenyl-diphenyl-diamine,  (C*H')'*(C*H*)'HX'. 
by  the  action  of  PCI'  on  a  mixture  of  aniline  with  acetic  acid,  acetyl  chlond«,  or 
phcnyl-acetamide.  The  phenyl-diamines  containing  ethenyl  are  described  under 
Ethbnyl-diaminm  (p.  685).  Methenyl-diphenyl-diamine,  (CH)'"(C»H*)*HN»,  ii 
described  as  formyl-diphenyl-diamine  in  vol.  iv.  p.  459. 

(C*H»)") 

QuintenyUdiphenyl-diamine,  C"H*»N«  =  (C«H»)« 

^     i  ... 

valeric  acid  and  6  mol.  aniline  with  2  mol.  phosphorus  trichloride  to  1 50®,  precipitatiiig 

the  aqueous  solution  of  the  resulting  viscid  mass  with  soda-ley,  and  reciystallising 

from  alcohol.     It  is  nearly  insoluble  in  water,  melts  at  111^,  and  forms  a  platinoiB 

salt  which  crystallises  in  rhombic  tables,  slightly  soluble  in  water,  nearly  insolnble  io 

alcohol. 

(C'H»)'* 

Bensenyl-diphenyl^iamine,  C'»H'«N»  =»  (C^»)« 

3  mol.  phenyl-benzamide,  3  mol.  aniline  hydrochloride,  and  1  mol.  phosphom 
trichloride,  crystallises  in  slender  silky  needles;  the  hydrochloride  in  sparingly  solnble 
laminn,  which  lose  the  whole  of  their  acid  on  recrystallisation. 

Phenyl -diamines  containing  aldehyde-radicles,  ethylidene,  ben^lidene,  &c.,  prodooed 
by  the  action  of  aldehydes  on  aniline,  have  been  obtained  by  Schiff,  and  several  of 
them  are  described  in  vol.  iv.  pp.  466-459. 

Etkylidene-dieihyl-diphenyl^mmine,  C'»H"N*  =  (C«H*)(C«H»)«(C«H»)»N«,  produad 
by  the  action  of  acetic  aldehyde  on  ethyl-aniline,  is  a  thick,  bitter,  scentless  liquidf 
not  disti liable  without  decomposition,  and  forming  with  the  stronger  adds,  salts 
which  are  decomposed  by  water.  The  platinockloride  has  the  oompositioo 
2(C»'H«*N«.HCl).PtCl«. 

Diheptylidenediphenyl'diamine,  (C'H'*)«(C«H»)«N«,  previously  obtained  by  tJie 
action  of  cenanthol  on  aniline,  is  also  produced  by  heating  aniline  with  oeiiaBtbol* 
sodium  sulphite : 

2(C'H'«0.NaHS0«)  +  2C«H'N  -  [c'H*)'!^'  +  ^*'^'  +  ^^"  +  5^*^' 

The  dibenzylidene  compound  is  obtained  in  a  similar  manner  (SehiiF,  Ann»  CK 
cxl.  92  ;  Jahresb.  1866,  p.  440). 


N',  IS  obtained  by  heating  3  moL 


N',  obtained  in  like  manner  vith 


PBBWT&BVa  BVXiVBZlia  (Stenhouse,  Proe.  Boy.  8oe,  xvii.  62 ;  Amn,  (X 
Pharm,  cxlix.  252). — This  compound  is  produced,  together  with  phenylic  sulphate  and 
monosulphide,  by  the  dry  distillation  of  sodium  phenylsulphite  in  an  iron  vested 
and  remains  after  all  the  products  volatile  at  300^  have  passed  over.  On  dintini'iy 
the  dark-coloured  residue  in  a  copper  retort,  an  orange-coloured  distillate  is  obtained, 
which  after  several  days  deposits  a  considerable  quantity  of  large  tabular  OTstali ; 
and  these,  when  freed  from  adhering  oil  by  draining  and  pressure  between  paper, 
from  phenyl  bisulphide  and  other  impurities  by  exhaustion  with  hot  alcohol  sod 
recrystallised  from  benzol  or  carbon  bisulphide,  and  finally  from  alcohol,  yield  pnr^ 
phenylene  sulphide,  in  long,  colourless,  transparent,  shining  prisms.  It  is  inaolable 
in  water,  slightly  soluble  in  cold  alcohol  (1  pt.  in  about  400),  more  soluble  in  hot 
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alcohol ;  melts  at  169^,  and  resolidifies  at  153^.  It  dissolves  in  strong  sulphuric 
acid,  forming  a  liquid  of  a  splendid  purple  colour*  and  becoming  red  with  a  purple 
tinge  when  mixed  with  a  considerable  quantity  of  the  concentrated  acid  ;  on  addition 
of  water  this  colour  disappears,  and  a  crystalline  precipitate  separates,  which  appears 
to  consist  of  unaltered  phenylene  sulphide.  With  strong  nitric  add  it  yields  a 
crystalline  substance,  probably  a  nitro-substitution  product. 


BITLPBOBKOlKZllfl*  C*H«SBr*,  ns  produced  by  the  action  of 
bromine-Tapour  on  phenylene  sulphide,  or  more  easily  by  adding  bromine  in  slight 
excess  to  a  cold-saturated  solution  of  the  sulphide  in  anhydrous  carbon  bisulphide, 
the  compound  then  separating  in  small  black  prisms,  which  may  be  purified  by 
washing  with  cold  carbon  bisulphide,  and  freed  from  that  liquid  by  placing  them 
under  an  air-pump  receiver,  exhausting,  readmitting  the  air,  and  repeating  these 
operations  seyeral  times.  The  sulphobromide  slowly  gives  up  its  bromine  when 
exposed  to  dry  air,  and  is  quickly  decomposed  by  moisture,  with  evolution  of  hydro- 
bromic  acid.  It  is  moderately  soluble  in  carbon  bisulphide  and  in  carbon  tetrachloride 
(Stenhouse,  loe.  eit.). 

PBBVT&Sm-llIABnjnB.      C«H»N«   -    ^^'g!^  |n«  (iv.  480).— The  hydri- 

odides  of  a  and  0  phenylene-diamine  are  formed  by  the  action  of  hydriodic  acid  on  the 
corresponding  nitranilines,  the  reduction  of  the  a  nitraniline  appearing  to  require  a 
somewhat  higher  temperature  than  that  of  /3  nitraniline.  The  a  hydriodide  is  easily 
soluble,  and  crystallises  in  indistinct  laminss;  the  $  salt  is  but  slightly  soluble,  and 
crystallises  in  broad  micaceous  rectangular  tables  (Mills,  Chem.  Soc.  J,  [2]  ii.  152). 

Beta-  or  para-phenylene-diamine  is  formed,  together  with  aniline,  by  heating 
amidazobenzene  with  tin  and  hydrochloric  acid  (Martins  a.  Griess,  Jahre&b,  1 866, 
p  419) : 

C'«H*(NH«)N»  +  2H»  «  C«HW  +  C«H'N. 

A  double  salt  of  phenylene-diamine  hydrochloride  and  stannous  chloride, 
OH'N'.2HC1.2SnCl*,  is  formed  by  treating  a  mixture  of  dinitrobenzene  (1  mol.) 
and  metallic  tin  (6  at.)  with  strong  hydrochloric  acid.  The  whole  dissolves  with 
violent  action,  and  the  solution  when  left  to  evaporate  deposits  the  double  salt  in 
needles  having  a  silky  lustre  ^H.  Gerdemann,  Zeitschr.  f.  Chem,  [2]  i.  61). 

When  nitrous  acid  is  passea  into  the  aqueous  solution  of  phenylene-diamine  hydro- 
chloride, nitrogen  is  evolved,  and  a  dark  violet  body,  C"H**N*0',  is  formed,  slightly 
soluble  in  water,  alcohol,  and  ether.  This  body  slowly  ^ves  ofif  nitrogen  when 
treated  with  hydrochloric  acid,  and  yields  aniline  hydrochloride  when  boiled  with  tin 
and  hydrochloric  acid.  An  acidulated  solution  of  phenylene-diamine  hydrochloride 
gives  with  potassium  nitrite  a  brown  amorphous  precipitate  (Hollemann,  ibid.  666). 

Dibromophmylene-diaminet  CH'Br'N*,  is  obtained  as  a  dark  brown  precipitate  on 
mixing  the  hydrochloride  of  phenylene-diamine  with  bromine  till  the  odour  of  the 
latter  remains  permanent  after  some  hours.  It  is  nearly  insoluble  in  ether,  but 
dissolves  easily  m  alcohol,  and  crystallises  therefrom;  cannot  be  sublimed  without 
decomposition  (Hollemann). 


»BBBrTXi-B»0SinUPHirS0V8  ACZ9.  C^«SK)'  (Stenhouse,  Froo.  Roy, 
Soc.  xvii.  62 ;  Ann.  Ch.  Pharm,  cxlix.  264). — This  acid  is  formed  by  dissolving  phenyl 
sulphide  (C*H*)*S,  with  aid  of  heat  in  strong  sulphuric  acid.  On  dissolving  the 
semi-solid  mass  which  forms  on  cooling  in  a  large  quantity  of  water,  neutralising 
with  barium  carbonate,  evaporating  the  filtrate  till  a  crystalline  film  forms  on  its 
surface,  and  then  leaving  it  to  cool,  barium  phenylhyposulphite,  (CH*S'0')'Ba  + 
2H'0,  separates  in  crusts  composed  of  microscopic  crystals.  The  copper  salt  also 
forms  crystalline  crusts.  The  calcium  and  sodium  salts  do  not  crystallise  so  well  as 
the  barium  salL 


C-H«SO«  (KekuW,  Z^twhr,  f.  Chem,  W  iii. 
641 ;  Jahresh,  1867f  p.  637). — Two  modifications  of  this  acid,  which  may  be  distin- 
guished as  a  and  ^,  are  produced  by  dissolving  phenol  at  a  gentle  heat  in  an  equal 
weight  of  strong  sulphuric  acid ;  on  diluting  the  product  with  water,  neutralising 
with  lead  carbonate,  decomposing  the  lead  salts  with  hydrogen  sulphide,  neutralising 
the  acid  filtrate  with  potassium  carbonate,  and  evaporating,  potassium  aphenyl- 
sulphate  crystallises  out  first  in  six-sided  anhydrous  laminae,  while  the  3  phenyl- 
sulphate  is  obtained  from  the  mother-liquor  in  needles  containing  2  mol.  water.  These 
two  potassium  salts,  when  fused  with  excess  of  potash,  yield  difbrant  modifications 
of  oxyphenolf  C*H*0',  the  a  salt  yielding  rtsorciBi  and  the  /3  salt  pyrocatechin : 

C«H»SO*K  +  KHO  =  SO»K«  +  C«H«0«. 
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From  this  it  would  appear  that  the  a  and  fi  phenylanlphiirie  adds  both  have  thi 

!0H  . 

QQgQ,  and  differ  only  in  the  relatiye  positions  of  the  ladieleB  OH 

and  SO'H ;  in  fiict,  that  the  a  acid  ie  paraphenylsDlphnric  add  (1,4),  and  the  3  tod 
metaphenylsnlphnric  add  (1,  3).  But  from  the  different  reactiona  of  thee  udf 
potassium  salts  with  benzoyl  chloride  (p.  925),  the  two  adda  appear  rather  to  be 
related  to  one  another  «in  the  same  manner  as  isethionic  and  ethylsulphnnc  leidi; 
thus: 

Isethionic  Stbylralphiiric. 

a  Fhenylsa^Auiric.  fi  Fhenylmlpharie. 

A  third  modification,  y  phenyUulphurie  acid,  has  been  shown  by  SolomBtsooff 
(ZeitMhr.  f.  Chem.  [2]  v.  294^  to  be  formed,  simultaneously  with  the  a  and  $  scids,b7 
the  action  of  sulphuric  add  on  phenol,  its  potassium  salt  being  obtained  in  small 
quantity  from  the  last  mother-liquors  of  the  /3  potassium  salt. 

a  Pkenylmdphate  of  potassium  melts  at  240°  and  decomposes  at  a  higher  ton- 
perature.  Its  aqueous  solution  gives  with  basic  lead  acetate  a  white  predpitate  of  t 
oasic  lead  salt  nearly  insoluble  in  boiling  water.  Poiastmm  fi  pkanflsidpketi 
crystallises  with  various  quantities  of  water ;  from  boiling  water  it  separates  wT!th. 
1  mol.  water ;  by  spontaneous  evaporation,  with  2  mol.  It  is  effioreeoent,  and  is 
sharply  distinguiehed  from  the  a  and  y  salts  by  its  property  of  melting  at  2^«^^-249' 
to  a  yellow  transparent  liquid  which  solidifies  •to  a  vitreous  mass  on  cooling.  Iti 
aqueous  solution  gives  with  basic  lead  acetate  a  white  precipitate  of  a  basic  0  pheajl- 
sulphate  of  lead,  which  cakes  together  when  the  liquid  is  boiled,  is  dissolved  hj 
boiling  water,  and  separates  out  as  a  white  powder  on  cooling.  The  y  foiauiMM  m^ 
crystallises  in  thin  plates  and  needles,  and  is  very  soluble  in  water ;  the  crystals  oootain 
about  2\  mol.  water,  and  do  not  effloresce  quite  so  quickly  as  those  of  the  /3  salt;  tbejdo 
not  melt  at  240^*.  With  basic  lead  acetate  this  salt  gives  a  white  prednitate  «w 
does  not  cake  together  on  heating  the  liquid,  and  is  but  slightly  dissolved  by  boihog 
water  (Solommanoff). 

The  a  potassium  salt  is  obtained  at  once  in  the  pure  state  by  digesting  1  bkm. 
phenol  at  a  gentle  heat  with  1  mol.  chlorhydric  sulphate,  SO*HCl,  neutialisiog  the 
aqueous  solution  of  the  product  with  barium  carbonate,  and  decomposing  the  rasoltiog 
barium  salt  with  potassium  carbonate.  When  1  mol.  S0*HC1  is  digested  with  2  moL 
phenol,  and  the  aqueous  solution  of  the  product  is  agitated  with  ether  to  remoTB 
unaltered  phenol,  then  neutralised  with  potassium  carbonate  and  evaporated,  the 
solution  first  deposits  laminsB*  of  the  a  potassium  salt,  and  the  mother-liquor  yieMi 
needles  of  the  /3  salt.  The  diy  a  potassium  salt  treated  with  chlorhydric  sulphate 
is  converted  into  potassium  phenyl-disulphate,  C*H'OH(SO'K)'  (Solommanoff). 

Several  salts  of  phenylsulphuric  acid  (a  ?)  have  been  examined  by  Henxner  (i^*** 
CK  Pharm.  cxliii.  75 ;  Jahresb.  1867,  p.  641). 

Obloroptaenjl-Bnlphiirie  aold,  CH^a.SO^H,  is  formed  by  mixing  200  grnii. 
monochlorophenol  with  1 50  grms.  fuming  sulphuric  add.  On  leaving  the  crystalliflUiS 
moss  to  itself  for  some  days,  then  converting  it  into  a  barium  salt,  and  the  latter  into 
a  potassium  salt,  the  anhydrous  salt  CH^Cl.SO^E  separated  out  first  in  stellate 
groups  of  short  flat  prisms;  then  the  hydrated  salt  C«jS*Cl.SO*K  +  2H*0,  in  <W 
colourless  monoclinic  crystals,  often  united  in  crosses.  This  salt  g^ves  off  its  water 
at  110°,  melts  at  245°,  and  decomposes  with  intumescence  at  300°.  The  mo^|^ 
liquor  contained  considerable  quantities  of  vety  soluble  salts  (B&hr-Predari,  ZM^' 
/.  Chem,  [2]  vi.  246). 

Diohlorophenylsulphuric  acid,  G*H*CP.Sp*H,  is  produced  as  a  potsasiiim 
salt  by  stirring  up  a  mixture  of  10  pts.  of  potassium  phenylsulphate  (a^  and  3  ]p^ 
potassium  chlorate  with  22  pts.  commercial  hydrochloric  add,  the  mixture  beiz^ 
cooled,  if  necessary,  to  moderate  the  action.  The  resulting  pasty  mass  washed  wiui 
alcohol  and  ether  to  remove  chlorophenols,  and  reciystallised  fVom  hot  water,  yields 
the  potassium  salt,  C*H*Cl*SO*K,  m  white  shining  scales,  easily  soluble  in  hot,  lee* 
soluble  in  cold  water.  The  add  C«H"Cl«SO*H,  prepared  by  decomposing  this  m^ 
with  an  equivalent  quantity  of  dilute  sulphuric  add,  evaporating  to  dryness,  exhawOg 
the  residue  with  absolute  alcohol,  and  evaporating  the  alcoholic  solution,  finally  i" 
a  vacuum  over  sulphuric  acid,  crystallises  in  colourless  vei^  deliquescent  rhoinhi^ 
Ubles  or  prisms.    The  barium  salt,  C<H«Cl>S0'6a  +  2HK)  (at  100°),  separates  by 
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eTapontion  in  white  crystalline  crusts  (Kolbe  a.  G^ube,  Ann.  Ch.  Pkarm,  exlvii.  71 ; 
Zeitsehr.  f.  Chem.  [2]  v.  232). 

On  the  chlorophenylsulphuric  acids,  see,  fHirther,  Peterson  a.  Bahr-Predari  (Ann^ 
Ch,  Pharm,  [1871]  cxlvii.  121-165 ;  Chem.  8oe.  J.  [2]  ix.  240). 

VltrayiiaiiytaiUplMule  Aold.  C*HXNO*)SO«H.— The  potassium  salt  of  this 
acid  is  obtained  by  heating  a  mixture  of  1  pt.  finely  pulrerused  potassium  phenol- 
sulphate  (a)  and  1  pt.  nitre  with  1  pt  strong  sulphuric  acid  and  6  pts.  water,  and 
Surifled  in  the  same  manner  as  the  dichlorophenylsulphate.  When  decomposed  by 
ilute  sulphuric  acid,  it  yields  nitrophenoUulphuric  add,  whidi  crystallises  from 
alcohol  by  evaporation,  finally  in  a  vacuum,  in  colourless,  short,  whetstone-shaped,  vezy 
deliquescent  crystals.  Ammonium  sulphide  converts  it  into  a  difficultly  crystallisable 
substance,  probably  the  corresponding  amido-acid. 

Nitrophenylsulphuric  acid  forms  salts  containing  1  and  2  at.  metaL  The  potassium 
salt,  C'H'(NO')SO*K,  crystallises  in  stellate  groups  of  needles ;  the  ammonium  salt, 
C«H»(NO«)SO'(NH*)»,  in  brownish-yellow  prisms.  The  barium  salt,  C*H«(NO«)SO'Ba, 
forms  small  indistinct  orange-red  crystals,  which  retain  2  mol.  crystallisation-water 
at  100°,  and  become  anhydrous  at  170O-180^  The  cutnic  salt,  rC«H«(NO«)SO<]*Cu, 
is  a  yellow-green  indistinctly  crystalline  mass.  The  lead  salt,  [C*H*(NO')SO«j'Pb, 
crystallises  in  short  thick  yellow  needles,  easily  becoming  basic  by  evaporation 
(Kolbe  a.  Gauhe). 

Kekuli  (2^eitschr.  /.  Chem,  [2]  v.  602)  has  obtained  the  same  acid  by  the  action  of 
sulphuric  acid  on  the  volatile  modification  of  nitrophenol. 

BenaoTl-pbenylSQlpbnHo     Add.        C*H*(C*HK))SO<H    -    ^^^^Joo'hK) 

(Engelhardt  a.  Latschinoff,  Zeitschr.  /.  Chem.  [2]  iv.  75). — ^This  acid  is  produced : 
1 .  As  a  potassium  salt  by  heating  the  potassium  salt  of  a  phenylsulphuric  add  with 
benzoyl  chloride  for  some  hours  to  140°-150°.  The  chlorine  then  acts  on  the 
hydrogen  of  the  water-residue  in  the  phenol,  forming  hydrochloric  add,  and  the 
bencoyl  takes  the  place  of  the  hydrogen  removed ;  thus : 

C«H*(OH)SO»K  +  CH»0C1  -  HCl  +  O'H«(0C'H»0)S0»K. 

The  dry  white  residue  washed  with  ether  to  remove  admixed  benzoyl  chloride  and 
benzoic  acid,  and  recrystallised  from  boiling  water,  yields  needle-shaped  crystals  of 
potassium  benzoyl-phenylsulphate. 

2.  By  treating  1  mol.  phenyl-sulphuric  acid  (formed  from  CH'O  and  SO'H')  with 
2  mol.  benzoyl  chloride.    The  reaction  is  as  follows : 

C*H*|^0I?  +  ^^  +  2C'H»0C1  =  2Ha  +  C'H«0»  +  C«H^|oc'h«0* 

The  reaction  is  assisted  by  a  gentle  heat ;  and  the  product  is  treated  with  cold  water, 
which  extracts  the  benzoyl-phenylsulphuric  acid,  and  leaves  benzoic  acid,  phenyl 
benzoate,  and  an  indifferent  oil  resulting  from  the  action  of  the  benzoyl  chloride  on 
the  0  phenylsulphuric  acid  present.  On  saturating  the  aqueous  solution  with  barium 
carbonate,  the  sparingly  soluble  benzoyl-phenylsulphate  of  barium  is  deposited, 
while  an  easily  soluble  not  isomeric  salt  remains  in  the  mother-liquor. 

8.  By  the  action  of  sulphuric  anhydride  on  phenyl  benzoate  cooled  with  snow : 

C«H»OC'H»0  +  S0»  =  C^*(SO»H)OC*H»0. 

The  quantity  of  benzoyl-phenylsulphuric  acid  obtained  by  this  method  is  however  but 
small,  and  another  add  not  yet  examined  is  formed  at  the  same  time. 

The  acid  obtained  by  the  second  or  thinl  process  yields  a  potassium  salt  exactly 
agreeing  with  that  obtained  by  the  first  process.  This  acid  may  therefore  be  distin- 
guished as  a  benzoyl-phenylsulphuric  acid.  Its  formation  in  the  second  process 
results  from  the  action  of  the  benzoyl  chloride  on  the  a  phenylsulphuric  acid  present, 
the  /9  acid  giving  rise  to  the  indifferent  oil  above  mentioned. 

PotasHum  a  Beneoyl-phenyUulphate,  C*HXOO'H'0)SO'K,  dissolves  easUy  in  boiling, 
sparingly  in  cold  water,  and  separates  from  aqueous  solution  in  long  needles;  it 
dissolves  also  in  boiling  alcohol,  and  separates  therefrom  in  fiat  shining  needles. 
Heated  with  hydrochloric  acid,  it  decomposes,  with  separation  of  benzoic  add ;  a 
similar  decomposition  takes  place  also  when  it  is  digested  with  potassium  carbonate. 

The  barium  salt,  [C«H*(OC'H»0)SO«]«Ba,  precipitated  from  the  solution  of  the 
potassium  salt  by  biurium  chloride,  is  sparingly  soluble  in  cold,  nearly  insoluble  in 
boiling  water,  and  separates  from  the  not  solution  on  cooling  in  tuils  of  slender 
needles.    The  calcium  saU,  [C«H*(OC'H'0)SO«]''Ca,  resembles  the  barium  salt    Tho 
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lead  salt,  [C«H'(OC'HH))SO']'Pb  +  2H>0,  dissoWes  aparingly  in  "cold,  Qon  mAj 
in  boiling  water,  and  crystallises  in  nodular  tufts  of  needles.  The  magnesti^m.  tatt 
crystallises  in  shining  laminae  slightly  soluble  in  cold,  more  easily  in  boiling  water. 
The  copper  salt,  [C<H'(OC'H*0)SO*]'Cu  +  6H*0,  forms  shining  bine  laminae,  whidi 
give  off  water  and  become  colourless  when  heated.  The  silver  salt,  0*H\OCH*0)SC>*Ag, 
crj'stallises  in  laminae  more  soluble  in  hot  than  in  oold  water. 

Benzoyl  chloride  acts  upon  the  potassium  salt  of  y  phenyl-snlphoric  add  at  140^, 
in  the  same  manner  as  on  the  a  salt,  producing  potassiam  y  benzoyl-pkengUuiphate, 
which  when  dried  at  130''  has  the  composition  C*HXOCHH))SO'K.  It  is  sparingly 
soluble  in  cold,  easily  in  boiling  water,  and  separates  as  a  gelatinous  mass  consii^tjog 
of  nodular  groups  of  vexy  slender  needles.  It  dissolves  also  in  boilix^  alcohol,  and 
the  solution  solidifies  on  cooling  to  a  gelatinous  mass  changing  spontaneoosly  to 
stellate  groups  of  needles.  The  banum  salt,  [C*H«(0CH*0)S0*1<Ba,  is  less  soluble 
in  water  than  the  corresponding  a  salt,  and  separates  from  a  boiling  solution  on 
cooling,  in  the  form  of  a  white  powder  (Solommanoff,  Zeiisckr.  /.  Ckem.  [2]  y.  297). 

The  potassium  salt  of  fi  phenylsulphuric  acid  reacts  with  benzoyl  chloride  quite 
differently  from  the  a  and  y  salts.  The  mixture  heated  to  125^  melts,  without 
evolution  of  hydrochloric  acid,  to  a  yellow  liquid,  which  solidifies  on  cooling  to  a 
viscid  amorphous  mass ;  and  on  treating  this  mass  with  potash,  dissolving  the  oil 
thereby  separated  in  ether,  and  evaporating,  a  crystalline  mass  is  obtained  which, 
when  freed  by  pressure  from  a  yellow  oil  and  redissolved  in  alcohol  and  ether,  yields 
crystals  of  phenyl-bensoyl  or  benzophenone,  C*H*.C'H'0.  This  is  the  only 
well-characterised  product  of  the  reaction.  The  yellow  oil  has  not  been  analysed, 
but  it  appears  to  contain  sulphur.  Only  a  very  small  quantity  of  potassium  bensoyl- 
phenyl-sulphate  is  obtained,  consisting  apparently  of  the  y  modification,  the  for- 
mation of  which  is  due  to  the  presence  of  a  small  quantity  of  y  phenyl-solpkate 
(Solommanoff). 

From  the  reactions  above  detailed  it  appears  that  a  and  0  phenylsnlphniic  adds 
are  related  to  one  another  in  the  same  manner  as  isethionic  and  ethyl-snlphiuie  adds, 

iSO'H 
OR*  and  ethyl-sulphuric 

acid   0^^«* 

The  relation  of  these  acids  to  phenol  may  be  exhibited  by  the  foUowiDg  formnls : 

Phenol,  C«H»OH. 

Potassium  phenate,  OH^QK. 

Phenyl  bensoate,  C«H»0(C»H»0). 

a  Phenyl-sulphuric  acid,  C«H*(SO«H)OH. 

Benaoyl-phenylsulphuric  acid,  C«H«(SO«H)0(C^»0). 

$  Phenylsulphuric  acid,  0«H»0(SO«H). 

Phenyl-phosphoric  acid,  C«H»0(PO»H«). 

The  formula  of  /9  phenyl-sulphuric  acid,  which  contains  no  aloohoUe  hydrogen,  shows 
that  this  acid  cannot  give  rise  to  an  isomeride  of  the  benzoyl«phenylsulj3iuric  add 
derived  from  a  phenylsulphuric  acid  (Engelhardt  a.  Latschinoff).  As  a  and  y  phenol- 
sulphuric  acids  both  give  rise  to  benzoyl-phenylsulphuric  adds,  they  probably  difi^ 
only  in  the  relative  positions  of  the  groups  OH  and  SO'H. 

fSO'H 
VbeByl-Oiaiilpliiuio  Aeld.     C*H«S'0'  »  C*H'   SO*H    (Kekul^,   Zeitsekr.  f. 

I  OH 
Chen^,  [2]  il  693.  Engelhardt  a.  Latschinoff,  ihU,  ir.  270).  Disulpkopkemvlenie  Acid 
(Griess,  Jahresb.  1866,  p.  466).  Oxyphenylene-disulphonie  Acid  (Weinhold,  Ann.  Ck, 
Pharm.  cxliii.  68).  Phenetyldisulpkonie  Acid  (Stjideler,  ibid,  cxliv.  295).— This  add  is 
produced  by  treating  phenylsulphuric  acid  or  phenol  with  excess  of  ordinary  stzT>ng 
sulphuric  add,  or  better  with  a  mixture  of  orainary  and  fuming  sulphuric  add,  or 
with  vapour  of  sulphuric  anhydride,  also  by  the  action  of  strong  sulphuric  add  on 
diasobenzene  sulphate.  Engelhardt  a.  Latschinoff  heat  100  grma  phenol  on  the 
water>bath  with  400  grms.  of  a  mixture  of  equal  parts  of  ordinary  and  fuming 
sulphuric  acid.  On  diluting  the  product  with  water,  nearly  saturating  it  with  barium 
carbonate,  and  concentrating  the  slightly  add  filtrate,  an  abundant  crystallisation  of 
barium  phenyldisulphate  is  obtained,  which  may  be  purified  by  recrystallisation  frtna 
water. 

Phenyl-disulphuric  acid  separated  from  its  lead  or  barium  salt,  and  evaponted 
OTsr  sulphuric  add,  crystallises  at  first  in  long  silky  needles,  and  then  solidifies  to  a 
Tery  deliquescent  crystalline  mass  (Stadeler).    According  to  Weinhold,  the  solution 
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Trieklcronapktkalene,  G'*HK^*,  obtained  by  boiling  ehlaronapbthaleno  tetm- 
chloride  with  alcoaolic  potash,  crystallises  from  ether-alcohol  in  brittle  prisms  melting 
at  SI**.    Its  nitK>-product  is  a  soft,  yellow,  ciystalline  mass. 

Heptaeklorodinaphtkalene,C*B*Cl^^C^mH:i*.C^m*Cl*{}yisej^btJXi»OBftom 
ethcff-alcohol  in  veiy  long,  yellowish,  waxy  needles  melting  at  106*'.  By  prolonged 
boiling  with  alcoholic  potash  it  is  oonTerted  into  a  prodact  which  oystallises  fiom 
ether-aloohol  in  colourless  six-sided  prisms  melting  at  101^-102^.  Mtptaeklonh' 
dwUrodmapktkalene,  C»H'C1'(N0«)«  (=  C"Cl*a*NO».C"H»a«NO*?),  erystd^ises 
from  alcohol  in  soft  yellowish  needles  melting  at  104^-106^. 

TetrachloronaphthaUne,  C'*H^C1\  exists  also  in  two  isomeric  fonns:  «.  Fro- 
doosd  by  boiling  dichloronaphthalene  tetrachloride  with  alcoholic  potash.  CrystaHissa 
from  lignun  and  ether  in  soft  white  needles  which  melt  at  130®.  Its  nitro-prodnet 
forms  yellow  crystalline  nodules. — ^3.  Forms,  as  aboye  mentioned,  the  ultimate  product 
of  the  action  of  chlorine  gas  on  heated  chloronaphthalenes.  It  is  originally  obtained- 
in  long  yellow  needles,  bnt  after  repeated  crystallisation  from  alcohol,  forms  soft 
white  neeidles  which  melt  at  166^-158®.    The  nitro-product  is  a  soft  Yellow  masM. 

All  the  chloronaphthalenes  are  easily  soluble  in  ether,  ligroin,  and  chlorofarm,  leu 
essily  in  alcohol ;  they  have  an  odour  of  naphthalene,  weaker  as  their  amount  of 
chlorine  is  greater,  and  in  the  tetrachloronaphthalenes  scarcely  perceptible.  Their 
nitro-deriTatiTes  are  mostly  soft  yellow  masses  which  are  difficult  to  purify,  and  when 
heated  with  aqueous  soda  or  ammonia,  are  partly  oonrerted  into  a  brown-xed  colouring 
Batter  (Faust  a.  Saame). 

Pentaekloronapktkalene,  G**H'C1*,  is  produced  by  heating  1  mol.  dichloro* 
nai^thoquinone  with  2  moL  phosphorus  pentacmoride  to  180^-200®  in  a  sealed  tube 
till  the  yellow  crystals  disappear : 

c»»H*a«o«  +  2Pci»  -  Ha  +  2P0C1*  +  c"H"a». 

On  washing  the  product  with  water  and  dilute  soda-ley,  and  distilling,  the  pentachloro* 
naphthalene  passes  over  at  a  temperature  above  the  boiling  point  of  mercury,  solidifies 
in  the  leoerrer,  and  may  be  obtained  in  colourless  needles  by  recrystallisation  from 
alcohol.  It  is  insoluble  in  water,  slightly  soluble  in  cold,  more  freely  in  hot  alcohol, 
easily  soluble  in  ether.  It  melts  at  108*6®,  may  be  sublimed  in  needles  by  cautious 
heating,  and  distils  unaltered  at  a  higher  temperature.  It  is  not  attacked  by  alkalis. 
It  is  much  less  easily  oxidable  than  naphthalene,  not  being  attacked  by  chromic  acid 
mixture,  or  b^  boiling  nitric  acid  of  sp.  gr.  1'35.  By  the  action  of  Aiming  nitric  acid, 
and  more  easily  by  heating  it  in  sealed  tubes  to  180^-200®  with  nitric  acid  of  sp.  gr. 
1-15  to  1*2,  it  is  couTerted  into  tetraehlorophthalic  add,  (7H«aH)«  (Graebe,  Jnn.  Ch, 
Pkarm.  cbdx.  8). 

OcioeklorO'  or  Psrckloro-naphthalene,  C'*C1*. — ^Berthelot  a.  Jungfleiscli 
(Aim.  Cft.  Pkf8.  [4]  XT.  882)  hare  prepared  this  compound—first  obtained  by  Laurent 
(it.  13) — ^by  tareating  naphthalene  with  chlorine,  ultimately  with  addition  of  antimonie 
chloride.  The  product,  sublimed  and  recx^staUised  ftcom  carbon  bisulphide,  exhibits 
TMtypeTties  different  fifom  those  assigned  to  it  by  Laurent  It  forms  splendid  er^rstals 
belonging  to  the  rhombic  system,  melts  at  136^,  and  boils  with  slight  aeoomposition  at 
403®  ;  20  c.  e.  of  its  solution  in  carbon  bisulphide  saturated  at  16°  contained  5*86  grm. 
of  the  compound.  Heated  with  potassium  hydrate,  it  gives  off  violet  Taponrs  (acooiding 
to  Laurent  it  is  not  attacked).  Heated  with  hydriodic  acid  it  yields  the  same  products 
as  Daphthalene.  Its  vapour  passed,  together  with  hydrogen,  through  a  red-hot  tube 
yield*,  together  with  napnthalene,  chiefiy  resinous  and  coloured  products  similar  to  those 
produced  under  the  same  circumstances  from  naphthalene. 


^, ,, MonooyanO'Hapkthahne  or  Napktkyl  Cyanide, 

C**H*CN,  is  obtained  in  two  modifications,  •  and  3,  by  heating  the  potassium  salts  of 
the  oozresponding  naphthyl-sulphurous  acids  with  potassium  cyanide: 

C>»H».SCPK  +   CNK  =  80«K«  +  C"H»(CN). 

The  a  cvanide  distils  over  at  about  800®,  and  after  a  few  rectifications  fbrms  a 
eolooless  liquid  having  an  agreeable  odour  somewhat  like  that  of  bitter  almond  oil, 
a  afaarp  burning  taste,  and  solidi^ng  in  a  few  days  at  ordinary  temperatures,  quickly 
and  completely  at  0®.  It  may  be  easily  purified  by  crystallisation  from  ligroln, 
from  which  it  separates  in  splendid  groups  of  needles  having  a  satiny  lustre.  It  melts 
eopatantly  at  87'5®,  and  distils  at  297^-298®  (coir.). 

The  $  e^amde  likewise  passes  over  in  the  first  instance  at  about  300°,  as  a  liquid, 
hat  aolidifies  very  quicUy  at  ordinary  temperatures.  When  purified  by  repeated 
crystallisation  from  ligroin  and  rectification,  it  forms  a  beautiful  white  mass  re* 
scmbling  stearin  and  melting  at  66*5°  ii.e,  29^  higher  than  the  a  compound)  to 
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of  melting  potaah  on  catechin,  sooparin,  luteolin,  hone-chestnut  Unn'm,  tod  tke  ni 
body  formed  by  heating  this  tannin  in  an  atmosphere  of  carbon  dioxide : 

C'»H»*o»  +  o«  -  2C«H«o«  +  cm*o* 

Catechin.  Phloroglxidii.  Proiocatechnle 

add. 

C«»H«0"  +   0*  -  C^H)»  4   2C'H*0*  +  CO«   +   2H«0 

Sooparin. 

C»H"0«  +  2H»0  +   0«  =  2C^H)«  +   C'H«0*  +  CO* 

Lateolin. 

C««H»*0"  +   0*  =  2C«H«0»  +  2C'H«0« 

Tannin  of 
Hone-chestnat. 

C"H«0"   +   H«0   +  0«  -  2C«H«0»  +   2C'H«0\ 
Bed  body. 

(Malin,  ^nn.  Ch.  Pkarm,  cxxziv.  118.  Hlasiwets,  ibid,  cxzxriii.  190.  Bochledfr, 
Bull.  Soe.  Chim,  [2]  viii.  115,  122).    Batanhia-red,  tormentil-red,  and  the  phloba- 

5 bene  of  the  oak  hare  the  same  composition  as  horse  chestnut^red,  sad  a» 
ecomposed  by  fusion  with  potash  in  the  same  manner  (Orabowaki,  Jakrab.  1867, 
p.  483;  Zeitsekr,  /.  Chem.  [2]  iv.  608.  Rembold,  ibid.  671).— 2.  Together  with 
protocatechuic  acid,  paraozybencoic  acid,  and  otlier  products,  by  fusing  dragonB  blood 
or  gamboge  with  caustic  potash  (Hlasiwets  a.  Barth,  JaJIreaJ.  1865,  p.  675;  1866i 
pp.  628,  631). 

PhloiDglucin  heated  to  140^  with  saturated  aqueous  kydriodie  acid  is  not  ledofied 
(eren  in  presence  of  phosphorus),  but  jfi  conyerted,  by  abstiaction  of  water,  aocordisg 
to  the  equation  2C«H«0»  -  H*0  «  C"H»»0*,  into  a  new  body  which  ciystallises  ia 
nearly  tasteless  scales,  slightly  soluble  in  warm  water  and  alcohol,  insoluble  in  ether, 
and  consisting  of  C"H'«0»  +  2H«0.  The  water  is  giyen  off  at  120^  (Hlssiw^ 
Zeitschr.  f.  Chem.  [2]  i.  613). 

A  moderately  dilute  solution  of  phloroglucin  mixed  with  a  similar  solotiooof 
qwinine  wlphate  slightly  acidulated  with  eulphuric  acid,  yields  large  coDcentriollj 
grouped  needles  consisting  of  a  compound  of  quinine  sulphate  and  phloroglvcia. 
C*»U"N«0».SO*IP.C«H«0*  +  2H"0.  Orcin  and  resorcin  form  similar  compounds  with 
quinine  sulphate  (Hlasiwets,  loc.  cit.). 

yM&OmO&  or  PRIiOmTXi  A&OOBOZi,  C«H>*0  -  C«H«  j  Q^*(^^*)  ,  is  ooeei 

the  constituents  of  beech-tar  creosote,  and  is  obtained  by  repeated  fractional  distilU- 
tion  of  the  portion  boiling  between  217®  and  220°.  When  dehydrated  by  distillation 
over  sfxiium,  it  forms  a  colourless  oily  liquid  boiling  at  219^-220^,  and  gndo&lij 
turning  reddish  when  exposed  to  light  (Marasse,  Ann.  Ch.  PMarm.  clii.  76). 

VHXiO&Oira.  C*H*0'.— This  body,  homologous  with  quinone,  was  disooyered  \>y 
Eommier  a.  Bouilhon  (iy.  496),  who  obtained  it  by  oxidising  ooal-tar  creosote 
with  sulphuric  acid  and  manganese  dioxide.  Gorup-Besanes  a.  yon  Rad  (Zeitsckr.  / 
Chem.  [2]  iy.  660)  haye  obtained  it  in  like  manner  from  that  kind  of  Rhenish  bweb- 
tar  creosote  which  consists  mainly  of  cresol.  The  liquid  mixed  with  1^  times  its 
weight  of  strong  sulphuric  acid,  is  left  to  stand  for  24  hours,  then  diluted  with  6  tol. 
water,  and  distilled  at  a  gentle  heat  with  1^  times  its  weight  of  manganese  diozifif^ 
A  yellow  liquid  then  passes  oyer,  which  soon  deposits  phlorone  in  yellow  crystals  a»i 
solidifying  oily  drops,  while  the  condensing  tube  becomes  filled  with  long  jeU^" 
needles.  The  crystals  are  collected,  the  yeUow  distillate  is  agitated  with  ethor.  the 
ethereal  solution  eyaiporated,  and  the  crystals  thus  obtained,  together  with  those  M 
deposited,  are  recrystallised  from  alcohol.  In  preparing  phlorone  from  oosl-ttf 
creosote,  it  is  also  neceesaiy  to  leaye  the  mixture  of  the  creosote  with  sulphuric  add  to 
stand  till  it  no  longer  becomes  turbid  on  addition  of  water ;  otherwise  it  yields  bT 
oxidation  a  brown  liquid,  but  no  phlorone.  Cresol  boiling  at  198°  yields  abnnd- 
ance  of  phlorone  when  oxidised  as  aboye ;  but  xylylic  phenol  boiling  at  214^  pf^ 
only  a  brown  unctuous  mass,  with  yery  little  phlorone.  Guaiacol  prepared  by  drj^ 
tillation  of  guaiac  resin  yields  a  body  yeiy  much  like  phlorone,  but  possibly  eonsistioff 
of  its  next  lower  homologue  (y.  Rad,  Ann.  Ch.  Pharm.  eli.  168 ;  ZeiUcir,/.  Chm.  W 
y.  712). 

Phlorone  crystallises  in  golden-yellow  oblique  rhombic  prisms,  which  when  heated 
giyeoffa  pungent  odour,  attacking  the  eyes  and  mucous  membranes;  it  sublisitf 
without  decomposition  at  a  stronger  heat,  and  yolatilises  eryen  at  ordinary  tempffatnre^ 
It  is  heayier  than  water,  melts  at  a  temperature  aboye  100°  (y.  Rad ;  at  61°-62^  sooord- 
ing  to  Rommier  a.  Bouilhon),  dissolyes  sparingly  in  cold,  easily  in  boiling  wattf',  a^ 
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in  aloohol  and  ether.  Its  eolutions  colour  the  skin  deep  brown.  Salphoric  acid 
dissolTeB  it  with  yellow  colour ;  alkAlis  impart  to  its  solutions  a  brown  colour,  which 
disappears  on  addition  of  sulphuric  acid.  Dilute  nitric  add  dissolves  it  with  yellow 
colour ;  with  strong  hydrochloric  acid  at  the  boiling  heat  it  forms  a  brown  solution 
which  on  cooling  deposits  white  crystals  of  ehlorhydrophlorone.  With  solid  potash  it 
forms  a  green  mass.  Phlorone  solutions  ore  decolorised  by  sulphurous  acid  and 
stannous  chloride ;  ferric  chloride  colours  them  brown;  hydrogen  sulphide  produces 
a  precipitate. 

cniloropblerones  (r.  Bad,  loc.eit). — When  dry  chlorine  is  passed  oyer  moderately 
heated  phlorone  as  long  as  hydrochloric  acid  continues  to  be  evolved,  the  phlorone 
deliquesces  to  a  yellow  liquid,  which  on  cooling  deposits  crystals,  separable  by  means 
of  alcohol  into  monochlorophlorone  and  dichlorophlorone,  the  former  being  the  more 
soluble  of  the  two.  The  same  products  are  obtained  by  treating  phlorone  with  hydro- 
chloric acid  and  potassium  chlorate. 

Monochlorophlorone^  C^WClO't  crystallises  in  yellow  needles  melting  below 
100^  to  a  brown  liquid  which  resolidifies  in  the  crystalline  form  on  cooling.  It  has  a 
peculiar  aromatic  odour,  and  dissolves  easily  in  alcohol,  ether,  and  acetic  acid.  Its 
solution  in  weak  alcohol,  boiled  and  left  to  cool,  deposits  a  brown  crystalline  body, 
perhaps  brown  ehlorhydrophlorone.  When  sulphurous  acid  gas  is  passed  into  warm 
water  in  which  monochlorophlorone  is  suspended,  the  liquid  on  cooling  deposits  colour- 
less crystals  of  monochlorohydrophlorone.  Strong  sulphuric  acid  dissolves  monochloro- 
phlorone, forming  a  deep  yellow  solution ;  potassium  nitrite  heated  with  it  produces  a 
tine  red-brown  colour.  Its  solution  in  acetic  acid  is  coloured  by  soda-ley  first 
green,  then  brown ;  the  alcoholic  solution  is  immediately  coloured  brown  by  soda  or 
ammonia. 

Dichlorophlorone^  G^'CPO',  forms  light  yellow  unctuous  lamina  rery  slightly 
soluble  in  cold  alcohol,  easily  in  hot  alcohol,  boiling  acetic  acid,  and  ether ;  it  dissolves 
with  yellow  colour  in  strong  sulphuric  acid,  and  is  turned  brown  in  alcoholic  solution 
by  soda,  ammonia,  and  ferric  chloride. 

Bydropliloronet  C"H**0',  is  produced  by  passing  sulphurous  acid  gas  into  a 
saturated  aqueous  solution  of  phlorone  containing  phlorone  in  suspension,  till  all  the 
crystals  have  become  colourless.  It  crystallises  fh>m  hot  water  in  colourless  nacrsous 
laminsQ,  melts  and  sublimes  when  heated,  dissolves  easily  in  water,  especially  when 
heated,  also  in  aloohol  and  ether.  Ammonia  colours  the  solutions  brown,  changed  to 
dark  red  by  heating  or  by  contact  with  the  air.  With  soda-le^  a  green  colour  is  pro- 
duced, becoming  brown  in  contact  with  the  air.  By  boiling  with  ferric  chloride,  dilute 
nitric  acid,  or  silver  nitrate,  hydrophlorone  is  oxidised  to  phlorone,  in  the  latter  case 
with  precipitation  of  metallic  silver.  '  Boiled  with  solution  of  cupric  acetate  it  throws 
down  cuprous  oxide,  and  emits  a  strong  odour  of  phlorone.  With  solid  potash  it  forms 
a  dark  green  mass.  Fuming  sulphuric  add  dissolves  it,  with  zed  colour,  and  the 
solution,  diluted  with  water  and  neutralised  with  barium  carbonate,  contains  a  barium 
salt  very  soluble  in  water,  insoluble  in  absolute  alcohol.  The  aqueous  solution  of  this 
add  colours  ferric  chloride  dark  brown,  reduces  silver  salts,  and  forms  a  white  precipi- 
tate  with  lead  acetate. 

ehlorhydrophlorone,  CH*C10',  is  prepared  by  boiling  phlorone  crystals  with 
strong  hydrochloric  add.  After  repeated  orystallisation  ^m  hot  water  it  forma 
colourless  silky  needles,  melting  when  heated  to  a  brown  liquid  which  solidifies  to  a 
colourless  crystalline  mass,  and  subliming  with  partial  decomposition  in  colourless 
shining  laminae  mixed  with  violet  needles ;  it  dissolves  easily  in  hot  water,  alcohol,  and 
ether.  Solid  ehlorhydrophlorone  is  coloured  violet  by  ferric  chloride  and  forms  a 
green  mass  with  potash.  Its  solutions  are  coloured  brown  by  ammonia  and  fixed 
alkalis,  reduce  silver  nitrate  when  heated,  giving  off  the  odour  of  chlorophlorone,  and 
precipitate  cuprous  oxide  when  heated  with  cupric  nitrate  (v.  Bad). 

DtchlorhydrophloronCt  OH'Ol'O',  is  produced  by  passing  sulphurous  add 
gas  into  water  in  wnich  dichlorophlorone  is  suspended,  and  warming  the  liquid  on  the 
water-bath  till  the  yellow  laminse  become  colourless ;  it  is  purified  by  washing  with 
cold  water,  erystalUsation  from  boiling  water,  and  finally  from  moderately  heated 
acetic  acid.  It  sublimes  with  partial  decomposition,  yielding  dark  brown  needles 
which  bum  with  green-edged  fiame  when  heated  on  platinum  foil.  It  dissolves 
sparingly  in  cold,  easily  in  hot  water,  very  easily  in  ether,  aloohol,  and  strong  acetiQ 
acid.  In  potash-ley  it  dissolves  with  green  colour,  changing  to  brown-red ;  in  warm 
sulphuric  add  with  deep  brown  colour.  The  alcoholic  solution  is  coloured. brown  1^ 
ammonia,  and  then  yields  wiUi  hydrochloric  acid  a  violet  fiocculent  precipitate,  it 
reduces  silver  nitrate  and  cupric  acetate,  and  is  converted  by  hydrochloric  acid  and 
potassium  chlorate  into  yellow  crystalline  laminae.  With  ferric  chloride  it  immediately 
yields  a  violet  fiocculent  precipitate,  perhaps  analogous  to  yiolet  dichlorhydroquinone. 

J3iQ>.  .       SO 
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Fhlorone  may  be  formulated  either  as  ethyl-quinone,  CH^C'H*)0^  or  M  diiiielhjl- 
qui  none;  but,  since  the  highest  chlorinated  product  obtainable  ttcan.  itby  tbe  ulion 
of  chlorine  or  of  hypochlorous  acid,  is  dichlorophlorone,  it  appears  to  have  only  tvo 
atoms  of  hydrogen  easily  replaceable  by  chlorine,  and  ia  therefoTB  most  piob&Uy 
dimethylquinone ;  in  like  manner  dichlorhydrophlorone  may  be  regarded  as  oiiiicthji* 
hydroquinone : 

C.H<jg>  CH.jgl 

QuinoQO.  Hjndroqoiaoiit. 

C«H«(CH»)«  5  ^^  C*H«(CH«)«  I  ^2 

Fhlorone.  Hydropbloimie. 

XCOBOXu     Syn.  with  Fklobol  (p.  927). 

See  Photenjs. 

Syn.  with  Cabbon  Oxtchlobidb  (p.  405). 

FHOSFW  ti  HffTC  AOZ9B*  Gladstone  has  described  three  phosphamic  acids 
derived  from  pyrophosphoric  acid  by  substitution  of  1,  2,  and  3  at.  amidogen  for 
hydroxyl  (iv.  766) ;  these  may  be  formulated  as  follows: 

Pyrophosphoric  acid       ......  p/jjowl^' 

Pyrophosphamic  acid P(HO)=0^^^^|^* 

Pyrophosphodiamic  acid P(NH*)(IIoJo|^- 

Pyrophosphotriamic  acid P(NII*-XUO)ol^* 

The  following  are  additional  details  respecting  these  acids  {Chem,  8oc,J.  [2]  Ti.60- 

Pyrophoaphamic  acid,  P'(NH")H*0*,  is  produced  by  the  decomposition  of  tfe 
tetraphosphamic  acids  (p.  931);  also  by  the  following  methods:  a.  When  pTrophw- 
phoric  acid  is  saturated  with  ammonia,  and  barium  hydrate  is  added  not  in  exce&s  & 
white  precipitate  of  barium  pyrophosphamate  is  obtained ;  with  excess  of  bsryt^ 
pyrophosphate  is  the  only  product.  A  similar  result  is  produced  when  lead  sceteie 
or  ferric  chloride  is  added  instead  of  barium  hydrate. — fi.  A  salt  having  the  oompc>^i- 
tion  of  ferric  pyrophosphamate  is  likewise  formed  when  insoluble  ferric  pyrophospHft|< 
is  precipitatea  in  presence  of  a  laige  quantity  of  sal-ammoniac ;  or  by  dissolving  fenit 
pyrophosphate  in  ammonia  and  precipitating  with  sulphuric  acid  ;  or  again  bj  pre- 
cipitating soluble  ferric  pyrophosphate  from  its  solution  in  sulphuric  acid  by  ammoniaL 
The  compound  thus  obtained  differs  however  from  the  ferric  pyrophosphamate  pr^ 
viously  described,  in  being  soluble  in  sodium  pyrophosphate  and  in  ferric  chloride, 
slightly  also  in  water,  and  in  being  decomposed  by  cold  dilute  sulphuric  acid.  It  maj 
therefore  be  regarded  either  as  a  soluble  modification  of  ferric  pyrophosphsmste, 
[P*(NH*)0»]«Fe*  +  2H*0,  or  perhaps  only  as  ammonio-ferrie  pyrophosplwt*. 
rP»0»)*(NH*)«Fe«.  It  is  not  converted  into  the  ordinary  salt  by  boiling  with  very 
dilute  sulphuric  acid.     Copper  salts  give  similar  results. 

Pyrophospkodiamie  actrf,  P*(NH*)»H*0*,  is  most  distinctly  characterised  by 
the  white  fiocculent  precipitate  thrown  down  from  its  hot  strongly  acid  solution  k 
ferric  chloride  ;  this  precipitate  does  not  melt  when  heated,  but  blackens,  gives  off 
ammonia,  and  forms  a  sublimate,  whereas  ferric  pyrophosphate  merely  melts  without 
blackening. 

pyrophoipKotriamie  acid,  P^NH*)»IIO*,  is  most  abundantly  produced  by 
saturating  phosphorus  oxychloride  (not  cooled)  with  ammonia  gas,  heating  the  product 
to  220°,  and  boiling  it  for  a  short  time  with  water. 

With  regard  to  the  formation  of  these  amidated  acids  from  phosphoms  oig^chlondei 
Gladstone  supposes  that  the  oxychloride  reacts  in  the  cold  with  2  mol.  ammonia,  so  » 
to  form  the  amide  P(NH*)C1K),  and  at  higher  temperatures  with  4  mol.  ammonia  to 
form  the  amide  P(NH')'C10.  The  formation  of  pyrophosphodiamic  acid  from  tbesi 
amides  takes  place  in  we  manner  shown  by  the  following  equations : 

2P(NH«)C1«0  +  3H«0  -    4Ha     +  P«(NH«)»H«0». 
2P(NH*)«C10  +  3HH)  -  2Nfl*Cl  +  P«(NH»)'H«0*. 
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PyrophosphaiDAtefl  are  formed  by  the  action  of  metallic  chlorides  on  the  diamic 
acid,  thufi : 

I«(NH«)«H«0»  +  HK)  +  3MC1  =  NH'Cl  +  2HC1  +  I«(NH«)M»0«. 

P^nrophosphotriamic  acid  appears  to  be  formed  from  an  amidated  ozychloride  of 
unknown  composition. 

Tbtraphosphauic  Acids  (Gladstone,  Chem.  Soc.  J.  [2]  vi.  261). — ^These  acids, 
also  produced  by  the  action  of  water  on  the  amides  of  phosphorus  oxychloride,  may 
be  derived  from  tetraphoephoric  acid,  P\HO)'0',  the  acid  corresponding  to  the  phos- 
phates, P*(MO)«0'  (iv.  637) ;  thus : 

Tetraphosphodiamic  acid        ....    P*(NH*)«(HO)«0'. 
Tetraphoephotetnimic  acid      ....    P\NH*)«(UO)^'. 

AVhen  phosphorus  oxychloride  is  saturated  at  a  low  or  moderately  high  temperaturei 
with  ammonia,  a  white  mass  is  formed  which  dissolves  completely  in  water,  with 
exception  of  a  small  quantity  of  pyio^ho6i>hotriamic  acid ;  and  alcohol  added  to  this 
solution  throws  down  either  a  viscid  liquid  or  light  solid  precipitate,  sometimes  also  a 
glutinous  substance  which  appears  to  be  a  mixture  of  the  other  two.  The  liquid 
compound,  when  purified  by  washing  with  alcohol,  repeated  precipitation  by  alcohol 
from  its  aqueous  solution,  and  drying  in  a  vacuum,  has  the  composition  P'N*H"0". 
It  is  very  hygroscopic,  sustains  a  temperature  of  100^  without  decomposition,  gives  off 
ammonia  when  treated  with  cold  potash-ley,  and  is  decomposed  by  hydrochloric  acid 
into  orthophosphoric  acid  and  sal-ammoniac.  With  ammonia  it  forms  a  liquid 
compound  slightly  soluble  in  water,  insoluble  in  alcohol,  from  which  the  original 
substance  is  separated  by  dilute  sulphuric  acid.  In  aqueous  solution  it  forms  solid 
precipitates  with  many  metallic  salts,  but  appears  at  the  same  time  to  undergo  altera* 
tion,  inasmuch  as  neither  of  these  compounds  contains  more  than  3  at.  nitjogen  to 
4  at.  phosphorus,  and  they  all,  when  decomposed  by  acids,  yield  solid  tetramides  and 
pyiophosphamic  adds.  From  its  reaction  with  potash,  the  compound  P'N*H"0"  may 
be  regaraed  as  the  triammonium  salt  of  tetraphoiphodiamie  aaf^F'(NH')*H(NH^)'0'^ 

Tetriq>iosphotetramio  add,  P*(NH')*H'0*,  is  obtained  either  by  decomposing  the 
liquid  compound  with  a  metallic  salt,  and  the  precipitate  with  an  acid,  or  more 
readilv  by  dissolving  the  above-mentioned  glutinous  body  in  water,  decomposing 
it  with  a  lares  excess  of  a  mineral  add,  precipitating  with  alcohol,  and  repeating  this 
treatment  tiU  the  precipitate  becomes  sparingly  soluble  in  water,  and  friable 
after  drying.  It  is  likewise  produced  by  boiling  the  liouid  acid  with  water  for  several 
hours,  or  by  treating  it  with  alkalis  or  strong  adds.  Its  formation  is  usually  accom- 
panied by  that  of  pyrophosphodiamic  or  pyzophosphotriamic  acid.  It  combines  with 
bases,  and  is  separated  by  acids  from,  the  resulting  compounds,  apparently  unaltered. 
It  appears  to  form  two  ammonium  salts,  one  of  which,  precipitated  by  alcohol 
from  die  aqueous  solution,  has  the  composition  P*(NH')*H(NH*)0',  and  gives  off  all  its 
ammonia  in  a  vacuum.  Two  stiver  salts,  P«N^H«Ag*0*  and  P*N«H"A£^,  have  also 
been  examined. 

Tstrapkosphopentasotie  Acid.  P*N*H*0'. — When  phosphoms  oxychloride  is 
rapidly  saturated  with  ammonia,  the  mass  becomes  strongly  heated,  and  when  treated 
with  water  leaves  a  body  different  from  pyrophosphotriamie  acid.  This  compound 
is  obtained  in  greater  purity  when  the  product,  saturated  with  ammonia,  is  neated 
above  200^,  but  not  to  the  volatilising  point  of  sal-ammoniac,  and  then  exhausted 
with  water.  The  insoluble  residue  consists  of  tetraphosphopentasotie  acid.  It  is 
decomposed  with  moderate  facility  by  water,  and  quiddy  at  the  boiling  heat,  wiUi 
formation  of  pyrophosphamic  acids ;  a  similar  transformation  takes  place  gradually 
in  the  dry  state  and  at  ordinarjr  temperatures.    The  salts  of  this  acid  are  nearly  or 

?uite  insoluble.     The  ammomum  salt,  P*N*H*(NH^)0^  and  the  potassium  salt, 
^N^H'KO',  have  been  examined;  abo  the  silver,  copper,  and  lead  salts,  which, 
however,  have  not  been  obtained  of  constant  composition. 

When  tetraphosphopentasotie  add  is  treated  with  neutral  or  slightly  acidulated 
silver  nitrate,  a  pale  yellowish-brown  precipitate  is  formed,  having  nearly  the  compo- 
sition P*N^H*A£^'.  Gladstone  regards  this  salt  as  the  silver  salt  of  tetraphospho' 
tetrmic  acid,  P«(NH)*H«0'  {Chem,  Soc,  J,  [2]  vii.  22). 

FBOSraAinSBfl.  By  passing  diy  ammonia  gas  into  phosphorus  oxychloride, 
and  digesting  the  product  wiUi  water  to  dissolve  sal-ammoniac,  Schiff  (iv.  498) 
obtainid  phosphotriamide,  PO(NH')*.  Gladstone,  on  the  other  hand,  did  not 
obtain  this  compound,  but  only  the  intermediate  bodies  P0C1'(NH')  and  P0C1(NH*)' 
(Chem.  Soc,  J.  [2]  vii.  16).  Schiff,  however,  in  a  recent  paper  {ZeUsekr,  /.  Chem,  [2] 
T.  609)  again  asserts  the  formation  of  the  phosphotriamide,  and  points  out  that  in 
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order  to  ensnre  the  complete  replacement  of  the  chlorine  in  POCl*  bj  amidQer-r., 
it  18  necessary  to  use  perfectly  dry  ammonia  gas,  to  pnlrerise  the  mass  firequeotlT 
daring  the  operation,  n^ain  treat  it  with  ammonia,  while  wanned,  and  finallj  le&T«  it 
for  some  time  in  the  pulverised  state  in  a  vessel  filled  with  ammonia  gas,  agitating  it 

O.OH 
frequently  to  promote  the  absorption.    If  phosphoric  acid  be  represented  as  P  J  OH 

(oh 
i'o.a 

and  phosphorus  oxy chloride  accordingly  as  P-|  CI     ,  it  will  be  oeen  that  one  atom  d 

chlorine  in  the  latter  may  haye  a  different  function  from  the  rest,  and  may  be  mst 
difficult  to  replace  by  amidogen.  If  the  oxychloride  used  retains  a  small  qnantitr  of 
pentochloride,  the  phosphotriamide  formed  as  above  will  contain  a  certain  qnantitT  d 
clilorine,  inasmuch  as  tne  pentachlorido  is  decomposed  by  ammonia  aooordii^  to'cas 
of  the  following  equations : 

Pa»  +  4NH»  =  NPa«  +   3NH«a 

Nitrogen 
PhoephocUoridtt. 

or 

Pa»  +  6NH»  -  N«|^?'  +   3NH«a 

Chlorophos- 
phamlde. 

In  the  latter  case,  on  dissolying  oat  the  sal>ammoniac  by  water,  phosphodiamii« 
would  be  formed : 


N«|^?'  +   H=6   «  2HC1  +   N«j^?. 


Hoapho-phenyldiamide  or  PA«!pA<Mteiat/tt£«,  N«(PO)"'(C«H»)».  is  formed  in  1ft? 
manner  by  the  action  of  phosphorus  pentachloride  on  aniline,  and  remains,  on  treat ir^ 
the  product  with  water,  as  a  white  flocculent  substance.  Heated  with  water  it  mtrjj 
somewhat  below  100^  and  is  gradually  converted  into  aniline  phosphate.  With  ph<t»- 
phorus  trichloride,  aniline  forms  the  trianUide  of  fhosphoroiu  acid,  together  w:± 
aniline  hydrochloride : 

PCl»  +  6C«H'N  -  8(C«H'N.HC1)  +  P(NH.C-11»)«. 

The  trianilide  which  is  the  less  soluble  part  of  the  crude  product  is  gradually  oonvvrted 
by  the  action  of  water  into  aniline  phosphite  (Schiff). 

Pkenyl'sulpkuryl'dichtorophosphamide,  C•H^S0^NH.PC1^  is  formed bj  theactioa 
of  phosphorus  pentachloride  on  the  so-called  benzene-sulphamide : 

C«H\SO*NH«  +  Pa»  «  CV  +  HCl  +  C«H».S0«.NH.PC1«. 

The  crude  product  poured  while  still  warm  on  a  porous  plato,  and  tlien  left  for  kbu 
time  over  sulphuric  acid,  solidifies  at  first,  but  afterwards  becomes  semifluid,  an  oHt 
liquid  sinking  into  the  plato.  The  remaining  solid  compound  cxystallises  from  eth«f 
in  large  shining  crystals,  which  must  be  enclosed  immediately  in  a  sealed  tube  to  pn- 
serve  them  from  alteration.  They  melt  at  130^-131^,  and  are  reconverted  into  benzene- 
eulphamide  by  contact  with  moist  air,  or  more  quickly  by  water  or  alo^ol  (Wichelhaast 
Zeitschr,/.  Chem,  [2]  vi.  64). 

WnOBWrnAMaxmrn    rC"H'*P^)K*  rTait,  Zeitsehr.f,  Chem,  [2]  i.  648).--\niea 

well-cooled  aniline  is  mixed  by  drops  witA  phosphorus  trichloride,  violent  reactioB 
tjikes  place,  and  an  unctuous  mass  is  formed,  tne  aqueous  solution  of  which,  &eed  fnai 
excess  of  aniline  by  passing  through  a  wet  filter,  solidifies  by  evaporation  in  a  vacmna 
over  sulphuric  acid  to  a  mass  of  needle-shaped  crystals,  consisting  of  the  hydro- 
chloride of  phosphanilins  formed  by  direct  combination  of  aniline  and  phospltonB 
trichloride : 

3C-H'N  +  PC1«  «  C»H»PN«.3HCL 

The  plaHnoehhride,  2(C"H"PK*.3Ha).8Pta«,  forms  pale  yellow  granTQar  crvstab 
. soluble  in  water  and  alcohol,  but  not  in  ether.  A  eweoekhride,  2(C"Hi*PN«.  3Ha). 
82kiCl',  is  obteined  in  somewhat  deliquescent  needles  soluble  in  alcohol,  by  dissolvizig 
sine  in  the  acidulated  solution  of  the  hydrochloride,  and  evaporating  at  about  93^, 
The  hydrochloride  also  forms  double  salte  with  cadmic,  cupric,  and  mercuric  chlorides* 
Bromine-water  produces  in  the  solution  of  the  hydrochloride  a  brown  precipitats 
^entaiaiag  tribromaniline.    Phosphaniline  itself  has  not  been  isolated. 
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(CN 

^BOSPSZBXt  CTAnru  V  JUC.  P-  CH*. — Produced  by  the  actiou  of  gaseous 

liydrogen  phosphide  on  eyanogen  chloride  dissolved  m  ether.  The  reftction  takes  place 
cotfily  at  100^,  and  on  distilling  off  the  ether,  the  cyanethylic  phosphide  remains  as  a 
liquid,  which  solidifies  in  a  dry  atmosphere.  It  crystallisea  in  rhombic  plates,  melts 
at  49^-50°,  volatilises  without  decomposition,  and  dissolves  easily  in  water,  alcohol, 
and  other.    Its  formation  is  represented  by  the  equation : 

CNCl  +  PH»  +  (C»H*)«0  «  HCl  +   C»HH>  +  P(CN.H.C»H'). 

'When  oxidised  it  gives  off  an  odoor  of  aldehyde  or  acetic  acid  (Darmstadter  a. 
Ilenniger,  Compt.  rend.  Ixx.  404). 

PB0SPB03VXTXZ&B.  This  name  is  now  applied  byOladstone  to  the  compound 
PNO  (Gerhardt's  biphosphamide),  which  may  also  be  regarded  as  pbosphomonamide, 
N(PO)'",  It  is  produced  by  strongly  heating  the  product  obtained  by  the  action  of 
ammonia  on  phosphorus  oxychloride,  being  formed  by  abstraction  of  2HC1  from  the 
compound  PCI'(NH«)0,  or  of  NH'Cl  from  PC1(NH'»)'0  (Gladstone,  Chm.  8oe.  J.  [2] 
vii.  18). 

PHOSPHOJM ITM a  I»IC  ACZB.  P^NHO^.-From  observations  by  Holmes, 
Ti'ported  by  Gladstone  {ibid.  79),  it  appetirs  that  the  potassium  salt  of  this  acid  is 
obtained  by  igniting  potassium  pyrophosphotriamate : 

P'N«H«KO»  «  2NH»  +   P«NKO«. 

The  ammonium  salt  appears  to  be  formed  by  ignition  of  pyrophosphotetramic 
acid  I 

P»N»H^O*  -  NH«  ^  FN(NH0O*. 

PBOSPBOBVS.  On  the  atomicity  of  phosphorus,  see  Wichelhaus  {Ann.  Ck, 
Pharm.  Suppl.  vi.  257  ;  Jahresb.  1868,  p.  148). 

Modifications. — Hittorff  (i\>^^.  Ann.  cxxvi.  193 ;  Jahresb^  1865,  p.  127)  has  obtained 
a  crystallised  modification  of  red  phosphorus,  by  heating  amorphous  phosphorus  to 
530^  in  a  sealed  vacuous  glass  tube,  and  allowing  the  vapour  to  condense  in  the  upper 
part  of  the  tube,  heated  only  to  447^ ;  the  phosphorus  then  collects  in  nodular  groups 
of  microscopic  needles.  It  may  however  be  obtained  in  larger  quantity  and  more 
distinct  crystals,  by  separation  from  a  solution  of  phosphorus  in  lead.  A  wide  tube  of 
difiScultly  fusible  glass  is  filled  to  one-fourth  with  phosphorus,  and  the  remaining 
three-fourths  with  lead,  while  a  stream  of  carbon  dioxide  is  passed  through  it.  It  is 
then  exhausted,  sealed,  enclosed  in  an  iron  tube  packed  with  mai^nesia,  and  heated  for 
several  hours  over  a  number  of  Bunsen  burners.  On  cooling,  the  surface  of  tho  lead 
is  found  to  be  covered  with  black,  metallically  lustrous,  laminar  crystals,  unalterable  in 
the  air,  while  the  interior  of  tho  lead  is  traversed  by  small  but  dense  and  well-defined 
crystals.  The  superficial  crystals  are  very  thin,  mostly  bent  and  transversely  striated, 
whereby  they  acquire  the  aspect  of  rows  of  prismatic  crystals ;  they  are  yelluwish-red 
by  transmitted  light.  The  crystals  enclosed  in  the  mass  of  lead  are  isolated  by  treat- 
ing this  mass  for  several  days  with  nitric  acid  of  sp.  gr.  1*1  (tho  phosphorus,  as  the 
more  electro-negative  body,  not  being  attacked),  and  purified  from  all  but  a  trace  of 
lead  by  boiling  with  strong  hydrochloric  acid.  They  nave  then  a  black-violet  colour, 
and  appear  under  the  microscope  as  rhombohedrons  nearly  approaching  to  the  cube, 
and  probably  isomorphous  with  arsenic,  antimony,  and  bismuth.  The  sp.  gr.  of  the 
laminar  and  also  of  the  dense  crystals  (allowance  being  made  for  the  small  quantity  of 
lead  which  they  retain)  is  2'34  at  15°:  hence  the  specific  volume  of  crystallised  red 
phosphorus  is  13*25,  agreeing  with  that  of  cTystallised  arsenic,  according  to  the  specific 
gravity  5*67  determined  by  Hittorf.  The  crystallised  red  phosphorus  is  even  less  volatile 
than  amorphous  phosphorus,  and  like  the  latter  conducts  electricity  feebly  in  comparison 
with  metals,  but  easily  as  compared  with  ordinary  phosphorus.  Hittorf  designates 
this  variety  of  phosphorus  as  crystafliscd  metallic ,  red  amorphous  phosphorus  as 
amorphous  metMe^  and  ordinary  colourless  phosphorus'  as  ordinery  non-metallic. 

Orainary  phosphorus  is  most  easily  converted  into  amorphous  phosphorus  by  heat- 
ing it  to  the  temperature  of  boiling  sulphur  in  a  thick  glass  tube  (or  an  iron  vessel  for 
larger  quantities)  exhausted  and  sealc<i.  The  transformation  is  attended  with  evolu- 
tion of  heat,  the  temperature  of  the  phosphorus  vapour  exceeding  that  of  the  heated 
air-bath  by  about  75®.  'I  he  conversion  of  ordinary  into  amorphous  phosphorus  in 
presence  of  iodine  takes  place  at  160®.  Respecting  the  vapour-densities  and  vapour- 
tensions  of  the  three  varieties,  see  the  memoir  above  cited  ;  also  Phil,  Mag.  [4]  xxxi. 
311 ;  Ckem.  News,  xiii.  133  ;  Jahresb.  1865,  p.  130.    On  the  conversion  of  (^odioary 
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into  amorphous  phosphorus,  and  the  oontiaiy,  seo  Lemoine  {BuU.  Soc.  CUm,  [i\vii 
71 ;  Jakretb.  1S67,  p.  138). 

From  eiEperimentfl  on  the  formation  of  white  phosphoms  (it.  50S),  Baiidr.m>-r. 
(Bull,  Soe,  CAim.  [2]  ▼.  206)  ooncludes  that  this  modification  is  neither  enst&iliM 
nor  allotioprieally  modified  phosphoms,  bat  ordinary  phoephoms  having  its  feiixk 
corroded  by  oxygen  dissolved  in  the  water  in  which  it  is  kept ;  in  dssfirarfH  'ntt: 
the  white  film  is  not  produced.  The  presence  of  water  appears  hswever  to  Vr 
necessary,  inasmuch  as  phosphorus  does  not  lose  its  tranapanncy  when  it  osidiKS  ii 
the  air. 

Fusion  o/PAoApAoru^.— Phosphorus  fused  under  water  does  not  solidify  at  tenp^ 
tures  above  32^  C.,  either  by  the  most  violent  a^tatioo  in  a  closed  tube,  or  ia  aaop*: 
tube  by  contact  with  any  solid  body,  even  with  amorphous  phosphorus  heatid  to  Jk 
same  temperature ;  immediately  however  if  brought  in  contact  with  oidiittZT  p>]k> 
phorus  (a  glass  tube  on  which  phosphorus  has  been  rubbed),  or  if  a  solid  body  imm^ria 
in  the  fns^  mass  is  rubbed  against  the  sides  of  the  tube  or  against  another  immev 
body.  Particles  of  glass,  for  example,  heated  with  the  phosphoms  do  not  prcrect .: 
from  remaining  fluid  as  it  cools,  but  on  shaking  the  tube  they  instantly  inij^ 
solidification,  even  at  43^,  the  temperature  then  rising  to  44^  (Gemes,  Comft  rai 
Ixiii.  217). 

Sublimation, — According  to  Blondlot  (ibid.  S97),  oolourleas  phosphont  mtj  » 
sublimed  in  a  rarefied  atmosphere  of  nitrogen  at  comparatively  low  temperstines.  r.. 
by  melting  phosphorus  in  a  small  flask  previously  sealed,  and,  after  the  axygen  of  t> 
confined  air  has  been  absorbed,  immersing  the  lower  part  of  the  flask  in  an  air-'-^- 
heatedto40^;  the  phosphorus  then  sublimes  in  the  neck  in  coionrless  mioosc-f 
cubic  crystals  having  an  adamantine  lustre. 

Oxidation, — Groves  {Pharm,  J.  TVaiis.  [2]  vi.  643)  found  that  amorphous  pho6pb>'r^ 
which  had  been  kept  for  two  years  in  a  cracked  vessel,  was  eonvertea,  to  the  ext^r: : 
about  16  p.  c.  into  phosphorous  and  phosphoric  acids.  The  damp  mass  emitted  a 
odour  of  oxidising  phosphorus,  but  was  not  luminous  in  the  dark. 

According  to  Blondlot  (Zeitschr.  /.  Chem.  [2]  iv.  375),  the  direct  product  oi  > 
slow  oxidation  of  phosphorus  is  not  phosphorons,  but  phosphoric  acid ;  vA  t:f 
phosphorous  acid  contained  in  the  so-called  photpkatie  acid  (iv.  499)  is  prodii«<i  r 
the  action  of  the  tree  phosphorus  on  phosphoric  acid  previously  formed.  ^^ 
phosphorus  ftimes  consist  wholly  of  phosphoric  acid.  The  form&tion  of  ooone  in *'< 
oxidation  of  phosphorus  does  not  take  place  at  temperatures  below  t2^.  Bespetr- 
the  composition  of  phosphoms  fVimes,  soe  also  W.  Schmid  (J.  pr,  Ckem.  xeriii.  ^^^ 
Jahrofb.  1866,  p.  113). 

Phosphorus  as  a  Test  for  Metals. — ^A  solution  of  phosphorus  in  carbon  bisnlp-  - 
filtered  through  asbestos,  and  then  shaken  up  with  water,  whereby  a  snov-«^- 
turbidity  is  produced,  affords  a  very  delicate  test  for  certain  metals.  All  cvpp-" 
solutions,  even  ammoniacal,  give  with  this  reagent  a  brown-red  precipitate,  si-^'" 
solutions  a  black,  mercuric  solutions  a  brownish-vellow,  gold-solutions  s  ^i- 
precipitate.  Still  greater  delicacy  may  be  obtainea  by  the  use  of  filteriog-pF'' 
moistened  with  the  liquid  above  mentioned,  and  not  quite  dried  (W.  Schmid,  Zii'''  ^' 
/.  Chom,  [2]  iv.  161).  On  the  raactions  of  phosphorus  with  metals,  see  also>^i«:<^^ 
{ibid.  V.  351). 

Detection  and  Estimation  of  Phosphorus. — ^The  presence  of  phospV^* 
either  in  inorganic  or  in  organic  bodies  may  be  detected  by  heating  the  solid  subi^t^"'' 
(or  the  charcoal  in  the  case  of  organic  bodies^  with  about  half  its  bulk  of  ma^eb's-'^ 
filings  in  a  test-tube.  The  mixture  becomes  phosphorescent  in  the  dark,  and  red  p^-'^ 
phorus  is  deposited  on  the  sides  of  the  tube,  the  grester  part  of  the  pbosphu!^^ 
however,  uniting  with  the  magnesium.  On  moistening  the  contents  of  the  tube  aitc; 
cooling,  with  water,  gaseous  hydroeen  phosphide  is  given  off  (Schonn,  Zieitschr.  e»i- 
Chem.  1869,  pp.  53,  55 ;  Zeitschr.  f.  Chem.  [2]  v.  664). 

In  applying  the  process  given  by  Dusart  and  by  Blondlot  (iv.  520)  for  the  detKtic<: 
of  phosphorus,  Otto  (Zeitsehr.  f,  Chem.  [2]  ii.  733)  recommends  that  the  gu  b* 
pissed  through  a  U-tube  containing  pumice  soaked  in  potash-ley,  in  ord^^r  to  reoKi^ 
hydrogen  sulphide  or  sulphurous  oxide ;  without  this  precaution,  the  emcnid-gm* 
colouring  of  the  fiame,  even  when  a  rather  laige  quantity  of  phosphorus  is  preM&t< 
partly  disappears,  and  is  disguised  by  a  blue  flame,  arising,  as  shown  by  But^ 
(Phil.  Mag.  [4}  xxx.  321),  from  the  presence  of  sulphur-compounds. 

For  the  estimation  of  phosphorus  in  iron  and  steel,  Spiller  {Chem.  Soe.  J.  [2]  i^' 
148)  mixes  the  nearly  neutralised  solution  of  the  metal  in  nitro-muriatic  acid^^^ 
partial  reduction  with  sulphurous  acid  and  cooling  to  20^-24^ — with  sesquicaxbonst^  ^ 
iMumonia,  till  the  prrcipitate,  which  is  red  at  first,  assumes  a  greenish  colour.    Tbt 
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precipitate  eontainiiig  all  the  phosphoric  acid  is  then  dissolred  in  hydrochloric*  acid  ; 
the  iron  is  precipitated  by  ammonium  snlphide  after  addition  of  citric  acid  and 
ammonia ;  and  in  the  filtrate  freed  from  snlphnr  the  phosphoric  acid  is  precipitated 
as  ammonio-magnesian  phosphate. 

Schloesing  (Zn^jeAr.  /.  Ciem,  [2]  ir.  567 ;  Jakresb.  1868,  p.  856)  estimates  phos- 
phoms  in  iron  phosphide  by  igniting  the  pnlverised  compound  in  chlorine  gas, 
passing  the  evolred  phosphoms  trichloride  into  water,  and  oxidising  the  resulting 
phosphorous  acid  to  phosphoric  acid  by  nitric  acid.  Tantin  (Chem.  Newa^  xriii.  262) 
estimates  phosphorus  in  iron  by  dissolving  the  iron  in  dilute  hydrochloric  acid, 
passing  the  evolved  gas  through  ^tash-ley  to  remove  hydrogen  sulphide,  and  then 
into  a  solution  of  silver  nitrate,  which  absorbs  the  hydrogen  phosphide  (and  arsenide, 
if  arsenic  is  present).  The  precipitated  silver  phosphide  is  treated  with  nitro- 
muriatic  acid,  and  the  phosphoric  acid  thereby  formed  is  precipitated  as  ammonio* 
magnesian  phosphate, 

Chlorine-  and  Bromine-oompounda  of  Phosphorus. 

According  to  Rathke  {Zeiischr.  f.  Chem,  f  21  vi.  67),  the  statement  of  Carius  that 
phosphorus  pentachloride  and  carbon  bisulphide  yield,  by  their  mutual  action, 
sulphocarbonyl  chloride,  CSCl*,  is  incorrect.  The  products  actually  obtained  are 
carbon  tetrachloride  and  phosphorus  sulphochloride,  according  to  the  equation : 
CS«  +  2PC1*  «  CCl*  +  2PSCl». 

Phosphoms  trichloride  treated  with  1  mol.  absolute  alcohol  gives  off  a  large 
quantity  of  hydrochloric  acid,  and  the  liquid  product  yields,  by  distillation  between 
90°  and  126^  ethyl-photphorout  chloride,  POC*H*CP,  which  by  fractional 
distillation  is  obtained  as  a  transparent,  colourless,  strongly  refracting  liquid,  fuming 
in  the  air,  boiling  constantly  at  170^,  and  having  a  sp.  gr.  of  1*316  at  0°.  Its 
formation  is  represented  by  the  equation : 

PCI"  +  c'H«o  -  Ha  +  Poc«n»ci». 

It  is  decomposed  by  water  into  alcohol  and  phosphorous  acid.  By  bromine  it  is 
resolved,  according  to  the  equation, 

P0C?H*C1«  +  Br«  «  C«H»Br  +  POa^Br, 

into  ethyl  bromide  and  phosphorus  ozychlorobromide,  which  may  be  separated  by 
fractional  distillation  (Menschutkin,  Ann,  Ch.  Pharm.  cxxxix.  343). 

Butyl-phosphorous  chloride,  POC<H»Cl«,  produced  by  the  action  of  2  mol.  PC1« 
on  3  mul.  butyl  alcohol,  boils  between  164°  and  156°,  has  a  sp.  gr.  of  1*191  at  0°,  and 
is  decomposed  by  water  in  the  same  manner  as  the  ethyl-compound.  Am^yl-phos^ 
phorous  cA/ortV«,  P0C'H"C1^  obtained  like  the  preceding,  boils  at  173°,  has  a 
sp.  gr.  of  1*109  at  0°,  and  reacts  like  the  ethyl-compound  with  water  and  bromine 
(Menschutkin). 

Phosphorus  Oxychlorohromide,  POCHBr,  obtained  as  above,  is  a  trans- 
parent, colourless,  strongly  refracting  liquid,  quickly  turning  yellow.  It  boils  at 
135°  to  137°,  has  a  sp.  gr.  of  2*059  at  0°,  and  is  decomposed  by  water  with  formation 
of  phosphoric  acid  (Menschutkin). 

The  oxychlorochloride,  POCl'Cl,  produced  in  like  manner  by  the  action  of 
chlorine  on  ethylphosphorous  chloride,  agrees  in  sp.  gr.  (1*66),  boiling  point  (110°), 
and  other  properties,  with  phosphorus  oxychloride  obtained  by  the  ordinary  methods. 
The  oxychloride,  and  phosphoric  acid  which  is  formed  from  it  by  the  action  of  water, 
may  therefore  be  represented  by  the  following  formulse : 
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Oxychloride.  Phoephoric  aclil. 

Phosphoric  acid  thus  appears  to  have  the  constitution  of  monoxypiiosphorous  acid 
(Wichelhaus,  Zeitschr.  /.  Chem.  [2]  iii.  321). 

Sulphochloride.  PSCl*. — Chevrier  {Compt.  rend.  Ixiii,  1003)  prepares  this 
compound  by  gradually  adding  2  at.  phosphorus  to  3  mol.  sulphur  chloride  heated 
nearly  to  boiling  in  a  capacious  flnsk,  and  distilling  after  the  whole  is  dissolved, 
rejecting  the  portion  which  passes  over  below  125° : 

P«  +  3S«C1«  «  S«  +  2PSC1*. 

By  this  method,  800  grms.  of  the  sulphochloride  may  bo  prepared  in  the  course  of  a 
day.    According  to  A.  v.  Hemming  {Zeitschr.  /.  Chcm.  [2]  iv.  288),  the  product 
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obtained  by  Chevrier's  method  is  not  pn»,  but  may  bo  purified,  with  k«  o5 1 
oonaiderablA  portion,  by  agitating  it  with  water,  sepanling  it  as  well  as  powble  tnra 
the  watery  liquid,  distilling,  and  rejecting  the  pcwtion  which  first  pa«M  orei  st  Uv . 
Cheyrier  (iWrf.  t.  442)  has  given  seyeral  details  respecting  the  propeitiee  and  wafuoca 
of  this  body,  but  they  are  not  of  much  importance. 

According  to  L.  Henry  (Ikui.  ckem.  Ges.  Ber.  n.  638),  the  snlphochloridA  is  isnai 
by  direct  oombination  of  sulphur  and  the  trichloride  at  130^.  It  boils  at  \Sk'-i&' 
(compare  iy.  606). 

■ydrides.  Acooiding  to  Riidorff  (Zeitsekr.  /.  CAem.  [2]  ii.  637).  the  TfTjv 
body  formed  by  the  action  of  water  on  phosphorus  di-iodide,  commonly  regudcd  » 
amorphous  phosphorus,  agrees  in  its  properties  with  solid  phosphorus  l^dnde^  Fn 
or  P*H*.  On  adding  phosphorus  iodide  to  hot  water,  this  componod  is  imiMdi&D-i; 
separated,  and  non-spoataneously  inflammable  phosphoms  tri-hydride  is  giT«o  of. 
in  cold  water  the  reaction  uim  place  gradually.  Biidotrir  represents  it  by  '^ 
following  equation : 

40PI*  +  48HH)  «  2]P*^«  +  4PH«  +  3PK)»  +  11P«0»  +  80HL 

According  to  Commaille  (J.  PAarm.  [4]  yiii.  321),  the  tri-hydride  is  rapidly  erjlr^i 
by  the  action  of  phosphorus  on  potash-ley  even  at  ordinary  temperatures :  benc^  i: 
error  may  arise  in  the  analysis  of  gaMs,  when,  after  treatment  of  the  gas  with  \*i^\ 
phosphoms  is  introduced  to  absorb  oxygen,  and  comes  in  contact  with  the  poUsh. 

Oxides  and  Oxyg$n'aeid$  of  Pidsphorus, 

gfcogfUiaroua  Aold.  PH"0'. — ^This  acid  is  produced  by  atmospheric  azid.^ti^i!  ^i 
h3rpophoephorous  acid.  A  solution  of  barium  hypophoephite  decomposed  by  sii1{'>l^' 
acid,  and  exposed  for  a  long  time  to  the  air,  yielded,  when  neutrBlised  with  caic  ^^ 
carbonate,  a  precipitate  of  calcium  phosphite  (Rammelsberg,  ZgiUekr.  /.  Ck^* 
[21  iy.  724). 

When  1  mol.  crystallised  phosphorous  acid  and  1  mol.  bromine  are  heated  is  > 
sealed  tube  to  100°,  with  frequent  agitation,  hydrobromic  and  metaphosphoric  s^''-^ 
are  produced : 

PH»0"  +  Br*  -  2HBr  +  PHO». 

With  8  mol.  bromine  to  4  mol.  phosphorous  acid,  the  products  aro  orthophoBi^*''-^ 
acid,  hydrobromic  acid,  and  phosphorus  tribromide : 

4PH»0»  +  3Br*  «  8PH«0*  +  SHBr  +  PBr«. 

The  action  of  iodine  is  not  exactly  analogous  to  that  of  bromine.  With  a  snol 
proportion  of  iodine,  phosphorus  iodide  and  metaphosphoric  acid  are  found  an  ^z 
the  products.  With  a  larger  proportion  of  iodine,  the  products  are  orthophoiphor^ 
acid,  hydriodic  acid,  phosphonium  iodide,  and  phosphorus  di-iodide : 

8PH»0»  +  61  «  6PH«0«  +  2HI  +  PH'I  +  PI« 

(Oustayson,  Bull.  Soe.  Ckim.  [2]  yiii.  29).  According  to  Ordinaire  (Compt,  re^-- 
Ixiy.  363),  1  moL  phosphorous  acid  and  2  mol.  bromine  heated  in  a  sealed  tube,  hn^ 
together  with  hydrobromic  acid,  a  yeiy  deliquescent  crystallised  body,  which  ^ 
regards  as  monobromophosphorous  acid;  it  is  decomposed  by  boiling  water,  yi'^ 
formation  of  a  new  gelatinous  acid.  Dry  chlorine  at  100°  acts  in  a  similar  manoer. 
The  formation  of  phosphoric  acid  was  not  obseryed  in  either  case. 

Hbtallic  Phosphitbs. — The  constitution  of  these  salts  has  been  carefoHr 
examined  by  Bammelsbeig  {Berl.  Akad,  Ber.  1866,  p.  537 ;  Ckem.  Soe.  J.  [2]  y.  3$^'- 
further  Pogg.  Ann.  cxxxi.  263,  359 ;  cxxxii.  481 ;  Jakneb.  1867,  p.  141).  His 
experiments  confirm  the  yiew  adyocated  .by  H.  Boise  {Pogg.  Ann.  yiii.  205 ;  ix.  29. 
215),  that  different  phosphites  contain  different  quantities  of  chemically  combined  <x 
constitutional  water,  or  its  elements  (exdusiye  of  water  of  Cfystallisation),  in  oppo- 
sition to  that  of  Wurtz,  according  to  which,  all  dry  phosphites  contain  the  »id« 
amount  of  constitutional  water,  namely  1  molecule.     I^mmelsbeig  does  not  hoverer 

regard  the  existence  of  the  salts  M'HPO'  (or  M«H*PK)*)  and  M>H«PK)'  as  dcoon- 
stratinjg  the  existence  of  two  different  phosphorous  adds,  H'PK)*  and  H*P*0',  or  tht 
eyolution  of  hydrogen  from  heated  phoftphorons  acid  as  a  proof  that  the  hydrocrMi 
does  not  exist  therein  in  the  form  of  water.  He  infers  rather,  from  the  whole  of  the 
facts  obseryed,  that  both  crystallised  phosphorous  acid  and  the  metallic  phosphi(e) 
oontain  water  ready  formed,  but  more  intimately  combined  than  in  other  hydratee,  M 
thttt  it  )B  not  giron  off  below  200^,  and  its  elements  tako  part  in  the  decomposition  of 
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soluble  in  water.  The  ammonium  salt  separates  on  mixing  ahotammoniacal  solution 
of  the  acid  with  concentrated  solution  of  sal-ammoniac,  as  an  orango-colourod  precipi- 
tate which  crystA^lises  from  boiling  water  in  thin  needles.  The  calcium  saltf 
[C'»H*(NO*)*0]*Ca  +  6H«0,  forms  long  orange-yellow  needles  somewhat  sparingly 
soluble  in  water,  and  becoming  red,  with  loss  of  water,  at  120°.  The  silver  salt, 
C'»H»(NO')OAg,  is  a  red  flocculent  precipitate,  the  solution  of  which  in  hot  ammonia 
deposits  crystals  of  the  argent-ammonium  salt  The  ethylie ether,  C'*H*(NO')*O.CH*, 
formed  by  heating  the  silver  salt  with  ethyl  iodide  to  100°,  crystallises  from  alcohol 
in  long  yellow  needles  melting  at  88°,  insoluble  in  water  (Martius). 

Dinitronaphthol  is  one  of  the  most  beautiful  and  permanent  of  yellow  dyes,  colour- 
ing silk  and  wool,  without  the  aid  of  a  mordant,  in  all  shades  from  light  lemon  to 
deep  gold-yellow.  It  is  isomeric  with  the  yellow  naphthalene  dye  (perhaps  fi  dinitro- 
naphthol) which  was  patented  in  this  country  in  1863  in  the  name  of  W.  Newton 
(London  Journal  of  Arts,  1863,  December,  p.  S48).  This  latter,  prepared  by  boiling 
100  pta.  naphthalene  with  200  pts.  nitric  acid  of  sp.  gr.  1*30,  and  designated  by  Martius 
as  dinUronapktkylie  acid,  is  much  more  soluble  in  alcohol  than  a  dinitronaphthol,  and 
is  oonrerted  by  reduction  with  tin  and  hydrochloric  acid  into  a  brown  resinous  mass. 


easily 

crT!»talli sable,  finely  coloured,  permanent  salts,  and  is  oonverted  by  boiling  with  water 
into  an  indifferent  body,  C^'H'NO^,  oystallising  in  yellow-red  needles : 

C"H*N«0  -I-  H«0  =  C»»H'NO«  +  NH». 

This  latter  is  converted  by  boiling  with  hydrochloric  acid  (according  to  the  equation 
C'HrNO^  +  H«0  =  NH«  +  C'»H«0»)  into  a  compound  which  crystaUises  in  yellow 
needles  or  lamins  very  slightly  soluble  in  water,  more  soluble  in  alcohol,  very  soluble 
in  ether,  subliming  when  heated,  and  yielding  by  oxidation  oxalic  and  phthalic  acids 
(Martius  a.  Griess,  Ann.  Ch.  Pluirm.  cxxxiv.  375). 

Oxynapbttaol.  C'»H»0«  «  C'»H«(OH)«.  Naphthobicxyl.^VrfA^codi  by  fusing 
disulphonaphthylene-sulphuious  acid  (v.  568),  or  its  potassium  salt,  with  potash : 

C"H«(SO»H)«  +   2K0H  ^  C"H*(OH)«  -h   2S0»KH. 

After  precipitation  from  the  potash  solution  by  hydrochloric  acid,  and  purification  from 
a  tarry  substance  by  boiling  with  water,  it  crystallises  in  colourless  needles  or  small 
rhembohedrons  easily  soluble  in  alcohol,  ether,  and  chloroform,  less  easily  in  hot  water. 
The  solutions  (not  quite  pure)  exhibit  a  remarkable  dichroi'sm  of  blue  and  brown. 
Oxynaphthol  dissolves  easily  in  potash,  the  solution  instantly  turning  black  in  contact 
with  the  air,  and  yielding  with  acids,  after  a  while,  a  black  precipitate.  Heated  in  a 
test-tabe  to  230^  it  turns  yellow  and  then  brown,  but  does  not  fuse  (Dusart, 
BuU.  JSoc,  Chim.  [2]  viii.  200.  Darmstadter  a.  Wichelhaus,  Ikut.  chem.  Ges.  Ber, 
1869,  p.  113). 

Dichloroxynaphthol,  C"H«a«0»  -  C^<C1»(0H)«,  is  formed  by  the  action  of 
rednciiig  agents  on  dichloronaphthoquinone  (p.  853) : 

C"H*a«0«  +  H«  »  C'«H«C1*(0H)«. 

The  redaction  is  most  easily  effected  by  heating  in  the  water-bath  with  aqneoos 
hydriodic  acid  and  a  small  quantity  of  phosphorus,  till  the  yellow  crystals  of  dichloro- 
naphthoquinone become  colourless.  By  washing  these  crystals  with  water,  dissolving 
them  in  alcohol,  and  evaporating  or  precipitating  with  water,  dichloroxynaphthol  is 
obtained  in  colourless  crystals  which  quickly  turn  reddish  on  exposure  to  the  air.  It 
is  quite  insoluble  in  cold  water,  only  slightly  soluble  in  hot  water,  easily  in  alcohol 
and  ether.  It  melts  at  135^-140°,  turns  brown  and  decomposes  partially  at  a  higher 
temperatnre.  Alkalis  dissolves  it  readily,  forming  a  solution  which  is  colourless  at 
first,  but  soon  acquires  the  colour  of  the  chloroxynaphthalates.  Ferric  chloride 
icoonTerts  it  into  dichloronaphthoquinone  (Graebe,  Ann.  Ch.  Pharm.  cxlix.  6). 

Dieklorodiaceiweynaphihol,  Ci*H«CP(OC*H*0)>,  is  formed  by  heating  dichloroxy- 
naphthol with  acetyl  chloride.  After  washing  and  recrvstallisation  from  alcohol,  it 
forms  long,  colourless,  silky  needles  melting  at  236^  and  subliming  in  long  prisms. 
It  is  insoluble  in  water,  dissolves  slightly  in  cold  alcohol,  easilv  in  hot  alcohol  and 
ether.     It  is  not  attacked  by  potash,  or  oxidised  by  ferric  chloride  (Graebe,  loc.  eit.), 

(  ^ 
Cblmro-OioaicjBaplitbaUe  Aold.    CH'CIO* ->  C*H«    OH         (Th.  Hermann, 

l(CO*H)« 

Ann.  Ck  Pharm.  di.  63 ;  ZeiUehr.f.  Chem.  [2]  iv.  551 ;  Jahresb,  1868,  p.  382).— This 
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add  m  obtained,  together  witli  other  prodoctB,  by  adding  potMmnm  chkmte  in  small 
poitioiM  to  a  Bixtiue  of  modentelj  stroog  Bolphane  add  and  naphtbaleiM,  vbenbj 
cbloRms  add  ia  erolyed,  which  thai  acta  upon  the  naphthalene  in'  the  manner  ihon 
bj  the  eqiuation : 

c»«H»  +  aciHo*  m  2Ha  +  H«o  +  cwH»ao». 

The  prodoct  of  the  reaction  oonsists  of  a  liqnid  and  a  yeUowish-ied  botteiy  bum. 
The  liquid  ia  decanted ;  the  bntteiy  masa  repeatedly  A-rlmnttAH  with  mim  viter.  u 
long  aa  acid  eztracta  are  obtained ;  the  acid  liqnid  ia  zepeatedly  exhausted  with  ethv; 
the  ether  eTaporated ;  the  reddne  is  digested  with  benaol ;  the  reddne  left  after  enpo- 
nttion  of  the  benzol  ia  exhausted  with  warm  water ;  and  the  solatioa  ia  deeolorisd 
with  animal  charcoal.  This  solution  when  left  to  evaporate  deposits  the  cUorinstei 
acid  in  oily  drops ;  these  are  dissolved  in  benaol,  and  the  eolation  is  left  to  ersponU 
in  an  open  vessel.  The  syrapy  liquid  thus  obtained  gradually  depodti  ajstsli  of 
phthalie  acid,  which  may  be  removed  by  precipitating  the  very  dilute  eolation  vith 
bade  lead  acetate  ;  and  the  remaining  liquid,  freed  from  lead  and  agdn  lefttoeftponte, 
yields  tha  chlorinated  add.  This,  when  dried  over  sulphuric  add,  is  an  amvphons 
slightly  coloured  substance,  moderately  soluble  in  water,  easily  soluble  in  akchol 
ether,  and  benxol.  When  boiled  with  water,  it  very  readily  exchanges  its  chlorine  for 
hydroxyl,  so  that  it  is  not  easily  prepared  in  any  oonsideiable  quantity. 

WMMjmmt^MhmJU  Add.  C>«HH>«  -  C*H<  j  [qoOHV  (^«™^^  ^'  eU-^-Bto- 

doced  by  boiling  the  chlorinated  acid  with  water,  or  more  readily  with  bazTts-vatcr. 
It  is  most  easily  purified  by  converting  it  several  times  into  the  add  barinm  salt 
When  first  separated  from  this  salt,  it  forms  a  viadd  substance,  which  howerer,  vfaen 
left  at  rest  for  some  time,  or  more  quickly  if  rubbed  with  a  glass  rod,  begins  to 
crystallise,  and  solidifies  in  a  few  days  to  a  radio-ciystalline  mass.  Aocordingto 
Osrius,  the  crystals  are  moderately  oblique  monoclinic  prisms,  tabular  frcm  pfDckxDi- 
nance  of  the  face  ooPoo .  The  acid  is  extremely  soluble  in  water,  alcohol,  and  ether; 
insoluble  in  benzol.  The  solution  has  a  strong  add  reaction,  decomposes  eaiboBstes, 
and  reduces  silver  from  the  ammoniacal  solution  of  the  nitrate  at  the  boiling  h«t. 
Nitric  acid  oxidises  it  to  phthalie  acid.  When  heated  it  softens  below  100°,  melu  at 
126^,  and  does  not  resolidify  till  cooled  to  a  much  lower  tempezatore.  Heated  betveea 
watch-glasses,  it  yields  a  sublimdte  of  a  sparingly  soluble  acid  and  a  brown  nadvs 
which  at  a  higher  temperaturo  gives  off  yellow  strong-smelling  vapours,  oondcDsii^ 
partly  in  the  crystalline  form,  partly  in  oily  drops.  Heated  to  180°  with  hjdri(>iio 
acid  of  50  p.  c,  it  yields,  with  separation  of  iodine,  but  without  evolution  of  caHa« 
dioxide,  a  somewhat  sparingly  soluble  acid,  which  crystallises  in  rhombic  prisms. 
sublimes  like  benzoic  acid,  forms  a  yellow  prcdpitate  with  ferric  chloride,  and  la 
neutral  solution,  white  precipitates  with  lead  and  silver  salts. 

Dioxynaphthalic  acid  is  bibadc  Most  of  its  salts  aro  easily  soluble  in  hot  water. 
The  acid  salts  crystallise  more  readily  than  the  neutral  salts.  Lead  acetate  prodoces 
in  the  cold  solution  of  the  neutral  barium  salt  a  precipitate  easily  soluble  in  acttio 
acid ;  ferric  chloride  forms  a  yellow-brown  precipitate  even  in  the  add  solution.  I^^ 
following  dioxynaphthalates  have  been  examined : 

C"H*0*K*,  very  deliquescent,  microscopic,  rhombic  prinna 

C>*H'OK  +  HH),  spherical  groups  of  needles,  or  rhombie  prisms  or 

pyramids. 
C"H'0-(KH«),  slender  needles. 

C'»H«0«Ba  +  8HH),  rhombic  prisms  ;  anhydrous  at  110®. 

(C**H'0*)'Ba,  monoclinic  prisms,  or  nodular  groups  of  needlea. 

(C'«H«0«)«Ca(NH*)«  +  2H«0,      many-sided  monoclinic  prisms;  anhydioni  at  12(P; 

decomposing  at  140°. 
(C'»H«0«)«Ca(NH«)».  shining  monoclinic  prisma. 

(C»»H«0«)^u(NH*)*,  blue  rhombic  prisms, 

(C»H«0«)*Cu»H*  +  2H«0,  microscopic  monoclinic  prisms,  obtained  hf  doaWe 

decomposition  of  the  add  barinm  salt 
C'*H*0*Pb,  white  amorphous  precipitate. 

4C'«H*0^b.FbH*0*  -¥  4HK),    monodinic  tables,  obuined  by  boiling  the  MBtnl 

salt  with  excess  of  lead  acetate.  , 

The  solution  of  this  last  salt  in  hot  water  containing  a  few  drops  of  nitzie  add 
depodU  on  cooling,  monodinic  prisms  of  the  salt  (C'«H«0«)>«Pb'H"  +  WB*0. 

Dioxynaphthalie  chloride,  C"H«0<CI*  or  OH*  j  /cooH>«'  "  ^^'^^  ^^  ^  **'**  ^ 
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phosphorus  pentachloride  on  potaBsium  diozynaphthalate.  It  is  an  oily  liquid  decom- 
powd  by  water  with  reproduction  of  the  acid,  and  by  alcohol  with  formation  of 
diethylic  dioxynaphthalate,  C"H«0«.(C^H»)«. 


I.     C**H'CN. — Syn.  with  Monoctanonaphthaleks 
(p.  847). 

WAMHTMLWMb   WTHMRSm    Wapbthyl   Aoettttes   or   Aoetjl-naplitliols* 

C'*H'(C*H'0)0,  are  obtained  by  treating  napbthol  with  acetyl  chloride  in  a  retort 
with  upright  condenser  ultimately  at  a  gentle  heat,  distilling  off  the  excess  of  acetyl 
chloride,  dissolving  the  residue  in  alcohol,  and  evaporating,  a  Acetyl'naphthol  washed 
with  water  and  dried  in  a  vacuum  over  caustic  potash  forms  a  clear,  yellowish,  oily, 
nearly  inodorous  liquid,  insoluble  in  water,  easily  soluble  in  alcohol,  ether,  and  chloro- 
form. When  it  is  distilled  with  aqueous  vapour,  or  even  when  its  aJcoholic  solution  is 
evaporated  over  the  water-bath,  it  is  resolved  into  naphthol  and  acetic  acid.  ^  Acetyl^ 
naphthol  crystallises  from  its  alcoholic  solution  by  evaporation  at  a  gentle  heat. 
VTben  purified  by  repeated  dystallisation  from  alcohol,  and  dried  in  a  vacuum  over 
caustic  potash,  it  forms  small,  soft,  shining,  needle-shaped  czystals  having  a  faint 
but  agreeable  odour  of  anise,  easily  soluble  in  alcohol,  ether,  and  chloroform, 
but  insoluble  in  water.  Melts  at  60^.  Decomposed  by  heat,  like  the  a  ether 
(Schaffer). 

Vaplitliyl  Benxoates  or  Benxojl-naplitlioUi,  C'*H'(C^H*0)0,  are  obtained 
by  heating  naphthol  with  benzoyl  chloride.  The  a  compound  separates  from  solution 
in  ether  hj  evaporation  as  a  yellowish  oil  which  solidifies  after  a  few  days  to  a  ciystal- 
line  mass,  and  when  recrystallised  from  ether-alcohol  forms  largo  shining  tables  and 
prisms  melting  at  56°.  It  dissolves  in  boiling  alcohol,  and  separates  on  cooling  as  an 
oil  which  soon  solidifies  to  a  crystalline  mass.  By  heating  with  sulphuric  acid  it  is 
resolved  into  benzoic  and  naphthyl-sulphurous  acids.  /3  Benzoyl-na^thol  is  sparingly 
soluble  in  ether,  easily  in  boiling  alcohol,  and  crystallises  therefrom  on  cooling  in 
nodular  groups  of  slender  needles  melting  at  107°.  By  heating  with  alcoholic  potash 
it  is  resolved  into  benzoic  add  and  /3  naphthol  (Maikopar). 

VapHtHyl  BtHylates  or  BtHyl-Baplitliols,  C*«H'(C'H')0,  are  produced  by 
heating  naphthol  with  an  equivalent  quantity  of  potassium  hydrate  and  excess  of  ethyl 
iodide  in  idcoholic  solution,  in  a  retort  with  upright  condenser.  On  separating  the 
potassium  iodide  Uiereby  formed,  and  expelling  the  alcohol,  ethyl-naphthol  remains, 
and  may  be  distilled  over  with  vapour  of  water. 

a  Ethyl-naphthol  is  a  yellowish  oily  liquid  which  has  a  peculiar  odour,  sinks  in 
water,  boils  at  272*^  (corr.  2807°),  and  does  not  solidify  at  -  5°.  ^  Ethyl-naphthol 
is  at  ordinary  temperatures  a  nearly  colourless  crystalline  mass  having  an  agreeable 
odour  like  thiat  of  pine-apples.  It  melts  at  33°  ;  dissolves  easily  in  alcohol,  ether, 
chloroform,  and  benzol,  but  is  insoluble  in  water  (Schaffer). 

Vaplithjl  Vlioapliate,  PO*(C"H0«  «  PO(C"H^O)«  =  (JwH»yi(o'  (Schaffer, 

Ann.  Ch.  Pharm.  clii.  289). — ^Produced  by  gently  heating  naphuiol  with  an  equivalent 
quantity  of  phosphorus  pentachloride,  and  purified  by  solution  in  alcohol,  decoloration 
with  animal  charcoal,  and  repeated  crystallisation.  The  formation  of  the  phosphate 
is  probably  preceded  by  that  of  the  monochloride ;  thus : 

C"H'OH  +  PC1»  -  C"H'C1  +  HCl  +  POa» 
and 

8C'«H^0H  +  P0C1«  -  PO(C"H'0)«  +  ZRCi. 

a  Naphthyl  phosphate  forms  small  colourless  crystals,  easily  soluble  in  ether  and 
ehlorofonn,  sparingly  soluble  in  alcohol,  insoluble  in  water.    Melting  point  145°. 

fi  Naphtiiyl  phosphate  crystallises  in  small  white  inodorous  needles,  easily  soluble 
in  ether  and  chloroform,  sparingly  in  cold,  easily  in  hot  alcohol ;  insoluble  in  water. 
Melting  point  108°  nearly. 


ra9litli3rl««iilplrarlo  Acidgi 


C»»H«SO«-C»»H0^^g  «  (SOT   0»  (Schaffer, 


.Ann.  Ck.  Pharm.  cliL  293). — ^Produced  by  heating  naphthol  with  stron^f  sulphuric  acid 
in  the  water-bath  till  it  is  completely  dissolved  and  is  no  longer  precipitated  by  water, 
then  diluting  with  water,  boiling,  and  neutralising  with  lead  carbonate.  The  resulting 
leead  salt,  purified  by  recrystalusation  and  decomposed  by  hydrogen  sulphide,  yields 
a  solution  of  the  add  which  may  be  crystallised  by  evaporation  over  the  water-bath, 
ajxl  finally  in  a  vacuum  over  sulphuric  acid. 
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TrithaliiouB  Phosphate,  T1*(P0^),  sepantes  in  the  ayBtalline  Ibrm,  ennfrm 
Tery  dilute  neutral  solutions  of  thallious  salts,  on  addition  of  sodium  phosphate  toi  & 
drop  of  ammonia,  but  only  when  the  solution  is  free  firom  anunoniacai  aaUs,  in  vbdi 
it  is  Tory  soluble  (Carstaujen,  Jahretb.  1867,  p.  280). 

Zinc  Salts.— Zine-ammonium  phosphate,  Zn(SR*yPO*  +  HK>.  When  a  solBticc 
of  64  grm.  zinc  sulphate  and  100  grms.  of  aqueous  phosphoric  acid  (strength  16  ^  e.) 
in  a  lar^  quantity  of  water  is  mixed  with  sufficient  ammonia  to  redissolTe  the  precipi- 
tate at  first  produced,  and  the  liquid  is  left  to  itself  in  a  shallow  basin,  the  double  s&l: 
separates  as  the  ammonia  evaporates,  in  closely  adhering  cruets  composed  of  mi-Tt?- 
scopic  rectangular  tables.  A  very  similar  salt  is  produced  hj  slowlj  eraporaticg  « 
strongly  ammoniacal  solution  of  sodium  phosphate  and  sine  phosphate,  bnt  it  alvats 
contains  sodium.  A  moderately  dilute  solution  of  64  grms.  sine  snlpfaate  and  loO 
grms.  of  16  p.  c  phosphoric  acid  exposed  for  some  weeks  in  aoorered  basin  to  avinter 
temperature,  deposits  indistinct  microscopic  crystals,  having  when  air-dried  the  ecm- 

position  3P'0».4(NH*)«0.6ZnO  or  , jf^^^^^'*. 1 0"  (Heintx,  ZeiUcJkr.  f.  Chem.  [2]iT. 

16  ;  see  also  Schweikert,  ihid.  306).  Zinc-sodium  phosphate,  ZnNaPO*.  is  prodiiee>^ 
by  melting  microcosmic  salt  with  sine  oxide  in  the  proportions  zequired  by  cbs 
formula,  as  a  transparent  colourless  mass,  which  becomes  enamel -white  on  coolii^.  is 
not  altered  by  exposure  to  the  air,  does  not  take  up  wnter  when  immersed  in  it.  dc<s 
not  give  up  soda  to  water,  either  cold  or  boiling,  and  is  insoluble  in  both  (Schefier,  ^«i 
iv.  288). 

Pyrophosphates.  ]4*P«0^  or  ]ft«P«0'  or  ffl*PH)«  (Gladstone,  Ckem^  Soe.  J.  [3] 
V.  435). — These  salts  are  produced,  not  only  by  the  action  of  heat  on  the  oithcf^KB- 
phatcs,  but  likewise  by  treating  phosphoric  anhydride  with  a  caustic  alkali  in  alrf^h*^^ 
solution : 

P»0»  +   4KH0   =   2n«0   +   K*P«0»; 

also  by  decomposing  phosphorus  oxychloride  with  a  moderately  concentrated  aolutioa 
of  potash  or  ammonia : 

2P0Cl»  +  6KH0  «  6KCI  +  Ha  +  H«PH)», 

By  the  action  of  anhydrous  potassium  oxide  or  ammonia  sesquicarbonate  on  the 
oxychloride,  a  meUiphosphate  appears  to  be  produced  : 

P0C1»  +  2K«0  «  3KC1  +  KPO«. 


The  white  precipitate  formed  on  adding  ferric  chloride  to  a  solution  of  sodinm  pyro- 
phosphate continues  to  redissolve  till  j^  mol.  ferric  chloride,  Fe*Cl',  haS  been  added  to 
1  mol.  of  the  pyrophosphate  Na^P^O'.     On  further  addition  of  the  ferric  salt,  the 
precipitate  becomes  permanent,  and  when  j  mol.  has  been  added,  the  precipitation  is 
complete,  the  precipitate  redissolving  however  in  a  large  excess  of  ferric  chloride. 
This  salt  has  the  composition   (Fo*)»"P*0*'     -»-     9H'0,  previously  determined  by 
Schwarzenberg  (iv.  665).     The  soluble  sodio-ferric  salt  appears  to  have  the  bompoeition 
Fe'Na*P*0**,  but  is  difficult  to  obtain  pure.     Cupric  sa/ts  form  in  like  manner  with 
sodium  pyrophosphate  a  green  precipitate  of  the  salt  Cu'P'O'  +  2H'0,  soluble  with 
deep  blue  colour  in  excess  of  the  sodium  salt.     The./<rrrofM,  rine,  mercurous,  fead^  and 
silver  salts  are  likewise  soluble  in  excess  of  the  sodium  salt,  the  mercuric  and  ckraatic 
salts  insoluble.    The  normal  pyrophosphates  of  the  heavy  metals  are  not  altered  by 
boiling  with  water  or  neutral  saline  solutions  ;  they  are  soluble  in  dilute  acids,  and 
are  at  first  precipitated  /rom  their  solution  in  sodium  pyrophosphate  by  sulphuric  acid, 
but  are  redisf^olvcd  by  an  excess  of  it.     Some  of  them  (the  ferrous,  ferric,  cupric,  and 
sine  salts,  but  not  the  lead,  mercurous,  or  chromic  salts)  are  precipitated  from  this  solu- 
tion containing  the  smallest  possible  quantity  of  free  acid,  by  heat,  with  their  original 
composition  but  with  altered  properties,  being  then  soluble  in  ammonia,  but  not  in 
sodium  pyrophosphate,  dilute  sulphuric  acid,  or  the  original  metallic  salt  (chloride^ 
sulphate,  &c.).     Gladstone  regards  these  abnormal  pyrophosphates  as  allotropic  modi- 
fications,  which  do  not  appear  to  exist  in  free  pyrophospkoric  acid  or  in  the  pyrophos* 
phates  of  the  alkali-metals,  inasmuch  as  the  abnormal  cupric  salt  decomposed  by 
hydrogen  sulphide  yields  ordinary  pyrophosphoric  acid,  and  the  abnormal  ferric  salt 
decomposed  by  caustic  potash  yields  the  ordinary  potassium  salt.    The  reaction  of  the 
fbrric  salt  may  be  used  for  the  detection  of  pyrophosphoric  acid,  namely  by  adding  a 
few  drops  of  ferric  chloride  to  the  solution  of  the  salt,  either  neutral  or  prepared  with 
the  smallest  possible  quantity  of  cold  sulphuric  acid,  redissolving  the  resnlting  preci- 
pitate in  the  smallest  possible  quantity  of  sulphuric  acid,  and  heating  the  liquid  to  the 
tK>iling  point.,  whereupon,  if  pyrophosphoric  acid  is  present^  a  white  flocculent  or 
gelatinous  precipitate  is  formed. 
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Pyrophoaphoric  acid  may  be  distingnishcd  from  orUio-  and  meta-phosphoric  acids 
by  moans  of  a  solution  of  leuteo-cobaltic  chloride^  which  produces  in  solutions  of  alkaline 
pyrophosphates  a  reddish-yellow  precipitate,  immediately  in  moderately  dilute  solutions, 
only  on  agitation  in  case  of  great  dilution  (C.  D.  Braun,  Zeitachr.  anal,  Chem,  iii.  468). 

FritzBche's  name  for  pure  anthracene  (p.  176). 

See  the  next  article. 


A  blue  colouring  matter  produced  by  the  action  of  oxidising 
agents  in  sunshine  on  cyanine  or  chinoline-blue  (p.  430).  It  is  most  abundantly  pro- 
duced by  agitating  a  mixture  of  10  pts.  concentrated  alcoholic  solution  of  cyanine  and 
100  pts.  water  at  ordinary  temperatures  with  3  or  4  pts.  lead  dioxide,  till  it  is 
decolorised,  exposing  the  clear  filtered  liquid  to  the  sun  till  it  has  acquired  a  deep 
blue  colour,  filtering  again,  exposing  the  filtrate  to  sunshine,  and  repeating  this 
treatment  five  or  six  times.  The  presence  of  a  small  quantity  of  acid  or  alkali  inter- 
feres with  the  formation  of  photocyanine.  This  substance  is  gradually  bleached  by 
ozone ;  by  exposure  to  light  it  is  decomposed  more  quickly  than  cyanine,  and  finally 
converted  into  soluble  red  photerythrine,  or  in  absence  of  oxygen  into  an  analo- 
gous brown-red  colouring  matter.  Photocyanine  is  likewise  converted  into  photery- 
thrine by  repeatedly  treating  its  alcoholic  solution  with  aqueous  chlorine,  bromine,  or 
iodine,  and  then  with  reducing  agents,  or  by  exposing  it  to  sunshine  or  even  to  diffused 
daylight.  The  solution  of  photerythrine  has  a  colombo-red  colour,  not  altered  by 
dilute  alkalis,  but  clianged  to  violet  by  dilute  acids.  It  is  likewise  decolorised  by 
ozone,  chlorine-water,  &c.,  and  then  reddened  again  by  sunshine  (not  by  reducing 
agents)  with  continually  diminished  intensity  of  colour,  till  the  whole  of  the  colouring 
matter  is  destroyed.  The  soluble  colouring  matter  produced  from  photocyanine  by 
the  action  of  sunlight  in  absence  of  oxygen  exhibits  similar  reactions  (Schonbein, 
Ann.  Ch.  Phi/8,  [4]  vii.  462 ;  Jahresb,  1865,  p.  424). 


The  ash  of  different  organs  of  the  common  reed  {JPhragmiUa 
communis)  has  been  analysed  by  J.  Fittbogen  {Jahreab,  1865,  p.  639). 


PBTHAXJCC  ACZB. 


C»H«0«  =   C'H'I^QQ^.     Monocarhobeneoic  Acid.    Di- 


carhohtmolic  Add. — This  bibasic  acid,  derived  from  benzene  by  substitution  of  2  at. 
carboxyl  for  2  at.  hydrogen,  is  susceptible  of  three  modifications,  according  to  the 
relative  positions  of  the  two  carboxyl-groups ;  namely : 

Orthopbthalio  MetaphthaUo  Poraphthalio 

1:2  1:3  1:4 

The  first  of  these  is  the  phthalic  acid  described  in  voL  iv.  p.  628,  as  produced  by 
oxidation  of  naphthalene,  alizarin,  purpurin,  and  munjistin ;  the  second,  also  called 
isophthalic  acid,  is  formed  by  oxidation  of  meta-xylene  or  iso-xylene  (p.  293) ;  the 
third  is  terephthalic  acid,  produced  by  oxidation  of  turpentine  oil,  cuminic  acid, 
cuminic  aldehyde,  xylene,  and  other  aromatic  hydrocarbons  (v.  724). 

1.  Orthophthalic,  or  simply  Phthalic  acid,  is  also  produced:  a.  Together 
with  benzoic  acid,  formic  acid,  and  carbon  dioxide,  by  oxidising  benzene  with  man- 
ganese dioxide  and  sulphuric  acid,  its  formation  being  due  to  the  combination  of 
benzoic  acid  with  formic  acid,  and  simultaneous  oxidation : 

C»H».COOH  +  HCOOH  +  0  «  H«0  +  C«H*(COOH)« 
Benxoio  Formio  Flittaalic 

(Carius,  ZeUschr.  f.  Chem.  [2]  iv.  706). 

fi.  Together  with  carbon  dioxide,  by  oxidising  naphthalene  with  manganese  dioxide 
and  sulphuric  acid ;  and  together  with  dinaphthyl  and  a  brown  resinous  body,  by  treating 
naphthalene  with  potassium  dichromate  and  sulphuric  acid  (Lossen,  Ann.  Ch,  Pharm. 
cxliv.  71  ;  see  page  844). — y.  Together  with  carbon  dioxide,  and  several  additive 
and  substitution  products,  by  the  action  of  chlorous  acid  on  naphthalene  (Hermann, 
Zeitsehr.  /.  Chem.  [2]  iv.  551 ;  see  page  844). 

Phthalic  acid  crystallises  from  aqueous  solution  in  shining  monodinic  crystals,  and 
by  slow  evaporation  in  very  large,  prismatic,  radially  united  forms,  with  rounded 
summits ;  by  cooling  of  the  hot  solution  in  small  tables  (Carius).  According  to 
Scheibler  {Zeittchr.  f.  Chem.  [2]  iv.  719),  the  crystals  are  rhombic  prisms,  exhibiting 
the  combination  ooP .  oP .  oo^oo  .Poo.  It  melts  at  170^-180°  (Carius),  at  184*" 
(Loflsen). 

Phthalic  acid  neutralised  with  sodium  carbonate  and  treated  with  Bodiwn-amalgam, 
is  converted  into  hydrophthalic  acid,  C*H*0*  (Graebe  a.  Bom ;  vid.  inf.).  Heated 
with  gino^tut,  it  is  reduced  to  benzoic  aldehyde  (Baeyer,  Jahreth.  1866,  p.  578). 
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Hojited  with  80  ptfl.  BAtnratod  hydriodic  acid,  it  yields  heptana,  CH*',  and  a  buII 
quaiiUty  of  octane,  C'li'*: 

c»n«o*  +  urn  =  C'H»«  +  co«  +  2HK>  +  7P 

C»H«0*  +  20HI  -  C«H'»  +  4HK)  +  10l«. 

Terephthalic  acid  treated  in  a  bimilar  maimer  yielda  only  heptane  (Bertiidot). 

Metallic  Phthalates. — A  solution  of  phthalic  acid  half  neutralised  with  banu- 
water  and  evaporated,  yields  rhombic  prisms  of  the  add  barium  saU^  (C*H'0^)r&i. 
This  salt  dissolves  in  hot  water,  and  gives  off  at  15<P-20O^  snch  a  qoantitr  d 
phthalic  acid  that  the  residue  has  nearly  the  composition  (OH'0*>*Ba*H*.  The  svas 
salt  is  obtained  in  crystalline  cmsts  when  a  solution  of  the  acid  nentralised  vith 
baryta-water  is  left  to  evaporate.  The  neutral  calcium  saU,  OHHD'*Oa  +  HK).  is 
obtained  by  spontaneous  evaporation  in  shining  rhombic  prinna  which  give  off  ti»ir 
water  at  leo^'.  The  euprie  salt,  C*H«0«Cu  •^  HK),  prepared  by  adding  enpric 
sulphate  to  phthalic  acid  neutralised  with  baryta>water,  is  easily  eolnble  in  1^ 
water,  and  crystallises  in  shining  rhombic  prisms,  which  give  ofT  their  wattf  at  160^ 
(Hermann,  Ann.  Ch.  Pharm.  di.  78). 

Ethyl  PhtkaUUe,  CH*0«.(CH*)«.  may  be  obtained  by  passing  hydrochloric  acid  pi 
into  an  alcoholic  solution  of  phthalic  acid ;  when  purified  it  is  a  colourless  inodto^a 
oil,  boiling  at  288""  (corr.  295^)  (Graebe  a.  Bom,  Jahreth.  1866,  p.  411). 

On  Chlorophthalic  and  Nitrophthalio  aeid,  see  Faust  (ZeiUchr.f,  Ckem.  [2]  v.  1071 

2.  Metaphthalic  or  Itophthalic  acid  is  produced  by  the  oxidising  actico  of 
potassium  dichromate  and  sulphuric  acid  on  meta-zylene  (p.  293),  and  separates  froc 
the  filtered  solution  in  slender  needles  an  inch  long,  which  melt  above  300^,  ao^ 
volatilise  without  blackening.  Its  crystalline  character  distinguishes  it  from  tere- 
phthalic acid,  which  is  an  amorphous  powder.  The  barium  and  calcium  rait?  d 
metiiphtliAlic  acid  form  long  needle-shaped  crystals,  very  soluble  in  water  (Fittie  a. 
Velguth,  Zcxtschr.  f.  Chem,  [2]  iii.  626.  Fittig,  ilnd.  v.  20).  Metaphthalic  add  a 
also  produced  by  the  action  of  sulphuric  acid  on  hydroprehnitic  and  liydropno> 
mellitic  acids  (Btieyer,  p.  812). 

3.  Paraphthalio  or  Terephthalic  acid  is  produced  by  oxidation  of  semi 
hydrocarbons  (v.  725),  and  in  particular  of  parazylene  or  methyl-toluene  by  chxumk 
acid  mixture  (Fittig,  loc.  cii,) ;  in  like  manner  from  diethyl-benzene : 

C«H*|^2»  +  ^"  "=  2C0»  +  4H»0  +  C«H*|^^!^ 

(Fittig  a.  Eonig,  Jahresb.  1867,  p.  610) ;  and,  together  with  acetic  acid,  by  the  actios 
of  cliromic  acid  on  amyl-toluene : 

C«H*|^^„  +  0»«  «  C*H«|^^I|  +  2C«H*0«  +  2H«0 

(Bigot  a.  Fittig,  ibid.  668).  It  is  also  formed,  together  with  phthalic  acid,  m  tbe 
oxidation  of  bensone  by  mangauMO  dioxide  and  dilute  sulphuric  add  (A.  K 
Oudemans  jun.,  Zeitachr.  f.  Chem.  [2J  v.  84) ;  by  the  action  of  strong  potash-lev  at 
the  boiling  heat  on  phenylene  cyanide:  C«H*(CN)«  +  4H«0  -  2NH«  +  C«H^CO*H)« 
(Irelan,  ibid.  165) ;  and  in  very  small  quantity,  together  with  metaphthalic  add,  bj 
the  action  of  sulphuric  acid  on  hydropyromellitic  acid  (Baeyer). 

Terephthalic  add  heated  with  80  pts.  of  satuxatod  aqueous  hydriodie  acid  yield* 
heptane  as  sole  product  (p.  696). 

On  the  crystallisation  of  ethyl  terephthalate,  see  Oudemans  (loe»  eit.), 

Hydroplit&alto  Aeid.  C"H*0*  (Graebe  a.  Bom,  Ann.  Ch.  Pharm.  czlii.  330).— 
Produced  by  the  action  of  nascent  hydrogen  upon  phthalic  add.  A  solution  of  1  pt. 
phthalic  acid  and  1  pt.  crystallised  sodium  carbonate  in  8  pts.  of  cold  water  is  treated 
in  the  cold  with  sodium-amalgam  till  (in  8  to  14  days)  the  precipitate  formed  in  a  sample 
of  the  liquid  dissolves  in  acetic  acid.  The  brown  liquid  is  then  neutralised  with  hydro- 
chloric acid,  filtered  to  separate  a  brown  substance,  and  the  hydrophthalic  aod  is 
separated  from  the  filtrate  by  further  addition  of  hydrochloric  add. 

Hydrophthalic  acid  purified  by  recrystallisation,  with  addition  of  animal  chaioosl, 
forms  hard  tabular  monodinic  prisms  (with  angles  of  nearly  100^  and  80®),  cleaving 
parallel  to  the  end-face.  100  pts.  water  dissolve  0*98  pt  of  the  acid  at  oidinaiy 
temperatures,  7*3  pts.  at  100^.  It  is  moderately  soluble  in  alcohol,  sparingly  in 
ether ;  the  solutions  have  a  strong  acid  reaction,  and  decompose  carbonates.  CaleiiM 
chloride  forms  in  concentrated  solutions  of  the  acid,  espedally  when  warm,  a  pre- 
cipitate easily  soluble  in  acids  ;ybn6  chloride  forms  with  solutions  of  hydrophthalates 
a  brown,  cvpric  sulphate  a  green,  lead  acetate,  neutral  or  basic,  a  white  precipitate ; 
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the  lead  precipitate  is  soluble  in  acetic  acid  as  well  as  in  excess  of  the  precipitant. 
Mercurous  salts  form  white  precipitates,  becoming  grey  at  the  boiling  heat ;  mercurie 
chloride  yields  on  boiling  a  precipitate  of  calomeL 

Hjdrophthalic  acid  is  bibasic,  forming  acid  and  neutral  salts,  the  former  crystal- 
lising the  more  easily.  The  easily  soluble  sodium  salt  forms  spherical  groups  of 
shining  laminse.  The  neutral  barium  salty  C*H'0*Ba,  separates  on  eyapomtiun  in 
nacreous  crusts,  easily  soluble  in  warm,  less  soluble  in  cold  water.  The  acid  barium 
salt,  (C*H'0')'Ba  *  H'O,  forms  stellate  groups  of  crystals,  easily  soluble  in  water, 
sparingly  in  alcohol,  becoming  anhydrous  at  120^-130^.  The  neutral  calcium  salt, 
C*H*O^Ca,  and  the  acid  salt,  (CH*0*)H?a,  are  slightly  soluble  in  water,  and  crystallise 
indistinctly.  The  lead  salt,  C'H*0*Pb,  is  a  crystalline  powder  nearly  insoluble  in 
water,  easily  soluble  in  dilute  acetic  acid.  The  aUver  salt  is  a  white  precipitate, 
moderately  soluble  in  water,  becoming  black  on  boiling,  and  depositing  silver, 
especially  in  presence  of  ammonia. 

Decompositions.^^!,  Hydrophthalic  acid  heated  above  200^  gives  off  water  and 
melts  to  a  yellow  liquid,  which  decomposes  partially  at  a  higher  temperature,  yielding 
a  yellow  oily  solidifying  distillate,  from  which  by  recrystallisation  from  alcohol, 
phthalic  anhydride,  C*H^O',  is  obtained. — 2.  Heated  wiUi  »oda4ime  it  is  resolved 
into  benzene,  hydrogen,  and  carbon  dioxide ; 

OH«(C0'H)«  -  C«H«  +  2C0«  +  H*. 

3.  With  phosphorus  pentachloride,  it  yields  bemsoyl  chloride,  carbon  monoxide, 
hydrochloric  acid,  and  phosphorus  oxychlorido : 

C«H«(CO«H)«  +  2PCl»  -  0»H»(COC1)  +  CO  +  3HCI  +  2P0a". 

4.  Heated  with  strong  sulphuric  acid,  it  yields  phthalic  acid,  benzoic  acid,  and  carbon 
monoxide : 

C*H«(CO«H)*  +  SO«H«  =  C^R*(COmy  +  2H»0  +  SO* 
and 

C«H-(CO«H)«  =  C«H»(CO*H)  +  CO  +  H«0. 

5.  A  solution  of  hydrophthalic  acid  heated  with  a  slight  excess  of  bromine  yields 
benzoic  acid,  hydrobromic  acid,  and  carbon  dioxide  (with  a  small  quantity  of  phthalic 
acid): 

C«H-(C0«H)«  +  Br«  =  C«H»(CO«H)  +  2HBr  +  C0«. 

6.  Fused  with  potassium  hydrate,  it  yields  benzoic  acid,  together  with  hydrogen  and 
carbon  dioxide : 

C*H«(CO«H)«  -  C«H*(CO«H)  +  H*  +  C0«. 

7.  By  oxidation  with  dilute  nitric  acid  or  with  chromic  acid,  it  is  converted  into 
benzoic  and  phthalic  acids. — 8.  The  alcoholic  solution  of  hydrophthalic  acid  treated 
with  hydrochloric  acid  gas,  yields,  not  hydrophthalate,  but  bonzoate  of  ethyl,  perhaps 
together  with  formate,  according  to  the  equation  : 

C*H«(CO')H«  +  2C«H«0  -  C«H»(CO»C«H»)  -  HCO»C»H»  +  2H»0. 

Hydrotere phthalic  acid,  CH'0\  is  formed  by  treating  terephthalic  acid  in 
moderately  soluble  eoncentrated  alkaline  solution  with  sodium-amalgam  for  several 
days,  and  separates,  on  neutralising  with  hydrochloric  acid,  as  a  white  flooculent 
precipitate,  quite  insoluble  in  water,  and  reducing  ammoniacal  silver  solution  at  the 
boiling  heat  (R.  Mohs,  Zeitschr.f.  Chem.  [2]  iii.  68). 


If  C*H*0*,  is  formed  by  the  action  of  zinc  and  hydro* 
chloric  acid  on  phthalic  chloride.  When  dissolved  out  by  ether  and  purified,  it  forms 
a  white  slightly  aromatic  substance,  melting  at  66^,  easily  soluble  in  alcohol  and 
ether,  slightly  soluble  in  cold,  more  abundantly  in  hot  water,  and  crystallising 
therefrom  in  small  rhombic  tables.  The  warm  aqueous  solution  solidifies  with 
sodium  bisulphite  to  a  mass  of  silky  needles  (Kolbe  a.  Wischin,  Chem.  Soc,  J,  [21 
iv.  339). 

Phthalic  aldehyde  is  also  the  chief  product  formed  by  the  action  of  magnesium  on 
a  solution  of  phthalic  chloride  in  glacial  acetic  acid.  It  volatilises  at  180^  with 
vapour  of  water,  and  exhibits  remarkable  stability,  perhaps  arising  from  the  union 
of  each  of  its  oxygen-atoms  with  two  atoms  of  carbon,  as  represented  by  the  formula 

(?H*j^^^00  (Baeyer,  ZeUschr.  f.  Chem.  [2]  v.  399). 
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Chevrier  {ibid,  y.  442)  has  given  seveial  detaib  nspecting  the  pxopeitiea  &Dd  mctioas 
of  this  body,  but  they  are  not  of  much  impoitance. 

According  to  L.  Henry  {DeiU.  chem,  Ges.  Bar.  iL  638),  the  sulphochloride  is  fonoed 
by  direct  eombination  of  sulphur  and  the  trichloride  at  130^.  It  boils  at  125^-1 2S- 
(compare  iv.  606). 

BjrdvtdM.  According  to  RiidcMrff  (ZeiUekr,  f,  Ckem.  [2]  ii.  637),  the  yellor 
body  formed  by  the  action  of  water  on  phosphoras  di-iodide,  commonly  regarded  as 
amorphous  phosphorus,  agrees  in  its  properties  with  solid  phosphoras  hydride,  P-H 
or  P*H*.  On  adding  phosphorus  iodide  to  hot  water,  this  oompoond  is  iminfldiatelj 
separated,  and  non-spontaneously  inflammable  phosphoms  triohydride  is  giren  off; 
in  cold  water  the  reaction  takes  phice  gradually.  Budorff  lepresenta  it  by  the 
following  equation : 

40PP  +  48HH)  »  2J^5«  +  4PH»  +  3PK)»  +  11P«0»  +  80HI. 

According  to  Commaille  (■/.  Pharm,  [4]  viii.  321),  the  tri-hydride  is  rapidly  er^lred 
by  the  action  of  phosphorus  on  potash-ley  even  at  ordinary  temperatures :  benc<e  aa 
error  may  arise  in  the  analysis  of  gases,  when,  after  treatment  of  the  gas  with  potaah, 
phosphorus  is  introduced  to  absorb  oxygen,  and  comes  in  contact  with  the  potash. 

Oxides  and  Oxygen^acidi  of  Phosphorus, 

TCiospAiorovia  Aeld.  PH'O'. — ^This  acid  is  produced  by  atmospheric  oxidation  of 
hypophosphorous  acid.  A  solution  of  barium  hypophosphite  decomposed  by  sulphnne 
acid,  and  exposed  for  a  long  time  to  the  air,  yielaed,  when  neutralised  with  calciua 
carbonate,  a  precipitate  of  calcium  phosphite  (Rammelsberg,  ZeUschr,  f,  Ckt9, 
[21  iv.  724). 

When  1  mol.  crystallised  phosphorous  acid  and  1  mol.  brofiMM  are  beiited  in  a 
sealed  tube  to  100°,  with  frequent  agitation,  hydrobromic  and  metaphosphoric  adds 
are  produced : 

PH»0«  +  Br«  -  2HBr  +  PHO». 

With  8  mol.  bromine  to  4  mol.  phosphorous  acid,  the  products  arc  orthophcsphork 
acid,  hydrobromic  acid,  and  phosphorus  tribromide : 

4PH"0»  +  8Br*  -  3PH«0«  +  3HBr  +  PBr*. 

The  action  of  iodins  is  not  exactly  analogous  to  that  of  bromine.  With  a  small 
proportion  of  iodine,  phosphorus  iodide  and  metaphosphoric  add  are  found  among 
the  products.  With  a  larger  proportion  of  iodine,  the  products  are  orthophosphorie 
acid,  hydriodic  acid,  phosphonium  iodide,  and  phosphorus  di-iodide : 

8PH»0«  +  61  -  6PH*0«  +  2HI  +  PH«I  +  PP 

(Gustavson,  BvH.  Soc.  Chim,  [2]  viii.  29).  According  to  Ordinaire  {Compt,  rend. 
Ixir.  363),  1  mol.  phosphorous  acid  and  2  mol.  bromine  heated  in  a  sealed  tube,  form, 
together  with  hydrobromic  acid,  a  very  deliquescent  crystallised  body,  which  he 
regards  as  monobromophosphorous  acid;  it  is  decomposed  by  boiling  water,  with 
formation  of  a  new  gelatinous  acid.  Dry  chlorine  at  100°  acts  in  a  similar  manner. 
The  formation  of  phosphoric  acid  was  not  observed  in  either  case. 

Metallic  Phosphites. — The  constitution  of  these  salts  has  been  carefully 
examined  by  Bammelsbeig  (Berl.  Akad.  Ber.  1866,  p.  637;  Ckem.  Soe.  J.  [2]  v.  388; 
further  Pogg.  Ann.  cxxxi.  263,  369 ;  cxxxii.  481 ;  Jahnsb.  1867,  p.  141).  His 
experiments  confirm  the  view  advocated  .by  H.  Rose  (PoffO.  Ann.  viii.  206 ;  ix.  23, 
216),  that  different  phosphites  contain  different  quantities  of  chemically  combined  or 
constitutional  water,  or  its  elements  (exclusive  of  water  of  crystallisation),  in  oppo- 
sition to  that  of  Wurts,  according  to  which,  all  dry  phosphites  contain  the  same 
amount  of  constitutional  water,  namely  1  molecule.    ]\tinimelsbei;g  does  not  howercr 

regard  the  existence  of  the  salto  M'HPO*  (or  Am^FH)*)  and  &*H«P>0'  as  demon- 
stratinff  the  existence  of  two  different  phosphorous  acids,  H'PK)*  and  H*P^O',  or  the 
evolution  of  hydrogen  from  heated  phosphorous  acid  as  a  proof  that  the  hydrogen 
does  not  exist  therein  in  the  form  of  water.  Ue  infers  rather,  fkom  the  whole  of  the 
facts  observed,  that  both  crystallised  phosphorous  acid  and  the  metallic  phosphites 
contain  water  ready  formed,  bn(  more  intimately  combined  than  in  other  hydrates,  so 
ifyxt  it  is  not  giron  off  below  200*',  and  its  elements  tnko  part  in  the  decomposition  of 
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Aooording  to  Gobley  (J.  Pkarm.  [4]  ii.  156),  narootine  may  be  extracted  from 
opium — together  with  a  fiitty  oil  and  a  substance  resembling  cfMutchouc — by  digestioi| 
with  oil  of  toipentine  at  100°. 

Narooime  TH^oHdt,  C^H'NO'HI',  is  formed  by  mixing  an  alcoholic  solution  of 
narootine  with  hydrochloric  acid,  adding  the  calculated  quantity  of  iodine,  and  then 
water  till  a  pezmanent  turbidity  is  produced.  On  stirring  the  liquid,  the  tri-iodido 
separates  in  shining  laminn,  and  an  additional  quantity  may  be  obtained  by  adding 
mora  water.  This  compomd  is  moderately  soluble  in  alcohol,  but  undeigoes  « 
rwnarkahle  alteration  when  boiled  therewith,  the  solution  on  cooling  depositing  the 
tri-iodide  of  a  new  base,  tarconine,  C"H"NO',  containing  2  at.  hy£ragen  lees  than 
ootaniiiie: 

8(C«^"N0MII«)  -f  H*0  -  C»H"NO».HI«  +  C»*H»«0»  +  4HI  + 

Narootiiia     "^  Taroonine  Optanio 

til-lodkls,  tri-lodiile.  add. 

2(C««H"N0».HI) 

Ksrootiiw 

HydTlodlde. 

(JoiguiseD,  DnU.  ektm.  Ges,  Ber.  1869,  460 ;  ZmUekt.  f,  Chmn.  [2]  r.  678). 

ranOUTB.  For  analyses  of  this  mineral  firom  the  pile-buildings  of  the  Swiss 
lakes  and  other  localities,  see  Fellenberg  {Jakrub*  1866,  p.  880) ;  Bamonr  {fiompt^ 
remd.  Ld.  318,  367  ;  Jukresb.  1866,  p.  880). 


This  name  is  applied  by  B^champ  (Butt,  $oe,  Ckim.  ^_^ 
iii.  213)  to  a  soluble  ferment  existing  in  the  urine  of  man,  the  dog,  and  the  rabbity 
and  capable  of  oonyerting  starch  into  sugar. 

^yn.  with  Chouhb  (p.  448). 

The  atomic  weight  of  this  metal  has  been  redetermined  by  Russell 
{Ckem,  Soe.  J.  [2]  vii.  294)  by  measuring  the  volume  of  hydrogen  eyolved  on  dissolving  a 
known  weight  of  the  pure  metal  in  hydrochloric  acid.  (See  AxfAiYSia  of  Gasbs,  p.  1 42.) 
The  mnn  of  four  closely  agreeing  experiments  gave  for  the  atomic  weight  of  nickel 
the  number  68*70,  whidi  is  Tery  nearly  the  same  as  that  which  Russell  formerly 
obtained  (iv.  40)  by  reducing  the  pure  monoxide  with  hydroffen,  vis.  68*74. 

Different  but  less  trustworthy  results  have  been  obtained  by  Sommaruga  (Jahreab, 
1866,  p.  244)  and  by  Winkler  (ibid.  1867,  p.  289).  The  former,  by  analysis  of 
niccolo-potassic  sulphate,  (SO^)^iK*  +  6H*0,  obtained  the  number  68 ;  the  latter,  by 
redncinff  a  neutral  solution  of  sodio-auric  chloride  with  metallic  nickel,  and  weighing 
the  gold  precipitated,  found  Ni  ^  69*06. 

I&tectitm  of  Nickel, — A  solution  of  a  nickel  salt  mixed  with  sodium  acetate  and 
I^pocklorite,  and  heated  to  the  boiling  point,  deposits  a  deep  blue,  nearly  black  peroxide 
forming  a  specular  coating  on  the  glass ;  the  reaction  is  extremely  deUcate,  and  every 
tiaee  of  nickel  is  thereby  removed  from  the  liquid  (Fopp,  Ann,  Ch.  Pkarm,  cxxxi.  363 ; 
see  also  Wicke,  Zeitaekr.  f.  Ckem.  [2]  i.  86 ;  JahrMb.  1865,  p.  267).  Sodium  kypotul' 
fkUe  added  to  nickel  salts  at  the  boiling  heat  throws  down  black  nickel  sulphide, 
probably  also  forming  trithionate  and  chloride  of  sodium : 

Nia«  +  2Na«SK)"  «  NiS  +  Na>8H)«  +  2NaCl. 

The  precipitate  is  not  attacked  by  strong  sulphuric  or  boiling  hydrochloric  acid,  but  ia 
oxidieed  by  nitric  acid  to  nickel  sulphate  ^W.  Gibbs,  Bill,  Am,  J,  [2]  xxxvii.  346). 

Poiammm  tulpAoearbonate  colours  a  nickel  solution  crimson-brown,  or,  if  very 
dilate,  roee-red.  The  solution  to  be  tested  is  first  freed  from  cobalt  by  potassium 
nitrite,  and  the  filtrate  is  made  alkaline  with  ammonia,  mixed  with  sal-ammoniac,  and 
precipitated  with  a  little  colourless  ammonium  sulphide.  The  filtrate  from  this 
precipitate  yields,  when  strongly  concentrated  by  evaporation,  a  precipitate  of  nickel 
•ulplude.  This  precipitate  is  washed  on  a,  filter,  dried,  ignited,  treated  with  a  little 
nitric  acid,  and  evaporated.  The  saline  residue  is  dissolved  in  water  and  added  to 
about  60  e.  G.  water  containing  1  or  2  drops  of  the  solution  of  sulphocarbonate  (prepared 
by  satorating  one  half  of  2M  c  c  potash-ley  containing  6  p.  c.  K*0  with  hydrogen 
•nlplnde,  adding  the  other  half,  gently  warming  the  liquid  for  two  days  with  10  c  c 
caiwrn  bisulphide,  and  then  decanting  from  the  unoombined  CS").  If  nickel  is 
pppeent,  the  rose-red  or  crimson  colour  will  be  ]produced«  This  reaction  suffices  to 
distinguish  ^  milligrm.  of  nickel  in  1  c  c  of  liquid.  The  nickel-compound  dissolved 
in  tlie  alkaline  sulphocarbonate  exhibits  in  dilute  solution  distinct  absorption-bands ; 
conoentrated  solutions  stop  the  light  almost  completely  (G.  D.  Braun,  ZeiUekr,  f,  Ckem. 

[s]  T.  m). 

Smf.  »K 
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Acid  Phosphites. — ^A  solution  of  the  normal  baxiiim  salt  in  tlie  nqionte qostttj 
of  phosphorons  acid  yields,  by  spontaneous  eTaporation,  radiate  groups  of  ifbixt  siij 
needles  of  the  salt  Ba'H'F'O* .  3H>P0*  -i-  2H*0.  A  solution  of  1  moL  of  the  ocssal 
salt  in  rather  more  than  2  mol.  phosphorous  acid,  yields  crystals,  not  of  the  biacid,  )M 
of  the  sesqui-aeid  salt,  Ba'H'r'O' .  H*PO>  +  8H*0,  which  melts  wheo  hcsud  ud 
giyes  off  hydrogen  phosphide  at  250^.  The  hiadd  salt  dystaUises  from  the  solntka 
of  the  two  preoMling  salts  by  evaporation  over  sulphuric  acid,  with  an  amoimt  d 
water  corresponding  to  the  formula  Bi^^P'O*  +  2HK) ;  ammonia  added  to  t!» 
aqueous  solution  of  this  salt  throws  down,  not  an  acid  salt  as  supposed  by  Bose,  te 
the  normal  salt.  Zinc  Salts, — ^By  dissolving  the  neutral  zinc  salt  in  phosphonosac^ 
Rammelsberg  obtained  various  crystallised  compounds  corresponding  to  the  i(m:ix 
Zn«n*P»0»  +  H«0,  Zn«H»P»0»  +  H«0,  and  Zn«H"PH)»».  Anacidvramcfho*^, 
(U6)«H'P»0«  +  6H«0,  is  obtained,  by  adding  recently  precipitated  ammonium  imati 
to  the  aqueous  solution  of  phosphorus  trichloride,  as  a  gradually  formed  yeUov  pnic- 
pitato,  which  on  exposure  to  the  air  dries  up  to  hard  translucent  lumps. 

Phosphorous  ^/Aers.— Bammelsberg  represents  these  ethers  by  fonnahe aBald- 
gous  to  those  of  the  acid  metallic  phosphites  as  follows ; 


(H'P*0» 

FhoBphorons 
acid. 

JH'O 
E  thy  lie  pbospblto. 

5  (CTI»)*I«0» 

KC«H*)»0 
Trlcthjbc  phosphite. 


5H»BaP«0» 

)H«0 

Acid  barinm 
phosphite. 

^H«(C«H»)'PK)* 

Bthylphospborotu  acid. 

J  Ba(C«H*)«P*0* 

)H»0 
BArinm  ethjlplioiphlce* 


Phospborlc  Anliydrtde,  Aoid,  and  Salts.  On  the  preparation  of  phoepbcfe 
anhydride  on  the  largo  scale,  see  Grabowski  (Ann,  Ch,  Pharm,  cxzxvi.  119;  Jskd. 
1866,  p.  136). 

Mich.  Pettenkofer  (Ann.  Ch.  Pharm.  cxxxviii.  67 ;  Jahresb.  1866,  p.  138)  deonb* 
a  method  of  preparing  phosphoric  acid,  simultaneous! v  with  hydriodic  acid,  hj  trea^^ 
ordinary  phosphorus  with  iodine  and  water,  distilling  off  the  hydriodic  add,»iM 
oxidising  the  residue,  which  contains  phosphorous  and  phosphoric  acids,  with  oi^ 
acid.  .   . 

According  to  Kramer  (Zeitschr.  f.  Chem.  [2]  v.  648),  phosphoric  acid  may  be  obtaio*! 
in  transparent  prismatic  crystals,  by  evaporating  from  an  aqueous  solution,  t^ 
strength  of  which  is  known  from  its  specific  gravity,  such  a  quantity  of  water  w* 
the  residual  liquid  shall  have  exactly  the  composition  H*PO* ;  the  acid  then  ciTSul- 
lises  on  cooling.  . 

In  the  purest  so-called  glacial  phosphoric  acid  of  commerce,  Brescins  (-Zf*^*"*' 
anal.  Chem.  vi.  187)  found  163  p.  c.  soda.  He  finds  that  really  pure  phospho* 
acid  forms  only  a  soft  glutinous  mass.  . 

The  following  table  of  the  relations  between  the  specific  gravity  and  strengtfl  o 
aqueous  phosphoric  acid  (prepared  by  oxidising  amorphous  phosphorus  with  wtnc 
acid)  is  given  by  J.  Watts  (Chem.  News,  xii.  160) : 


Spec. 

p.  c. 
P*0» 

Spec 

p.  c. 

Spec. 

p.  c. 

Spec. 

p.c. 
12-18 

Grav. 

Grav. 

Grar. 

P\)« 

Gr»v. 

1-608 

49-60 

1-369 

39-21 

1-236 

27-30 

1 

1095 

1-492 

48-41 

1-366 

38-00 

1-226 

26-36 

1-081 

10'*^ 

1-476 

47-10 

1-347 

87  37 

1-211 

24-79 

1073 

9-53 

1-464 

46-63 

1-339 

36-74 

1197 

23-23 

1066 

8-63 

1-453 

46-38 

1-328 

3616 

1185 

2207 

1056 

7-39 

^  « It 

1-442 

4413 

1-316 

34-82 

1173 

20-91 

1047 

6-17 

1-434 

43-96 

1-302 

33-49 

1-162 

19-73 

1031 

4*15 

1-426 

43-28 

1-293 

32-71 

1-163 

18-81 

1022 

803  / 

lUlS 

42-61 

1-286 

31-94 

1-144 

17-89 

1014 

1'91 
0-790 

1401 

41-60 

1276 

31-03 

1-136 

16-96 

1006 

1-392 

40-86 

1-268 

30-13 

1-124 

16-64 

1-384 

4012 

1-267 

29-16 

1-113 

14-33 

1-376 

39-66 

1-247 

28-24 

1109 

13-26 

^ 
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Estimation  of  Pho$phorie  Acid. — 1.  The  oonditions  nnder  which  phosphorio 
acid  is  most  completely  precipitated  by  ammomum  mol^fbdate  have  been  examined  by 
iVesenins  {Zeittekr,  tmal.  CAm.iT.  151):  a.  The  estimation  of  phosphoric  acid  by 
precipitation  with  ammonium  molybdate  is  in  itself  an  exact  method. — 0.  Nitric  acid, 
even  if  present  in  Tery  large  excess,  does  not  interfere  with  its  accaiacy. — y.  Hydro- 
chloric acid,  if  present  in  somewhat  considerable  quantity,  prerents  the  precipitation 
wholly  or  partially ;  when  its  quantity  is  reduced  to  about  3*3  p.  c  of  the  liquid,  the 
results,  though  still  too  low,  begin  to  approach  the  truth. — S.  If  a  huge  quantity  of 
nitric  acid  is  also  present,  a  somewhat  considerable  quantity  of  hydrc^loric  add  is 
still  more  prejudicial,  3*3  p.  c  of  it  in  that  case  completely  preventing  the  predpita^ 
tioD. — c.  Sulphuric  acid,  ferric  chloride,  and  aluminium  chloride,  even  in  considerable 
quantity,  do  not  interfere  with  the  precipitation. — C  1°  presence  of  a  large  quantity 
of  sal-ammoniac,  the  results  are  somewhat  too  low ;  they  also  become  less  exact  as  thie 
solution  is  more  diluted  with  water. 

2.  According  to  £.  Fleischer  {Zeitschr.  anal.  CHem.  ri.  28),  aluminium  phosphate, 
like  aluminium  hydrate,  is  slightly  soluble  in  ammonia,  so  that  on  mixing  the  solution 
of  a  phosphate  with  a  slight  excess  of  an  aluminium  salt,  and  then  supersaturating 
with  ammonia,  part  of  the  phosphoric  acid  remains  in  solution.  But  in  neutral  solu- 
tions, or  in  presence  of  a  slight  excess  of  acetic  acid,  phosphoric  acid  is  completely 
precipitated  by  aluminium  salts,  if  not  added  in  great  excess,  the  predpitate  oaTing 
the  composition  Al^O' .  P'O'.  Phosphoric  acid  may  be  e8timat(>d  yolumetrically  in  a 
solution  acidulated  with  acetic  acid  by  means  of  a  one-tenth  normal  solution  of  potash- 
alum  (containing  5*15  grm.  alumina  in  a  litre),  the  end  of  the  precipitation  being 
indicated  by  adding  an  alcoholic  solution  of  brazilin,  which  is  coloured  distinctly  blue 
by  aluminium  acetate,  even  in  very  dilute  solution  (Fleischer,  Zcitschr,  anal.  Chem.  ir. 
365  ;  Jakresb.  1865,  p.  707  ;  1867,  p.  844). 

According  to  Schweikert  (Jahresb.  1867,  p.  847),  phosphoric  acid  cannot  be  com- 
pletely separated  from  zinc  oxide  by  fusion  with  sodium  carbonate,  since  part  of  the 
phosphoric  acid  remains  with  the  zinc,  and  part  of  the  latter  remains  dissolved  a« 
sodium  zincate. 

Schloesing  {Compt.  rend.  Ixvi.  1043;  Zeiischr.  f.  Chem.  [2]  iv.  667)  estimates 
phosphoric  acid  in  phosphates  by  converting  them  into  iron  phosphide.  This  is 
effected  by  mixing  the  phosphate  with  an  iron  silicate,*  charcoal,  and,  if  the  phosphate 
does  not  contain  excess  of  l^se,  also  with  metallic  iron.  This  mixture  is  ignited  in  a 
charcoal-lined  crudble  by  means  of  a  powerful  gas-blowpipe ;  the  fused  mass  is 
pulverised ;  and  the  metallic  iron  phosphide  separated  from  the  granules  is  heated  in 
a  glass  tube  through  which  a  stream  of  chlorine  is  passed.  The  phosphorus  then  passes 
over  as  trichloride,  which  is  received  in  water,  and  the  resulting  phosphorous  acid  is 
oxidised  by  nitric  acid  to  phosphoric  acid,  which  is  estimated  by  the  oidinaiy  methods; 

On  the  estimation  of  phosphoric  acid  in  phosphorite,  see  Fresenius  {Zeitschr.  anal. 
Chem.  vi.  403 ;  Jahresb.  1867,  p.  836) ;  in  superphosphate,  coprolites,  plant-ashes, 
soils,  manures,  &c.,  see  G.  Jones  (Chem.  Nitos,  xii.  13);  W.  Amot  {ibid.  xi.  49); 
K.  Warington  jun.  (ibid.  xii.  209) ;  Fresenius  (Zeiischr.  anal.  Chem.  vii.  304  ;  Jahresb. 
1868,  p.  868)  ;  Schloesing  {Zeitschr.  f.  Chem.  [2]  v.  156) ;  De  Qasparin  (Compt.  rend. 
Ixviii.  1176 ;  Zeitschr.  f.  Chem.  [2]  v.  444). 

Obthofhosphates. — On  the  Tef\Q\\oiiRQi trvccdcie phosphatewi)ih  calcium  chlorido 
and  sulphuric  acid,  see  Piccard  (Zeiischr. /.  Che?n.  [2]  ii.  645  ;  iii.  187  ;  Jahresb.  1866, 
p.  168;  1867,  p.  909). 

Cuprio  Salts.— The  precipitate  formed  on  adding  2  mol.  onlinary  sodium  phos- 
phate to  a  dilute  solution  of  3  raol.  cupric  sulphate  has,  when  air-dried,  the  composi- 
tion Cu*H(PO')*  +  6H'0.  Rammelsberg  (Pogff.  Ann.  Ixviii.  388),  probably  by  drying 
it  at  a  higher  temperature,  obtained  it  with  3  mol.  water.  When  this  precipitate  is 
boiled  with  very  dilute  ammonia,  small  dark  blue  crystals,  sparingly  soluble  in  water 
and  alcohol,  separate  on  cooling.  By  boiling  the  same  precipitate  with  ammonia, 
placing  upon  this  liquid  a  layer  of  alcoholic  solution  of  ammonia,  leaving  it  for  several 
weeks,  and  promoting  the  diffusion  by  frequent  gentle  agitation,  sky-blue  crystals 

separate,  consisting  of  a7lllnomV^^M^rw  p^jipAflfe,  .|-ij*  J  ^  +    7H*0.      These 

crystals  are  monoclinic  prisms  with  oblique  end-faces  inclined  66°  to  the  principal 
axis.  They  dissolve  easily  in  cold  water,  smell  strongly  of  ammonia,  and  give  It  up 
for  the  most  part  even  at  ordinary  temperatures,  crumbling  to  a  bluish-white  powder 
(Metzner,  Ann.  Ch.  Pharm.  cxlix.  66 ;  Zeitschr./,  Chem.  [2]  v.  250). 

•  The  Iron  Rilicate  is  preporod  by  fnglng  tofrether  28  pts.  iron-filinfirs.  80  Vt».  ferric  oxide,  and 
48  pts.  pxircmnd^  separating  the  f  eed  mnm  from  tho  excess  of  i'on,  and  pulvorising. 
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TrithalUoui  Phoaphate,  T1'(P0*),  separates  in  the  aystalline  Harm,  eves&a 
Tsry  dilute  neutral  solutions  of  thallious  salts,  on  addition  of  sodiam  phosphate  uA  % 
drop  of  ammonia,  but  onlj^  when  the  solution  is  free  from  anunoniacal  salts,  in  vhk^ 
it  is  voTy  soluble  (Carstanjen,  Jahresb.  1867,  p.  280). 

Zinc  Salt 8.^ZinC'a7nmoniumpho8phaU,7Mn{^IL*yPO*  +  H^O.  When  a  solotkB 
of  64  grm.  zinc  sulphate  and  100  grms.  of  aqueous  phosphoric  acid  (strength  16  p.  r ) 
in  a  large  quantity  of  water  is  mixed  with  sufficient  ammonia  to  redissolve  the  pneipi- 
tate  at  first  produced,  and  the  liquid  is  left  to  itself  in  a  shallow  basin,  the  doable  salt 
separates  as  the  ammonia  evaporates,  in  closely  adhering  crusts  composed  of  nucrr 
scopic  rectangular  tables.  A  rerj  similar  salt  is  produced  by  slowly  eraporatiiii:  i 
strongly  ammoniacal  solution  of  sodium  phosphate  and  zinc  phosphate,  but  it  alvaji 
contains  sodium.  A  moderately  dilute  solution  of  64  grms.  sine  sulphate  and  lOH 
grms.  of  16  p.  c  phosphoric  acid  exposed  for  some  weeks  in  a  covered  basin  to  awists 
temperature,  deposits  indistinct  microscopic  crystals,  having  when  air-dried  the  cm- 

position  3l«0».4(NH*)«0.6ZnO  OTmH^Zn«|o"  (Heints,  ZeiUckr.  /.  CkoL  [2]iT. 

16  ;  see  also  Schweikert,  ihid,  306).  Zinc-sodium  phoaphaU,  ZnNaPO\  is  prodneed, 
by  melting  microcosmic  salt  with  zinc  oxide  in  the  proportions  zeqoired  bj  tb« 
formula,  as  a  transparent  colourless  mass,  which  becomes  enamel-white  on  cooling,  is 
not  altered  by  exposure  to  the  air,  does  not  take  up  wnter  when  immersed  in  it  does 
not  give  up  soda  to  water,  either  cold  or  boiling,  and  is  insoluble  in  both  (Seheffer,i^ 
ir.  288). 

Ptbophosphatks.  M[*P*0^  or  ]il«PK)'  or  ffl«PK)"  (Gladstone,  Chem.  Soe.  /  [2] 
T.  435). — These  salts  are  produced,  not  only  by  the  action  of  heat  on  the  orthophoe 
phutcs,  but  likewise  by  treating  phosphoric  anhydride  with  a  caustic  alkali  in  ak^x^ 
solution : 

P»0»   +   4KH0   «   2H«0   +  K*P«0'; 

also  by  decomposing  phosphorus  oxychloride  with  a  moderately  concentrated  solatioa 
of  potash  or  ammonia : 

2P0C1»  +  6KH0  «  6KC1  +  HCl  +  H<PK)». 

By  the  action  of  anhydrous  potassium  oxide  or  ammonia  sesquicarbonate  on  tbs 
oxychloride,  a  moUiphosphate  appears  to  be  produced  : 

POCl"  +   2K«0  -  3KC1  +  KPO«. 

The  white  precipitate  formed  on  adding  ferric  chloride  to  a  solution  of  sodium  pjio- 
phosphate  continues  to  redissolve  till  J  mol.  ferric  chloride,  Fe*Cl*,  had  been  added  to 
1  mol.  of  the  pyrophosphate  Na*PK)'.     On  further  addition  of  the  ferric  salt  tbe 
precipitate  becomes  permanent,  and  when  J  mol.  has  been  added,  the  precipitation  i« 
complete,  the  precipitate  redissolving  however  in  a  lai^  excess  of  ferric  chlond& 
This  salt  has  the  composition   (Fe*)*"P*0''"     +     9H'0,  previously  determined  by 
Schwarzenberg  (iv.  666).     The  soluble  sodio-ferric  salt  appears  to  have  the  oomposition 
Fe*Nft*P*0*',  but  is  difficult  to  obtain  pure.     Cuprie  salts  form  in  like  manner  wijh 
sodium  pyrophosphate  a  green  precipitate  of  the  salt  Cu'P*0'  +  2H'0,  soluble  with 
deep  blue  colour  in  excess  of  the  sodium  salt.     The^^rroiw,  sine,  mercurouSy  lead^  tod 
silver  salts  are  likewise  soluble  in  excess  of  the  sodium  salt,  the  mercuric  and  diromit 
salts  insoluble.    The  normal  pyrophosphates  of  the  heavy  metals  are  not  altered  bj 
boiling  with  water  or  neutral  saline  solutions  ;  they  are  soluble  in  dilute  acids,  and 
are  at  first  precipitated  /rom  their  solution  in  sodium  pyrophosphate  by  sulphuric  acid, 
but  are  redissolved  by  an  excess  of  it.     Some  of  them  (the  ferrous,  ferric,  cuprie,  and 
zinc  salts,  but  not  the  lead,  mercurous,  or  chromic  salts)  are  precipitated  from  this  sob- 
tion  containing  the  smallest  possible  quantity  of  free  acid,  by  heat«  with  their  onginsl 
composition  but  with  altered  properties,  being  then  soluble  in  ammonia,  but  not  in 
sodium  pyrophosphate,  dilute  sulphuric  acid,  or  the  original  metallic  salt  (chloride, 
sulphate,  &c.).     Gladstone  regards  these  abnormal  pyrophosphates  as  allotiopic  modi' 
fications,  wliich  do  not  appear  to  exist  in  free  pyrophoephoric  acid  or  in  the  pyrophofl- 
phatos  of  the  alkali-metals,  inasmuch  as  the  abnormal  cuprie  salt  decomposed  by 
hydrogen  sulphide  yields  ordinary  pyrophosphoric  acid,  and  the  abnormal  ferric  sslt 
decomposed  by  caustic  potash  yields  the  ordinary  potassium  salt.     The  reaction  of  the 
fbrric  salt  may  be  used  for  the  detection  of  pyrophosphoric  acid,  namely  by  adding  & 
few  drops  of  ferric  chloride  to  the  solution  of  the  salt,  either  neutral  or  prepared  inth 
the  smallest  possible  quantity  of  cold  sulphuric  acid,  redissolving  the  rosnlting  prfci* 
pitate  in  the  smallest  possible  quantity  of  sulphuric  add,  and  heating  the  liquid  to  the 
ix>iling  point,  whereupon,  if  pyrophosphoric  acid  is  present^  a  white  flocculent  os 
gelatinous  precipitate  is  formed. 
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Pyrophosphoric  acid  may  be  distinguished  from  ortho-  and  meta-phosphorie  acids 
by  means  of  a  solution  of  letUeo-cobaltic  chloride^  which  produces  in  solutions  of  alkaline 
pyrophosphates  a  reddish-yellow  precipitate,  immediately  in  moderately  dilute  solutions, 
only  on  agitation  in  case  of  great  dilution  (C.  D.  Braun,  TkUschr.  anal,  Chem,  iii.  468). 

VBOTBVB.    Fritzschc's  name  for  pure  anthracene  (p.  176). 

See  the  next  article. 


A  blue  colouring  matter  produced  by  the  action  of  oxidising 
agents  in  sunshine  on  cyanlne  or  chinoline-blue  (p.  430).  It  is  most  abundantly  pro- 
duced by  agitating  a  mixture  of  10  pts.  concentrated  alcoholic  solution  of  cyanine  and 
100  pts.  water  at  ordinary  temperatures  with  3  or  4  pts.  lead  dioxide,  till  it  is 
decolorised,  exposing  the  clear  filtered  liquid  to  the  sun  till  it  has  acquired  a  deep 
blue  colour,  filtering  again,  exposing  the  filtrate  to  sunshine,  and  repeating  this 
treatment  fire  or  six  times.  The  presence  of  a  small  quantity  of  acid  or  alkali  inter- 
feres with  the  formation  of  photocysjiine.  This  substance  is  gradually  bleached  by 
ozone  ;  by  exposure  to  light  it  is  decomposed  more  quickly  than  cyanine,  and  finally 
converted  into  soluble  red  photerythrine,  orin  absence  of  oxygen  into  an  analo- 
gous brown-red  colouring  matter.  Photocyanine  is  likewise  converted  into  photery- 
thrine by  repeatedly  treating  its  alcoholic  solution  with  aqueous  chlorine,  bromine,  or 
iodine,  and  then  with  reducing  agents,  or  by  exposing  it  to  sunshine  or  even  to  diffused 
daylight.  The  solution  of  photerythrine  has  a  colombo-red  colour,  not  altered  by 
dilute  alkalis,  but  changed  to  violet  by  dilute  acids.  It  is  likewise  decolorised  by 
ozone,  chlorine-water,  &c.,  and  then  reddened  again  bv  sunshine  (not  by  reducing 
agents)  with  continually  diminished  intensity  of  colour,  till  the  whole  of  the  colouring 
matter  is  destroyed.  The  soluble  colouring  matter  produced  from  photocyanine  by 
the  action  of  sunlight  in  absence  of  oxygen  exhibits  similar  reactions  (Schonbein, 
Ann,  Ch.  Phys,  [4]  vii.  462 ;  Jakresb,  1865,  p.  424). 


PBBAOMZTB8.  The  ash  of  different  organs  of  the  common  reed  {PhragmUea 
eommunU)  has  been  analysed  by  J.  Eittbogen  {Jahresb,  1865,  p.  639). 

9STWULLXC  ACI2>.     C"H«0«  »    C«H*  j  qoOH'     ^^ocarbobeneoio  Acid,    Di- 

carbobenzolio  Acid. — This  bibasic  acid,  derived  from  benzene  by  substitution  of  2  at. 
carboxyl  for  2  at.  hydrogen,  is  susceptible  of  three  modifications,  according  to  the 
relative  positions  of  the  two  carboxyl-groups ;  namely : 

Orthophthallo  Metftphthalio  Paraphthallo 

1:2  1:3  1:4 

The  first  of  these  is  the  phthalic  acid  described  in  vol.  iv.  p.  628,  as  produced  by 
oxidation  of  naphthalene,  alizarin,  purpurin,  and  munjistin ;  the  second,  also  called 
isophthalic  add,  is  formed  by  oxidation  of  meta-xylene  or  iso-xylene  (p.  293) ;  the 
third  is  terephthalic  acid,  produced  by  oxidation  of  turpentine  oil,  cuminic  acid, 
cuminic  aldehyde,  xylene,  and  other  aromatic  hydrocarbons  (v.  724). 

1.  Orthophthalic,  or  simply  Phthalio  acid,  is  also  produced:  a.  Together 
with  benzoic  acid,  formic  acid,  and  carbon  dioxide,  by  oxidising  benzene  with  man- 
ganese dioxide  and  sulphuric  acid,  its  formation  being  due  to  the  combination  of 
benzoic  acid  with  formic  acid,  and  simultaneous  oxidation : 

C»H».COOH  +  HCOOH  +  O  «  H»0  +  C«H*(COOH)« 
Benzoio  Formic  Fbthallc 

(Carius,  ZeiUchr,  f.  Cham,  [2]  iv.  706). 

fi.  Together  witJi  carbon  dioxide,  by  oxidising  naphthalene  with  manganese  dioxide 
and  sulphuric  acid ;  and  together  with  dinaphthyl  and  a  brown  resinous  bc^y,  by  treating 
naphthalene  with  potassium  dichromate  and  sulphuric  acid  (Lossen.  Ann.  Ch.  Pharm. 
cxltv.  71 ;  see  page  844). — 7.  Together  with  carbon  dioxide,  and  several  additive 
and  substitution  products,  by  the  action  of  chlorous  acid  on  naphthalene  (Hermann, 
Zeitschr,  /.  C*«».*[2]  iv.  661 ;  see  page  844). 

Hithalic  acid  crystallises  from  aqueous  solution  in  shining  monodinic  crystals,  and 
by  slow  evaporation  in  very  large,  prismatic,  radially  united  forms,  with  rounded 
summits ;  by  cooling  of  the  hot  solution  in  small  tables  (Carius).  According  to 
Scheibler  {ZeUackr.  /.  Chem.  [2]  iv.  719),  the  crystals  are  rhombic  prisms,  exhibiting 
the  combination  ooP .  oP .  00^00  .Poo.  It  melto  at  170^-180^  (Carius),  at  184^ 
(Lessen). 

Phthalic  acid  neutralised  with  sodium  carbonate  and  treated  with  sodium-amalgam, 
is  converted  into  hydro  phthalic  acid,  C*H"0*  (Graebe  a.  Bom ;  vid,  inf.).  Heated 
with  ginc-diut,  it  is  reduced  to  benzoic  aldehyde  (Baeyer,  Jahrah.  1866,  p.  678). 
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Ilcjited  irith  80  pt«.  saturatod  hydriodic  acid,  it  yields  heptaDe,  CH^,  and 
quantity  of  octane,  C*H**: 

C»n«0*  +  14HI  «  C^H"  +  C0«  +  2HH)  +  7P 

C»H-0*  +  20HI  -  C»H>»  +  4H«0  +  101*. 

Tercphthalic  acid  treated  in  a  Bimilar  manner  yields  only  heptane  (Berthelflt). 

Mitallic  Phthalates. — A  solution  of  phthalic  acid  half  neutralised  'vith  b&rrtA- 
water  and  evaporated,  yields  rhombic  prisms  of  the  acid  barium  tali,  (CHH)^fB4. 
This  salt  dissolves  in  hot  water,  and  gives  off  at  150^-200^  such  a  qnsctitr  d 
phthalic  acid  that  the  residue  has  nearly  the  composition  (0*H*0*)'Ba*H'.  The  saac 
salt  is  obtained  in  crystalline  crusts  when  a  solution  of  the  acid  neatnlissl  vi:^ 
baryta-water  is  left  to  evaporate.  The  nfutral  ealeium  sail,  C"H«0*Ga  •»•  HH). » 
obtained  by  spontaneous  evaporation  in  shining  rhombic  prisms  which  give  off  tkir 
water  at  IGO*'.  The  euprio  salt,  C«H*0*Cu  f  H'O,  prepared  by  adding  cspx 
sulphate  to  phthalic  acid  neutralised  with  baryta-water,  is  easily  sdoble  in  ^ 
water,  and  crystallises  in  shining  rhombic  prisms,  which  give  off  their  water  st  1^" 
(Hermann,  Ann.  Ch.  Pharm.  cli.  78). 

Ethyl  Phikalate,  C«H«0«.(C«H»)«,  may  be  obtained  by  passing  hydrochloric  acid sss 
into  an  alcoholic  solution  of  phthalic  acid  ;  when  purified  it  is  a  colourless  ioodoica 
oil,  boiling  at  288°  (corr.  295^)  (Graebe  a.  Bom,  Jahreah.  1866,  p.  411). 

On  Chiorophthalie  and  Nitrophthalie  acid,  see  Faust  {Zeiischr,/.  Ckem,  [2]  v.  Id:). 

2.  Metaphtkalic  or  Isophthalic  acid  is  produced  by  the  oxidising  artioa ci 
potassium  dichromate  and  sulphuric  acid  on  meta-zylene  (p.  293),  and  separatee  £ps 
the  filtered  solution  in  slender  needles  an  inch  long,  which  melt  above  300°,  ixc 
volatilise  without  blackening.  Its  crystalline  character  distinguishes  it  fircon  ust- 
phthalic  acid,  which  is  an  amorphous  powder.  The  barium  and  calcium  salts  d 
motu phthalic  acid  form  long  needle-shaped  crystals,  very  soluble  in  water  (Fitti|r  a- 
Velguth,  Zeitschr.  /.  Chem.  [2]  iii.  626.  Fittig,  i/nd.  v.  20).  Metaphthalic  atid  u 
also  produced  by  the  action  of  sulphuric  acid  on  hydropiehnitic  and  liydropjiTO- 
mellitic  acids  (Baeyer,  p.  812). 

3.  Paraphthalio  or  Terephthalic  acid  is  produced  by  oxidation  of  nreral 
hydrocarbons  (v.  72d),  and  in  particular  of  parazylene  or  methyl-toluene  by  ebioa''^ 
acid  mixture  (Fittig,  loc.  cU,)\  in  like  manner  from  diethyl-benzene : 

C«HO^g!  +  0"  =  2C0«  +  4H«0  +  C«H*|^^^g 

(Fittig  a.  Eonig,  Jahresb.  1867,  p.  610) ;  and,  together  with  acetic  acid,  by  the  actice 
of  chromic  acid  on  amyl-toluene : 

^*^ic*H»  +  ^'*  "•  ^^icO«H  "^  2C>H*0«  +  2H«0 

(Bigot  a.  Fittig,  ibid.  668).  It  is  also  formed,  together  with  phthalic  acid,  m  the 
oxidation  of  benzene  by  manganese  dioxide  and  dilute  sulphuric  add  (A.  E- 
Oudemans  jun.,  Zeitachr.  f.  Chem.  [2J  v.  84) ;  by  the  action  of  strong  potash-ley  at 
the  boiling  heat  on  phenylenc  cyanide:  C«H'(CN)«  +  4HK)  «  2NH«  +  C^^OO'H)* 
(Irelan,  ibid.  165) ;  and  in  very  small  quantity,  together  with  metaphthalic  add,  by 
the  action  of  sulphuric  acid  on  hydropyromellitic  acid  (Baeyer). 

Terephthalic  acid  heated  with  80  pts.  of  satuiated  aqueous  kydiiodie  add  ji^'^ 
heptane  as  sole  product  (p.  696). 

On  the  crystaUisation  of  ethyl  terephthalate,  see  Oudemans  (loo,  cit.). 

Hydropbtluaio  JLoid.  C*H"0*  (Graebe  a.  Bom,  Ann.  Ch.  Pharm.  czUi.  330).- 
Prodnced  b^  the  action  of  nascent  hydrogen  upon  phUialic  add.  A  solution  of  1  pt* 
phthalic  acid  and  1  pt  ciystallised  sodium  carbonate  in  8  pts.  of  cold  water  is  treaud 
in  the  cold  with  sodium-amalgam  till  (in  8  to  14  days)  the  precipitate  formed  in  a  aam^* 
of  the  liquid  dissolves  in  acetic  acid.  The  brown  liquid  is  then  neutralised  with  hydio- 
chloric  acid,  filtered  to  separate  a  brown  substance,  and  the  h^drophthalic  add  is 
separated  from  the  filtrate  by  further  addition  of  hydrochloric  acid. 

Hydrophthalic  add  purified  by  recry8tallisation,*with  addition  of  animal  cbareMl 
forms  hard  tabular  monoclinic  prisms  (with  angles  of  nearly  100®  and  80^),  deariog 
parallel  to  the  end-face.  100  pts.  water  dissolve  0*98  pL  of  the  acid  at  ordinary 
temperatures,  7*3  pts.  at  100°.  It  is  moderately  soluble  in  alcohol,  sparinglj  i° 
ether;  the  solutions  have  a  strong  add  reaction,  and  decompose  carbonates.  Cs^"^ 
chloride  forms  in  concentrated  solutions  of  the  add,  especially  when  waim,  a  pi^ 
dpitate  easily  soluble  in  acids  ;yiTrt0  chloride  forms  with  solutions  of  hydrophthalatai 
a  brown,  cupric  sulphate  a  green,  lead  acetate,  neutral  or  basic,  a  white  precipitate ; 
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the  lead  precipitate  is  soluble  in  acetic  acid  as  well  as  in  excess  of  the  precipitant. 
Merounma  salts  form  white  precipitates,  becoming  grej  at  the  boiling  heat ;  mercurio 
chloride  yields  on  boiling  a  precipitate  of  calomel. 

Hjdrophthalic  acid  is  bibasic,  forming  acid  and  neutral  salts,  the  former  crystal- 
lising the  more  easily.  The  easily  soluble  sodium  salt  forms  spherical  groups  of 
shining  laminae.  The  neutral  barium  salt^  C*H*0*Ba,  separates  on  evaporation  in 
nacreous  crusts,  easily  soluble  in  warm,  less  soluble  in  cold  water.  The  acid  barium 
salt,  (C*H'0*)*Ba  +  H*0,  forms  stellate  groups  of  crystals,  easily  soluble  in  water, 
sparingly  in  alcohol,  becoming  anhydrous  at  120^-130^.  The  neutral  calcium  salt, 
C*H*O^Ca,  and  the  acid  salt,  (CH'0^)*Ca,  are  slightly  soluble  in  water,  and  crystallise 
indistinctly.  The  lead  salt,  C*H*O^Pb,  is  a  crystalline  powder  nearly  insoluble  in 
water,  easily  soluble  in  dilute  acetic  acid.  The  silver  salt  is  a  white  precipitate, 
moderately  soluble  in  water,  becoming  black  on  boiling,  and  depositing  silver, 
especially  in  presence  of  ammonia. 

Decompositions. — 1.  Hydrophthalic  acid  heated  above  200°  gives  off  water  and 
melts  to  a  yellow  liquid,  which  decomposes  partially  at  a  higher  temperature,  yielding 
a  yellow  oily  solidifying  distillate,  from  which  by  recrystallisation  from  alcohol, 
phthalic  anhydride,  C"H^O',  is  obtained. — 2.  Heated  wiUi  soda-lime  it  is  resolved 
into  benzene,  hydrogen,  and  carbon  dioxide : 

C*H«(CO«H)«  -  OB*  +  2C0*  +  H«. 

3.  With  phosphorus  pentachloride,  it  yields  benzoyl  chloride,  cacbon  monoxide, 
hydrochloric  acid,  and  phosphorus  oxychloride : 

C«H«(CO=H)«  +  2Pa»  -  C«H»(C0C1)  +  CO  +  3HC1  +  2FGCl\ 

4.  Heated  with  strong  sulphuric  acid,  it  yields  phthalic  acid,  benzoic  acid,  and  carbon 
monoxide : 

cm\comy  +  so*h«  =  c*h^(co«H)»  +  2H«o  +  so« 

and 

C«H"(C0«H)«  =  (?'H»(CO«H)  +  CO  +  H«0. 

5.  A  solution  of  hydrophthalic  acid  heated  with  a  slight  excess  of  bromine  yields 
benzoic  acid,  hydrobromic  acid,  and  carbon  dioxide  (with  a  small  quantity  of  phthalic 
acid^  • 

C«H«(CO«H)«  +  Br»  =  C«H*(CO«H)  +  2HBr  +  C0«. 

6.  Fused  with  potassium  hydrate,  it  yields  benzoic  acid,  together  with  hydrogen  and 
carbon  dioxide : 

C«H«(C0*H)"  «  C«H»(CO«H)  +  H«  +  C0«. 

7.  By  oxidation  with  dilute  nitric  acid  or  with  chromic  acid,  it  is  converted  into 
benzoic  and  phthalic  acids. — 8.  The  alcoholic  solution  of  hydrophUialic  acid  treated 
with  hydrochloric  acid  gas,  yields,  not  hydrophthalate,  but  benzoate  of  ethyl,  perhaps 
together  with  formate,  according  to  the  equation  : 

C«H«(CO»)H«  +  2C»H»0  -  C«H*(CO«C«H*)  «  HCO«C«H»  +  2H«0. 

Bydrotere phthalic  acid,  C^B*0*,  ia  formed  by  treating  terephthaltc  acid  in 
moderately  soluble  concentrated  alkaline  solution  wiUi  sodium-amalgam  for  several 
days,  and  separates,  on  neutralising  with  hydrochloric  acid,  as  a  white  flocculent 
precipitate,  quite  insoluble  in  water,  and  reducing  ammoniacal  silver  solution  at  the 
boiling  heat  (R.  Mohs,  Zeitsehr.f.  Chem,  [2]  iii.  68). 

VBTBAJblO  AXnwxnm,  C*H*0',  is  formed  by  the  action  of  zinc  and  hydro- 
chloric acid  on  phthalic  chloride.  When  dissolved  out  by  ether  and  purified,  it  forms 
a  white  slightly  aromatic  substance,  melting  at  66°,  easily  soluble  in  alcohol  and 
ether,  slightly  soluble  in  cold,  more  abundantly  -in  hot  water,  and  crystallising 
therefrom  in  small  rhombic  tables.  The  warm  aqueous  solution  solidifies  with 
sodium  bisulphite  to  a  mass  of  silky  needles  (Kolbe  a.  Wischin,  Chem.  Soc.  J,  [21 
iv.  339). 

Phthalic  aldehyde  is  also  the  chief  product  formed  by  the  action  of  magnesium  on 
a  solution  of  phthalic  chloride  in  glacial  acetic  acid.  It  volatilises  at  180°  with 
vapour  of  water,  and  exhibits  remarkable  stability,  perhaps  arising  from  the  union 
of  each  of  its  oxygen-atoms  with  two  atoms  of  carbon,  as  represent^  by  the  formula 


C^<j^^^5<^0  (Baeyer,  Zeitschr.  /.  Chem.  [2]  v.  899). 
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C*II*0*,  is  produced   in  the  deeomp(at}<]&  of 

hydrophthalic  acid  by  heat  (p.  943).  It  melts  at  128°  (Lossen ;  Carins ;  Henaaai; 
at  129°  (Qraebe  a.  Uorn);  the  melting  point  105°  giren  by  Lament  (It.  631)  ia 
much  too  low  ;  boils  at  276°  (Lossen). 


C"H'0-C1',  produced  by  the  action  cf  phcfpbcra 
pentachloride  on  phthalic  acid  or  anhydride  (iv.  633),  boils  at  270°  (H.  Mmler)  a: 
268°,  and  solidifies  at  0°  rWischin,  Ann.  Ch.  Pharm.  cxliii.  259;yaAfei.  186:, 
p.  722).  It  is  but  slowly  aecomposed  by  water  or  \-j  aqoeous  sodium  carb(^^ 
Zin&>ethyl  conrerts  it  (dissolved  in  benzol)  into  phenylene-diethjl  ketone  (Wiachii): 

C«H*(C0C1)«  +  Zn(C«H»)«  «  ZnQ*  +  CTI*(C^*)*CH)*. 

Phthalic  chloride  dissolves  in  glacial  acetic  acid,  and  on  heating  the  solatks. 
hydrochloric  acid  is  given  off,  and  a  crystalline  body  is  formed,  which  is  decompOBe. 
by  water,  and  doubtless  consists  of  acetophthalic  anhydride: 

C«H*(C0C1)«  +  2C'H«0(0H)  «  2Ha  +  C-HXCO.O.CHK))* 

When  magnesium  ia  added  to  a  solution  of  phthalic  chloride  in  about  20  pts.  gii>^ 
acetic  acid,  and  the  resulting  liquid  is  neutralised  and  agitated  with  ether,  phthal^: 
aldehyde  is  obtained  as  principal  product,  together  with  a  small  quantity  of  oil 
volatilising  easily  with  vapour  of  water,  and  having  approximately  the  oomposti'^ 

of  the  anhydride  of  phthalic  alcohol,  C*H<  |  q^I^O  (Baeyer,  Zeitsckr.  /.  Oem.  [2] 


T. 

PHTKAliOSinbVBUBXO  ACZB,  C«H*SO',  analogous  to  succioyl-enlpi)^^ 
acid,  is  formed,  according  to  0.  Loew  {Ann,  Ch.  Pharm,  cxliii.  257),  by  h^'''4 
phthalic  acid  to  100°- 105°  for  some  time  with  excess  of  snlphuric  anhydride,  a^ 
letiving  the  product  exposed  to  moist  air.  It  solidifies  to  a  cryBtalline  mas  vhf^ 
evaporated  in  a  vacuum  over  sulphuric  acid,  but  its  salts  are  uncrTstallisahle.  ^' 
aqueous  solutions,  as  well  as  that  of  the  acid,  are  deoomposod  by  boiling  or  }J 
gradual  evaporation,  with  liberation  of  sulphuric  acid.  The  barinm  salt  oonui&i 
C'H^SOTBa. 

»RT&UBSCITAnnr.  C*«H"0".H>0.— A  tannin  existing  in  the  si^ 
leaflets  of  the  horse-chestnut,  as  long  as  they  remain  enclosed  in  the  buds  (Bochleder, 
Jahresb.  1866,  p.  694). 

WWWlULOCrAMtO  AOIB  and  TWTtAOMJkWrmnt  (iv.  633).—Acecf^ 
to  later  experiments  by  Fr&my  (Bull.  Soc.  Chim.  [2]  v.  464  ;  Jakrtsb.  1865,  p.  ^^^ 
appears  tliat  pure  chlorophyll  is  resolved  into  these  two  bodies  by  boiling  with  bsiT^ 
water,  both  separating  in  tne  insoluble  form,  the  former  as  barium  salt.  On  tnstiB| 
the  precipitate  with  alcohol,  the  phylloxanthin  dissolves,  whilst  the  insoluble  baniai 
phyllocyanate  decomposed  by  sulphuric  acid  yields  phyllocyanic  acid  soluble  a 
alcohol  and  ether. 


Further  details  respecting  the  preparation  and  peopegiJ^ 

of  this  base,  the  poisonous  principle  of  the  Calabar  ^an,  have  been  given  by  H<^ 
(Ann.  Ch,  Pharm.  cxli.  82;  Jahresb.  1867,  p.  628).  Its  composition  is  C»»H">v. 
Potassio-mercuric  iodide  throws  down  from  its  salts  a  white  easily  fusible  V^P^ 
of  the  double  salt,  C'»H«'NH)« .  HI .  HgP.  Physostigmine  throws  down  feiric  oe» 
from  a  neutral  solution  of  ferric  chloride ;  forms  a  kermes-coloored  precipitste  ▼>»  * 
solution  of  iodine  in  potassium  iodide ;  and  is  precipitated  by  tannic  acid,  meicBi'^ 
chloride,  and  auric  chloride,  but  not  by  platinic  chloride. 

PXOOZiZirav  OH'N,  is  produced  by  the  distillation  of  aaolein-ammonia.  ^ 
reaction  explains  the  formation  of  picoline  in  the  dry  distillation  of  animal  nthsUoe^ 
The  fats  yield  acrolein,  and  this  compound,  in  contact  with  ammonia  at  a  hightenip^ 
ratoze,  yields  first  acrolein-ammonia,  C*H*NO,  and  then  picoline : 

2C»H*0     +     NH«     -    H*0     +     C«H»NO 
and 

C^»NO     =     H«0     +     C«H'N 

(Baeyer,  Zeitsthr.f.  Chem.  [2]  y.  670). 


[  See  AwnoFHBMOLS  (p.  915). 
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9XCSZO  AOZB.    See  TaiNmoFHBKOL  (p.  911). 
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C»«H»H)'  (iV.  641).— ThiB  body  is  obtained  with  peculiar 

facility  in  the  pure  state  by  boiling  erythrin  for  neveial  hoon  with  amyl  alcohol : 

C»H«0"  +  C»H"0  -  C■H*O^C»H"  +   C"H>«0» 
KiTthzlii,  Amyl  Amyl  onelllnate.     Plcroerythrlii. 

aloohol. 

When  the  reaction  is  complete,  part  of  the  alcohol  is  distilled  off,  and  the  remaining 
liquid  is  heated  oyer  the  water- bath,  whereupon  amyl  orsellinate  separates  as  an  oily 
layer,  while  the  picroerythrin  ^stallises  from  the  filtered  liquia  at  about  40^  in 
white  silky  prisms  consisting  of  C;'*Hi*0' .  SHH)  (Hesse,  Jahreab,  1866,  p.  669). 


[d  AOIB.  Maly  (Ann,  Ch,  Pharm,  czsdx.  94 ;  cxxzii.  253 ;  ZeiUckr. 
/.  Ckem,  [2]  t.  304)  regards  this  acid  as  identical  with  hia  abietic  add,  C^H^^O* ; 
but  Duvemoy  (Ann.  Ch.  Piarm.  cadviii.  143 ;  ZeiUehr,  [2]  v.  303),  working  under 
Strecker^a  direction,  has  confirmed  the  resulU  obtained  by  Laurent  and  by  Siewert 
(iy.  615),  according  to  which  pimaric  add  is  isomeric  with  sylyic  add,  and  has  the 
composition  C*H"0*. 

Pimaric  acid  prepared  from  French  galipot  by  washing  with  cold  dilute  alcohol 
till  that  liquid  no  longer  becomes  yellow,  and  crystallising  from  boiling  alcohol,  forms 
hard  granular  crusts,  appearing  under  the  microscope  to  be  made  up  of  well-defined 
rectangular  ciystala ;  it  is  insoluble  in  water,  slightly  soluble  in  cold,  freely  in  hot 
alcohol  and  ether.  It  melts  at  149^,  and  boils  at  a  temperature  aboye  320° 
(Duyemoy);  according  to  Laurent,  it  melU  at  125°,  according  to  Sieyert  at  155°. 

Sodium  pmarate,  C^H"0*Na  +  4H*0,  separates  from  a  solution  of  the  add  in 
excess  of  yery  dilute  soda-ley,  in  shining  crystals,  and  is  obtained  by  recrystallisation 
from  alcohol  in  nacreous  laminae.  It  is  nearly  insoluble  in  cold  water,  easily  soluble 
in  hot  water,  also  in  alcohol  and  ether ;  a  lazge  quantity  of  water  decomposes  it  into 
t^J^  add  salt  and  free  alkali.  It  giyes  off  its  water  at  100°,  and  is  not  decomposed  at 
140°.  An  aeid  T^tasnum  $alt,  C»H»0«K .  2C*H««0«,  separates  in  the  crystalline 
form  when  pimanc  add  is  added  to  hot  alcoholic  potash  till  the  alkaline  reaction  is 
nearly  neutralised ;  it  dissolyes  sparingly  in  water,  easily  in  alcohol,  and  melts  at 
121°.  The  neutral  potassium  salt  was  obtained  in  yery  small  quantity  only.  The 
acid  ammonium  salt,  C>*H**O^NH*).C^H'*0',  separates  from  a  solution  of  the  acid 
in  aqueous  ammonia,  in  long  silky  needles,  soluble  in  water,  but  decomposed  by  a 
large  quantity  of  water.  The  moffnesiumf  calcium^  barium,  gtrontium,  and  lead  salts 
may  be  easily  prepared  from  the  sodium  salt  and  purified  by  alcohol  and  ether.  The 
silver  salt,  C^H'*0'Ag,  quickly  turns  red  on  exposure  to  light.  Laurent  a.  Sieyert 
describe  all  these  salts  as  unciystalline ;'  Laurent  indeed  indicates  the  unciystallisa- 
bility  of  the  lead  salt  as  affording  a  distinction  between  pdmaric  and  sylyic  adds ; 
Duyemoy,  howeyer,  obtained  the  lead  salt  crystallised  from  ether. 

"When  hydrochloric  acid  gas  is  passed  into  an  alcoholic  solution  of  pimaric  acid,  a 
modified  pimaric  add  is  deposited,  as  a  crystalline  precipitate,  which  forms  with 
ammonia,  not  a  crystalline,  but  a  gelatinous  salt.  The  fzie  add  melts  at  143°,  and 
crystallises  from  alcohol  in  microscopic  truncated  triangular  plates.  This  modifica- 
tion, as  well  as  the  former,  turns  the  plane  of  polarisation  to  the  left. 

Pimaric  add  yields,  by  distillation,  a  yellow,  transparent,  brittle,  add  resin,  the  alco- 
holic solution  of  which  does  not  deposit  crystals.  The  ammonium  salt  of  this  acid  is 
gelatinous  when  first  prepared,  but  changes  in  a  few  days  into  needle-shaped  crystals. 
The  free  acid  melts  at  129°,  and  is  not  therefore  unaltered  pimaric  acid,  as  stated  by 
Sieyert.  Sylyic  acid  prepared  from  colophony  melta  at  129°,  and  likewise  yields  a 
gelatinous  ammonium  salt  (Duyemoy;  see  also  Strecker,  Ann.  Ch,  Pharm, cl.  131). 

vnoUiZO  AOZBy  C^H^'O*,  is  formed,  together  with  other  products,  by  fusing 
camphoric  acid  with  potash  (Hlasiwetz  a.  Gralx>wski).  See  Camfhobic  Acid  (p.  389). 

VSVACOn*  CH*H)'. — ^The  following  additional  obserrations  on  this  body 
haye  been  made  by  Friedel  (Zeilsekr.  f.  Chem,  [2]  y.  485).  Pinacone  is  not  suscep- 
tible, as  supposed  by  linnemann  (iy.  648),  of  two  modifications,  one  liquid  and  the 
other  solid,  uie  supposed  liquid  modification  being  merely  in  a  state  of  siurfiision,  like 
water  cooled  under  certain  drcumstances  below  0°.  In  fact,  pinacone,  when  distilled 
in  an  oil-bath,  may  remain  fiuid  for  a  long  time  after  cooling,  but  rapidly  crystallises, 
with  rise  of  temperature,  on  rubbing  the  sides  of  the  yessel  with  a  glass  rod. 

Pinacone  exhibits  the  chemical  relations  of  a  glycoL  On  treating  it  in  the  cold 
with  hydroohlorie  acid  gas,  a  chlorinated  product  is  obtuned  which  is  decomposed  by 
distillation,  and  when  treated  with  potash  yields  pinacolin,  (>H"0  (iy.  647).  This 
latter  product  is  likewise  formed  by  treating  pinacone  with  glacial  acetic  acid. 
Pinacone  is  not  conyerted  into  pinacolin  by  merely  heating  it  strongly  in  a  sealed 
tube.  Phosphorus  pentachloride  acts  strongly  on  pinacone,  converting  it,  with  evolution 
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of  hTdxocIiloric  acid«  into  a  eUoride,  vhich  appean  to  liaT«  the  tamporil&aai  of 
hezylene  chloride,  C*H>'G1*,  and  boila,  apparently  with  dacomposition,  at  aboot  16(P. 
Treated  with  aodium  this  chloride  yields  an  oily  liquid  boiling  between  CO**  and  70», 
and  apparently  consisting  of  hezylene.    Friedel  represents  pinaoone  by  th«  IbaBiila 

H»0        CH* 

HOC COH 

H«C        CH» 


that  is  to  say,  as  tetmmethylated  etbyl-glyodl,  and  the  hezylene  obtained  fkom  it  ss 

tetramethylated  ethylene. 

PIvaBIO  AC».  Ci*H>*0«  =>  C"H*0'.CO*H  (Fittig  a.  Mieiek,  Atm^  OL 
Pharm,  clii.  26 ;  Zeitschr.f.  Ckem,  [2]  v.  826).— This  acid,  prepared  aocoxdiiig  to  the 
method  of  ▼.  Babo  a.  Keller  (iy.  653)  by  heating  piperine  with  alooholie  potash,  and 
purified  by  separation  from  its  potassium  salt  and  reaystaUisation,  melts  in  the  trA 
instance  at  216^-217® ;  but  after  being  once  fused,  it  melts  constantly  at  212<*-21**, 
not  at  150^  as  stated  by  v.  Babo  a.  Keller.  When  heated  a  few  degrees  abore  its 
melting  point,  it  sublimes  with  partial  decomposition  in  slender  needles.  It  may  be 
heated  with  pure  toater  to  230°  for  days  without  sensible  deoomposition,  but  betweea 
235°  and  245°  it  decomposes  completely  into  carbon  diozide  and  a  mizture  of  noo-add 
resinous  bodies.  Very  weak  hydrochloric  acid  appears  to  produce  the  same  deoranpo- 
sition  even  below  160°,  strong  hydrochloric  acid  at  100°.  Piperic  acid  heated  with 
quick  lime  decomposes  almost  completely  into  water,  carbon  diozide,  and  free  carbon, 
with  only  a  trace  of  an  oil  yery  much  like  phenol. 

Potassium  piperate  heated  with  et^l  iodide,  potash,  and  alcohol,  yields  only  ethylie 
piperate,  not  a  trace  of  ethylie  ethyl-operate.  Piperic  acid  is  not  decomposed  bt 
acetyl  chloride,  eyen  when  heated  therewith  in  sealed  tubes,  and  when  heated  with  kj/drt- 
odic  acid,  it  yields  only  a  trace  of  a  yolatile  iodine  compound :  hence  it  appears  that  th^ 
two  ozygen-atoms  in  piperic  acid  not  included  in  the  carbozyl  group  are  not  preeest 
as  HO,  or  as  CH«0.  C*H»0,  &c 

Piperic  acid  is  ozidised  by  chromic  add  mizture,  eyen  at  ordinary  temperatures, 
quickly  and  completely  at  a  gentle  heat,  the  only  products  being  water  and  earboe 
diozide.  Mized  m  neutral  solution  with  Bqneona  potassium  permanganate,  it  instanUy 
reduces  that  compound,  and  is  ozidised  to  piperonal,  G'H'O'  (p.  947X  togethtf 
with  ozalic  acid,  carbon  diozide,  and  water : 

C»«H»«0«  +  ()•  »  C«H«0»  +  C*HK)*  +  2C0«  +  HH). 

A  small  quantity  of  the  piperonal  is  further  ozidised  to  piperonylie  acid.  Dilate 
nitric  acta  acts  very  strongly  on  piperic  acid,  producing  a  red,  non-acid,  amorphoss 
body,  sparingly  soluble  in  the  ordinary  solvents,  and  completely  dissolyed  by  prolonged 
boiling  with  nitric  acid,  yielding  a  huge  quantity  of  ozalic  acid.  The  solution  filtned 
from  the  red  substance  contains  piperonal  or  a  nitro-deriyatiye  of  it^  which  crystallises 
well  and  melts  at  138°>139°. 

When  piperic  acid  is  triturated  with  a  small  quantity  of  water,  and  with  bramim 
gradually  aoided  to  it,  the  bromine  is  slowly  taken  up ;  and  on  washine  the  pxodaet 
with  water  and  dissolying  it  in  hot  alcohol,  unaltered  piperic  acid  crystallises  oat,  and 
the  nkother-liquor  leayes  on  eyaporation  a  non-acid  resmous  body,  which  when  dii^iUsd 
with  aqueous  sodium  carbonate,  yields  a  colourless  distillate  of   mo  nob  ro  mo- 

aeronal,  OH*BrO',  which  crystallises  in  the  oondensing-tube  in  needles.  This 
/  does  not  ezist  ready-formed  in  the  resin,  but  is  produced  from  it  by  the  action  of 
the  sodium  carbonate,  for  the  resin  does  not  yield  it  by  distillation  with  pore  wnttr. 
The  nature  of  the  constituent  of  the  resin  from  wbidi  the  bromopiperonal  is  fosvicd 
has  not  been  ezacUy  made  out ;  but  ift  appears  to  be  a  body  haying  the  compontioa 
C*H*Br*0*,  which  may  be  obtained  in  the  separate  state  by  agitating  1  moL  pipene 
acid  suspended  in  water  with  an  ethereal  solution  of  4  mol.  bromine,  whereapon  the 
piperic  acid  disappears,  and  a  heayy  red  ethereal  liquid  gradually  settles  to  the 
bottom ;  on  agitating  the  whole  with  solution  of  sodium  carbonate,  the  colour  disap- 
pears, the  ether  rises  to  the  top,  and  numerous  small  colourless  nacreous  i*n*^nf* 
separate,  the  composition  of  which  may  be  represented  by  the  formula  C*fi*Bt*0*. 
Prom  this  compound  the  bromopiperonal  may  be  found  aooording  to  the  equattoo  : 

C»H»Br»0«  «  C«H»BrO«  +   C0«  +  2HBr  +  H»0. 

Another  substance  remains  dissolyed  in  the  ether,  and  may  be  obtained,  by  eyapora- 
tion and  repeated  crystallisation  from  alcohol,  in  col(»urle8fl  prisms  whose  compoflitian 
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ma^  bejsepnMiitecl  empiruaOly  by  either  of  thefonbuUs,  C**H'Bi*0«  «r  0»Hi*Br>0^ 
This  body  gently  heated  with  strong  potaah-ley  yields  pipefonaL 

Hydropiperic  aeid»C**H>H>\rsacts  with  ozidiniig  agents  and  with  bromine 
Tery  moch  like  piperie  acid.  Treated  in  neatial  solation  with  potassium  perman- 
ganate, it  likewise  yields  piperonal ;  bat  the  reaetion  is  not  so  definite  as  witli  piperie 
acid ;  the  pipeional  which  distils  oyer  is  not  qnite  pore ;  and  the  residue  of  the  distilla- 
tion yields  with  hydroehloric  acid  a  bhiek  yiscid  resinous  precipitate. 

yxraUBarm  G»H"N  (Wertheim,  Aim.  Ck,  Pharm,  czxrii.  75).— This  base 
may  be  prepared  directly  ftom  pepper  by  distilling  the  alcoholic  extract  with  excess 
of  caustic  potash,  ultimately  with  addition  of  a  little  water.  The  nearly  colourless 
alkaline  distillate  containing  a  small  quantity  of  rolatile  oil,  together  with  piperidine 
and  ammonia,  is  saturated  with  sulphuric  or  hydrochloric  acid,  and  CTaporated  to 
dryness ;  the  residue  is  exhausted  with  absolute  alcohol ;  the  solution  again  evapo- 
rated ;  and  the  admixed  pepper-oil  is  separated  by  solution  in  a  small  quantity  of 
water,  filtering  through  a  wet  filter,  and  repeated  evanoration  over  the  water-bath. 
The  concentrated  aqueous  solution  is  then  decomposea  with  caustic  potash,  and  the 
oily  layer  of  piperidine  thereby  separated  is  rectified.  28  kilosr.  of  pepper  (white 
and  black  in  equal  parte)  thus  treated  yield  350  grm.  pure  piperimne. 

The  crystalline  forms  of  several  piperidine  salts  have  been  determined  by  Zepharo- 
vich  iWien.  Akad.  Bar,  lii.  [1]  241 ;  Jakreab.  1866,  {>.  479). 

XltroMplpertdisM.    C*H>«NK)  -  ^|^ko'*^    (Wertheim,   loo.   ei^.).— When 

piperidine  is  slowly  saturated  with  nitrous  acid,  a  dark  emerald-green  liquid  is  formed, 
which,  after  the  excess  of  nitrous  acid  has  been  removed  by  slowly  passing  carbon 
dioxide  through  it  at  30°-40°,  changes  to  a  wine-yellow  oil  having  a  pungently  aoid 
but  aromatic  odour ;  and  on  mixing  this  oil,  first  with  an  equal  volume  of  water,  then 
by  drops  and  in  a  well-cooled  vessel  with  strong  potash-ley,  a  yellowish-red  oil 
separates,  which,  by  agitation  with  dilute  hydrochloric  or  glacial  phosphoric  acid, 
drying  over  calcium  chloride,  and  rectification  at  160°,  yields  pure  nitrosopiperidine. 
This  compound  is  likewise  formed,  according  to  Bunge  (ZnUekr,/,  Ckeoh  [2]  v.  649), 
together  with  water,  by  distilling  piperidine  nitrite. 

Nitrosopiperidine  is  a  pale,  wine-yellow,  neutral  liquid,  having  an  unpleasant 
aromatic  odour  and  burning  aromatic  taste.  Sp.  gr.  l^OGSO  at  15'6°.  It  volatilises 
without  alteration  at  160''-180<',  and  boils  at  240^  with  partial  decompoeition.  Vapour- 
density  4*04  (calc.  3*94).  It  dissolves  with  moderate  facility  in  water,  much  more 
easily  in  acids,  especially  in  concentrated  acids,  and  is  precipitated  Uierefrom  by 
water,  also  in  aqueous  solution  by  common  salt. 

Nitrosopiperidine  is  reconverted  by  nascent  hydrogen  (sine  and  hydrochloric  acid) 
into  piperidine,  with  simultaneous  formation  of  ammonia  and  water : 

C»H»«(NO)N  +  3H«  «  C»H"N  -  NH»  +-  H«0. 

Heated  to  100**  in  hydrochloric  acid  gas,  it  yields  piperidine  hydrochloride  and 
cbloronitrous  acid : 

C*H»«N«0  +  2Ha  »  C»H»»N.HCl  +  NOa. 

At  ordinary  temperatures  hydrochloric  acid  gas  is  absorbed  by  nitrosopiperidine, 
forming  a  colourless  mass  probably  consisting  of  0*H'*N*0  .HCL  On  continuing  the 
passage  of  the  gas,  the  crystalline  compound  melts  to  a  syrupy  liquid,  Uie  increase  in 
weight  of  which  corresponds  to  the  formula  C*H**N*0 .  2HCil.  Both  these  salts  are 
completely  decomposed  by  water,  with  separation  of  nitrosopiperidine.  The  platino- 
diloride  has  not  been  obtained  (Wertheim). 

wmBXtTMa  G>'H*'NO*. — A  warm  solution  of  this  base  in  alcohol  containing 
hydrochloric  acid,  mixed  with  the  requisite  qjoantity  of  a  solution  of  iodine  in  potassium 
iodide,  deposits  on  cooling  steel-blue  prisms  of  the  compound  2C>*H*'N0'.HI" 
(Joigensen,  Zatmkr,  /.  Chem,  [2]  v.  675). 

PIvmosrJJb.  C»H«0«  -  C»H»0«.C3H0  -  C^»— O— CO— COH  (Fittig  a. 
Mielck,  Ann,  CK  Pkarm.  clii.  85 ;  Zeittchr,  /.  Okem.  [2]  v.  827  ;  Remsen  a.  Fittig, 
ZeiUchr,  [2]  vi.  97). — Produced  by  oxidation  of  piperie  acid  in  neutral  solution  wiUi 
potassium  permanganate  (p.  946)i  When  an  aqueous  solution  of  potassium  piperate 
18  mixed  with  permanganate,  each  drop  of  the  latter  is  almost  instantly  decolorised, 
and  brown  manganic  hydrate  is  separated.  The  solution  acquires  a  very  pleasant 
odour,  like  that  of  coumarin,  and  yields  piperonai  by  distillation. 

Piperenal  crystallises  from  water  in  colourless,  transparent,  highly  lustrous  prisms, 
an  inch  long  and  a  line  broad.  It  is  raaringly  soluble  in  cold  water,  more  easily  in 
hot  water,  easily  in  cold  alcohol,  and  in  all  proportions  of  boiling  alcohol  and  of 
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ether.  It  has  «  rwy  anee&ble  odour,  much  lika  that  of  eovmuia,  mdti  esa'7 
37*^,  and  boils  withoot  deeomposiUon  at  2699.  It  h&s  decidedly  the  AmtuR  t 
aldehyde,  forming  irith  acid  »odium  ndpkUe  a  eompoand  like  that  of  beoKae  is:--: 
crj-stallising  in  lamins  slightly  soluble  in  water  and  in  aleohol;  vitk  &L-. 
ammonia^  a  basic  compound  Tery  slightly  soluble  in  water.  By  further  csd^*- 
by  heating  with  alcoholic  potash  it  is  converted  into  an  acid  containing  sa  adi ' 
atom  of  oxygen.  It  is  not  altered  by  aqueous  alkalia,  but  paaseaorerataiaft  u-- 
poAcd  even  when  distilled  with  moderately  concentrated  potash-  or  wadMAet  1 
It  is  not  a  hydroxyl-phenol.  Heated  with  wat^  and  modium'-amulgu^  it  ] 
piperonyl  alcohol,  CHH)',  and  two  isomeric  bodies,  hydropiperoii  ^ 
iso-hydropiperoin,   C*'H' *0*,  analogous  to  hydrobenaoin. 

Bromofiperonal,  C*H*BrO*,  produced,  as  abore  deacribed  (p.  946),  bj  ti?*' 
piperic  acid  with  bromine,   and  distilling  the  product    with  sodium  caib:^; 
insoluble  in  cold,  somewhat  soluble  in  boiling  water,    eaailj  soluble  in  bot  ^  :^ 
in  cold  alcohol,  and  crystallises  from  alcohol  in    long,  flexible,  shining,  c^y.^-^ 
needles;  melU  at  129^,  Voktilises  perceptibly  at  70^,   and  so  easily  wiUinr<>::^ 
water  that  narrow  condensing  tubes  are  very  soon  stopped  up  by  it.  ^  Gol<i  !^ 
nitric  acid  conrerts  it  into  a  well-crystallised  nitro-oompound.     With  sodinia-si»^ 
it  yields  piperonal  and  its  products  of  reduction. 

Chlorinated  Derivatives  qf  Piperonal. — 1  moL  piperonal  and  1  ^r '^ 
phorus  pentachloride  mixed  together  at  ordinary  temperatores  pcoduoe  pip«f*-~'- 
chloride,  C'HK)' .  CHCl*,  according  to  the  equation : 

c»H»o«.cHo  +  pa»  -  pan)  +  c'h»o».chci«. 

This  compound  is  liquid,  boiUi  at  230<>-240^  but  decomposes  far  the  mo^  J^J 
distillation,  and  is  slowly  reconverted  by  water  at  ordinary  temperatm  J 
piperonal.  When  1  mol.  piperonal  is  heated  with  3  mol.  Pd*,  hydrochkric*^'*^ 
evolved,  phosphorus  oxychloride  distils  over,  and  there  remains aiwloorless or. </:^*^-- 
yellow  liquid,  consisting  of  dichloropiperonal  chloride,  C'HHU'O.CHCP  - 
boils  at  about  280^,  and  thickens  but  does  not  solidify  at  low  temperature.  I^  r-- 
tact  with  water  or  with  moist  air  it  is  quickly  resolved  into  hyaroehlonc  ati^  *'J 
dichloropiperonal,  C«H*a«0«  -  C'H«C1«0«.00H  or  C«H»C1»— O— CO-^' i; 
a  solid  body,  insoluble  in  cold  water,  easily  soluble  in  alcohol  and  in  tolnat,  a^ 
crystallising  fVom  the  latter  in  colourless  needles.  This  last  oompoond  bcsi«a  r^ 
water,  or  heated  to  100^  with  water  in  sealed  tubes,  gives  up  the  whole  ofiuwc^^ 
as  hydrochloric  acid,  and  is  converted,  with  elimination  of  carbon  dioxide  ^ 
protocatechuic  aldehyde,  C^HH)*,  isomeric  with  oxybenzoie  acid: 

OH^^a  +    2HH)    =    2Ha    +    C0«    +   C^H»^--OH 

"^-^O— CO— COH  ^"--^COH 

DIehloroplperonaL  BcoCocaisch'* 

aldehyde. 

Nitropiperonal,  C»H»(NO*)0«,  is  fbrmed  when  piperonal,  piperonyl  ak!ah<. 
hydropiperoSn,  or  isohydropiperoin,  is  warmed  with  nitric  add  of  sp.  gr.  l*'^*  A. 
pouring  the  resnlting  solution  into  water,  the  nitro-oompound  separates  as  a  up' 
yellow  crystalline  mass.  It  is  nearly  insoluble  in  cold  water,  but  dissolves  c*^^ 
hot  water  and  in  alcohol,  and  ciystallises  from  water  in  long  colourless  needles  vfaj» 
quickly  become  golden-yellow  on  exposure  to  the  air.  It  mdta  at  96*5®  (BemaeB  ^ 
Fittigy. 

Hydropiparoia.    C>*Hi«0«.— This  compound,  formed  by  the  action  of  m*^ 

hydrogen  on  piperonal,  is  nearly  insoluble  in  water  even  at  the  boiling  heat,  1^  P 
cold  slDohol,  sparingly  soluble  in  hot  alcohol,  and  separates  therefrom  on  eociJAg  ^ 
stellate  groups  of  hard  pointed  czystals  melting  at  202®. 

leokydropipertnn,  C**H*^0*,  is  also  nearly  insoluble  in  cold  water,  but  osj  <* 
recrystallised  fh)m  boiling  water.  It  dissolves  easily  in  alcohol,  and  may  there^ 
be  readily  separated  by  alcohol  firom  hydropiperom.  It  cirstallises  in  felted  cro^ 
of  long  soft  needles  which  melt  at  first  at  188®,  but  after  being  once  liqaefied^  ^ 
again  at  136®. 

Acetyl  chloride  oonyerts  hydropiperoin  slowly,  and  isohydropiperoin  more  qmc^T' 
into  hydropiperoin  chloride,  C**H"0«C1*,  as  zepxesented  by  the  foUoini« 
equation : 

C»H*0«— CH(OH)  CH'O^-CHCl 

1               +   2C«H«0a  «  2C«fl»O(0H)  +                  J 

C'H»0«— CH(OH)  CH*0«—CHC1 

Acetyl               Acetic  acid.  Hjdr 

dhlorido.  cb 


/ 
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This  chloride  is  nearly  infloluble  in  water  and  alcohol  at  ordinary  temperatnrei.    Bt 

frolonged  boiling  with  water  it  is  deoompoeed*  with  formation  of  hyamchlorie  acicL 
t  becomes  slightly  yellow  at  160^,  melts  at  198^,  decomposes  immediately  after 
fusion,  with  erolntion  of  gas,  and  is  conTerted  into  a  viscid  brownish-yellow  mara 
which  does  not  resolidify  on  cooling  (Kemsen  a.  FitUg).  See  fuither,  J»n,  Ch, 
Vharm.  clix.  129 ;  Chem.  Soe,  J.  [2]  ix.  934. 

FZra&OVTXi  AXiOORO&f  CH'O*,  also  a  product  of  the  action  of  sodimn- 
amalgam  on  piperonal,  forms  colourless  crystals  melting  at  61^.  It  is  very  sparingly 
fM>luble  in  water,  separates  therefrom  as  a  liquid,  and  remains  liquid  for  a  long  time 
in  contact  with  water.  In  alcohol  it  dissolves  in  ^most  all  proportions.  It  is  not 
Tolatile  without  decomposition.  With  acetyl  chloride  it  gives  off  hydrochloric  acid, 
and  forms  a  liquid  acetic  ether  (Bemsen  a.  FSttig). 

pmftOVTXiZO  JkOU^  CH'O*,  is  formed  in  small  quantity,  as  a  secondary 
product,. in  the  preparation  of  piperonal,  and  may  be  separated  from  the  residue  of  the 
distillation  by  hydrochloric  acid.  From  pure  pi^ronal  it  is  easily  obtained  by  adding 
potassium  permanganate  to  the  aqueous  solution  till  the  odour  of  the  piperonal 
disappears,  then  filtering,  evaporating,  and  precipitating  with  hydrochloric  acid.  It 
may  also  be  prepared,  though  less  pure,  by  boiling  piperonal  with  alcoholic  potash. 
The  acid  obtained  in  either  way  may  be  purified  by  recrystallisation  from  alcohol  and 
iiublimation.  It  is  nearly  insoluble  in  cold  water,  sparingly  soluble  in  boiling  water, 
alcohol,  and  ether,  more  easily  in  boiling  alcohoL  From  boiling  water  it  crystallises 
in  large,  thick,  colourless,  spicular  crystals,  apparently  monoclinic  prisms  with 
oblique  end-faces.  When  perfectly  purified  by  repeated  sublimation,  it  melts  exactly 
and  without  the  slightest  coloration  at  227 '5°  to  228'5°»  It  sublimes  below  its 
melting  point,  and,  if  quite  pure,  without  decomposition. 

Piperonylic  acid  is  monobasic,  and  must  therefore  differ  in  constitution  from 
phthalic  acid,  with  which  it  is  isomeric.  The  potassium  salt,  C*Q*0*K,  crystallises 
from  hot  alcohol  in  small,  hard,  colourless  prisms ;  tram  water  in  small,  hard,  incon- 
'  spicuous  needles.  It  is  easily  soluble  in  water,  moderately  in  boiling  alcohol, 
sparingly  in  cold  alcohol.  The  silver  salt,  C*H*O^Ag,  is  obtained  as  a  granular 
crystalline  precipitate,  and  crystallises  from  hot  water  in  long,  narrow,  colourless 
laminse  permanent  in  the  air.  The  barium  salt,  (C*H*0*)*fia  +  HH),  is  easily  soluble 
in  hot  water,  and  crystallises  therefrom  ia  hard  shining  prisms.  The  caicium  salt, 
'(C'H*OM'Cft  +  SH'O,  forms  tufts  of  colourless  silky  needles  or  laminae,  moderately 
soluble  m  cold,  easily  in  hot  water.  The  sine  salt  forms  large  colourless  pointed 
crystals  sparingly  soluble  in  cold  water.. 

The  solution  of  the  potassium  salt  forms  a  cinnamon-coloured  precipitate  with 
ferric  chloride,  white  with  mercuric  chloride  and  with  lead  nitrate.  With  cupric 
solutions  in  the  cold  it  forms  a  bright  green  precipitate  which,  when  heated  in  the 
liquid,  quickly  becomes  light  blue,  almost  colourless. 

Piperonylic  acid  reacts  almost  exactly  like  piperic  acid  with  chromie  acid  solution, 
and  when  distilled  with  excess  of  lime.  It  is  also  easily  oxidised  by  dilute  nitric 
acid,  with  formation  of  oxalic  acid  and  carbon  dioxide.  By  sodium-amalgam  it  is 
very  slowly  converted  into  an  acid,  which  dissolves  very  easily  in  hot  water  and  in 
ether,  and  exhibits  the  general  characters  of  an  aromatic  hy<koxylio  acid  (Fittig  a. 
Mieldi,  loo,  eit.). 

When  piperonylic  acid  is  heated  with  dilute  hydrochloric  arid  in  sealed  tubes  to 
160^-200°,  a  black  mass  separates,  consisting  almost  wholly  of  free  carbon,  and  th» 
nearly  colourless  solution  yields  on  evaporation  protocatechuic  acid  or  pyrocatechin, 
aooozding  to  the  temperature  to  which  the  materials  have  been  heated.  At  160°-170°f 
-the  product  is  almost  wholly  protocatechuic  aoid,  but  at  190^-200^  pyrocatechin  it 
formed,  with  elimination  ol carbon  dioxide : 

C  +  CO*. 


C»H«0« 

«    C»H«0«     + 

C;    and    C"H»0« 

=     C^«0«  + 

FipdronyUo 

Piotocate- 

Plporonylio 

I^ocatechln. 

add. 

cbnicscid. 

Mid. 

The  quantities  of  these  bodies  obtained  are,  however,  much  below  the  theoretical 
quantities  (Remsen  a.  Fittig,  Zeitschr.  /.  Chem,  [2]  vi.  101)  See  further,  Ann.  Ch^ 
Vharm.  dix.  129 ;  Chem,  Soe,  J.  [2]  ix.  936. 

9&A,TZVim.  A  method  of  separating  plstinum  from  the  allied  metals,  founded 
on  its  behaviour  with  caustic  soda,  is  given  by  W.  von  Schneider  {Ann,  Ck.  Pharm, 
Suppl.  V.  261).  Platinic  chloride  in  aqueous  solution  is  scarcely,  if  at  all,  reduced  to 
platmous  chloride  by  excess  of  sodium  hydrate,  even  after  prolonged  boiling,  whereas 
the  higher  chlorides  of  the  other  platinum  metals,  when  similariy  treated,  are  more  os 
less  converted  (with  formation  of  sodium  chloride  and  hypochlorite)  into  lower 
ehloridea  not  procipitable  by'  sal-ammoniac    The  separation  may  therefore  bo:  effeetad 
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iMi  foUovi.    TIm  pUiiniim  ore  haTing  btm  «zbaiuited  with  nitnMBiixiatie  scad,  ui  j 
nitric  add  TemoTad  by  evaporation,  the  nohition  is  mlxwl  with 
soda-lev  free  from  potash,  and  boiled  till  a  small  paction  of  the  piftlai 
rednoed  to  dichlonds ;  a  little  aleobol  is  added  to  daoompons  mac 
the  preeipitate  is  redissolTed  in  hjdrochlorie  acid ;  and  the  eoloiioa,  **»**»*  it  s-^^^ 
sary,  is  mixed  with  a  hot-saturated  solution  of  sal-enuoonine,  wherDbj'*  ^  thefeaet:^ . 
eonditioDS  have  been  aecnrately  obeeryed,  the  plaHnnm  alone  ia  pirecipiUilaed  m  ^ 
yellow  ammoniom  pl&tinochloride.    If,  on  the  oontzaxT.  the  *iTw<wff   of  eoda-9u^' 
added  has  not  been  Bafficient,  the  precipitated  platinochloride  eootaias  aaae  .t  :^ 
other  platinam  metalj,  which  remain  behind  when  the    plat  ...    - 

therefrom  ie  dineolTed,    The  metals  remaining  in  solntion  axe  preapitated  at  Ib^  ^* 
iDg  heat  by  a  strip  of  oopper^plate ;  the  precipitated  metallic  powcwr  ie  wv£sd 
palladium  dissolved  out  of  it  by  nitric  add;  and  the  residue,  whsh  attH      ' 
platinum,  is  added  to  the  next  preparation. 

Dobereiner's  method  of  punfying  platinum  aolntiona  by  tzeatment  wfth  - 
hydrate  is  the  same  in  principle  as  that  just  described,  the  higher  chlorides  of; 
metals  of  the  group  except  platinum  being  thereby  also  reduced  to  lower  dikai^ 
but  it  does  not  ei&ct  complete  separation,  as  Schneider  has  ahown   by  BBaljwu  ■. 
Bussian  platinum  coins  and  platinum-sponge  which  had  been  pnzified  bj  DSbas^' 
method. 

Platinum  and  iridium  may  be  separated  by  the  different  solnbilities  of  thorie.^i^'i 
The  mixed  oxides  of  the  two  metals  aie  suspended  in  a  solntion  of  potasaiinn  fx^hcsu 
or  sulphite ;  the  liquid  is  saturated  with  sulphurous  acid ;  and  the  aoliztioii  {taB(tazi^ 
all  the  platinum  as  platinous  sulphite,  and  part  of  the  iridium  as  potaeoio-iri:^  -■ 
sulphite)  is  boiled  with  the  precipitate  (iridic  sulphite),  the  water  being  reosfved  t» 
evaporates,  to  expel  the  free  sulphurous  acid.  Tne  whole  of  the  iridium  is  thcR^^ 
separated;  and  the  filtrate,  evaporated,  ignited,  and  washed,  jielda  pore  wbUls 
platinum  ^Bimbaum,  Ann.  Ck,  pXarm,  cxxxix,  164). 

Bespecting   the   absorption  or  ocdusion  of  hydrogen  bj  pJatinum,  see  Gis^   I 
Absorption  OP  (p.  634). 

iVoltaJM^ioA  ^f  MetaU, — A  conrenient  liquid  for  this  purpose  is  prepaLred  by  a^^ 
sodium  carbonate  to  a  solution  of  platinic  chloride  as  long  as  carbon  dioxide  is  thertr 
evolved,  then  a  small  quantity  of  starch-spgar,  and  finally  common  salt,  till  the  pn- 
cipitated  metal  exhibits  a  pure  white  platinum  coloar.  Small  objects  may  bepbtzsisBi    I 
by  mere  contact  action  (Bottger,  J,  pr.  Ch<m*  [2]  iv.  524). 

Bremldee    (Topsoe,  Jakresb,  1868,  p.   274:).-^Aeid  Platinic  Br^midt  « 
Hydroplatinic   Bromide,   PtBr>.2HBr  4-   9HH),  is   obtained,  bj    dissoiriie 
platinum'Sponge  in  a  mixture  of  nitric  acid  and  excess  of  hydzolnomie  ad^  sai 
evaporating  the  solution  over  quick  lime,  in  tiansparent,  crimson,  Teiy  deUqaeiecsc 
prisms,  apparently  belonging  to  a  dinometric  system.    They  melt  at  100^,  givi^  rf 
water,  hydrobromic  acid,  and  bromine,  and  ultimately  leave  a  solid  mass  of  platfm^ 
bromide  and  undeoomposed  add  platinic  \)romide ;  neutral  platinic  bromide  eaaaot  b 
obtained  in  this  wav.    To  obtain  platinous  bromide,  PtBr*,  add  platinic  bramkia 
is  heated  to  200^  till  it  is  converted  into  a  solid  yellow  mass ;  this,  when  lixiviald 
with  water,  yields  the  dibfomide  as  a  greenishobrown  powder,  insolnUe  in  watai; 
moderately  soluble  in  hydrobromic  add  and  potassium  bromide.    It  withstands  a 
tempemture  of  240^  for  a  short  time,  but  is  partially  decomposed  by  prolonged  hsati^ 
to  200^. 

.  BromtmitriU  of  Fiatima  Bnmide,  PtBr«.2N0Br,  is  formed  when  platjusa 
is  treated  with  a  mixture  of  hydiobromie  add  and  excess  of  nitric  add,  and  senamtef 
as  a  dark  browp  metallicailj  shining  powder,  composed  of  microseopie  cubes,  debqueae- 
ing  in  the  air  with  evolution  of  bromonitrons  add.  and  decomposed  by  water  vitk 
evolution  of  nitrogen  tetro^de. 

Platinobromides, — Ammonimm plaHnobromide,  2NH*Br.PtBr^  is  obtained  by 
precipitation  as  a  ciystalline  orange-coloured  powder,  the  solution  of  which  in  200  pts. 
of  water  depodts  the  salt  by  spontaneous  evaporation  in  large,  shining,  erinuon  ciibo> 
octohedrons.    The  sodium  «a/<,  2NaBr.PtBr*   -f   6H*0,  crystallises  in  imgolariy 
developed,  mostly  tabular,  tridinic  prisms,  isomorphons  with  the  corresponding  dUoriD»> 
compound.    The  following  platinobromides  haye  been  prapaxed  by  satuating  arid 
platinic  bromide  with  the  corresponding  carbonates.    The  wiam  and  atrmUiim  o^ 
M"Br*.FtBr*  +  10H*0,  apparently  isomorphous,  form  crimson,  lamiur,  somewlua 
deliquescent  crystals.    The  Uad  aaU,  FbBr'.FtBr*,  forms  shining  red-brovn  gmaulas 
eadly  soluble  in  a  small  quantity  of  water,  partially  decompoaed  by  a  larger  quantity. 
The  et^urie  salt,  CuBr*. PtBr*  -f  8H'0,  forms  huge  tabular,  apparently  rbanbie,  deli- 
quescent crystals.    The  nickd  tali,  NiBr*.PtBr*  -f-  OH'O^  crystallises  in  brawdsh- 
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f^^roen  eombinationa  of  a  rhnmbc^edion  with  a  piiBm  of  the  aeoond  order  (axes  a:  c  ^ 
1  :  0*6186 ;  angle  of  terminal  edges  »  127^  34'),  and  la  iaomorphoiiB  with  the  ooiro- 
sponding  doable  chloride.  The  platinobiomidea  of  magnedum,  manganese,  eine,  and 
oodali  hare  the  ^neral  formula  ITBr'.PtBr*  +  12H*0  ;  they  are  vezy  aolnble,  but 
cryBtalliae  easily  m  izregolarly  developed  rhombohedral  combinations  containing  the 
Bama  amouit  of  water  as  the  ooiresponding  platinochlorides : 


MgBr«.PtBr«  +  12HH) 

MnBr«.PtBr«  +  12H»0 

ZnBr*.PtBr<  +  12HH) 

CoBr«.PtBr«  +  12H*0 


X<8Dgth  of  prin- 
cipal axis  e 
of  ttis  rhoanbohfldroa 
(a  =  l) 
06974 
0-7025 
0-6989 
0-6970 


Tannlxialanfl^ 
of  rbombolMdkoa 

114«  12* 

1130  63' 

114®  6' 

1140  10' 


The  calcium  taU  has  the  same  amount  of  water,  and  ciystallises  in  small  crimson 
ill-deflned  crystals. 

dilorld^s.  When  a  solution  of  platinie  chloride,  fireed  from  nitric  acid  by  heating 
with  hydrochloric  acid,  is  evaporated  over  sulphuric  acid  and  lime,  laise  brown-rea 
very  deliquescent  ciystals  are  obtained,  consisting^  of  the  acid  chloride^  hydroplatinic 
chloride,  or  hydrogen  platinochioride,  H«PtCl«  +  6H*0  or  2Ha.Pta«  +  6H«0 
(K.  Weber,  Pogg.  Ann.  cxzxi.  443). 

Fuming  nitric  acid  added  to  not  very  acid  solutions  of  platinic  chloride  throws 
down  the  greater  part  of  the  platinum  as  a  yellow  precipitate,  which  when  drained  on 
an  asbestos  filter,  and  dried  on  a  porous  plate  over  sulpnuric  acid,  forms  a  brownish- 
yellow  deliquescent  powder.  This  substance  dissolves  in  water  with  evolution  of 
nitrogen  dioxide ;  but  is  decomposed  by  potash,  with  formation  of  nitric  acid  and 
without  evolution  of  gas.  Weber  (ibid.  441)  represents  this  compound  by  the  formula 
FtCl«.2N0«Cl  +  H«0;  it  is  probably  identical  with  that  which  Boy6  and  Rodgers 
obtained  (iv.  668)  by  evaporating  platinic  chloride  with  nitromuriatic  acid. 

Platinochlorides. — Topsoe  (<7aArs«6.  1868,  p.  278)  has  prepared  the  following 
platinochlorides  by  adding  weighed  (quantities  of  tne  corresponding  oxides  or  carbon- 
ates to  solution  of  acid  platinic  chloride,  (PtCl*.  2HC1  +  6U'0),  and  evaporating  over 
sulphuric  add  at  ordinaiy  temperatures.  The  barium  salt,  BaCl'.PtCl^  +  4H'0, 
crystallises  in  mnnoclinic  prisms,  ooPoo  .oP.  aoP.P,  sometimes  tabular  from  predomi- 
nance of  the  orthopinacoMs,  and  having  the  dinodiagonal,  orthodiagonal,  and  principal 
axis  in  the  proportion  of  0*948  :  1 :  1*48,  and  the  angle  of*the  inclined  axes  »  77^  40'. 
The  calcium  sat,  CaCl'.PtCl*  +  8H*0,  forms  light  yellow,  warty  or  laminar,  some- 
what deliquescent  cryntals.  The  lead  salt,  PbCl'.PtCl*  -1-  8H*0,  ciystallises  in  bard 
light  yellow  cubes,  decomposed  by  a  large  quantity  of  hot  water,  with  separation  of 
lead  cUoride ;  according  to»Bimbaum,  the  crystals  contain  4H^0,  have  an  orange-red 
colour,  efBoresce  over  sidphuric  acid,  but  deliquesce  in  the  air,  and  dissolve  easily  in 
water  and  in  alcohol. 

'  The  platinochlorides  of  the  magnesium  group  have  the  general  formula  M'Cl' .  PtCl* 
+  6H'0.  They  are  very  soluble — ^the  cupric  salt  very  deliquescent — but  nevertheless 
crystallise  with  facility.  The  more  or  Jess  yellow  crystids  are  combinations  of  a 
rhombohedxon  of  the  first  order  with  a  prism,  usually  predominating,  of  the  second 
order ;  sometimes  they  exhibit  a  monoolinic  or  even  quadratic  aspect  Topsoe  describes 
the  following: 


Length  of  axis  e 

(a«l) 

MgCl«.PtCl«  +  6H«0     . 

0*6169 

MnCl«.Pta«  +  6H«0     . 

,  •      .         0-6810 

FeCl«.Pta«  +  6H«0     . 

0-6144 

NiCl«.Pta«  +  6H«0      . 

0-6162 

Ooavpta*  +  6HH)    . 

0-6140 

ZnCl«.PtCl«  +   6H»0      . 

0*6160 

Cda«.PtCl«  +  6H«0     » 

0-6286 

Cua«.PtCl*  +  6H«0     . 

0-6210 

Terminal  angle 

of  primaT7 

rbombobsdron 

127°  17' 

126°  10* 

127*»  30' 

127°  22* 

127°  32^ 

127°  18* 

126°  46? 

126°  68^ 

The  magnesium  and  manganese  salts  cr3rstallise  in  this  form  only  above  20° ;  at  lower 

tempeiatures,  in  irregulfuTy  developed  combinations  of  two  rhombohedrons  with  a  prism 

of  the  second  order ;  these  two  nita  are  likewise  isoraorphous : 

Tarminal 
Azi8«  anc^o 

MgCl«.PtCl«  +   12H«0    .        .        .        0-7067        .        113°  40' 

MnCl'.Pta*  +    12H«0    .  .        0-7073        .        118°  44' 
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From  these  results  it  appears  that  the  double  salts  of  pladiiie  chloirida  axe  i 
with  those  of  pUtinic  bromide  containing  the  same  qnantitiea  of  water,  alao  vitii  t^ 
double  fluorides  of  tin,  titanium,  siroonium,  and  silieinm  inTesetigated  hj  JfaRgu^ 
(Ja&resb.  1859,  p.  106  ;  1860,  p.  134),  and  according  to  ezperiinenta  bj  JoigeaBai,  otfd 
by  Topaoe,  with  the  double  sfdts  of  stannic  chloride. 

Silver  chloride  dissolveB  abundantly  in  concentrated  aolutioai  of  platiiiieefaksidieaad 
crystallises  out  unaltered ;  but  if  to  a  perfectly  neutral  solution  of  platinie  chkjriik 
mixed  with  a  large  quantity  of  ammonia,  there  be  added,  immediately  alter  mixtsrs, 
an  ammoniacal  solution  of  silver  nitrate,  a  granular  micxoczTBtalline  preeiphatfr  b 
formMl,  which,  when  dried  orer  sulphuric  acid,  has  the  oompoaitiaii  Ai^PtCl'.SXH' 
+  H'O.  This  compound  treated  with*  cold  potash-l^  gives  off  all  its  m««wmi^  aei 
when  boiled  with  sodium  carbonate  deposits'  all  the  silver  and  part  of  the  platiiw  ia 
the  form  of  a  dingy  yellow  precipitate,'  while  the  greater  part  of  the  platinum  reaiaia 
dissolved,  forming  a  yellow  solution,  from  which;  after  acidnlatioiii  with  hydrodkrie 
acid,  the  platinum  may  be  precipitated  as  ammonium  {^atinochloride.  Mavt^^Mi 
chloride  is  decomposed  by  platinie  chloride,  with  separation  of  mezcniy,  and  tbi 
solution  yields  on  evaporation,  first  crystals  of  mercuric  chloride,  and  afterwanb  ■ 
dark  brown  non-crystalline  deliquescent  mass  (Bimbaum,  Zm'Uekr,  Ji  Ckat,  [2]  iiL 
620 ;  SuU,  8oc,  Chim,  [2]  viii.  416). 

Silver  nitrate  added  to  a  solution  of  platinie  chloride  throws  down  the  wlude  of  the 
plAtitium  in  the  form  of  a  yellow  precipitate  of  aramto-platinou8  chloride,  AgCl.  Ft(7, 
which  does  not  blacken  m  sunsliine,  but  Blo^iriy  turns  grey  in  diffused  dayi^^ 
Meicurous  nitrate  forms  with  platinie  chloride  a  light  yellow  precipitate  qaickly  tnmii^ 
brown,  whose  proportional  composition  agrees  with  tne  formula  PtCl'.2HgO.Hg^' 
+  6H*0  ;  by  fractional  precipitation,  compounds  of  permanent  yellow  oolonr  are  «t 
length  obtained.  All  these  precipitates  decompose,  with  separation  of  platiaom,  w^ 
heated  with  the  liquid  (platinum  is  also  separated  by  predpitating  from  hot  solntioes) 
and  dissolve  in  boiling  nitric  acid«  When  heated  alone,  they  yield  a  anblimate  ii 
mercurous  chloride,  mercuric  chloride,  and  mercuric  oxide,  toeether  with  water,  and  \ 
residue  of  platinum.  Platinie  nitrate  is  not  formed  in  the  deoomposition  of  platisie 
chloride  by  silver  nitrate  and  mercorous  nitrate  (Commaille,  B^^.  8oe.  Ckim.  [3] 
vi.  262). 

On  the  reaction  of  platinie  chloride  with  sulphurous  acid,  see  Suu*KraBB. 

Platinie  lodochloride,  PtCl*P,  is  formed  by  dissolving  platinum  in  nitio- 
muriatic  acid,  together  with  the  quantity  of  iodine  necessary  to  fann  platinie  iodide, 
evaporating  over  the  water-bath  as  long  as  acid  fumes  continue  bo  escape,  and  leavii^ 
the  solution  to  cool  over  sulphuric  acid.  It  then  separates  in  large  brick-red  prians, 
which  deliquesce  in  the  air,  and  melt  even  below  100^  to  a  red  mobile  liquid,  smeUiog 
of  iodine  chloride  when  continuously  warmed.  The  aqueous,  solution  forms  with 
chloride  of  potassium  or  ammonium  a  precipitate  of  potassium  or  ammonium  platfao- 
chloride,  whilst  potassium  or  ammonium  iodide  remains  in  solution.  It  is  ooloorad 
deep  red  by  potassium  iodide,  and  decomposed  by  iodine  monochloride  in  the  w*«»«yr 
represented  by  the  equation  PtCl*!'  +  2ia  »  PtCl«  -I-  21*  (Kammezer,  Ann.  Ck 
Pharm.  cxlviii.  329). 

Diplatinocarhonyl  tetraohloride.  (C0)»PtK31«  =  COPtCl«.C?0*PtCl«  (?).— 
This  compound  is  formed  when  a  mixture  of  chlorine  and  cafbon  monoxide  is  pssinid 
over  spongy  platinum  heated  to  duU  redness  in  a  glass  tube ;  it  then  sublimes  as  a 
yellow  powder  which  must  be  immediately  enclosed  in  dry  glass  vessels.    This  powikr 
appears  to  contain  different  compounds,  according  to  the  temperature  and  other  cir- 
cumstances of  the  preparation,  inasmuch  as  its  melting  point  is  foimd  to  vaiy  fioat 
130°  to  160''.    It  dissolves  easily  in  waipi  carbon  tetmchloride,  and  s^»iates  in 
shining  needles  on  cooling.  When  quid^y  aqd  str9ngl^  heated,  it  is  decomposed,  giving 
off  carbon  monoxide  and  carbon  oxychl^oride,  and  leaving  platinum.    As  it  decomposes 
nearly  at  the  temperature  at  which  it  yolatilises,  .it  cannot  be  distilled,  excepting  in  a 
stream  of  gas.    It  blackens  in  contact  with  pioist.  air,  and  is  instantly  decomposed  by 
water,  with  formation  .of  carbon  monoxide  and  dioxide,  hydrochloric  acid,  and  meCallie 
platinum  (Schiitaenberger,  Ann,  Ch.  Phys.  \f\  zvj  100;  ZeiUckr,/,  Ckem.  [2]  ir.  321; 
Jahrub.  1868,  p.  277), 

y&ATmSB^ilASaSf  JkXMOWZAOA&i  The  following  ofaservatioiis  on 
these  compounds  have  been  made  by  Hadow  (Ckem,  8oo»  J,  [21  iv.  346).  T^rammomo' 
platmouB  chloride  (diplatosamine  hydrochloride)  is  conveniently  prepared  l^  digestisg 
platinous  chloride  (obtained  by  heating  platinie  chloride)  at  a  gentle  heat  with 
moderately  strong  ammonia,  and  evaporating  the  solution ;  the  salt  then  dystaUises 
in  prisms  containing  N«fi"PtCl*  -I-  HK).  A  hot  solution  of  this  salt  yields  with  hot 
moderately  concentrated  nitric  acidi  a  czystalline  deposit  of  tetnunmonio-platinic 
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nitmto-cUoride  (diplatioamine  chlorhydxonitiate ;  Gros*  nitiate),  N«II"Pt'*(NO')*Cl', 
which  by  recrystallisation  from  water  may  bo  obtained  in  fl.it  shiniDg  prisms.  By 
boiling  the  solntion  of  this  salt  for  some  hours  vith  excess  of  silver  nitrate  (190  pts. 
to  460  pts.  of  Gros*  nitrate)  and  a  small  quantity  of  nitric  acid,  it  is  conyeited  into 
octammonio-diplatinic  nitratozychloride,  N"H*'Pt(NO*)«Oa*  (iy.  676): 

2N*H»'Pt(N0«)«a«  +  2AgN0»  +  H«0  -  2Aga  +  2HN0»  +  N»HwPt«(NO>)«OCl«. 

Prom  the  solution  of  this  last  salt,  sal-ammoniac  throws  down  a  crystalline  pre- 
cipitate having  the  composition  N'H*^Pt'Cl*0. 

The  di-ammomih-  and  teirammonio-pUUin&U9  comwmnds  possess,  like  platinous 
chloride,  the  power  of  reducing  permanganates.  The  tetiammonio-platinous  snlts 
are  fbrther  characterised  by  their  behaviour  to  platinous  chloride,  with  which  they 
form  the  green  salt  of  Magnus  (iv.  674).  The  latter  may  be  regarded  as  the  type  of 
H  class  (^  salts  in  which  the  platinous  chloride,  PtCP,  is  replaced  by  equivalent 
quantities  of  other  chlorides,  HgCP,  CdCl*,  PdCl<,  SnCl*,  Cua*.  The  tetrammonio« 
({alts  are  further  distinguished  from  the  diammonio-salts  by  the  characteristic  blue 
or  green  colorations  or  precipitates  produced  in  their  solutions  by  nitrous  acid 
{vid.  tf(/*.). 

The  ammonvhplatinie  mUs  do  not  reduce  permanganates.  Sal-ammoniac  added  to 
solutions  of  tetrammonio-platinic  and  octammonio-diplatinic  salts  not  containing 
chlorine  (salts  of  diplatinamine),  throws  down  an  insoluble  hydrochloride ;  tetram- 
monio-platinic nitrate  forms  with  sodium  sulphate  a  ciystalline  precipittite  made  up 
of  needles.  Ammonio-platinic  salts  containing  chlorine  (chloroplatinamine  salts)  are 
not  precipitated  either  by  sal-ammoniac  or  by  sodium  sulphate;  the  nitrate  is 
characterised  by  its  behaviour  with  platinous  chloride,  which  when  added  to  its 
solution  acidulated  with  nitric  acid,  throws  down  a  coppered-coloured  precipitate  of 
.variable  composition;  ammonio-platinic  compounds  not  containing  chlorine  do  not 
exhibit  this  reaction.  The  di-  and  tetrammonio-platinic  salts  are  reduced  by 
sulphurous  acid  to  the  corresponding  ammonio-platinous  salts.  This  copper-coloured 
salt  is  likewise  produced  when  the  green  salt  of  Maffnus  is  digested  for  some  hours 
with  an  exc<>8s  of  a  very  dilute  and  strongly  acid  solution  of  octammonio-diplatinic 
nitratoxychloride  (Raewsky's  nitrate).  Its  composition  may  be  represented  by  the 
general  formula  :rN'H'PtCl*.NO'.  By  boiling  with  water  it  is  resolved  into  the 
green  salt'  of  Magnus,  tetrammonio-platinic  nitrato-chloride  (Gros*  nitrate),  and 
platinic  chloride. 

Hadow  has  examined  two  of  the  compounds  -formed  on  passing  nitrous  acid  into 
solutions  of  tetrammonio-platinous  salts.  A  strongly  acidulated  solution  of  the 
nitrate  thus  treated  yields  a  smalt>-blue  precipitate,  composed  of  microscopic  dodeca- 
hedrons ;  a  similar  solution  of  the  hydmchlonde  yields  a  green  precipitate,  composed 
of  microscopic  feathery  stars.  The  composition  of  the  blue  compound  may  be 
represented  (empirically)  by  the  formula  N*H»«Pt(NO«)«.NH)< ;  that  of  the  green 
compound  by  2N<H"PtCl«.N«0«.2HCl.  Both  these  salts  may  be  dried  at  100® 
without  decomposition,  and  dissolve  in  water  with  their  original  colour. 

P.  F.  Cleve  {Acta  Socieiaiis  Seientiarum  Upaaliensis,  1866 ;  BuU.  8oe,  Ckim,  [2]  vii. 
12;  Jakresb.  1867,  p.  821)  has  examined  a  large  number  of  salts  belonging  to  the 
tetrammonio-platinous  and  tetrammonio-platinic  series.  From  the  fact  that  the 
platinic  may  be  produced  from  the  platinous  compounds  by  direct  oxidation,  or  direct 
addition  of  bromine,  chlorine,  &c.,  and  the  former  from  the  latter  by  reduction,  he 
infers  that  the  compounds  of  these  two  series  contain  the  same  radicle,  vis. 
N<Hi*R*',  the  oxide  of  the  former  series  being  N^H^'PtO,  that  of  the  latter 
N«H»«RO«.  , 

Buckton  {Chem,  8oe.  Qu,  J.y,  213),  by  treating  tetrammonio-platinous  chloride 
with  various  metallic  salts,  obtained  compounds  of  this  chloride  with  the  corre- 
sponding metallic  chlorides ;  thus  by  mixing  concentrated  solution  of  tetrammonio- 
platiiious  chloride  with  acetate  or  nitrate  of  lead,  a  white  crystalline  precipitate  is 
formed,  which  dissolves  in  hot  water,  and  separates  from  the  saturated  solution  in 
four-sided  nacreous  lamins,  consisting  of  the  double  chloride,  N*H''PtCl*.PbCl*.  It 
in  insoluble  in  alcohol  and  in  hydrochloric  acid,  and  does  not  decompose  at  170°. 
With  solutions  of  meitSuric  chloride,  sine  chloride,  and  cupric  chloride,  the  compounds 
N<H'«Pta«.^a»,  N*H'«RCl«.ZnCl%  and  N*H"Pta«.GuCl«.  are  obtained,  all  of 
which  czystallise  in  laminse.  The  coppei^^ompound,  which  is  yellow,  is  decomposed 
by  boiling  water  into  tetrammonio-platinic  ^oride,  which  separates,  and  cuprous 
chloride,  which  remains  in  solution ;  and  on  concentrating  this  solution  and  aading 
alcohol,  a  greenish  precipitate  is  formed,  consisting  of  the  double  chloride, 
2N*H>*PtCl*.Cu*Cl*,  wliich  may  also  be  formed  by  direct  combination  of  the  two 
constituent  chlorides. 
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A  cUm  of  Baits  iTOmeric  with  those  juat  deaeribed  has  ^^^^7^^^^^  '^ 
Thomwm  (Owr^wt  over  det  Kon^,  danshe  Vidactkabemef  adskabM  Maud^. 
1867,  pu  226 ;  Jakresb,  1867,  p.  278).    They  an  foTmed  whoa  a  moMxm  id  emo^ 
platinone  chloride,  or  of  platinouB  diloride  itaeU,  is  precipitated  by  the  aimisa*a* 
BolttUon  of  a  metalHc  salt.    They  are  aU  carstalliaable  (moflUj  in  long  mmi\  ^ 
nsuaUy  coloured,  the  copper  salt  being  violet,  the  nickel  salt  green,  the  «™™  **;• 
orange-colonred,  the  rinc  salt  red.  and  the  silrer  salt  light  ixwe-coloored.    Ttey  a^ 
ezoepting  the  silver  salt,  withstand  a  tsmperatnie  of  120*»,  but  daconipqee  wta  s^ 
stionglyheated,  giving  off  sal-ammoniac,  hydrochlorie  add,  and  nitzvgeii,  aad  fcaTiuf » 
residue  of  platinum  and  metallic  chloride.    In  water  and  ammonia  ihtj  ^^j 
or  quite  insoluble,  but  dissolve  easilvin  hvdioddoric  add,  bein^  thereby  distoBgK^ 
from  the  double  chlorides  obtained  by  Buekton,  which  diBBolTB  easily  »  ?»y  ^ 
with  diiBculty  in  hydrochloric  acid.    The  cupric  salt  of  thU  aenes  wae  obtmatd  »w 
years  ago  by  MiUon  a.  Commaille  (iv.  676),  by  adding  pUtinie  chlonde  te  awo- 
ceutrated  ammoniacal  solution  of  cuprous  chloride.    On  nealzalising  »^^^ 
solution  with  ammonia,  the  whole  of  the  copper  is  precipitated  aa  oxychloBd*,  laa 
the  solution  saturated  with  hydrochloric  add  and  left  to  evapoimta,  leaves  amnooi- 
platinous  chloride.    If  this  copper  salt  suspended  in  water  be  treated  with  a  q™*^ 
of  hydrogen  sulphide  not  sufficient  to  decompose  it  completely,  the  l«l™^f^ 
strongly  alkaline  from  the  presence  of  free  ammonia,  and  if  it  be  then  filttiwl  irw 
the  copper  sulphide  and  neutralised  with  hydrochloric  add,  it  likewise  yields  cy^ 
lised  ammonio-platinotts  chloride.  From  this  reaction,  and  from  its  mode  of  ftf""»^ 
Thomsen  assigns  to  the  copper  salt  the  formula  PlC1.2NHHa.N«H«CB.     ^i 
relations  of  these  isomerides  are  inferred  from  the  foUowing  «>n"J?5r^?"?-  * 
solution  of  tetrammonio-pUtinous  chloride,  N*H'«PtCl«  or  2NH«Cl.N*H*Pt.  fe^ 
with  an  acid  solution  of  cupric  chloride,  a  precipitate  of  Buckton's  copp«  »t  ■» 
with  a  solution  of  platinous  chloride,  a  precipitate  of  the  green   salt  o£  llsgB» 
Thomsen  accordingly  represents  Buckton's  salts  as  CnCl«.2NH*Cl-N«H*Pf  ,  te,  ■» 
the  salt  of  Magnus  as  PtCl*.2NHKn.N«H*Pt,  the  hitter  bdng  intermediate  betwei 
the  salts  of  Buckton  and  of  Thomsen,  as  shown  by  the  following  oompansoB: 

Sueiton'a  Salt; 
B'Cl* .  2NH*C1  .N'H^Pt".    Soluble  in  water ;  inaoluhla  in  hydrochlorie  arid. 

BaUofMagnuB. 
Pt^Cl* .  2NH*Cl .  N*H*Pt^    Insoluble  in  water ;  insoluble  in  hydrochloric  arid. 

Tkimaen*s  Salts. 
FfCl* .  2NH*G1 .  N*H^B".    Insoluble  in  water ;  soluble  in  hydrochlorie  add. 

The  general  formula  of  all  these  compounds  is  thereforo  B'Gl* .  2KH«C1 .  N^HT/  f 
whidi  B  or  Q,  or  both  of  them,  may  oondst  of  platinum. 

A    comprehensive    theory  of   the   constitution   of   the    ammoniaeal    p]atiinia> 
compounds  has   lately  been  proposed  by  Odliiig  (Ckem,  Nem,  xzL  289) :    1.  ^ 


diammonio-platinous  compounds  are  representea  (as  in  Gerhazdt's  scheme,  iv.  678) 
aa  containing  Uie  base  j^atoiamme,  Pt  (H'K)* ;  and  the  diammonio^olatinie  esm- 
pounds  as  containing  the  base  ^tinaminSf  B'Pt^'CH^N)')  the  symbol  R  deooCu^  « 
monad  chlorous  radicle;  CI,  BO,  x^O',  &c. 

2.  The  tetiammonio-componnds,  platinous  and  platinic,  are  supposed  to  contain  tk 
^nsos  amoplatosamine,  Pf(H*N«)«,  and  atfiopfatinamine,  B«Pt«^«N«)».  theee  h«* 
containing  the  monad  radicle  ammonio-amidogen,  H^N*  or  H'N.H*K,  related^ 
amidogen,  H«N,  in  the  same  way  as  the  monad  radicle  ethyl,  H*C*  or  H'C.B'C,  i» 
related  to  methyl,  H*C.  The  parallelism  between  theee  two  series  of  nitiogeB  «0^ 
carbon  compounds  may  be  illustrated  by  the  following  formuhe  of  methyl  chlande. 
ethyl  chloriae,  sal-ammoniac,  and  ammonio-chloride  of  silver : 


H»C.Ha       H«C)H         H»N.Ha       H^{A| 


The  ammoniacal  platinous  and  platinic  compounds  may  therefore  each  be  divided  into 
the  two  groups  of  amic  and  ammonamic  compounds.  A  fifth  class  is  formed  bj  th< 
uctammonio*plattnic    compounds,    which    contain    the    radide    amt 
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R*Pt^H*N*)«.      The  foUowing  teble    ezhibiU    the  oonstitation    of   the  principal 
a^iiii»^ia*fti  platiAttm-eompoiincbi,  fozmiiUted  aeoniding  to  this  Bcheme : 

PL^Turnx-BAan  jlkd  Salts. 

Piatnsamine.  Amo-platotiamine, 

Pf(H«N)« .  2RCi  PfCH-N')' .  2Ha  +  aq. 

Pt'(H«N)« .  2H(H0)  Pf(H»N«)« .  2H(H0) 

PfCH'N)* .  2H(N0»)  Pt"(H*»»)« .  2H(N0«) 

Ptatinamine,  Anuh^platinamine. 

Cl«Pt''(H«N)».2HCl  Cl«Pt»'(H»N«)«.  2HC1 

a«Pt»'(H«N)« .  2H(H0)  ?  Cl«Pt»'(H»N*)« .  2H(N0») 

(HO)*Pt»'(H»N)« .  2H(H0)  (HO)«Pt*»(H»N»)« .  2H(N0») 

OPt*'(H«N)« .  2H(N0*)  +  Saq.  ?  (NO«)»R«'{H»N«y .  2H(N0«) 

(NO»)«Pt«'(H«N)« .  2H(N0*)  (NO»)«Pt«'(H»N«)« .  2HC1 


Mw^iflaiiaMmine  (iUiewiky^s,  &c.)  • 


aH)Pt»(H»N«)«.4HCl 
aH)Pt\H»N»)*.4HN0«  ♦  aq. 
(N0»)«Pt«(H»N»)S4HN0«  +  aq. 


Odling  hfus  also  obtained  the  base  or  hydrate  of  the  platosamine  seriee, 
Pt''(H'N]>.2H(H0),  by  treating  the  hydrochloride  with  sulphuric  acid,  whereby  it  is 
conrertea  into  the  snlphate,  and  decomposing  this  salt  with  baryta-water.  It  is 
extremely  soluble  in  water,  and  readily  crystallisable ;  yields  a  strongly  alkaline 
solution ;  liberates  ammonia  from  its  salts ;  nentralises  acids ;  absorbs  carbonic  acid 
from  the  air ;  and  decomposes  metallic  salts,  the  resulting  precipitates  being  however 
for  the  most  part  double  compounds. 

On  the  constitution  of  the  platinum-bases,  and  of  metAUammonium  compounds  in 
general,  see  also  Blomstrand  {DetU,  chem.  Gea.  Ber.  ir.  40  ;  Chem,  Soe,  J.  [2]  ix.  189). 

F&ATZWaC-MBTA&8,  BBVASATXMr  OF.  Two  methods  for  the  separa- 
tion of  these  metals  hare  been  given  by  Wolcott  Gibbs:  I.  By  the  action  of  alkaline 
nitriUa  on  the  compounds  of  the  chlorides  of  these  metals  with  potassium  chloride 
(SUl,  Am.  J.  [2]  xxxiv.  341 ;  Chmn.  News,  vii.  61,  78,  97  ;  Jahresb.lMS,  p  294).— 
2.  By  the  action  of  luteo-cobaliic  chloride  on  these  same  double  chlorides  (SUl,  Am,  J. 
[2]  xxxvii.  57 ;  Chem.  News,  iz.  121 ;  Jahresb.  1864,  p.  287).  The  separation  of 
rhodium  from  iridium,  and  of  ruthenium  from  platinum,  rhodium,  and  iridium,  by  the 
first  of  these  methods  is  described  in  vol.  v.  pp.  103,  137. 

On  the  separation  of  iridium  and  platinum  from  rhodium  and  ruthenium,  see 
also  Carey  Lea  (SiU.  Am.  J.  [2]  zxxviii.  81,  248 ;  Chem.  News,  x.  279,  301 ;  xi.  3,  13 ; 
Jahresb.  1864,  p.  290). 

Bunsen  has  described  a  new  method  of  working  up  the  platinum-residues  obtained 
(in  the  Russian  Hint) — after  separating  the  platinum  from  the  nitro-muriatic  solution 
of  the  ore  with  potassium  chloride— by  treating  the  mother-liquor  with  metallic  iron 
in  order  to  precipitate  the  other  metals.  This  precipitated  residue  contains  all  the 
platinum  metals  except  osmiAn,  and  is  particularly  rich  in  rhodium,  which  may  be 
advanta^^usly  prepared  from  it  by  the  process  described  (Ann.  Ch.  Pharm.  cxlvi. 
265 ;  BnU.  Soc.  Chtm.  [2]  xi.  508 ;  Zeitsckr.f.  Chem.  [2]  v.  8  ,  Jahresb.  1868,  p.  280 ; 
PhU.  Mag.  [4]  xxxvi.  268 ;  Chem.  News,  xzi.  89). 

VOXiTCSBXOZTB.    See  Saffrok. 


9€fM!fWmuanL  A  base  obtained  by  0.  Hesse  (Ann,  Ch.  Pharm.  Suppl.  iv.  40), 
together  with  chlorogenine,  from  a  peculiar  Australian  bark.  To  prepare  these 
bases,  the  strongly  bitter  concentrated  aqueous  extract  of  the  bark  is  acidmated  with 
sulphuric  acid  and  mixed  with  mercuric  chloride,  which  throws  down  the  chlorogenine ; 
ana  from  the  filtrate,  freed  from  mercury  by  hydro^n  sulphide,  the  porph^no  is 
obtained  by  neutraUsing  with  ammonia,  precipitating  the  evaporated  liquid  with 
sodium  carbonate,  and  agitating  with  ether ;  and  purified  b^  treating  the  ethereal 
solution  with  dilute  sulphuric  acid,  again  precipitating  with  sodium  carbonate, 
eitracting  with  ether,  ana  decolorising  with  animal  charcoal.  On  evaporating  the 
ether,  the  porphyrine  remains  in  the  form  of  a  varnish  soluble  in  water  and  in  alcohol, 
and  pnrtly  crystaUising  from  alcohol  in  thin  white  prisms.    The  solutions  have  an 
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alkalioe  reaction  and  a  rmy  bitter  tasta.  Fbnhyiine  melts  at  8S^,  and  nnli&foa 
the  amorphoua  state.  With  strong  nitric  add  it  exhibits  a  cbaracteriade  nd  eu)c 
With  sulpbnric  and  hydrochloric  acids  it  forma  neutral  aalts,  whose  8oliitiaai,Bi 
those  of  (^ninine  salts,  exhibit  a  deep  blue  flnoresoenoe  when  aligfatlj  aridvlstsl  "^ 
sulphate  is  easily  soluble  in  water  and  in  alcohol,  and  crratallises  in  thin  priov;^ 
hydriodide,  mercnrochloride,  platinochloride,  and  auzo^londe  are  jeUcw  or  vr--» 
precipitates.  In  the  solution  of  the  acid  snlphate,  potaasinin  dJchrofnate  prodBfia  i 
blond-red  colour,  which  subsequently  disappsan,  with  fbnnatioii  of  a  yellow  ptedpi:a^^- 

WdMWMWMOXKMWL  This  baaei  which  is  a  oonatitiient  of  opium,  disnlw  s 
strong  sulphuric  acid  containing  nitric  add,  to  a  bladc-farown  liqaid,  bceowisg  M 
garnet-red  at  160^  (Dragendorff,  Jakrttb.  1864,  p.  787). 

VOBWimr.  The  porphyritie  rocks  of  the  island  of  Hochland,  in  the  G«lf  ^ 
Finland,  have  been  chemically  examined  by  J.  Lembeig^  (^Areh,  Jmr  du  Ntivb^ 
liv,',  Ehst.' mnd  KurUmd9  [IJ  ir.  172,  S87;  Jakrtah.  1867,  p.  1015);  the  qvi» 
porphyrite  of  Monte  Boecho  tn  the  Val  8aa  Pellcgrino,  hy  Tachannah(inM.  J^ 
Ber.  It.  [1]  287 ;  JaMrttb.  1867.  p.  1022). 

yOTASBXUlI.  According  to  Baumhautt  (J.pr,  Cheat,  cii.  123),  theosidstia 
of  potassium  on  freshly-cut  su^mss  is  attended  with  a  faint  luminoaity  risible  is  lie 
dark. 

Vogel  (Zeitsckr.  anal.  Ckem.  yii.  221)  and  Landolt  (tM.  20)  hare  ohssmd  tte 
potassium  carbonate  Tolatilises  to  a  ooasideiable  extent  at  a  ataroi^  vsd  best  &&: 
hence  loss  may  arise  in  analytical  processes,  such  as  the  Taluation  of  tartar  by  igni^ 
and  titration  of  the  residue,  or  in  determining  the  quantity  of  ash  jielded  by  |iUb^ 
especially  those  which,  like  beet  and  sugar-cane,  yield  ashaa  consisting  maiiily  ef 
potassium  carbonate. 

For  the  preparation  of  pure  caustic  potash  (or  soda),  Oraeger  (t/1  pr.  Ckem.  sn. 
188)  first  beats  the  solution  of  Uie  alkaline  carbonate  with  silrer  carbonate  to  i^^sc^ 
chlorine,  and  then  renders  it  caustic  by  means  of  burnt  marble.  The  filtration  of  im 
caustic  solution  may  be  conTeninntly  effected  through  pounded  marble,  freed  fnv  ^ 
finest  dust  by  washing  with  water. 

Potatsium  Iodide,— On  the  preparation  of  this  salt,  see  Fuchs  (ZHn^.  poi.  J-  <^ 
251 ;  Jahresb,  1866,  p.  162 ;  also  Mich.  Pettenkofer,  Pogg,  Ann.  cxxriiL  469;  J^if^ 
1866,  p.  162).  On  certain  of  its  properties:  Fayen  {Cornet,  rtnd,  1^.  466;  Joir». 
1866,  p.  162). 

8  ULPH I  DBS.— According  to  Schone  (Poog,  Awn,  csxzi.  880),  the  only  Mff^^ 
sulphides  of  potassium  that  can  be  obtainea  in  the  dry  way  are  the  mono*,  di-,  t^j 
and  pentaaulpbide.    The  other  polysulphides  described  by  Beixelins  appo^  ^   . 
merely  mixtures,  and  the  formation  of  one  or  the  other  sulphide  depends  in  gcntpu, 
not  so  much  on  the  use  of  particular  reagents,  or  on  the  mode  of  preparation,  ss  g> 
the  temperature.    When  potassium  monosulphide  or  carbonate  is  fused  with  exeeis  of 
sulphur  in  a  porcelain  crucible,  and  the  heat  continued  at  a  nnifonn  tempexatore  tul 
the  weight  becomes  constant,  the  product  formed  at  the  lowest  possible  tampen^ 
(not  above  600^)  is  the  pentasulphide,  at  a  dull  red  heat  (up  to  800^)  the  tetrasnlplua^ 
at  a  bright  red  heat  (to  900'')  the  trisulphide.    If  the  alkaline  carbonate,  instead  of 
the  sulfur,  be  used  in  excess,  trisulphide  is  formed  also  at  the  lowest  of  the  si>o^ 
temperatures.      By  passing  vapour  of  carbon  bisulphide  over  red-hot    potassm* 
sulphate,  Schone  obtained,  not  the  tetiasulphide  which  is  said  brBeiBelius  to  1>< 
formed  under  these  circumstances,  but  lower  conipoimds^approximating  in  oompositi^'B 
to  E*S\    When  vapour  of  carbon  bisulphide  is  passed  over  fused  potassium  cazboo^ 
the  sulphocarbonate  is  formed  in  the  first  instance,  according  to  the  equation : 

2K«C0«  -f  8CS«  -  8C0«  +  2K«CS»; 

and  this  at  a  higher  temperature  is  resolved  into  a  mixture  of  carbon  and  trisolpbi^^' 
2KK3S*  a  C*  +  2K*S*.    In  the  wet  way  the  following  compounds  were  obtained : 

The  vumondphide  crystallises  from  a  solution  of  potash  half  saturated  with  hydrog^B 
sulphide  and  evaporated  in  a  vacuum,  in  deliquescent,  four>sided  prisms  modified  b/ 
truncations  and  sometimes  tabular.  The  composition  of  these  crystals,  which  ^ 
formed  meet  readilv  at  low  temperatures,  corresponds  to  the  formula  K^.SSPO  ^ 
K*H*SO .  4H*0 ;  the^  appear  to  be  identical  with  the  compound  designated  br 
Berzelius  as  crystallised  sulphydrate  (Onuiin's  Handbook,  iii.  31).  In  a  rmeamoT 
when  heated  to  160^,  thev  leave  the  hydrate  K'S.  2H*0 ;  at  a  higher  temperatnrB  tbej 
appear  to  give  up  all  their  water  without  loss  of  hydrogen  sulphide. 

Hydrated  Potauium  Sulphydrate,  2KHS.H'0,  separates  from  a  solution  perfiDcUr 
saturated  with  hydrogen  smphide,  by  evaparation  in  a  Taeaum,  in  wdl-defiaal 
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oolonrlem,  transparent  ibombobedrons,  with  shining  snifacci.    They  are  deliquescent, 
do   not  alter  in  a  Tacnnm,  or  when  heated  to  about  170^,  bnt  give  off  their  water  of 
crystallisation  between  176^  and  200^,  retaining  their  form  but  losing  their  trans- 
parency. The  anhydrous  snlphydrate  melts  at  a  anil  red  heat  to  a  very  mobile  yellowish 
liquid^  which  gradually  becomes  darker,  and  solidifies  on  cooling  to  a  flesh-coloured 
cake  having  a  crystalline  structure.   The  solutions  of  the  snlphydrate  have  an  alkaline 
reaction,  and  flnye  up  half  their  sulphydric  acid  with  tolerable  facility  when  boiled. 
The  Bolution  m  the  monoijtilphide,  even  when  it  contains  free  alkali,  is  likewise  slowly 
decomposed  at  the  boiling  heat,  and  appears  ultimately  to  leave  pure  potassium 
hydrate,  according  to  the  eouation :  K'H*SO  +  H<0  »  H*S  +  •2EH0. 

The  volysiUpkides  were  obtained  by  boiling  the  solutions  of  the  monosulphide  or 
sulphyoiate  with  the  calculated  quantity  of  sulphur  in  vessels  from  which  air  was 
excluded. — The  Mrasulpkide  crystallises  by  evaporation  in  a  vacuum  in  thin  orange- 
red  laminae  containing  K%*.2H*0,  very  hygroscopic,  easily  soluble  in  water,  less 
voluble  in  alcohol.  When  heated,  they  first  melt  in  their  water  of  ciystallisation, 
afterwards  give  it  off,  finally  also  hydrogen  sulphide  and  sulphur,  and  leave  a  fused 
brown  residue.  The  hydrate  K'S^.SH'O  separates  as  a  brownish  oil  on  adding 
alcohol  of  90  p.  c  to  a  concentrated  solution  of  the  tetrasulphide  or  pentasnlphide,  in 
the  latter  case  with  separation  of  sulphur,  which  is  taken  up  by  the  sulphide  remaining 
in  the  alcoholic  solution.  The  oil  just  mentioned  yields,  in  contact  with  absolute 
alcohol,  prismatic  crystals  apparently  consisting  of  the  preceding  hydrate.  The 
pentatilphide  was  not  obtained  in  the  solid  state.  Schone  finds  that  its  soludon  is 
deoompoi9ed  by  prolonged  boiling,  with  formation  of  hydrogen  sulphide  and  potas- 
ninrn  hyposulphite,  probably  according  to  the  equation  K'S*  +  8&'0  ■■  SIPS  •¥ 
K'S'O',  and  that  at  tne  boiling  heat  it  still  takes  up  sulphur,  which  separates  on  cooling 
in  microscopic  octohedrons  soluble  in  carbon  bisulphide. 


(?H'.  Propyl  Hydride, — This  hydrocarbon,  the  third  member  of 
the  marsh-gas  or  paraffin  series,  is  gaseous  in  the  free  state  at  ordinary  temperatures, 
and  occurs  among  the  gases  evolved  from  the  petroleum  springs  of  North  America 
(Bonalds,  Chem.  Soc.  J.  [2]  iii.  529.  Lefevre,  ZtUachr,  /.  Chem.  [2]  v.  185.  Fouqu^, 
ibid.  804).  It  is  formed :  1.  By  the  action  of  fuming  hydriodic  acid  on  several  hydro- 
carbons or  their  derivatives  (Berthelot,  Jahreab,  18o7,  pp>  844,  346): 

C«H»I     +     SHI     -     C"H»     +     21' 

lodopro- 
pylene. 

C«H«       +    lOHI     -     2C«H«  +     5P 
Bnuiene. 

or2(?H«    +     em     a     2C«H«  +     C«     +     H«     +     3P 
Benaena 

CH«       +     2HI      »     (?H»     +     C«     +     H»     +     P 

Tolnene. 

C»H»«     +     6HI     •     2C"H«  +     C«     +     H»     +     SP. 

Camene. 

Phenol  heated  with  hydriodic.  add  is  reduced  to  benzene,  which  is  then  further 
converted  into  propane  as  above.  Acetone  yields  propane,  together  with  ethane  and 
^ethane  (Berthelot). 

2.  From  secondaSiy  propyl  iodide  by  the  action  of  snc  and  dilute  hydrochloric 
acid: 

CH«  CEP 

CHI     +     H«     «     HI     +     CH« 

CH«  CH". 

'  Propane  prepared  by  the  last  process  may  be  purified  by  washing  it  successively 
with  fuming  sulphuric  acid,  with  a  mixture  of  sulphuric  and  nitric  acid,  and  with 
8oda-ley.  If  it  oe  then  collected  over  a  strong  solution  of  common  salt,  mixed  with 
chlorine  not  in  excess,  and  exposed  to  diffiised  daylight,  an  oilv  liquid  is  obtained 
eontaining  a  mixture  of  chlorinated  derivatives  of  proj^ne,  which  may  be  separated 
by  fractional  distillation.  The  lowest  fraction,  boiling  at  42*^-46%  consists  of 
normal  propyl  chloride,  CH«— CH«— CH«a.  On  heating  this  liquid  to  200« 
for  several  hours  with  potassium  acetate  and  glacial  acetic  acid,  and  decomposing  the 
resnlting  acetic  ether  with  potash-ley  in  seialed  tubes  at  120^,  normal  propyl 
alcohol,  CH' — CH' — CH'OH,  is  obtained,  which  when  oxidised  by  chromic  acid, 
yields  nothing  bnt  propionic  acid.  The  propyl  alcohol  may  be  isolated  by  treating 
the  alcoholic  distillate  obtained  by  the  action  of  potash  on  the  acetate,  with  potassium 
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airbonato,  whereupon  a  light  oily  Kqnid  rieee  to  the  em  fee* ;  ndtliii,  ^l^fl^f^i^ 
with  potaMiam  earbonaU  and  anhTdioaa  htajtm  boils  betveoo  80*»  aad  •J^  •»»' 
be  aepaiated  by  fractional  distillation  into  a  portkm  boiling  brtwem  "^  i»^ 
and  another  between  »2«  and  96®.  The lattar ia tiie  normal ynpji «J«™ »« *T 
appeara  to  be  an  acetal,  C»H"0«.  The  emea  of  reactioM  above  dambed^Wi  i 
general  method  of  conrerting  a  seeraidafy  akohol  into  the  normal  wiBBiy  taamA. 

The  chief  product  of  the  action  of  chlorine  on  propane  la  ovdinaiy  propjl^M 
chloride,  CH'OT.  boilii«  between  »4»  and  SB*  Thia  Alorido  aiaybeqawtw 
in  the  naoal  way  into  a  glycol,  yielding  by  coddatioa  earbonie  and  acrtio  eodj,  » 
therefore  baring  the  constitution  of  the  alroady  knaani  pfopyleae  glygo^ 
CH*— CHOH— CHK)H.  It  appean  from  these  ozperimesta  that  pcnpn*  "J? 
with  chlorine  diffefenay  from  ethane ;  for  the  latter  is  tiiexvbj  convwtsd  i^  <i?fr 
dene  chiwide,  CH»— CHQ*,  in  which  both  atoms  of  ehloriiia  aiw  attacbsd  tettea^ 
carbon-atom,  whereas  in  propane  the  two  hydrogen-atoma  which  an  *■!*"*  *? 
chlorine  belong  to  difierent  atoms  of  CBrbon  (Schoriammer^  Proc.  Kef,  Stc  na- 
»72;  Ann,  Ck.  Pkarm.  cL  169).  .^^ 

The  product  of  the  action  of  chlorine  on  propane  likewise  contains  awJ^P;- 
chlorinated  compounds  boiling  between  lOO®  and  200*.  The  latter  are  o"^/; 
greater  quantity  by  exposing  the  portion  of  liqnid  which  boila  abova  ^^^^^^ 
action  of  chlorine  m  direct  sunshme  for  sereral  days.  The  prodnct  is  a  "^f"^™^ 
between  120°  and  200^  which  by  fractional  distiUatioa  yi^da  triehlorli^ni  v 
trichloropropane,  C«H»a»,  boiling  between  IfiO^and  160«  Thia  Bqmd fc*;* 
with  dry  potassium  hydrate  yielils  glycidic  dichloride,  C»HH3P,  whiA  w^ 
direcUy  with  bromine,  ibrmii«  the  compound  C»HH31«Bi*.  Hence  it  »jn*?fj^ 
propane  and  ethane  differ  also  in  the  natnn  of  their  third  efalorinaied  dentePTM. 
propane  yielding  trichlorhydrin,  the  strnctow  of  which  ia  moat  paobably  »^u*"'l' 
by  the  formula  CH«a— CHC51— CH«CI,  whereas  ethane  yrielda  the  y|^ 
CH*— CCl*.    It  is  further  to  be  observed  that  the  substitution-prodneU  of  |Bi^ 


propyl  chloride  are  identical  with  those  of  the  secondary  chloride  ;  tor^  as  l*niia 
has  shown  (^an.  Ch,  Pharm.  cxxzri.  48  ;  czziix.  17),  when  chlorine  iap»*"j; 


flrio 


trichlorhydrin  has  sepanuted,  to  sunshine  for  several  days,  and  then  ^^^^S^m  ^ 
product  boils  between  200®  and  260°,  and  the  portion  distilling^  between  20cr »» 
205°  solidifies  in  the  receiver  to  a  crystalline  mass  of  tetrschloropropane,  ^^'  .'"?;, 
freed  from  an  adhering  oily  chloride  by  pressure  between  paper,  and  ^J^^J^Jvu^ 
stellate  groups  of  small  needles  by  reciystallisation  from  a  hot-aatntated  "J**^ 
solution.  It  smella  strongly  like  camphor,  volatilises  somewhat  quickly  when  ^VrJ 
to  the  air,  melts  when  heated  in- a  test-tidM,  and  sublimes  very  rapidly ;  in  ^JS^ 
capillanr  tube  it  melts  at  177*^  to  178°.  and  resolidifies  completely  at  176**  to  17»  • 

HexckoroprojMtn^  C»H«a«,  is  slowly  produced  by  the  action  of  chlorine  w«» 
brightest  sunshine,  and  in  presence  of  iooine,  on  the  portion  of  the  above-main<^ 
distilliite  which  boils  between  206°  and  250<^  It  is  a  colonxleas  liquid*  smelhx«  uv 
camphor,  and  boiling  without  decomposition  at  250°.  It  does  not  appear  py*"^ 
replace  more  than  six  of  the  hydrogen-atoms  of  propane  by  dileiine  (SehcmB'^' 
Proc.  Boy,  Soo,  xviiL  29  ;  Ann,  Ch.  Phy$,  clii.  I59\ 

MtOPASOTUO  Waaau    G*H>0  -^  ^|g||o(LiebennanB,.iiMi.^^^*'*' 

crrrv.  206^;  Jakretb,  1865,  p.  496).— Produced  by  the  action  of  potassium  ^i^^ 
on  bromallylene ;  C»H«Br  +  C»H».H.O  -  HBr  +  C*H».C»H».0 ;  more  rea^ 
hf  the  prolonged  action  of  boiling  alcoholic  potash  on  tribromallyl,  C^'Br*.  ^^ 
distillate,  freed  from  a  brominated  oil  by  washing  with  water,  yields  withammooacA^ 

silver-solution  a  white  bull^  precipitate  of  arj^ntoproparjiyUo  eiker^       (^^y 

728),  which  when  treated  with  adds  yields  propaigylic  ether.  This  ether  is  a  ^^ 
having  an  ofibnsive  odour,  boiling  at  72°,  forming  a  white  pncipitate  ^fj^J^l 
solution,  yellow  with  ammoniaosl  cuprio  dilorida.  The  silTer-oompoond  '^fj''^ 
that  of  aUyene,  but  has  a  stronger  edeur  and  is  amorphous ;  melts  and  ^^^^""^ 
when  heated,  leaving  a  pyrophoric  mass ;  and  forma  a  silver-speenlnm  wfaeo  1)^ 
with  water.  Mixed  with  a  solution  of  iodine  in  potassium  iodide,  aa  long  as  6sff»^' 
tion  ensues,  and  then  distilled,  it  yields  a  transparent,  eolouriess,  fetid  oil  cooatt>*S 

ot  iodopropargylie  ether,  ^^\o.  The  silver-compound  mixed  with  a  laiy  tf**' 
of  iodine  in  ethereal  solution  fonns  a  riacid  yellowinh  ofl,  ^-^J^^Ij  0,  which  gireio^ 
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iodine  vliaii  htattd.  Ibdoprapaig]rIie«tli«riiiiita«  with  braniiw,  fitnung  the  Tdlnwish 
oUy  body  ^"^(^.JO. 

Pzopaigylic  ether  may  also  be  prepared  by  boiling  trichlarhydnn  with  8  pte .  of 
potassinml^dnkte  and  a  large  quaatity  of  aloohoL  The  alcoholie  distillate  yields 
with  silyer  nitrate  a  dassling  white  crystalliDe  precipitate  of  the  silTer-cempomid 
G'H*Ag.CH*.0,  from  which  pxopai^lio  ether  is  easily  obtained  by  the  action  of 
nitric  acid,  less  easily  by  treatment  with  ezeees  of  potash,  a  pungent  silrer-blackening 
snbstance  being  then  likewise  formed,  probably  acrolein  (ttieyer,  Jtm»  Ck  Pkarm, 
czxiTiii.  196). 

By  treating  tribromallyl  with  a  solution  of  potash  in  methvl  aleohol,  and  the 
distillate  with  ammoniacal  silver  nitrate,  the  silTer-deriyatire  of  metkyi'firopargjflie 

ether,         fm  \  0,  is  obtained,  as  a  lemon-yellow  gelatinous  precipitate,  from  which, 

by  the  action  of  iodine  dissolved  in  potassium  iodide,  the  compound    qhic^  ^'^ 

obtained,  as  an  oil  which  solidifies  in  needles  at  about  12^  (Liebermann).  See  fiuther, 
laebermann  a.  Kretschmer  {Ann,  Ch.  Pharm,  dviii.  230 ;  Chem.  8oe.  J.  [2]  ix.  627). 

vmonO]NLiU»TAXXI>m  CrH*«N<0*  »  K>(C*H>0)(C*H"0)*H*  or 
N(G*HH)XC>HK))H.K(CH«0)H*,  is  formed  by  heating  propionitrile  and  acatic  acid 
in  molecular  proportions  to  200®  for  a  few  hours  (C(autier,  p.  526). 


tOrXomL    C>H<*0  »  CO(pH*)*.— This  ketone  is  formed  by  the  azidation 
of  diethoxalic  acid  with  potassium  dichromate  and  sulphuric  acid : 

C«H>K)»  +  O  -  C0«  +  HK>  +   C»H'«0. 

It  may  be  prepared  by  decomposing  ethyl  diethozalate  with  potash,  and,  after  distilling 
off  the  alcohol,  treating  the  crude  potassium  diethozalate  with  the  oiddising  mixture 
(Chapman  a.  Smith,  Chem.  Soe,J.  [2]  v.  173;  Jakreab.  1867,  p.  463).  It  is  also 
produced,  together  with  ethylcrotonic  acid,  by  heating  ethyl  diethoxalate  withluming 
hydrochloric  acid  to  160°  for  several  hours  (Geuther,  Jahresb.  1867,  p.  466): 

8C^"(C»H»)0«    +  8HC1  +  H*0  »  8C*H"0  +  2C^'«0»  +  8C«H»C1  + 
Btbjl  dtethoxelaibe.  Propione.       Btttyl-crotonie         Ethrl 

■icid.  ohlandA. 

8C«H«0  +  6C0». 
AkohoL 

The  propione  obtained  by  either  of  these  processes  is  identical  in  properties  with  that 
obtained  by  the  methods  of  Morley,  Freund,  and  Wanklyn  (iv.  7 20).-- Propione, 
doubtless  also  identical  with  this,  is  formed  by  heating  1  pt.  of  bromamylene  with 
3*4  pts.  mercuric  oxide,  4  pts.  glacial  acetic  acid,  and  sufficient  water  to  ensure  the 
solution  of  the  mercuric  oxide  when  heated.  On  distilling  off  about  one-fourth  of  the 
product,  neutralising  the  distillate  with  potash,  again  distiHing  off  the  most  volatile 
portion,  and  mixing  this  distillate  with  water,  a  ketone,  G*H'*0,  is  obtained,  which 
t>oils  between  00®  and  100®,  and  does  not  unite  with  acid  sulphites  of  alkali-metal 
(Linnemann,  Zeiischr.  /.  Ciem.  [2]  iv.  67); 

Isomeric  with  propione,  and  capable  of  uniting  with  alkaline  bisulphites,  are 
methyl-propvl  ketone,  boiling  at  101®;  methyl-isopropyl  ketone,  boiling  at  93-6® 
(p.  768);  ethyl-propyl  aldehyde  (b.  p.  110®),  from  butyracetic  acid  (Limpricht  a. 
von  Uslar,  Jahresb,  1866,  p.  609) ;  methyl-butyral  (b.  p.  110®),  from  calcium  butyrate 
(Friedel,  U>id,  1868,  p.  296) ;  and  valeraldehyde  (b.  p.  101®). 

WROWmmta  ACIB,  Cm*0*  -  C»HH>.0H  -  CH«— ch*— COOH.— This 
acid  is  formed :  By  reduction  of  iodopropionic  acid  with  sodium-amalgam  (Molden- 
hauer,  Jahresb.  1864,  p.  370) ;  by  heating  methyl-crotonic  acid  with  potash  (Frank- 
land  a.  Duppa,  p.  829) ;  and  by  heating  argynesdn  (from  horse-chestnut  bark)  with 
potssh  (Boehle«)r,  p.  69) : 

C«7H«o"  +  2HK0  -  C«H»KO«  +  C"H»KOw 
ArS]mesoln.  Bwptonate.  ^idnsfe. 

It  is  also  found  amongvt  the  products  of  the  drr  distillation  of  wood  (Anderson, 
Om.  Hew,  xiv.  267.    Barri,  ZmtHiir.  /.  Chem,  [2]  v.  446). 

AceljUyroptonto  A«ld.  CH'O*  ^  G*H*(C*H*0)0*.— The  ethylic  ether  of 
an  add  having  this  composition  is  produced  by  the  action  of  ethyl  chloncetater  on 
the  product  of  the  action  of  sodium  on  ethyl  acetate,  and  this  ether  boiled  with 
caostjc  soda  yields  the  corresponding  todium  salt,  C*H'0*Na.  The  sine  $alt, 
(CH'0")«Zn,  and  the  calcium  salt,  (C*H'0*)Ca,  ciystallise  in  colourless  naereoiis 
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lamiM;  the  iiiwr  $ali,  C*H'0»Ag,  is  slighUj  aolnble  in  waftar  (Koddeeke, Zflbc&r. 
/.  Ckem,[Z]  iy.  681). 

Bronoproplmiio  Aeld.  C*H»BrO*  (see  it.  733).~I»fi>SM>jwi>jwuer  «^ 
C^H^Bi'O*,  is  formed  by  direct  addition  of  1  moL  brotnina  to  acrylic  acid,  C^H)*.  m 
aqneons  solutaon;  it  may  be  czystallised  by  rwj  slow  erapdaration,  but  beeram 
lesinous  by  keeping,  and  gives  off  hydrobiomic  acid.  The  bzomine  is  only  putial'.T 
remoTed  from  it  by  boiling  with  bazyta-wnter,  and  not  otMnpletely  em  by  sHw 
oxide  till  after  prolonged  action  (Wichelhans,  Jakteth,  1867,  p.  403). 

CSbloravroytoate  Aeld.  G*HKnO*  (Wichelhans,  Anm.  Cft.  Pftena.  dxiH.  I: 
czliT.  861 ;  JaMresb.  1867,  jp.  899).~This  acid  exisU  in  tvo  modifications,  the  aoe  «< 
produced  by  the  action  of  water  on  lactyl  chloride,  CHH>CI*,  or  chloroiBVfpk'ij. 
chloride,  G*H*C10.C1,  the  other  (iS)  by  the  action  of  phosphoma  pentaehlcnde « 
glyceric  acid. 

a  Chloropropumw  aeid  was  first  obtained  by  XTlrich  (iv.  733),  but  not  in  the  f<:« 


portion  which  boils  above  111^,  and  mixing  the  resulting  solution  of  lactjl 
phosphorus  oxychloride  with  an  egaal  quantity  of  water  in  a  Teasel  eooled  vr'i 
water  (not  with  ice).  On  subsequent  distillation,  the  liquid  aepazatea  into  two  Utcs. 
the  upper  of  which  distils  oyer  completely  at  186^,  and  on  anbaequent  recdfioDa 
yields  pure  chloropropionic  add.  Piire  lactyl  chloride  fiee  firkm  phosphom  (B7* 
chloride  is  not  completely  decomposed  by  water,  eyen  after  seyeral  honra'  boiling. 

$  Chloropropionic  acid  is  prepared  tsj  treating  a  salt  of  glyoerie  acid  with  Z  rnl 
phosphoms  pentachloride ;  distilling  off  the  greater  part  of  tbe  phosphorai  oxy- 
chloride (chforopropionyl  chloride  remaining  in  the  residue) ;  then  conneetiag  '-^ 
retort  with  an  upright  condenser ;  gradually  pouring  in  absolute  alcohol ;  filteriBs:  <^ 
the  separated  phosphate ;  leaTing  the  alcoholic  filtrate  to  itself  for  24  boon ;  sad  t&« 
mixing  it  with  common  salt,  which  throws  down  ethyl  chloropiopionate.  This  etbff 
it  fteed  from  phosphoric  ether  by  washing  with  water,  rectified  after  drying,  aa^ 
decomposed  by  buyta-water ;  and  the  acid  separated  from  the  aqueous  soluticn  d 
the  resulting  barium  salt  by  sulphuric  add,  is  dissolyed  by  agitation  with  edtf 
(Wichelhaus).  ^ 

The  difference  of  constitation  between  the  two  isomeric  adds  may  be  TspnHxi'i 
by  the  following  formula : 

CEP  •  CH*Cl 


1 

CHOI 

CEP 

COOH 

COOH 

a  Chloropropionic  add  is  a  colourless  transparent  liquid,  hayiog  a  fiaint  odonr  o^ 
acetic  and  butyric  adds,  and  a  sharp  taste.  It  blisters  the  akin,  mixes  in  aH 
proportions  with  water,  alcohol,  and  ether,  boils  at  186^,  has  a  sp.  gr.  of  1-28  at  0°. 
and  expands  stronffly  by  heat.  It  remains  liquid  at  the  temperatore  of  a  mixtoie  ci 
ice  and  salt  (Budianan).  It  fbrms  a  liquid  chloride;  its  ethylic  ether  boils  at 
144°.  It  is  easily  decomposed  by  dlTer  oxide,  with  formation  of  lactic  acid ;  its 
barium  salt  is  also  decomposed  when  its  solution  is  eyaporated  oyer  tbe  mter-bnth. 
Boiled  with  excess  of  silyer  oxide,  it  forms  acetic  and  probably  alao  formic  add 
(Wichelhaus). 

3  Ckloropnpionie  acid  forms  fibrous  tufts  of  crystal^  smelling  like  enomte, 
melting  and  yolatilising  at  66°.  Its  chloride  is  crystAlline.  The  ethylic  ether 
boils  at  160^-160°.  The  barium  salt  separates  from  its  solution  by  erapotatioB 
oyer  the  water-bath  in  shining  scales  and  laminn;  The  add  is  but  slowly  dseoa^ 
posed  by  silyer  oxide;  when  heated  with  excess  of  the  oxide,  it  throws  down  metsUie 
silyer  and  forms  carbacetoxylio  add,  CH*0^  isomeric  with  malonic  add,  but  mooo- 
basic  I 

C»H*C10»  +  8Ag»0  «  C^'AgO*  +  AgO  ♦  2Ag«  +  H«0. 

The  boiling  point  of  a  chloropropionic  add  is  the  same  as  that  of  chlomoetic  acid: 
hence  it  cannot  be  homologous  with  the  latter ;  the  true  homologue  of  ehloracetie  add, 
CH<C1— COOH,  is  0  chlorojwopionic  add,  CH*C1— CH*— COOH. 

lodopropioiiio  Aeld*  CH*IO*. — ^There  are  two  modifications  of  this  neid. 
corresponding  with  those  of  chloropropionic  add,  yis.  the  a  add  obtained  from  lactic, 
and  the  $  acid  from  glyceric  acid. 

a  Joflopropionio  acid  is  prepared  by  digesting  syrupy  lactic  add  with    I   mo). 


J 
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phospBonui  di-iodide,  pouring  the  mixture  at  the  tenni nation  of  the  reaction  into  water, 
agitating  with  ether,  and  eyaporating  the  ethereal  eoltttion.  The  acid  then  remains 
in  the  form  of  an  oil  nearly  insolable  in  water,  whereae  0  iodopropionic  add,  obtained 
by  the  action  of  hTdriodie  acid  or  of  phoephome  iodide  on  gl;^9eric  acid  (iy.  783), 
crystAllisea  easily  and  well  (Wichelhaue,  loe.  cit,), 

0  lodopropionie  acid  boiled  with  silver  oxide  not  in  ezoesfl,  yields  a  silver  salt, 
convertible  by  double  decomposition  into  a  zinc  salt,  having  the  composition 
(CHH)')'Zn,  and  the  properties  of  ordinary  sine  liictate ;  but  the  mother-liquor  after 
a  while  deposits  crusts  easily  soluble  in  water  and  in  alcohol,  and  having  nearly  the 
composition  of  the  zinc  salt  of  paralactic  or  sarcolactic  add.  Wichelhaw  regards 
the  latter  as  the  primary  product  of  the  transformation  of  P  iodopropionic  acid,  and 
Hupposes  that  it  is  afierwards  converted  into  ordinary  lactic  acid  by  prolonged  boiling 
with  the  silver  oxide ;  he  thence  infers  that  a  chloro-  and  a  iodo-propionic  acid  are 
analogous  in  constitution  to  ordinary  lactic  add ;  0  chloio-  and  iodopropionic  acid  to 
paralactic  acid : 

CH»— CHI— CO'H  CH^I— CH«— 00«H 

a  lodoproploDlo.  fi  Iodopropionic 

CH»— CH(OH)  -CO'H  CH«(OH)— CH«— Ca»H 

Lsctic.  Pmlaetla 

Wislicenus  {ZeUsckr.  /.  Chem.  [2]  iv.  683)  also  finds  that  0  iodopropionic  acid  boiled 
with  recently  precipitated  silver  oxide,  yields  lactic  acid,  and  is  of  opinion  that  the 
acid  C"H*^0*',  called  hydracrylie  acid,  which  Beilstein  obtained  from  0  iodopropionic 
odd  by  the  same  process,  was  in  all  probability  nothing  but  hictic  acid. 

Socoloff,  on  the  other  hand  (ibid.  v.  423),  has  obtained  by  similar  means  an  acid, 
CHK)*,  some  of  the  f>alts  o£  which  difier  in  chasictcr  from  those  of  either  of  the 
known  lactic  acids,  and  from  those  of  the  isomeric  methyl-glvcollic  acid.  This  acid 
he  designates  as  gltfceraldehydic  acid,  regarding  it  as  the  aldehyde  of  glyceric  acidl 
Beilstein's  hydrac^ic  add  he  regards  as  an  anhydride  of  this  acid.  (See  lAcno 
Acid,  p.  770.^ 

0  Iodopropionic  acid  heated  with  excess  of  Tnetallic  silver  is  converted  into  adipie 
acid,  C«*H'«6«  (Wislicenus,  ibid.  680): 

2(CH»I— CH'— CO«H)  +  Ag«  -  2AgI  +  [CO«H  ~(CH«)*— CO»H]. 

VlMBjl-propftoBlo  Aotd.  C"H*«0*  -  C«H*(C«HH)*V— Syn.  withHTOBociKNAMio 
Acid.  See  CimcAioc  Acid  (p.  468).  Under  the  same  head  are  also  described  the 
chlorine,  bromine,  and  iodine  derivatives  of  phenyl-propionic  add,  also  of  oxyphenyl- 
propionic  or  phenyl  lactic  acid,  CH'K)'. 

antffop]ieiurl.propioiile    aeld,  CH*(NOs)0*   »    C'H«|^,^,q„  is  formed  by 

treating  hydrocinnanic  add  with  fuming  nitric  acid  in  a  cooled  vessel ;  when  pmrifled 
by  separation  from  its  sodium  salt  and  recrystallisation  from  hot  water,  it  forms 
feathery  groups  of  faintly  yellow  crystals,  very  slightly  soluble  in  cold,  BM>re  easily  in 
warm  water,  moderately  soluble  in  alcohol  and  ether.  It  softens  when  heated,  melt* 
completely  at  153^,  and  solidifies  to  a  radio-crystalline  mass  on  cooling.  Its  salts  are 
for  the  most  part  easily  soluble  and  difficult  to  erystalliee ;  the  lead  and  silver  salt4 
are  yellowish  predpiiates.  The  acid  oxidised  with  chromic  acid  mixture  is  converted 
into  paranitrobenzoic  acid :  hence  it  belongs  to  the  para  series. 

AmidophenyJpropimic  acid,  C»H»(KH«)0«  =  OH' |^^\^,  is  formed,  together  with 

hydrocarbostyxol  (p.  715),  by  treating  the  nitro-acid  with  tin  and  hydrochlone  acid, 
and  remains  in  the  mother-liquor  after  the  hydiocarbostyrol  has  be^  aeparated.  It 
cryBtalliees  in  groups  of  quadratic  prisms,  melting  at  131^  and  decomposing  at  higher 
temperatures.  It  unites  both  with  bases  and  with  acids ;  but  the  salts  which  it  forms 
with  bases  are  unstable  and  difficult  to  crystallise.  Its  combinations  with  acids,  on  the 
other  hand,  crystallise  well:  the  hydroekhrido,  C*H"NO'.HCl»in  groups  of  four* 
sided  prisms ;  the  suiphaU,  2C*H"N0*.H'S0^,  from  water,  in  large  nodular  groups ; 
from  alcohol  it  is  precipitated  by  ether  in  silky  needles ;  the  nitrate  separates  from 
solntion  in  warm  dilute  nitric  acid  in  fine  crystals. 

Chloride  of  JHasophenylpropumic  acid,  C^H^N^O^a  «  ^^H'jJ^^J^?,  is  produced 

by  passing  nitrous  acid  vapour  to  saturation  into  a  solution  of  dry  hydrochloride  of 
amidophenyipropionic  acid  in  absolute  alcohol,  and  crystallises  in  four-sided  needles 
which  detonate  when  heated.    Their  nquoous  solution  when  warmod  gives,  off  l^igo 
iStip.  3  Q 
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quantities  of  nitiogon,  and  the  remaining  liquid  contains  paisoj^pbeojlpBopioBJc  add, 
Q^iQti  identical  with  hjdropaFBOoamaric  acid  (p.  716): 

C»H»N«0«a  +  HK>  «  C»H«(HO)0«  +   HCI   +    N«. 

Parabromophimyl'propumie  acid,  OH*BrO*,  ]garodaced  by  the  action  of  fazamine  ob 
hjdrocinnanuc  acid  (p.  468),  is  conTertad  by  oxidation  into  par&bromobenacMe  acid. 

Vtaenyl-proplolSe  JMld.  G*H"0>  (QUmt,  ZeU»ekr.f.  Ckem.  [2]  ir.  328).— This 
acid,  related  to  phenyl-propionic  acid  in  the  same  manner  as  BteAxolie  to  stearic  ao4 
is  produced  by  the  action  of  sodinm  and  carbon  dioxide  on  monobromocimaaww: 
aliso  by  abstraction  of  HBr  from  o-bromocinnamicaeid,  O^H^BrC,  bj  means  of  aleobi^ 
potash.  f3'bronioeinnamic  acid  treated  in  this  manner  yields  an  oilj  add*  pi  4€S ) 
.  It  ciystaUises  from  water  or  from  carbon  bisulphide  in  long  white  silky  uanSixM 
melting  at  186^-137^.  and  subliming  at  the  same  tempemture  in  slender  aeedlts. 
Under  water  it  melts  at  80°  to  a  colourless  oil,  which  dissolves  on  farther  heatise 
The  acid  dissolves  easily  in  ether,  and  still  more  in  alcohoL  The  harimm  t^- 
(CH*0*)'Ba,  crystallises  by  slow  evaporation  in  square  tables  containing  1  moL  E^J, 
by  evaporation  over  sulphuric  acid  in  needles  containing  2HK)  ;  and  ftoan.  a  solsti'ja 
cooled  to  a  low  temperature,  in  tufts  of  needles  containing  8HH>.  By  boiling  eiUuf 
of  these  hydrates  with  absolute  alcohol,  the  anhydrous  salt  is  obtained  as  a  pulp  ^ 
peedle-shaped  crystals.  The  anhydrous  salt  begins  to  decompose  at  115^,  and  a: 
higher  temperatures  gives  off  a  yellowish  oil  (aoetenyl-bensene  ?).  The  potawnvm  t^'t 
C»H*0*K,  IS  a  aystalline  powder  very  soluble  in  water.  The  silver  salt,  C»H*0«Ar. 
is  a  very  sparingly  soluble  precipitate ;  the  lead  salt,  a  white  amorphous  precipiu't^; 
the  copper  salt,  a  blue  precipitate  consisting  of  small  laminsB ;  with  ferric  cUoride  • 
yellow  precipitate  is  obtained. 

'    The  relations  between  phenyl-ptopionte,  cinnamic,  and  phenyl-propiolie  acids  »?* 
exhibited  by  the  following  formulie : 

C«H»  OB*  C*H» 

cn«  CH  o 

1  II  III 

CH«  CH  C 

CO«H  CO'H  00«H 

Phenyl-  Cinnamic.  Fheoyl. 

propionic.  proplolio. 

toing  similar  to  those  between  ethane,  ethylene,  and  othine  or  acetylene : 

CH"  CH«  CH 

II  III 

m*  CH«  CH 

Ethane.  Ethylene.  Ethina. 


h 


»SO»ZOWZO  AXABHTBB.  CH'O  «  CH* .  CO H.— Rossi  (Cbmpi.  rntd. 
Ixx.  129)  has  obtained  this  compound  by  the  dry  distillation  of  a  mixture  of  the  ealcinsi 
salts^of  formic  and  propionic  acids  (the  latter  prepared  from  ethyl  cyanide).  The 
distillate,  after  drying  with  calcium  chloride,  yielded  by  fractional  distillation,  f  of  its 
weight  of  pure  propionic  aldehyde,*  a  small  quantity  of  butyric  aldehyde,  and  a  liqniii 
boiling  at  80^-100^,  which  apparently  was  not  an  aldehyde.  Propionic  aldehyde  is  a 
clear  mobile  liquid,  having  a  pungent  odour,  boiling  at  49*6°  under  a  pressure  of  740  mm ., 
and  having  a  sp.  gr.  of  0-8047  at  0®.  According  to  Pierre  a.  Puchot,  propionic  aldehyde 
prepared  by  oxidation  of  normal  propyl  alcohol  boils  at  46^,  and  has  a  sp.  gr.  of 
0-8329  at  O"*,  08201  at  9*7°,  and  0*7906  at  32*6^.  Propionic  aldehyde  dissolves  in 
water,  but  not  in  all  proportions.  It  oxidises  readily  in  the  air,  reduees  ammoniacal 
silver  solution,  dissolves  in  acid  sodium  sulphite,  but  without  separation  of  eryatals, 
and  is  decomposed  by  heating  with  potash.  By  the  action  of  water  and  sodium-amalgam 
it  is  reduced  to  normal  propyl  alcohol  (Rossi). 

VBOPZOVXTKZ&Bs    See  Ethtl  Ctakids,  under  Ctaitidbs  (p.  524). 

ymOPZOWn  B&OMZBB.  C*HK)Br.— Produced  by  gradually  adding  2  mok 
PBr*  to  8  mol.  propionic  acid  in  a  cooled  retort,  and  subsequently  distilling.     When 

«  The  Rtatemont  of  Sterach  (Ann.  Ch,  Ph^rm.  cxiil.  116)  that  propionic  aldehyde  to  nok  formed  bf 
fhla  reaction,  and  oonaeqnently  that  the  method  cannot  be  employed  for  the  lyntbelic  prodnctfoa  of 
Ibe  primaiy  alcobol%  Is  thentf ore  diapcored. 
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purified  by  repeated  rectificRtion,  it  10  a  fuming  liquid  hnring  a  peculiar  odour 
resembling  that  of  acetic  acid,  and  also  that  of  salted  meat.  Sp.gr.  r465  at  14^. 
Boiling  point  96°-98^.  With  water  it  becomes  hot  and  is  convertea  into  propionic  an^ 
hydrobromic  acid  (Sestini,  Bull.  Soc.  Chim.  [2]  xi.  468). 

wmOTXCrniTL  ZOBZBB.  G*HH)L— Obtained  by  adding  19*6  pts.  iodine  by  small 
portions  to  a  mixture  of  ll'l  pts.  propionic  acid  and  1*6  pt  dry  phosphorus,  cooling 
and  agitating,  then  distilling,  rectifying  OTer  phosphorus,  and  finally  decolorising  the 
distillate  by  agitation  with  mercury.  It  boils  between  127°  and  128^,  sinks  in  water, 
and  is  immediately  decomposed  thereby  (Sestini,  loc.  cit.). 


»BOVT&  ATtOOHOrS  and  MTMAIftS.  1.  Normal  Propyl  Alcohol, 
CH*-CH*— CH*OH,  was  first  obtained,  though  not  quite  pure,  by  Chancel  in  1853, 
from  the  fiisel-oil  of  the  residues  left  in  the  distillation  of  brandy  from  wine :  he 
found  it  to  boil  at  96°  to  97°  (about  19^  higher  than  ethyl-alcohol).  Chancel  has 
lately  subjected  propyl  alcohol  obtained  from  the  same  source  to  further  examination 
{Compt.  rend.  IxTiii.  659,  726) ;  he  now  finds  that  it  boils  at  97^-100°,  but  that  a 
very  small  quantity  of  water  lowers  the  boiling  point  considerably.  Sp.  gr.  0*813  at 
13°  (water  at  4°  »  1).  It  forms  a  hydrate,  C»HH).H*0,  boiling  constantly  at  875° 
(under  a  pressure  of  738  mm.),  but  decomposed  by  potassium  carbonate.  The  alcohol 
is  insoluble  in  cold  oonceAtrated  solution  of  calcium  chloride,  and  turns  the  plane  of 
polarisation  to  the  left ;  [a]  »  —  5°.  By  oxidation  with  chromic  acid,  it  is  almost 
wholly  conyertcd  into  propionic  acid ;  if  the  quantity  of  the  oxidising  agent  is  com- 
paratively small,  propionic  aldehyde,  C*H*0,  is  likewise  formed.  Pierre  a.  Puchot 
{Compt.  Ixvi.  302)  by  distilling  fermented  beet-molasses,  obtained,  towards  the  end  of 
the  distillation,  a  mixture  of  amyl,  butyl,  and  propyl  alcohols.  The  propyl  alcohol 
scpanited  therefrom  by  fractional  distillation  boils  at  98*5°,  and  is  therefore  also 
normal  propyl  alcohol.  It  has  a  sp.  gr.  of  0*820°  at  0^,  0*812  at  10:3°,  0*780  at  51*1^ 
and  0*749  at  840°.  The  propyl  iodide  obtained  from  it  boils  at  104*5°,  the  acetate  at 
105°.  Fittig,  Konig,  a,  Schaffer  {Zeitsehr.  /.  Client.  [2]  iv.  44)  have  demonstrated  the 
existence  of  the  same  alcohol  in  a  commercial  fermentation-product  designated  as 
propylic  alcohol  and  containing  also  amylic  and  ethylic  alcohols.  This  liquid  treated 
with  bromine  and  phosphorus  yielded  a  mixture  of  bromides  from  which,  by  fractiona- 
tion, propyl  bjipmide  was  obtained  boiling  at  71°  to  71 '5°.  This  therefore  is  normal 
propyl  bromide,  for  its  boiling  point  differs  from  that  of  ethyl  bromide  by  the  same 
amount  (29°)  as  that  of  ethyl  brr^mido  (42°)  differs  from  that  of  methyl  bromide  (13°). 
Uence  the  alcohol  in  question  is  normal  propyl  alcohol.  Chapman  a.  Smith 
{Chem.  Soc.  J.. [2]  vii.  198)  also,  by  subjecting  the  mixture  of  alcoholic  bromides  pre- 
pared from  a  fusel-oil  of  unknown  origin  to  fnictional  distillation,  obtained  a  propyl 
bromide  boiling  at  70  3°  to  70*8°,  and  having  a  sp.  gr.  of  1  3532  at  26°.  This  bromide 
was  converted  into  the  corresponding  acetate  by  treatment  with  potassium  acetate  and 
glacial  acetic  acid,  and  the  acetate  into  the  alcohol  by  heating  it  in  a  sealed  tube  with 
strong  aqueous  ammonia :  the  contents  of  the  tube  were  neutralised  with  acetic  acid 
and  distilled,  and  the  alcohol  separated  from  the  distillate  by  potassium  carbonate. 
This  alcohol  boiled  at  97°-98°,  had  a  sp.  gr.  of  0*8120  at  16°,  and  yielded  propionic 
acid  by  oxidation.  The  iodide,  C*H'I,  obtained  from  it  by  treatment  with  hydriodic 
acid  boiled  at  102°-103°  and  had  a  sp.  gr.  of  1*7348  at  16°. 

Schorlemmer,  as  already  observed  (p.  957),  has  obtained  normal  propyl  alcohol 
from  propane  prepared  by  the  action  of  zinc  and  hydrochloric  acid  on  isopropyl  iodide; 
this  affoids  the  means  of  converting  isopropyl  compounds  into  normal  propyl  com- 
pounds ;  the  alcohol  thus  obtained  (not  quite  pure)  lx>iled  at  about  96°. 

Linnemaun  (Ann.  Ck.  Pkarm.  cxlviii.  251)  has  prepared  normal  propyl  alcohol  from 
ethyl  alcohol  in  the  same  manner  as  he  formerly  obtained  ethyl  alcohol  from  methyl 
alcohol,  namely  by  converting  it  first  into  ethyl  cyanide  or  propionitrile,  then  succes- 
sively into  propionic  acid,  propionyl  chloride,  and  propionic  anhydride  (by  heating  the 
chloride  with  sodium  propionate),  and  treating  the  anhydride  with  sodium-amalgam  in 
the  same  manner  as  in  the  preparation  of  ethyl  alcohol  from  acetic  anhydride  (p.  692). 
The  propyl  alcohol  thus  obtained  boiled  Iwtween  84°  nnd  91°,  and  was  therefore  not 
quite  pure.    By  oxidation  with  chromic  acid  it  yielded  propionic  acid. 

Lastly,  Bossi  (Ctmpt.  rend.  Ixx.  129;  Zeitsehr.  f.  Chem.  [2]  vi.  141)  has  obtiiined 
normal  propyl  alcohol  by  the  action  of  nascent  hydrogen  on  propionic  aldehyde 
prepared  from  ethyl  alcohol  as  already  described  (p.  962).  The  aldehyde  was 
dissolved  in  15-20  times  its  weight  of  water,  sodium-amalgam  was  introduced  into  the 
liquid  by  small  portions,  and  an  equivalent  quantity  of  sulphuric  acid  added  at  the 
same  time.  As  soon  as  the  liquid  ceased  to  reduce  silver-solution,  it  was  distilled; 
the  distillate  was  filtered  to  separate  a  few  drops  of  an  insoluble  oily  substance;  and 
the  propyl  alcohol  was  separated  from  its  aqueous  solution  by  distillation  and  additiop 
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of  poUsfinm  carbonate.  The  product  amoonted  to  f  of  tlia  thecsetkal  qustrr. 
Propyl  alcohol  thaa  obtained  boile  at  96®  (bar.  at  74S  nun.),  and  has  a  sp.  p.  -cf 
0*8205  at  0®.     By  oxidation  with  chromic  acid  it  yields  pnre  propionic  add. 

The  following  table  exhibits  the  boiling  points  and  spedfie  graritiea  of  the  normal 
propyl  alcohol  and  the  corresponding  ethers : 

Kormal  Propyilie  JleoM  and  Elken, 


Alcohol,  CH'OH    . 

BoOlng  Poini 

SpeciAe  Qn.\itf 

««« 

96®-97** 

0-813    at  13® 

ChaneeL 

98-6** 

C  0-820     „  0®  ( 
}  0-812     ,.  10®  J 

Pierre  a.  PnchoL 

96<» 

0-8205  .,  0® 

Roen. 

Chloride.  C?«H'a    . 

840-91*' 
b2? 

_ 

T.innAm%f)T| 

ChaoceL 

46-60 

0-9156  at  0® 

Pierre  a.  PodsoL 

Bromide,  C*H  Br    . 

71*0Ml-6<» 

— 

Fittig. 

70-3®-708® 

1-352    at  160 

Chapman  a.  SnilL 

680-72« 

.— 

Ldnnemaiui. 

70M1° 

1-3887  at  0® 

Koaai. 

720 

13497  „  0® 

Pienre  a.  pQcbr< 

Iodide,  C'H^     .    . 

99<>-101*> 

1-637    „  75-3® 

Qiancel. 

102°-103** 

1-7343  „  16® 

Chapman  ^a.  &nit-L 

' 

102' 

1-7821  .,  0® 

lUsasi. 

• 

lOirj* 

1-7102  „  2® 

linnemann. 

lO^^S^'-lOi-S* 

1-784    H  0® 

Pierre  a.  Piidiot 

Oxide.  (C«H')«0 .    . 

85^-86° 

.— 

ChaneeL 

Methylate.  ^h1|o. 

49®-62« 

— 

•r 

Ethylate,  ^g.  0   . 

68*»-70o 

— 

«t 

Amylate.  n*i£ii   0  . 

126®-130« 

— 

99 

Formate.  CHOC^   ' 

82« 

— 

»t 

8260-83« 

0  9197  at  (P 

Piarre  ^  Pnehot     \ 

0  8977  „  38-5 

1 

0  836    .,  72-5 

AceUte.^,2,Q  0  . 

102« 

— 

Chancel. 

103" 

0-910®  at  0® 

Pierre  a.  PorhnT 

0-8635  .,  42-5 

•f              •■ 

0-8137  ,.  84-6 

100*>-101*» 

0-913     .,  0® 

Boasi. 

Propionate  ^^\o 

lI8O-120*> 

Chancel. 

1            ' 

124-3® 

0-903    atO® 

Pierre  a.  Pudiot. 

0-857     „  51-30 

M                           ■» 

0  795     ..  100  6® 

•a                                    m^ 

But}Tate,^,,2,Q50. 

139®-141® 

— 

ChaneeL 

w 

137-25® 

0-888    atO® 

Pierre  a.  Puchot 

0841     „  47-250 

ft                                          99 

0-785     „  100-25® 

•  t                                          .a 

Valemto,  c^jpol^' 

167® 

0  887     H  0® 

0  7915  „  100-15® 

Cyanide.  C'lrCN    . 

163® 

0-977     ,.  0® 

Rossi, 

Isopropyl  Aloobol.  CH*— CnOH— CH«.— The  formation  of  this  alcohol  from 
acetone,  propylene,  or  glycerin  has  been  already  noticed  (v.  889^.  It  is  also  formed: 
a.  By  the  action  of  nascent  hydrogen  on  acrolein.  C*H*0.  and  on  propylene  oxide! 
•C"H*0  (Linneman,  Ann.^h.  Pharm.  cxxxiii.  132:  cxl.  178).— 3.  From  ethjl  alcohol 
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by  converting  the  latter,  first  into  ethyl  cyanide  or  propionitrile,  CH' — CH* — CN, 

then  into  propylamine,  CH* — CH* — CH" — NH*,  hy  the  action  of  nascent  hydrogen, 

and  the  latter  into  propyl  alcohol  by  heating  the  aqueoos  solution  of  its  nitrite  (p.  63). 

This  series  of  actions  might  rather  be  expected  to  yield  normal  propyl  idcohoi, 

CH' — CH'— CH'OH ;  but  the  greater  part  of  the  alcoholic  liquid  obtained  was  found 

to  boil  at  83^-85^,  and  to  yield  acetone  by  oxidation :  it  was  therefore  isopropyl 

alcohol.    4-  sm&Uer  portion  boiled  at  93^-96^,  and  appeared  to  be  the  same  alconol 

mixed  with  a  small  quantity  of  a  foreign  substance.    The  change  of  the  propyl  radicle 

from  normal  propyl,  CH'CH'CH',  into  isopropyl,  CH(CH')*,  probably  takes  place  in 

the  conyersion  of  the  propionitrile  into  propylamine.    The  formation  of  the  alcohol  is 

accompanied  by  that  of  a  nitrogenous  substance,  CH*^N'0,  boiling  between  200°  and 

205°,  naving  a  sp.  gr.  of  0*924  at  li°,  and  slightly  soluble  in  water  (Siersch,  Ann. 

Ch,   Pharm.  cxliv.   137;    see  also  Linnemann,  ibid,  d.   370). — y.  Dichlorhydrio, 

CH'Cl— CHOH— CH'Cl,  dissolved  in  ether  free  from  alcohol,  but  not  anhydrous,  is 

converted  by  sodium-amalgam  into  isopropyl  alcohol,  mixed  with  products  of  higher 

boiling  point  (Buff,  ZeUtchr.f.  Chem,  [2]  iv.  124).— 5.  Glycolic  iodhydrin,  C»H«I(Ofl), 

CH'       I 
treated  with  sine-methyl,  yields  the  compound  znTxi^  y!^'  ^^'^  ^^*  when  heated 

with  water  under  pressure,  is  converted  into  isopropyl  alcohol  (Butlerow  a.  Ossokin, 
p.  64).  Yssel  de  Schepper  a.  Tak  (ibid,  iv.  520)  have  obtained  isopropyl  alcohol 
from  the  portion  of  gram  fusel-oil  boiling  at  93°~98^»  by  boiling  it  with  potash  in  a 
flask  with  upright  condenser  and  distillate.  The  distillate  dehydrated  with  sodium 
carbonate  yielded  a  propyl  alcohol  boiling  at  83^-84°,  and  convertible  into  an  iodide 
boiling  at  72°-91°. 

Isopropyl  alcohol  subjected  to  a  series  of  processes  exactly  similar  to  that  by  which 
it  is  formed  from  ethyl  alcohol,  yields  an  alcohol,  C^H'*0,  probably  consisting  of 
isobutyl  alcohol  (Siersch,  Ann.  Ch.  Pharm.  cxlviii.  261 ;  Jakresh.  1868,  p.  436). 

The  haUnd  isopropyl  ethers^  formed  by  treating  the  alcohol  with  the  corresponding 
hydracidfl,  exhibit  the  following  properties : 

Boiling  point.  Sp.  gr. 

Isopropyl  chloride .    .     .    36^  to  38°  at  741  mm.  0*874  at  10° 

„        bromide.    .     .    60    „  63°  ,,739    „  1-820  „  13^ 

„        iodide     ...    89    „  90°  „  736    „  170    ,,15° 

The  action  of  bromine  on  isopropyl  alcohol  gives  rise  (inasmuch  as  acetone  and 
hydrobromic  acid  are  formed  by  abstraction  of  water)  to  isopropyl  bromide,  pro* 
pylene  bromide,  and  substitution-products  of  acetone,  from  which,  by  the  action  of 
potash,  bromoform  may  be  produced.  Isopropyl  chloride  is  but  little  attacked  by 
chlorine  or  bromine.  Isopropyl  iodide  is  converted,  by  the  action  of  chlorine  or  of 
hydrochloric  acid  and  potassium  chlorate,  into  a  product  boiling  between  90°  and  170°, 
from  which,  by  fractional  distillation,  trichlorhydrin,  C*H*C1'  (b.  p.  154°-159° ; 
sp.  gr.  1-417  at  16°),  may  be  separated.  Bromine  converts  isopropyl  iodide  into  the 
bromide.  VHien  equal  volumes  of  bromine  and  isoraopyl  bromiae  are  heated  with 
water  to  140°-150°,  monobromisopropyl  bromide,  C*H*Br*,  is  formed,  together  with 
further  substitution-jMroduets.  This  compound  is  identical  with  propylene  bromide, 
boils  at  140°-143°,'and  has  a  sp.  gr.  of  1*964  at  150°.  By  silver  acetate  in  presence 
of  glacial  acetic  acid  it  is  converted  into  propylene  diacetate  (b.  p.  180°- 185°),  and  by 
alcoholic  potash  into  monobromopylene,  CH*Br  (b.  p.  66°-58° ;  sp.  gr.  1*40  at  13°). 
This  last  compound  unites  with  bromine,  forming  the  compound  C'H*Br. Br'  (b.  p. 
194°-196°;  sp.gr.  2*390  at  10°),  identical  with  that  previously  obtained  by  Wurts 
(Jahresb.  1857,  p.  462)  and  by  Cahonrs  {ibid.  1850,  p.  496).  Heated  with  silver 
acetate  and  glacial  acetic  acid  to  110°-120°,  it  is  converted,  as  shown  by  the 
equatioui 

CH*Br»  +  CH'AgO  =  C'H«Br»  +   CH«0'  +  AgBr, 

into  dibromopropylene,  C'H^Br*  (b.  p.  127*'-131°;  sp.  gr.  1*98  at  15°),  which  is 
identical  with  allylene  bromide,  inasmuch  as,  when  treatedf  with  sodium,  it  gives  off  a 
gas  exhibiting  all  the  properties  of  allylene. 

When  isopropyl  bromide  and  water  are  heated  with  2  mol.  bromine  to  110°- 120°,  a 
colourless  liquid  is  formed,  which  on  distillation  at  180^  yields  isopropyl  bromide 
and  propylene  bromide,  whilst  the  residue  contains  a  mixture  of  more  highly 
brominated  substitution-products.  After  prolonged  standing  in  the  cold,  it  deposits  tk 
large  quantity  of  crystallised  tribromisopropyl  bromide,  CH^Br'.Br,  while  the  expressed 
oily  mother-liquor  contains,,  in  the  portions  boiling  between  180°  and  200°, 
dihromisoprop^  bromide,  C'H*Br'.Br.  This  compound  is  converted  by  silver  oxide 
into  an  easily  soluble  silver  salt,  an  oily  liquid  insoluble  in  water,  boiling  above  150°| 
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in  ether,  and  espccitUly  in  bensoL    Heated  with  potadi  it  yields  potunvm  oaijpic»te 
and  etliylic  alcohol  (Stenhouse). 

OXTQUnron.     C^«0*  »  CH'  |  ^     O  (HaUn,  Jim.  Ck  fAom.  olL  Ub). 

—A  oomponnd  produced  by  fiuing  nifigaUic  actd  with  potash: 

C*H«0*  +  0  =  C»H«0»  +  00«. 

On  aatnrating  the  product  with  dilate  eulphuric  acid,  agitating  the  flltmd  nbtkyi 
with  ether,  and  leaying  the  ether  to  eTaporate,  oi^ninone  is  obtained  in  hydnted 
yellowish  crystals  containing  C*HH)' .  H'O.  After  being  pressed  to  remon  the  btovi 
mother-liquor,  and  recrystaUised  from  boiling  water,  it  forms  soft  straw-yelkv  buoo- 
scopic  needles,  slightly  solnble  in  cold,  easily  in  boiling  water,  also  in  aleohol  and 
ether,  haying  a  faint  acid  reaction,  and  not  volatile.  The  aqneons  sdlntion  whan  betted 
reduces  silver  nitrate  and  alkaline  cupric  solutions ;  in  the  dilute  state  it  adoozs  font 
chloride  violet,  afterwards  blue-green.  Oxyquinono,  like  quinone,  has  but  ili|ht 
combining  tendencies  ,*  nevertheless  it  absorbs  dry  ammonia  gas  and  fonns  ayiUowiah 
precipitate  ?rith  lead  acetate.    It  is  not  converted  into  quinone  by  nascent  hjdngciL 

OJnmriMiownrmiim.    C>*H**80«  «  q!^!^^  |  0«  (Gluts,  Jmn,  €k  Fknu 

czlvii.  62 ;  Jakredf,  1867,  p.  686).— Produced  by  the  action  of  strong  salphmie  sod 
on  crystallised  phenoL  It  dissolves  easily  in  boiling  water,  also  in  akohol  and  ether, 
and  crystallises  thereftom  in  groups  of  thick  needles,  fusible  at  a  modertte  heat, 
decomposing  at  a  higher  temperature.  It  unites  both  with  bases  and  with  scids.  lu 
ammoniacal  solution  deposiU  short  prisms  of  the  salt  G**H*(NH*)SO< ;  the  aodivm 
tali,  C'H'NaSO^,  forms  short  prisms  easily  soluble  in  water  and  in  boiling  aleohoL 
The  acetale,  Ci*H^C*HK))*SOS  obtained  by  heating  ozysulnhobenzide  with  taumd 
acetyl  chloride  to  180^,  cirstaUises  from  alcohol  in  needles,  oecompoeing  at  ^^"^ 
heat  into  ozysulphobenside  and  acetic  acid.  At^ro-oaysiJp  hnhtm widt,  v4I^H0']W)', 
ciystallises  in  scales,  and  forms  with  the  alkalis  and  aualine  earths  essilj  sdoUa 
deep  yellow  compounds,  e.^.  C'«H«Na«(NO«>«BO«  and  C'«H«Ba(NO*)"SO*.  By  phoe- 
phorus  iodide  in  presence  of  a  little  water,  it  is  converted  into  the  oompooBd 
C"H«(NH0*SO*  .2HI,  which  fom  erystaU  easily  soluble  in  water  and  in  alcohol; 
caustic  soda  decomposes  it»  aspuiiting  the  corresponding  base  aa  a  whits  precipttat« 
quickly  turning  brows  on  exposure  to  the  air. 


OXTVJUBJOBO  AOUK  0H>^  «  C«H*(OH).GO'H.  Vaienlaeiie  Jal^ 
IVoduced  by  heating  bromovaieric  add  with  silver  oxide  and  water,  and  poriisd  by 
convartang  it  into  calcium  salt,  precipitating  the  latter  with  alcohol,  conveitiag  it 
into  sine  salt,  and  decomposing  this  salt  with  hydrogen  sulphide.  Crystallises  by 
evaporation  over  sulphuric  acid  in  large  rectangular  tables,  not  deliquescent,  but  ten 
soluble  in  water,  alcohol,  and  ether ;  melts  at  80^,  and  volatiliaes  with  vapoor  <i 
water,  also  at  100^  in  the  air-bath.  The  sodium  salt,  C*H*0*Na,  the  ealehm  W^ 
(C*H»0«)«Ca  +  H«0,  and  the  rine  salt,  (C»H»0")«Zn,  are  soluble  in  watsr  and  oysUU 
Usable.  The  copper  salt,  ^G*H'*0*)'Cu  +  H'O,  separates  on  mixing  the  ealdiim  s^t 
with  cupric  acetate,  in  lignt  green  prisms  which  become  anhydrous  at  170^  The 
siltfer  salt,  G*H*0*Ag,  is  a  bulky  precipitate,  separating  firan  hot  water  in  fBsthffy 
crystals  (Clark  a.  Fittig,  Ann,  CL  Fkarm,  cxxxix.  199). 


OSOira.  Soret  has  determined  the  density  of  osone  by  comparing  its  rat«  ^ 
diffusion  with  that  of  chlorine.  His  experiments  confirm  the  result  prerioui^y 
obtained  by  Andrews  (iv.  301),  that  the  density  of  osone  is  1(  time  as  great  as  that 
of  ordinary  oxygen  {Ann.  Ch,  Phys.  [4]  xiii.  267  \  Jokresh,  1867,  p.  123).  Another, 
but  less  exact  method,  depending  on  the  absorption  of  oaone  by  oil  of  tarpeatiM, 
yielded  results  tending  to  the  same  conclusion  {Ann.  Ch,  Pkjfs.  [4J  vii.  113 ;  M/tfi* 
1866,  p.  120). 

•  On  the  properties  of  osone  and  oaonides,  see  Schonbein  (J.  pr,  Ckem,  xev.  469 ;  «l 
146,  156,  164;  cv.  226;  Jahresb.  1866,  p.  121;  1867,  p.  132;  1868,  p.  136).  Os 
oeone  and  so-called  antojBOTu,  see  v.  Babo  a.  Claus  (jbtn.  Ck.  PAorsa.  cxL  34^: 
Jahrssb.  1K66,  p.  98)  ;  Weltsien  (Ann.  Ck.  Pkarm.  cxxxviii.  129  ;  Jaknsb,  1866»  p  9^) ; 
C.  Hofimann  {Poffff.  Ann.  cxxxii.  607 ;  Jakresb.  1867,  p.  130). 

P.  J.  HoUmann  finds  that  1  gram  of  ozone,  in  passing  to  tlie  stats  of  ordioAiT 
oxygen,  gives  off  866-6  units  of  heat  (Arek.  nieriand.  iii.  260 ;  Jakresb,  1868,  p.  1^6). 

According  to  0.  Loew  {Zeitsckr.  f.  Ckem.  [2]  vi.  66,  269),  ocone  is  produ«d  la 
active  as  well  as  in  slow  combustion.  Air  which  had  passed  through  the  fiome  cf  a 
Bunsen's  burner  smelt  strongly  of  ozone,  turned  guaiac  paper  blue,  and  q^i^J 
separated  iodine  from  potassium  iodide. 

On  the  existence  of  ozone  in  the  air,  see  ArMOSPHnuB  (p.  233). 
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yollow  laminsB  or  flattened  needles,  moderately  soluble  in  water,  somewhat  soluble  in 
a  mixture  of  equal  volumes  of  alcohol  and  ether  ^Gautier,  Compt,  rend,  Ixvii.  723). 

Isopropylamine  is  also  produced,  together  with  di-isopropylamine,  by  cUstilling 
crude  isopropyl  cyanide  (from  isopropyl  iodide  and  |>otas8ium  cyanide)  with  hydro- 
chloric acid.  The  two  bases  liberated  from  the  resulting  mixture  of  hydrochlorides 
(which  is  free  from  sal-ammoniac)  are  easily  separated  by  distillation.  Isopropyl- 
nmine  thus  obtained  boils  at  31*6^  under  a  pressure  of  743  mm.,  and  has  a  sp.  gr.  of 
0*690  at  18^,  converted  by  nitrous  add  into  isopropyl  alcohol  (Sierscb,  2ieUacSr,  /. 
Ckem.  [2]  V.  145). 

IH-%8opropylam%ne,  NH(C*H^)',  is  a  transparent,  easily  inflammable  liquid,  sb'ghtly 
soluble  m  water,  having  a  faint  ammoniacal  odour,  and  a  eoa^  taste.  Boils  at  83*6° 
to  84^  under  a  pressure  of  748  mm.  Sp.  gr.  0*722  to  22°.  The  ^drochloride  forms 
very  deliquescent  needles;  the  platinochlcride  large  reddish-yellow  tables,  easily 
soluble  in  water  and  in  alcohol,  sparingly  in  ether-alcohol  (Siersch). 


CH*. — ^This  hydrocarbon  is  found  among  the  products  obtained 
by  the  action  of  1  mol.  sine  ethyl  on  2  mol.  allyl  iodide  (Wurtz,  Bull,  8oc.  Chim. 
[1863]  V.  61);  it  is  also  formed,  together  with  ethyl  bromide,  by  the  action  of  zinc- 
ethyl  on  bromoform  (AlexeyeflTa.  Beilstein,  ibid.  [2]  ii.  61) : 

CHBr»  +  Zn(C«H»)«  -  C"H«  +   C«H»Br  +  ZnBr«. 

According  to  Butlerow  {Ann.  Ch.  Pharm.  cxlv.  271),  the  propylene  obtained  from 
allyl  iodide  and  hydriodic  acid  is  identical  with  that  formed  by  decomposition  of 
amyl -alcohol,  and  has  probably  the  constitution  represented  by  the  formula 
CH'— CH — CH*.  Propylene  from  either  of  these  sources  is  absorbed  bv  hydriodic 
acid,  forming  isopropyl  iodide,  CH* — CHI — CH',  and  exhibits  one  and  the  same 
reaction  with  hypochlorous  acid.  The  same  propylene  is  obtained  by  heating  methyl- 
chloracetol,  CH»— Cl«— CH»,  with  sodium  to  130O-160° ;  the  gas  thereby  evolved 
forms  with  bromine  a  compound,  C'H'Br*,  boiling  at  141°-143°,  and  exhibiting  all 
the  properties  of  ordinary  propylene  bromide.  But  by  treating  acetone  with  phos- 
phorus chlorobromide,  FCl'Br^  a  compound,  C'H'Br*,  is  obtained,  boilins  at  113^  to 
116°,  and  having  a  sp.  ^.  of  1*8149  at  0°.  This  bromide  gradually  dissolves  in  water 
at  160^,  forming  a  liquid  which  smells  like  acetone,  and  when  heated  to  100^  with 
silver  benzoate,  yields,  together  with  benzoic  add,  a  body  crystallising  in  the  same 
form  as  that  obtained  by  Oppenheim  (if^ra)  from  the  hydnodide  of  chloropropylene. 

By  potassium  permanganate  propylene  is  oxidised  to  acetic  and  formic  adds 
(Truchot,  Compt.  rend.  Ixiii.  274) ;  by  a  solution  of  crystallised  chromic  acid  in  a 
small  quantity  of  water,  it  is  converted  into  acetone,  C'H'O  (Berthelot^  Ann,  Ck, 
Pharm,  d.  373). 

Propylene  Chloride,  C'H'Cl*,  formed,  together  with  other  products,  by  tha 
action  of  chlorine  on  propane  (p.  057),  has  the  constitution  CH' — CHCl — CH'Cl, 
and  is  convertible  into  ordinary  propylene  glycol,  CH'— CHOH — CH'OH  (Schor- 
lemmer). 

Propylene  Chlorohudrate,  (C»H')''C1(0H)  or  CH'—CHOH— CH'Cl,  produced  by 
direct  combination  of  propylene  with  hypochlorous  add,  is  converted,  by  heating  with 
potassium  cyanide  in  sealed  tubes,  into  the  corresponding  e;^anoA^(2rato,  (C'H')"CyOH, 
and  this  latter  boiled  with  caustic  potash  is  converted  into  an  add,  C^H'O',  isomeric 
with  oxybutyric  acid: 

CH'  CH* 

CHOH  +  2HK)  -  NH»    +  CHOH 

CH'CN  CH'CO'H 

(Markownikoff,  Zeitechr.f.  Chem.  [2]  iv.  620). 

Bromo'  and  Chloro-pr opy lene a. — Monobromopropylene,  C'H'Br  (boiling  at 
6ft'5°,  sp.  gr.  1*408  at  19°),  is  converted  by  agitation  with  cuorine- water  and  mercuric 
oxide  into  monochloracetone : 

2CH»Br  +  Hga'C  =  HgBr*  +  2C»H»C10. 

Monoehloropropylene  (b.  p.  23° ;  sp.  gr.  0*918  at  9°)  is  converted  into  chloracetone 
by  similar  treatment.  Monobromo-  or  monochloro-propylene  heated  for  several  days 
tn  100°  with  mercuric  acetate  and  glacial  acetic  add,  is  converted  into  acetone 
(Linneman,  Ann.  Ch.  Pharm.  cxxxviii.  122). 

Chloropropylene,  CH'Cl,  treated  with  concentrated  sulphuric  add,  yields  hydricn 
chloric  acid  and  a  sulpho-acid  (containing  the  residue  CH*)  which  when  distilled 
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Pdmitolic  add  unites  with  1  mol.  browume^  fonniog  the  dibramide,  C**n'BrO* 
(dibramo-hjpqgeic  add) ;  with  excess  of  bromine  in  sanshine  (with  pnitial  decom- 
position  and  eTolntion  of  hydiobromic  add)  it  forms  the  tetrabromide,  C'*H''Br'0' 
(teteabromopalmitie  acid),  which  ciystallisea  iiom  alcohol  in  light  yellow  buDinae. 

MmtobromopalmUolie  add,  O'HVBriy,  is  piodnoed  by  the  action  of  boiling  aikoholie 
potash  on  monobxomo>hypog8eie  dibromide  (p.  727)  aooording  to  the  equOion : 

C>^"BrH)«  +  2KH0  «  C"«H«»BrO*  +  2KBr  +  2H«0. 

It  has  been  obtained  only  in  an  impure  state,  as  a  solid  dailL  brown  mass  melting  at 
SI®,  heaTier  than  water,  solnble  in  alcohol  and  ether. 


yAUnrOXT&IO  JLCEn,  C^R^H)\  is  produced,  together  with  Boberie  acid 
and  suberic  aldehyde,  by  gradually  adding  fuming  nitric  add  to  pamitolic  add, 
aasisting  the  action  at  first  by  a  gentle  Jieat: 

2C»«H»0«  +  70  -  C»«H«H)«  +  C«H»K)*  +    <>H»*0» 
PidmitoUo  FmmitoxyUa        Boberto  Boberio 

add.  add.  ■#*!,  alddijds. 

The  fuberic  add  is  dissolved  out  of  the  product  by  repeated  boiling  with  valor ;  tbe 
waahed  reaidue  is  diaaolved  in  hoi  alcohol ;  and  the  lower  dark-coloured  oily  lajer  cf 
the  filtrate,  consisting  chiefly  of  suberic  aldehyde,  is  separated  after  cooling  tm  0» 
supemataDt  yellow  solution  of  pahnito^lie  add.  The  crystalline  man  vhidi 
remains  on  efaporating  this  solution,  when  pressed  between  filtenDg-paper  aod 
lecrystallised  finom  hot  absolute  alcohol,  yields  pure  palmitozylic  add  in  indeeeent 
yellowish  laminiB,  melting  at  64®,  insoluble  in  water,  eadly  solnble  in  alcohol  and 
ether.  It  is  monobasic  The  nlver  salt,  O'HV0*Ag,  obtained  fnmi  the  sodium  salt 
by  predpitation,  is  white,  nearly  insoluble  in  water,  tuma  dark  violet  when  e^owi 
to  light,  and  may  be  heated  to  150®  without  deoompodtion. 

VJkVATOWk  G.  Hinricha  has  endeavoured  to  reduce  the  dieinistry  of  the 
pfesent  day  to  a  syatem  of  atomic  mechanics,  starting  from,  the  hypothesis  tbat  ail 
the  elements  are  formed  of  a  dngle  primaiy  substance,  pantogen,  the  atoms  of 
which  are  regarded  as  material  points,  and  as  equal  to  one  another.  For  the  devf^bp- 
ment  of  the  system  we  must  refer  to  the  original  txeatise :  Atomeekamii,  oder  die  CkiMt 
erne  Meekami  der  Pamaiome,  4to,  Iowa,  1867.  A  short  abstract  of  it  is  gireo  is  tba 
Jakretberiekt  fur  Ckemie,  1867.  p.  20. 

VAVA.'WnnL  This  base  has  been  re-examined  by  Hesse  {Jam.  CL  titrm. 
eliii.  75),  who  ^lepsree  it  from  the  precipitate  P,  obtained  from  aoueons  opiiin 
extract,  aa  described  under  Opiuif-BASBS  (p.  883).  This  precipitate  digested  vith 
excess  of  oxalie  add  yields  crystalline  oxalate  of  papaverine.  U  is  better,  hoverer, 
first  to  dissolve  the  predpitate  in  acetic  add,  remove  thebaine  by  means  of  tutanc 
acid,  precipitate  the  mother-liquor  of  the  tartrate  with  anunonia,  and  troat  tb« 
resinous  predpitate  with  a  small  quantity  of  alcohol,  whereby  it  is  gndnally  coo- 
rerted  into  crystals,  while  an  amorphous  base  passes  into  the  solution.  The  trji^s 
are  dissolved  in  excess  of  oxalic  add,  and  the  oxalate  is  purified  by  repeated  oystal- 
.lisation  from  boiling  water,  till  it  dissolves  without  colour  in  strong  ndphnzie  acid. 
The  oxalic  add  is  then  removed  by  calcium  chloride,  and  the  base  is  predpitsted  hj 
ammonia,  and  obtained  pure  by  rec^stallisation  fi!om  hot  alcohoL 

Paparerine  forms  delicate  colourless  prisms,  tasteless,  without  action  on  htam. 
melting  at  147°,  turning  reddish,  and  finally  decomposing  at  a  higher  tempentvre. 
According  to  Merck  (iv.  838),  it  assumes  a  deep  blue  colour  when  strong  snlpbnnc  acid 
is  poured  upon  it.  According  to  Hesse,  on  the  other  hand,  pure  papaverine  di£»-4y«« 
without  colour  in  strong  sulphuric  add  at  oidinazy  temperatures,  but  the  tcAvim 
when  heated  becomes  dark  violet,  like  a  similar  solution  of  codamine  or  laadaoin« 
(up,  480,  774).  Papaverine  which  had  not  been  completely  purified  by  oxalic  acid 
oisflolved  in  strong  sulphuric  acid  with  very  dark  colour,  ^paverine  diseolTcs  ia 
acetic  add,  but  does  not  neutralise  it ;  dilute  sulphuric,  nitric,  or  hydrochloric  aeid 
added  to  this  solution,  produces  a  milky  turbidity  and  ultimate  predpitatioo  of  thr 
sulphate,  nitrate,  or  hydrochloride  of  papaverine ;  the  ehlorides  of  sodium  aad 
calcium  act  in  like  manner,  predpitating  papaverine  as  hydrochloride ;  sodium  nitnte 
precipitates  the  nitrate.  With  a  solution  of  the  acetate  of  a  oeitain  dcgne  oi 
dilution,  the  hydrochloride  and  nitnte  are  obtained  in  fine  ciystala  Potash  hod 
soda  produce  in  the  acetate  solution  a  resinous  predpitate,  which  soon  beecmd 
crystalline,  and  is  insoluble  in  excess  of  the  reagent. 

Papaverine  contains,  aooording  to  the  mean  of  Hesse's  analysis,  71*77  p.  c  eaH<^. 
6 -02  hydrogen,  and  4*26  nitrogen,  agreeing  with  the  fonnula  C'*H"NO*  (71 '76  C, 
6*98  H,  and  3*99  N).    Pormer  analyses  by  Merck  and  Anderson  (iv.  S3S)  ga^e  * 
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smaller  proportion  of  carbon  (70*47-70*71  p.  c),  leading  to  the  fonnula  C^H**NO^ 
Hesse's  analysis  of  several  of  the  salts  of  papaverine  gave  results  in  accordance 
with  his  fonnola  of  the  base.  These  salts  dissolve  in  strong  sulphuric  acid  without 
ooloratioD. 

The  name  papaverine  has  also  been  applied  by  Deschamps  d'Avallon  (Ann,  Ch, 
Pkys.  [4]  i  46S)  to  another  base  (better  called  pseudopapaverine),  extracted 
from  the  dried  capsules  of  Papaver  eomniferum.  It  is  described  as  oolourless» 
inodorous,  bitter,  acid  to  test-paper ;  more  soluble  in  hot  water  than  in  cold ;  insoluble 
in  ether  and  in  chloroform ;  crystallising  from  alcohol  in  short  nacreous  needles ; 
precipitated  from  solution  in  hydrochloric  acid  by  mercuric  chloride.  A  solution  of 
iodine  in  potassium  iodide  colours  it  in  aqueous  solution  blue,  and  forms  a  brown 
precipitate  with  the  solution  in  hydrochloric  add. 


A  substance  obtained  from  the  same  dried  poppy  capsules, 
after  exhaustion  with  water,  by  digesting  them  with  alcohol  of  56  p.  c,  treating  the 
alcoholic  extract  with  ether,  dissolving  the  ethereal  extract  in  hydrochloric  acid,  and 
repeatedly  crystallising  the  base  precipitated  by  magnesia  from  aJcohol.  It  is  colour- 
lees,  inodorous,  nearly  tasteless,  slightly  alkaline;  soluble  in  alcohol,  ether, 
<^oroform,  hot  olive  oil,  and  benzol ;  does  not  crystallise  firom  ether  or  chloroform, 
but  separates  from  the  other  solvents  in  prisms  apparently  monoclinic  Strong 
sulphuric  acid  colours  it  violet,  changing  to  red  when  neated,  and  to  dark  orange  on 
addition  of  a  little  nitric  acid.  Its  solution  gives  a  whitish  precipitate  with  platinie 
chloride ;  yellow  with  potassium  chromate  and  with  solution  of  iodine  in  potassium 
iodide ;  white  with  potassio-mercuric  iodide,  ammonium  molybdate,  barium  peroxide, 
potassium  ferrocyanide  and  ferricyanide  (Deschamps,  loe.  cit,), 

.  9JkMAm    Beepecting  the  meaning  of  this  prefix  in  the  Abohatio  Sasxxs,  see 
page  798. 

9AMAMJkMMO  ACSSI«  CH'NK)',  is  obtained  in  crystals  by  heating  uric  acid 
with  manganese  dioxide  and  water,  and  gradually  adding  sulphuric  acid  as  long  a» 
any  action  takes  place  (Wheeler,  Bidl.  Soc.  Chim.  [2]  vii.  62  H;  also  by  heating  uric 
acid  with  potassium  or  sodium  nitrite,  adding  sulphuric  acid,  and  evaporating  over 
the  water-bath  (Qibbs,  Deui.  ckem,  Oea,  Ber,  1867f  p.  841).  Parabanic  acid  heated 
with  potassium  permanganate  in  presence  of  sulphuric  add  is  ultimately  converted 
into  carbon  dioxide  and  ammonia :  C*H*NK)*  H-  2HK>  +  O  «  SOO^  -I-  2NH*  (Gibbs). 


lCOVZO  ACZn.    An  acid  isomeric  with  itaoonic  acid,  produced  by  heating 
itamonochloropyrotartaric  acid  with  water.     (See  iTAOomc  Acm,  p.  760.) 

VABACOmCARZO  AOZB.  C"H*0*  (Hlasiwetz,  Ann,  Ch,  Pharm,  cxxxvi. 
31). — ^This  add,  isomeric  with  coumaric  acid  (p.  498),  is  extracted  by  ether  from 
aloes  previously  exhausted  with  water  containing  sulphuric  add.  Aiter  repeated 
ciyatallisation  from  weak  spirit,  with  addition  of  animal  charcoal,  it  forms  sickle^ 
shaped  or  ftucate  needles,  sughtly  soluble  in  cold,  more  freely  in  boiling  water,  most 
easily  in  warm  alcohol  or  ether.  •  It  is  nearly  tasteless,  has  a  strong  acid,  reaction ; 
melts  at  179^-180^ ;  produces  a  dark  golden-brown  coloration  with  ferric  chloride  in 
alcoholic  solution  ;  does  not<reduee  either  silver  nitrate  or  an  alkaline  cupric  solution. 
It  is  monobasic  and  forms  crystalline  salts.  C*H'0*(NH^)  +  H^O  crystallises  in 
monoclinic  tables ;  (C»H'0»)*Cd  +  8H«0  in  stellate  groups  of  needles;  (C»H'0»)«Cu 
-I-  6HK)  in  sparingly  soluble  gieenish-blue  needles;  CH^O'Ag  is  a  white  bulky 
predpitate. 

Paraooumaric  acid  is  converted  by  sodium-amalgam  into  hydroparacoumaric  acid 
(p.  716),  and  by  nitric  acid,  or  by  fusion  with  potash,  into  paraoi^bensoic  acid,  just  as 
coamaric  add  is  converted  into  salicylic  acid  (p.  498). 


V.  C**H'*0*. — ^A  compound  isomeric  with  datiscetin  (ii. 
306)  and  luteolin,  produced  by  fusing  quercetin  with  potash,  and  separated,  on  suTwr- 
satmating  the  fiised  mass  with  hydrochloric  add,  as  a  floccnlent  substance,  which 
ciystallises  from  very  weak  spirit  in  yellowish  needles.  It  dissolves  easily  and  with 
acid  reaction  in  dilute  alcohol,  less  easily  in  ether,  and  is  nearly  insoluble  in  water ; 
the  alcoholic  solution  is  coloured  violet  bv  ferric  chloride,  yellow  by  potash,  turning 
green  in  contact  with  the  air,  ted  or  red-brown  by  aqueous  chlorine  or  bromine. 
Silver  nitrate  and  alkaline  cupric  solution  are  reduced  when  heated  with  it.  Boiled 
with  the  carbonates  of  alkaline  earths,  it  yields  hydrated  salts,  which  crystallise  in 
long  needles ;  the  barium  salt  dried  at  100<'  is  (C**H*0*)>Ba  +  2HK) ;  the  strontium 
salt,  (C»H*0«)*8r  +  2H20.  Paradatiscetin  fused  with  potash  yields  phlorogludn,  but 
neither  quercetic  nor  protooatechuic  add  (Hlasiwetc  a.  Pfiinndler,  J,  pr*  Ckem,  xdv. 
65 ;  Jakreifb.  1864,  p.  668). 

Sup.  3M 
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Nearly  all  prote'uls  when  in  aqueous  Molution  or  suspension  are  found  to  Aasm  ss 
chjiracter,  especially  in  their  solubilities.  These  changes  are  ray  w^ei  '^  i 
temperature  of  about  40°.  The  preparation  of  most  of  the  substanesi  is  tad^a. 
and  hence  the  results  of  the  examiuAtion  of  apparently  the  same  snbtfaiin  re. 
exceedingly.  .  •   i 

The  compounds  they  form  with  metallic  salts  and  other  bodies  a»  T«mbi3  :: 
composition  (those  with  potassio-platinic  cyanide  no  less  than  others)  (Daics^.^ 
Hovpe-Seyltf^M  Untertuck.  ii.  p.  228). 

They  all  contain  nitrogen,  carbon,  hydrogen,  oxygon  (sulphur  opd  phos|ifcca«L- 
the  proportions  given  below.  That  the  sulphur  in  proteids  is  unoxidised  is  Ao^  -' 
their  giving  off  sulphuretted  hydrogen  when  treated  ^th  strong  alkahs,  «^  '- 
various  other  decompositions.  The  phosphorus  is  probably  present  as  "^i^s^ 
either  mechanically  attached  or  joined  in  some  peculiar  loose  oombinatioD. 

All  proteid  solutions  are  laevorotatory. 

With  one  exception  (peptones),  all  proteids  difiuse  with  gxeat  difficoltj. 

Boiled  with  Millon's  reagent  •  they  all  give  a  deposit  which  after  awhik  te^ 
red,  the  supernatant  liquor  also  becoming  coloured  red.  Seated  with  strain  ^"'^ 
acid  they  t\im  yellow,  the  mixture  on  addition  of  ammonia  becoming  a  deep  qb^- 
(xantho-proteic  reaction).  .  ,^ 

They  change  the  colour  of  the  cupro-potassic  test-liquid  for  sugar  fircanbhietoTi.-.r- 

Froteids  are  very  conveniently  divided  into  classes  as  is  done  by  Hoppe-Scj.8r 
{Handbuch  ph^siol.  chem.  Anal,). 

Class  I.    ALBmiir 8. — Soluble  in  water. 

1.  Bn-albiimlii«  iV^para^tos.— The  white  of  hen's  egg'  is  diluted  with  so  eqe- 
bulk  of  water,  well  stirred,  strained,  treated  with  dilute  acetic  acid  as  los^  ^^■ 
precipitate  falls,  filtered,  carefully  neutralised,  and  concentrated  to  the  original  »it^ 
a  low  temperature. 

Characters. — A  neutral,  transparent,  generally  faintly  yellowisli  fluid,  trnntsz'^ 
plane  of  polarisation  to  the  left,  the  specific  rotation  being  36'6^  for  yellow  U- 
(sodium  flame).  Heated  to  about  70°  the  whole  or  greater  part  of  the  substaure  * 
thrown  down  as  a  flocculent  or  curdy  precipitate.  The  supernatant  liquid,  alwiw  s*^ 
alkaline  than  before,  is  generally  opalescent,  from  the  formation  of  alkah'-alboiaui  ['^ 
below).  j_ 

By  careful  acidulation  all  proteid  matter  is  thrown  down,  and  a  perfectff  o^ 
filtrate  obtained. 

The  substance  thus  thrown  down  is  not  a  mere  precipitate.  It  differs  nidieaKj^- 
its  characters  from  soluble  albumin,  is  remarkable  by  its  great  insolubility,  aw  ^' 
called  coagulated  albumin  (see  below.)  , 

The  exact  temperature  at  which  this  coagulation  by  heat  takes  place  is  mnchas^^ 
by  various  circumstances,  notably  by  the  presence  of  neutral  salines,  which  lower  t^ 
point  of  coagulation. 

Treated  with  excess  of  alcohol,  egg-albumin  is  wholly  precipitated  from  its  solot***- 
If  the  alcohol  be  rapidly  filtered  off,  the  precipitate  may  be  wholly  or  in  gP»*  P^' 
redissolved  in  water.  Within  a  short  time,  however,  it  is  found  that,  under  theinftwj^ 
of  the  alcohol,  the  precipitate  passes  into  the  coagulated  state ;  the  longer  the  9kfv»^ 
allowed  to  act,  the  greater  is  the  proportion  of  the  material  coagulated.         ^  . 

By  strong  mineral  acids,  especially  by  nitric  acid,  egg-albumin  is  pxeeipitaw  ^ 
coagulated. 

Metallic  salts,  such  as  mercuric  diloride,  silver  nitrate,  lead  acetate,  gi^re  apncipHa^ 
containing  variable  quantities  of  the  precipitant.  The  lead  precipitate  ei»peiid«ii^" 
water,  treated  with  sulphydric  acid  to  remove  the  load,  and  neutralised,  gives  a  vi^ 
tion  of  albumin.  The  white  of  egg  always  contains  saline  matters,  which  are  retain^ 
in  the  solution  of  albumin  prepared  as  above.  All  attempts  completely  to  rexp^ 
these  salines  by  dialysis,  Ace.,  have  failed,  and  it  is  still  an  open  question  whether  thej 
in  part  are  in  some  way  intimately  associated  with  the  albumin,  and  whether  th«tr 
presence  is  not  essential  to  its  being  in  a  state  of  solution. 

2.  Semm-albumlii.  Prtparatum. — Serum  of  blood  is  diluted  with  water,  trett^ 
with  dilute  acetic  acid  as  long  as  any  preeipitate  appears,  filtered,  neutxalised,  as^ 
reduced  to  its  original  bxdk  at  a  low  temperature. 

Ckaractera. — Thus  prepared,  serum-albumin  agrees  in  its  main  feataree  with  ^' 
albumin.    They  differ  in  the  following  pmnts : 

•  MUttm'i  Beaoent^-^'EqnBl  quantities  of  mercuiy  and  etrcmg  oitrlc  Add  ore  mixed  and  geotlf 
wnrmed  iiU  tbe  mercnry  ia  diaaolved.  The  eolntion  in  dilated  with  twice  its  ImUc  at  water,  tad  ^ 
oopions  prodpttato  allowod  to  settle.    The  clesr  8a|)eniAtant  liquid  is  the  rettgent. 
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The  trpecific  Totation  of  Mram-albmnin  is  56^  for  yellow  light. 

Xl^-albumin  agitated  with  ether  is  coagulated.  If  the  solution  be  dilute,  the 
coagulnm  appears  on  standing  at  the  junction  of  the  two  liquids.  Serum-albumin  is 
not  ooa^lated  by  ether. 

li^gg-nibumin  is  very  readily  coagulated  by  strong  hydrochloric  acid  ;  the  coagulum 
i^issolTes  with  very  great  difficulty.  Scmm-albumin  is  not  so  readily  coagulated  by 
the  same  acid ;  the  coagulum  redissolves  readily. 

Class  II.  Qlobulims. — Insoluble  in  water,  soluble  in  very  dilute  acids  and 
alkalis,  soluble  in  dilute  (1  p.  c.)  solutions  of  sodium  chloride  and  other  neutral 
salts. 

1.  WKyamin*  Preparation. — Fresh  muscle  finely  minced  is  rapidly  washed  with 
distilled  water  until  the  wash-water  gives  no  signs  of  containing  prritcidB  or  of  being  acid, 
and  is  then  treated  with  a  10  or  5  p.  c.  solution  of  sodium  chloride.  The  resultinff 
riscid  mass  is  strained  through  linen,  filtered  through  coarse  paper,  and  dropped 
little  by  little  into  a  large  quantity  of  distilled  water.  A  large  flaky  precipitate  is 
thus  produced  which  settles  on  standing.  The  liquid  is  removed  by  decantation  and 
filtration,  the  precipitate  redissolved  in  the  saline  solution,  filtered,  and  again  precipi- 
tated with  ^mter. 

Characters. — Insoluble  in  water.  Readily  soluble  in  sodium  chloride  solutions, 
of  *1  to  10  or  more  p.  c.  (also  in  other  neutral  saline  solutions).  From  these  solutions 
myosin  is  precipitated  either  by  extreme  dilution  or  by  saturation.  On  adding 
the  solid  salt  to  a  sodium  chloride  solution  of  myosin,  the  liquid  becomes  more 
and  more  viscid,  and  just  as  the  point  of  saturation  is  reached,  the  whole  of  the 
myosin  is  precipitated.  The  precipitate  may  then  be  separated  by  filtration,  and 
washed  if  necessary  with  saturated  solution  of  the  salt.  The  amount  of  salt  still 
a<llicrinff  to  it  is  sufficient  to  render  it  capable  of  being  dissolved  when  treated  with 
distilled  water. 

Treated  either  by  the  method  of  dilution  or  of  saturation,  the  myosin  remains 
unchanged  by  the  action  of  the  reagents. 

Kxp06«)d,  however,  either  in  solution  or  suspension  for  any  length  of  time,  especially 
at  a  tamperatnro  of  20^-40^,  myosin  dianges  in  solubility,  becoming  less  and  less 
soluble  in  dilute  neutral  saline  solutions.  The  same  change  may  be  brought  about 
instantaneously  by  dilute  acids  or  alkalis.  Myosin  is  exceedinglv  soluble  in  dilute 
acids.  The  solutions  are  uncoagulated  by  boiling,  indeed  apparently  unchanged.  On 
neutralisation  the  whole  of  the  proteid  is  thrown  down ;  Uie  acid  solution  is  also 

{>recipitated  by  the  addition  of  neutral  salines.  The  precipitate,  however,  is  no 
onger  myosin  ;  it  is  no  longer  soluble  in  dilute  neutral  saline  solution ;  it  has  passed 
into  Class  III.  In  like  manner  myosin  is  extremely  soluble  in  dilute  alkalis ;  the 
whole  of  the  dissolved  proteid  may  be  precipitated  on  neutralisation,  but  the  pre- 
cipitate is  no  longer  soluble  in  dilute  neutral  salines ;  it  too  belongs  to  Class  III. 

Suspended  in  water  and  heated  to  70^,  myosin  enters  into  the  insoluble  or  coagulated 
condition.    The  neutral  saline  solutions  of  myosin  are  coagulated  by  heat. 

Just  as  fibrin  (see  below)  does  not  exist  as  such  in  living  blood,  so  myosin  does  not 
exist  as  such  in  bving  muscle.  It  makes  its  appearance  pari  paattU  with  the  condition 
of  muscle  known  as  rigcr  mortis  (of  the  mechanical  phenomena  of  which  it  is  most 
probably  the  cause),  by  a  process  similar  to  the  coagulation  of  blood.  If  living, 
still  irritable  muscle,  freed  as  much  as  possible  from  bl<x)d  and  lymph  (the  muscle  of 
frog  is  most  convenient  for  the  purpose),  be  frozen,  minced,  mixed  with  snow  containing 
1  per  cent  of  sodium  chloride,  and  powdered,  at  a  temperature  below  freezing  point, 
the  mixture  may  with  groat  care  be  filtered  when  melting.  The  filtrate  speedily  (at 
the  temperature  of  the  body  almost  immediately)  sots  into  a  gelatinous  mass,  which 
afterwards  separates  by  contraction  into  a  clot  and  serum.  The  clot,  however,  has 
the  characters,  not  of  fibrin,  but  of  myosin. 

2.  dlobiillii.  (Paraglobtdin.)  Preparation.— When  (resh  blood  serum  is  diluted 
tenfold  with  water,  and  a  brisk  stream  of  carbonic  acid  passed  through  it,  a  fine 
granular  precipitate  is  formed,  which  may  be  separated  by  decantation  and  filtration, 
and  washed  with  water. 

It  may  also  be  prepared  by  saturating  blood-serum  with  sodium  chloride  (or 
magnesinm  sulphate,  &c.),  as  in  the  case  of  myosin.  A  certain  amount  of  the  salt 
will  cling  to  the  precipitate. 

CharaeterB, — Qlobulin  is  exceedingly  soluble  in  dilute  saline  solutions  ^from  which 
it  may  be  precipitated  unchanged  by  carbonic  add  gas  or  exceedingly  dilute  acids). 
Insoluble  in  water,  it  U  dissolved  however  whop  the  water  is  saturatod  with  oxygen. 
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ooDcentric  or  arborescent  groups  of  silky  crystals.  Tho  acid  dissolTBS  esnly  in  ileohol 
and  ether,  and  in  272*5  pts.  of  cold  water,  melts  at  187*5**  to  1<88^,  and  BDbliiMS  ii 
small  transparent  needles.  Neutral  or  slightly  acid  solutions  foim  a  led-brovn 
procipitate  with  ferric  chloride  (R  Peltzer,  Ann,  Ch.  Pkarm,  dlri.  284 ;  ZaUekr.  f. 
Chem,  [2]  y.  225). 

JMbromo-pwraozjlMiiaolo  Aeld«  C7H*BrK)'. — ^The  ethylie  ether  of  this  acid 
separates  on  adding  saturated  bromine-water  to  an  alcohol  solution  of  ethjlir  psm- 
oxybenzoate  diluted  with  hot  water,  in  white  flocks  which  separate  from  akohol  in 
short  shining  needles  (Barth,  J,  pr.  Ckem,  c.  366). 

Sodopanunjrbenaoto  aeUto  are  produced  by  the  simultaneous  action  of  iodiiw 
and  iodic  acid  on  paraoxybensoie  add;  the  best  proportions  are  those  indicated  bj 
the  following  equation : 

10C'HK)«  +  8I0>H  +  6P  -  6(rH*I0«  +  6(?H*P0*  +  9HK). 

The  paraoz^bensoic  acid  is  dissolyed  in  hot  water  in  a  flask  prorided  with  aa  upright 
condenser ;  iodine  and  iodic  acid  are  added  in  powder ;  and  the  liquid  is  heated  nesiij 
to  boiling  for  about  five  minutes,  and  then  quickly  flltered«  Di-iodoparabeoaoic  acid 
then  remains  on  the  Alter,  while  the  mono-iodated  acid,  oontaminatsd  with  a  onall 
quantity  of  paraoxybcqzoic  acid  separates  from  the  filtrate.  The  mono-iodated  acid 
is  purified  by  repeated  czystallisation  from  hot  water,  with  addition  of  animal  chir- 
coal :  it  first  separates  in  granules,  but  when  nearly  pure,  in  small  needles  kariiig  s 
glassy  lu^re  (Peltzer,  loc.  cit.).  It  is  also  produced,  though  not  in  the  piue  stale,  bj 
heating  paraoxybensoic  acid  with  potassium  iodate  and  sulphuric  acid :  the  |vodTKi 
is  a  resinous  mass  which  when  fused  with  potash  is  resolyed  into  potassiom  iodide  and 
protocatechuic  acid  (Barth  ;  Peltzer). 

Monoiodoparaoxyhenzoie  aeid,  in  the  air-dried  state,  contains  2CH'I0'  * 
H*0,  and  gives  off  its  water  at  100^.  It  dissolves  in  576  pts.  of  cold  water,  much  wm 
easily  in  hot  water,  very  easily  in  alcohol  and  ether.  It  melts  at  160^.  decompoees  it 
192^  (iudosalicylic  acid  does  not  melt  below  196^) ;  when  very  gradually  heated  ii 
sublimes,  much  below  its  melting  pointy  in  silky  needles  two  lines  long.  The  aqveeu 
solution  forms  a  dingy  brown  precipitate  with  ferric  chloride.  The  mom^iodk  tall, 
C*H'1(0H)  CO'Na,  formed  by  adding  the  acid  to  a  hot  solution  of  sodium  caxljoiuite. 
in  sufficient  quantity  to  produce  strong  acid  reaction,  removing  the  excess  of  acid  1>t 
ether,  and  strongly  concentrating  the  remaining  solution,  crystallises  in  fine  effiorcft-fct 
monocli nic  crystals,  often  concentrically  grouped.  The  disodic  wait^  CH'I(ONa) .  CO'Na 
+  5H*0,  is  obtained  by  adding  the  acid  to  excess  of  hot  aqueous  sodium  earbooste, 
adding  a  large  quantity  of  alcohol,  and  evaporating  the  filtered  solution  to  dipebj. 
On  redissolving  in  absolute  alcohol  and  evaporating  in  a  vacuum,  the  salt  is  obtaintTl 
in  hygroscopic  silky  needles,  having  a  neutral  reaction,  and  giving  off  their  water  &i 
180°.  The  barium  aaU,  (C'H*IO»)«Ba  +  7HK>,  forms  transparent  rhombic  toWa 
having  their  prismatic  edges  truncated ;  becomes  anhydrous  at  100^.  The  uee  of  an 
excess  of  banum  carbonate  does  not  give  rise  to  a  salt  richer  in  barium.  The  »l^ 
soft,  C'H*IO'Ag,  is  a  white  pidverulent  precipitate  nearly  insoluble  in  water,  caMl/ 
soluble  in  ammonia  (Peltzer). 

Di'iodoparaoxybenzoic  acirf,  C»H*I*0«  «  C«H«I«(OH).CO-H,  is  easily  pori- 
fled  by  boiling  it  several  times  with  water,  dissolving  the  residue  in  sodium  carbooat^ 
precipitating  with  Iiydrochloric  acid,  then  dissolving  in  strong  alcohol,  dccolonsiDg 
with  animal  charcoal,  and  mixing  the  solution  with  a  sufficient  quantity  of  water  to 

f  reduce  turbidity ;  the  acid  is  then  deposited  on  cooling  in  small  ooloorieaa  iK*il«*- 
t  is  nearly  insoluble  in  boiling  water;  dissolves  easily  in  alcohol  and  ether;  deeoopoe^ 
when  heated,  without  previous  fusion  ;  and  cannot  be  sublimed.    Its  two  sotfivM  «a^'« 
are  prepared  similarly  to  those  of  the  mono-iodated  acid.    The  salt  CH*PO'>'&  ">■ 
7HH)   forms  tuf^s  of  delicate,   iridescent,  efflorescent  needles.     The  diaodk  »>u 
C  H*IK)"Na*  +  6H'0,  forms  transparent  rhombic  tables:  both  are  easily  aobibie  is 
water.    From  these  salts  two  corresponding  iilver  saiU  are  obtained  as  floeculent  carij 
precipitates  detonating  when  heated.   The  barium  9aU,  C'H*I>0'Ba,  is  separated  It 
alcohol  from  its  aoueous  solution,  as  a  gelatinous  precipitate,  which  dries  up  to  a  Ter)' 
loose  white    powder.     The  edeium   salt,  C»H«IK)»Ca  +  2HK),  crystallises  frja 
concentrated  solution  in  nacreous  laminae,  easily  soluble  in  cold  water.    The  M  «*• '• 
C'Hl'O^Pb,  is  formed,  as  a  bulky  precipitate,  with  elimination  of  acetic  add,  wb")) 
a  solution  of  the  disodic  salt  is  mixed  with  lead  acetate ;  when  heated  it  swells  ap  ^^^ 
mercuric  sulphocyanate.  Both  mono-  and  di-iodoparaoxybenzoic  acid  are  easily  roduit^i 
by  sodium-amalgam  to  para-oxybenzoic  acid*.     The  di-iodated  acid  is  but  imperlVc'-y 
decomposed  by  Aision  writh  sodium  carbonate,  even  at  200^ ;  the  fused  mass  aesiunc?  a 
flesh-red  colour  on  exposure  to  tho  air  (Peltaer). 
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(«.  g,  *1  p.  c.)  in  tlie  form  of  add-albumin,  long  known  as  tywUmin,  No  characters 
are  at  pre8«nt  known  by  which  syntonin  or  acid-albumin  derired  from  muscle  may  be 
diBtingiiished  from  other  forms  of  acid-albumin. 

Like  the  globulins,  acid-albumin  changes  rapidly  in  character  when  left  exposed  for 
any  time  to  ordinary  temperature.  It  becomes  less  and  less  soluble  in  dilute  acids, 
lequiring  for  its  solution  a  stronger  acid  or  an  increase  of  temperature. 

2.  Albmiiliiata  or  Alkali-albnmlB. — If  egg-  or  serum-albumin  be  treated  with 
dilute  caustic  alkali  instead  of  with  acid,  coagulation  by  heat  is  similarly  prevented, 
and  the  whole  of  the  proteid  may  in  like  manner  be  thrown  down  on  nentralisation. 

Alkali-albumin  may  also  be  prepared  from  albumin  by  the  action  of  strong  caustic 
potash,  according  to  the  method  of  Lieberkiihn. 

White  of  egg  is  treated  with  an  equal  bulk  of  water,  filtered,  and  reduced  to  its 
original  volume  by  evaporation  in  shallow  vessels  at  a  low  temperature.  Potassium 
hydrate  is  then  added  drop  by  drop,  until  the  mixture  becomes  a  gelatinous 
transparent  mass.  This  is  cut  into  small  pieces  and  washed  rapidly  until  the  wash- 
"water  ceases  to  have  an  alkaline  reaction.  It  is  then  dissolved  in  hot  water,  giving  an 
Apparently  neutral  solution,  from  which  it  may  be  thrown  down  by  the  addition  of  a 
dilute  acid.  There  is  of  course  an  immense  loss  of  substance.  Contact  with  oxygen 
is  to  be  avoided. 

Albuminate  is  insoluble  in  water  and  in  solutions  of  sodium  chloride,  readily  soluble 
in  dilute  acids,  dilute  alkalis,  and  dilute  solutions  of  alkaline  carbonates.  In  all 
these  characters  it  agrees  with  acid-albumin.  From  its  alkaline  solutions  it  is  preci- 
pitated by  saturation  with  magnesium  sulphate,  and  the  precipitate  is  soluble  in 
vrater.  Its  effect  on  the  polarised  ray  is  variable.  Serum  albumin  treated  with 
strong  alkali  acquires  a  rotatory  power  of  86°,  egg-albumin  47°,  cotigulated  albumin 
68°,  the  result  being  nevertheless  in  each  case  albuminate. 

Albuminate  is  insoluble  in  cold  alcohol,  and  may  be  precipitated  from  its  solution 
by  an  excess  of  that  agent ;  in  hot  (diluted)  alcohol  it  is  however  more  or  less  soluble, 
the  amount  being  very  much  increased  by  the  presence  of  free  alkali. 

From  its  acid  or  alkaline  solutions  it  is  precipitated  on  neutralisation ;  in 
presence  of  sodium  phosphate  the  alkaline  solution  h*is  to  be  rendered  freely  acid 
before  the  precipitation  takes  place. 

In  thrae  respects  it  differs  from  acid -albumin.  These  do  not,  however,  appear  very 
certain,  and  probably  albuminate  dissolved  in  dilute  acid  becomes  acid-albumin,  and 
acid-albumin  in  an  alkaline  solution  becomes  albuminate.  Like  acid-albumin,  albu- 
minate in  acid  or  alkaline  solution  is  unchanged  by  boiling ;  suspended  in  water, 
however,  and  heated  to  70°,  it  passes  into  the  coagulated  state. 

The  proteid  substance  casein  exists  in  milk.  From  this  it  may  be  thrown  down 
by  the  addition  of  acetic  acid,  especially  after  dilution.  The  best  results  are  obtained 
by  adding  a  very  small  quantity  of  acetic  acid  until  the  first  appearance  of  a  precipi- 
tate, and  then  passing  a  brisk  stream  of  carbonic  acid  through  the  mixture.  The 
precipitate  thus  gained,  when  freed  from  fat,  is  insoluble  in  water  and  in  sodium 
chloride  solutions,  but  is  readily  soluble  in  dilute  acids  and  alkalis  (and  alkaline 
carbonates),  and  reprcci  pi  table  on  neutmlisation.  In  fact,  it  agrees  in  most  respects 
with  albuminate.  It  may  also  be  prepared  from  milk  by  saturating  with  magnesium 
sulphate,  washing  the  precipitate  free  of  fat,  and  redissolving  in  water. 

Two  facts  are  however  brought  forward  to  distinguish  casein  from  albuminate : 
1.  When  casein  is  treated  with  caustic  potash,  potassium  sulphide  is  produced : 
this  is  not  the  case  with  albuminate. — 2.  Casein  digested  with  artificial  gastric  juice 
yields  a  body  containing  phosphorus,  whcrcis  an  albuminate  which  contains  no  phos- 
phorus can  be  prepared  from  white  of  egg  (Lubavin,  Hoppe-Seyler'amed^'ckem.  Unters, 
1871,  463).* 

Prepared  by  means  of  magnesium  sulphate,  casein  has  a  rotatory  power  of  80°,  in 
dilute  alkaline  solution  of  76°,  in  strong  alkaline  solution  of  91°,  in  dilute  acid  solu- 
tion of  87°.  Casein  then  may  be  taken  as  a  naturviUy  occurring  alkali-albumin,  just 
as  syntonin  is  the  most  commonly  and  easily  produco<l  acid-albumin.  A  natural  form 
of  alkali -albumin  also  occurs  in  blood-scrum  (serum  casein  of  Panum)  and  other 
similar  fluids,  besides  the  globulin  and  albumin.  It  may  bo  obtained  by  adding 
dilute  acetic  acid  to  blood -serum  frred  by  carbonic  acid  from  globulin.  A  similar 
fiubstance  has  been  described  as  ex4sting  in  the  protoplasm  of  nerve-centres  and  in 
plain  muscular  fibre. 

Class  IV.  nbiin.  Insoluble  in  water ;  with  difficulty  soluble  in  dilute  acids  and 
alkalis,  and  in  ncutml  saline  solutions. 

*  LobAvin's  experiments  racm  aim  to  show  ibnt  cAKin,  like  rltellin  or  hiemnglobixi,  U  a  compound 
of  nn  albuminous  or  proteid  substance  with  a  non-olbutiiinous  body. 
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rubbiflh-heapi  of  mwm  from  which  amntaferoiaa  galena  and  mm  pyrites  an 
obtained.  GoDtaina  30*47  p.  c.  SO',  46*50  FeH)*,  and  16*04  water,  together  vith  1 S6 
AaK)*,  2-40  SiO*,  1*25  PbO,  and  0*89  lime,  elaj,  and  manganeae  (Beigeinaiiii,  Jainsh. 
1867,  p.  1006). 

JklBtX^    CH'H)**. — ^This  aeid,  obtained  aome  time  ago  bj 


Knop,  from  the  lichen  Parmdia  tcrmua  or  BittUaria  acnmoso,  haa  been  fiutkrr 
examined  by  Weigelt  {Zdtsehr,  /.  Chem,  [2]  y.  298).  It  doea  not  appear  to  be 
identical  with  any  of  the  known  lichen  acida.  It  nnitea  eaaily  with  baaea,  and  yields 
with  cold  baryta-water  a  aalt  haying  a  tranaient  bine  coloor.  Boiling  bftiyta-water 
deoompoaea  it,  forming  carbonate  and  oxalate  of  barinxn,  together  with  a  buim  alt 
of  a  new  acid  (/3  patdlaric  acid)  poaaeaainp;,  to  a  certain  extent,  esaeatially  diffeicitt 
qnalitiea.  Patellaric  acid  forma  two  aeriea  of  aalta,  in  which  1  and  2  at^  H  an 
replaced  by  metala.  The  formation  of  the  aalt  C*'Hi*(NH')<0>«  appean  toieqiire 
the  aid  of  aunahine.  Among  the  deeompoeition-prodncta  of  the  acid  are  eaibooic 
acid,  oxalic  acid,  and  orcin.  The  lichen  containa  between  2  and  S  per  cent,  of 
patellaric  acid.  The  acid  ia  aitnated  between  the  layera  of  the  onter  bark  and  tto 
gonidia,  where  it  waa  detected  microaoopically  by  the  reaction  with  barytarwater. 

VATSCJMOinU.  Volatile  oil  of  patachonli  gradnally  depoaita  a  camphor  or 
atearoptene,  the  formation  of  which  may  be  accelerated  by  dehydrating  the  oil  with 
calcium  chloride.  Thia  camphor  ia  homologoua  with  that  of  Borneo,  and  baa  tb» 
composition  C^^H'H) ;  yapour-denaity  oba.  =  8*00 ;  cala  s  7*85.  It  aielta  at 
64°-65**,  boila  at  296^,  and  haa  a  ap.  gr.  of  1*051  at  4*5°.  It  ia  insoluble  in  water, 
aaaily  aoluble  in  alcohol  and  ether,  and  aeparatea  from  theae  aolutiooa  by  lUiw 
eyaporation,  aometimea  in  large  and  yery  well-defined  hexagonal  prisma  tenniDated 
by  aix-aided  pyramida.  The  aleoholie  aolution  ia  laeyogyxate,  a  aolntion  of  1  gra.  in 
6*3  c  c  alcohol  in  a  tube  0*05  met.  long  producing  a  deflection  of  9*1°.  The 
camphor  diatilled  oyer  cine  chloride  yielda  a  hydrocarbon,  C^H'*,  which  boiU  at 
248^-252^,  and  appeara  to  be  conyerted  into  polymeric  hydrocarbona  at  ilif(bUy 
higher  temperaturea.  The  oil  from  which  the  camphor  haa  been  depoeited  passrs 
oyer  almoat  entirely  between  282^  and  294^,  haa  the  aame  composition  as  tha 
camphor,  and  yielda  the  aame  hydrocarbon  when  treated  with  zinc  chlorida.  It  is 
alao  heyogyrate,  but  leaa  ao  than  the  camphor,  producing  under  the  oonditMMis  aboTo 
mentioned,  a  deflection  of  only  3^  (H.  Q&l,  Compt,  rentL  Ixyiii.  406). 


The  mineral  from  Kiederkirchen,  near  Wolfatein  in  the  Bbfin- 
pfala,  caUed  09mdite  by  Breithaupt,  appears,  from  a  renewed  examination  by  y.  Kob^II 
(•T*.  fT,  Chem,  xcrii.  493 ;  Jakrem,  1866,  p.  935),  to  haye  the  oompoaition  and  all  the 
properties  of  pectolite.  It  ia  intergrown  with  a  brown  friable  mineral,  ray  simiUr 
to  it  in  atructure,  which  appeals  to  haye  been  formed  from  it  by  the  action  i:^  water 
and  carbonic  acid. 


VBCTOra  BVaSTAVCBS  (iy.  363).  On  the  preparation  of  pactm  hm 
turnips,  aee  Stude  {Ann.  Ch,  Pharm.  cxxxi.  244  ;  JaJkresb.  1864,  p.  587).* 

On  the  preparation  of  metapectic  acid  from  horse-chestnut  bark,  aee  Boeblcder 
(Zeit^kr.  f,  Chem.  [2]  iy.  381).  Metapectic  acid  heated  with  exceaa  of  potasdisak 
hydrate  is  reaolyed  into  formic  and  protocatechuic  acids : 

0»H»«0'  -  CHW  +  CBH)*  +  H«0. 

The  formation  of  pyropectic  acid,  C*^H>H>*,  from  metapectic  acid»  by  the  action  of 
beat,  ia  represented  by  the  equation:    2C*H>*0'  »  G*«H^H)*    •*-    2C0>  -¥  HH) 
(Rochleder). 
Scheibler  (Deut.  chem,  Ges.  Ber.  1868,  pp.  68,  108 ;  ZeUeehr.  /.  Chem.  iV.  433) 

Sreparea  metapectic  acid  by  heating  tumip-pulp  with  milk  of  lime  on  the  water-bath, 
ecompoaing  the  resulting  calcium  salt  with  ammonium  carbonate,  preci|»tating  ^ 
ammoniacal  solution  with  baaic  lead  acetate,  aeparating  the  acid  by  hydrogen  aolpbiiie 
(remoying  the  last  portiona  of  lead,  if  necessary,  bv  sulphuric  acid),  and  deedferisTtf 
it  with  animal  charooal  free  from  lime.  The  acia  thua  prepared  poeaesses  all  th« 
propertiea  of  that  described  by  PMmy  (iy.  369),  excepting  tbat  its  alkah-mcta]  salts 
are  not  precipitated  by  baaic  or  neutral  lead  acetate  in  neutral  aolution,  hut  oaW  oo 
addition  of  ammonia ;  and  that,  inatead  of  being  optically  inactiy«,  it  exhibits  a 
yeiy  atrong  IsByogyration,  I  pt.  of  it  being  aufBcient  to  neutraliae  the  dextrof^ynua 
power  of  1  i  pt  dextroglucoae.  This  lieyogyrate  power  ia  not  altered  by  satantin^ 
or  supersaturating  the  aolution  of  the  acid  with  alkalis  or  alkaline  earths :  bat  (tn 
boiling  the  solution  with  a  atrong  acid,  mineral  or  organie,  it  quickly  diBini^bes, 

*  Sco  oIao  Tol.  iv.  p.  864,  iu  which  (liuo  9  from  bottom)  read  ^ tumips '  instead  «f  * 
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compoBitioD  (C  51*8,  H  6*9,  N  12-8, 0  26*8,  S  1*7),  and  besides  oontAins,  or  is  Associated 
'^vith,  a  body  resembling  glycogen,  and  capable  of  conversion  into  a  substance  with 
Tuany  of  the  reactions  of  sugar. 

The  relations  of  these  various  proteids  may  be  tabulated  thus : 

Soluble  in  water: 

Aqueous  solutions  not  ooag.  by  boiling              •        Pbptombs. 
Aq.  sol.  ooag.  by  boiling Albumims. 

Insoluble  in  water: 

Soluble  in  Nad  sol.  1  p.  c Qlobuliks. 

Insoluble     „  „ 

Soluble  in  HCl,  1  p.  e.  in  the  cold : 

Soluble  in  hot  spirit  ....        ALXALx-ALBvinir. 
Insoluble      „  ....        Acid-a.lbvmin. 

Insol.  in  HCl,  *1  in  the  cold : 

Sol.  in  HCl,  *1  p.  c.  at  60^        .  Fibbix. 

Insoluble  in  HCl,  '1  p.  c  at  60® ;  sol.  in  strong  acids : 

Sol.  in  gastric  juice     .  .        Coagviatbd  Ai^Biumir. 

Insol.  in  gastric  juice         .  Amyloid. 

The  above  method  of  solubilities  is  the  only  means  at  our  command  for  distinguishing 
them.  From  their  elementary  composition  wo  learn  nothing,  as  may  bogatheied  from 
the  following  table : 

Fibrin     . 
Syntonin 
Foptone  . 
Albumin 
Ltirdacoin 

In  general  from 
„  to . 

Many  circumstances  seem  to  point  to  the  conclusion  thnt  undigested  proteids  are 
converted  during  digestion  into  peptones,  by  a  process  of  cleavage,  with  assumption  of 
wi\tcr,  analogous  to  that  by  which  starch  is  converted  into  grape-sugar.  And  the 
fact  that  peptones  of  some  kind  or  other  are  produced,  not  only  by  digestion,  but  also 
by  ordinary  chemical  means,  as  the  action  of  acids,  &c.,  seems  to  point  the  same  way. 
The  various  decompositions  of  peptone  (and  of  the  other  proteids),  especially  that  by 
-pancreatic  juice,  indicate  moreover  that  leucine  and  tyrosine  are  distinct  elements  in 
its  structure ;  but  other  products  appear  to  be  invariably  formed  at  the  same  time. 
Further  than  this  we  are  at  present  unable  to  go. 

A  distinction  may  be  drawn  between  *  natural '  proteids,  such  as  albumins,  globulins, 
-fibrin,  and  modified  ones,  such  as  acid-  and  alkali -albumin,  which  are  produced  by  some 
notions  (as  of  acid,  &c.)  on  the  former,  either  within  or  without  the  body.  The  groat 
fuature  of  all  them  is  their  instability.  The  most  stable  are  the  peptones  and 
coagulated  albumin,  next  come  fibrin  and  albumin,  then  acid-  and  alkali-albumin,  and, 
least  sbible  of  all,  the  globulins.  So  incessant  are  the  changes  they  undergo,  that  it 
may  be  doubted  whether  they  are  fixed  chemical  compounds  in  the  ordinary  sense  of 
that  terra. 

For  further  details  respecting  proteids,  see  GmdirCs  Handbook^  xviii.  252-469. 

M.  F. 

nUITOOATBCBVZO  JLOZB.  C'H*0^— The  formation  of  this  acid,  together 
with  phloroglucin,  by  the  action  of  melting  potash  on  a  variety  of  organic  substances, 
is  noticed  under  pHLOBOOLrciN  (p.  928).  It  is  also  formed,  together  with  acetic 
acid,  by  fusing  caffeic  acid  with  potash  (Hlasiwctz,  Ann.  Ch.  Pharm.  cxlii.  219) ;  by 
similar  treatment  of  cinchona-red  (RemlKild,  ibid,  cxliii.  273) ;  together  with  rcsorcin 
and  volatile  fatty  acids,  by  fusing  asafcetida  with  potash  (Illasiwotz  a.  Barth,  iffid. 
rxxxviii.  61) ;  and,  together  with  pyrocatechin,  by  fusing  sulphanisic  acid  with  potash 
(Malin,  Ann.  Ch.  Pharm.  clii.  109). 

A  mixture  of  monobasic  barium  protocatechuate,  (C'H*0')'Ba,  with  saturated 
baryta-water,  deposits  after  a  while  warty  crusts  of  a  tribasic  salt,  (C'H*0*)'Ba"  (at 
130^^),  analogous  to  the  triplumbic  salt  obUiiued  by  Strecker  (iv.  739). 

Bromoprotccatechuic  acid,  C'H^BrO',  obtained  by  triturating  the  lurid  with  bromine, 
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crystalline  powder,  insoluble  in  alcohol  and  dilute  sulphuric  acid,  Folnble  in  70  p^ 
water  at  20'^;  the  platinochloride,  2(C"H'»N0«.Ha).PtCl%  is  a  yellow  aiD<tfp*«* 
precipitate.  The  »i«/p*a<<f,  2C"H'»N0^H«S0«  +  6HH),  precipiUted  on  mixing  t^J 
hydrochloride  with  an  equivalent  quantity  of  sodium  sulphate  in  slightly  acidulated 
Kolution,  forms  small  white  lamins  very  much  like  gypsum.  The  osal^* 
2C"H>*N0«.CH>0«  4  6H*0,  is  a  white  precipitate  compoffod  of  prismatic  crjiiU^'* 
the  tartrate  forms  sparingly  soluble  prisms;  the  nUraie  shining  lamin«;  ^ 
chromate  a  yellow  crystalline  precipitate;  the  kydriodide  pale  yellow  prisms;  ^ 
aurochloride  a  yellow  amorphous  precipitate;  the  nureurocAIoritle  a  precipitate 
composed  of  colourless  prisma. 

FBSUlMmvsXZnk  A  calcio-aluminic  silicata  nsftmbling  nephrite,  ft^ 
Easton,  described  by  A.  Emmerling  (Jakrb.  Min.  1866,  p.  668;  Mkretb.  lM$t 
p.  939). 


and  wanning  the  produet  orer  the  water-bath,  crjBtaJUBea  from  hnt  witer  ii  lUtrit 
anhydrous  rhombic  needles,  and  when  heated  with  a  oonoentrated  aolntkn  cf  i  ^s. 
potassium  hydrate  to  a   pasty  oonsiatenoe,   acidulated   with    snlf^iaric  tod.  tac 
exhausted  with  ether,  yiel<u  an  acid  cnrstallimng'  in   rhombie  aecqlM,  aid  ifcra- 
mating  in  composition  to  gallic  acid,  0*6*0*.  HK).      IVotocatcehiue  acid  is  pnt^  > 
identical  with  carbohydroquinonic  acid,  inasmuch  as   these  two  adds  agrae  ix  '^ 
reactions,  melting  point,  and  crystalline  form,  and  irhen  heated  with  hydiiodie  ic. 
to  140^,  yield,  together  with  carbon  dioxide,  a  mixture   of  faydxoqinnoM  and  ^.' 
catechin  (Barth,  Ann.  Ch.  Pkarm.  cxlii.  246). 

VmOTOOATBOSVIO  JLUDSSna,  CBHy*,  iaomeric  with  tajbrnoBot  vii  | 

is  produced  by  heating  dichloropiperonal  with  water  (p.  948)  : 

C«H*CTO»  +  2H«0  -  00«  +  2H01   +   C»H«0».  \ 

It  is  easily  soluble  in  water,  and  crystalliaee  from  the  oonoentrated  aolntioD  nostiy  t  | 
concentric  groups  of  flat  crystals,  which  are  best  purified  by  reeryBtallisitinc  f*c 
toluene.  It  melts  and  becomes  dark-<*x>loured  at  150^,  and  deoompoees  at  a  Ir-ps 
temperature  with  separation  of  carbon.  The  aqueous  eolation  mixed  with  f^?^ 
chloride  acquires  a  very  deep  and  pure  green  colour,  chan^n^  to  red  on  additiK  (d  i 
drop  of  solution  of  sodium  carbonate.  A  similar  reaction  is  exhibited  hj  |r&- 
catechuic  acid,  but  the  green  is  not  pure,  inclining  more  to  bice.  The  aUefevi*  s 
oxidised  to  protocatechuic  acid  by  fusion  with  potash,  also  byr  permanganates.  Fro 
ammoniacal  silver-solution  it  throws  down  a  silrer  speealam.  It  appean  to  vsrj 
with  alkaline  bisulphites,  but  without  forming  crystalline  <5oni}K>niias  (BesaeaL 
Fittig,  ZeU$ckr.  /.  CMem.  [2]  vii.  100). 

See  Ajjcgkoia  (p.  65). 

TVimethyl'benrene.^See  Bxmzbxb,  Hojff0]j0owor(p.2$^ 

See  CracuviN  (p.  517). 
»Mnn>OMOm»BZVB.    0"H>*N0«  (O.  Hesse,  Ann.  Ck.  Pkarm,  cxli  8r>-7lir 

baso,  first  noticed  by  Pclletier  (iii.  1051 ),  may  be  obtained  in  the  prepazatxm  of  mocrt^ 
by  Gregory's  process,  in  the  following  manner.  When  the  purified  mixtnxe  of  the  bfi?^ 
cliloridcs  of  morphine,  codeine,  &c.,  is  mixed  with  a  slight  excess  of  ammooia.  cc-/ 
the  morphine  is  precipitated,  and  the  filtrate,  slightly  supersaturated  with  hjdroefakr' 
ncid,  freed  from  alcohol,  and  somewhat  decolerisod  by  animal  charcoal,  J'^^V^ 
neutralisation  with  dilute  ammonia,  a  bulky  precipitate,  chiefly  consisting  of  P'^*'^ 
morphine.  On  washing  this  precipitate  with  water,  dissolring  it  in  scetie  scid.  *^ 
mixing  the  filtered  solution  with  such  a  quantity  of  dilute  ammonia  that  u* 
supernatant  liquid  shall  just  slightly  redden  blue  litmus-paper,  only  the  f^"^ 
morphine  is  precipitated,  and  may  bo  purified  by  combining  it  with  hyditKhlone  acN, 
and  decomposing  the  recrystallised  salt  in  hot  aqueous  solution  with  ammonia. 

Pscudomorphine  thus  prepared  is  a  finely  crystalline  white  precipitate,  haTioT' 
silky  lustre,  and  drying  up  to  a  dull  white  mass ;  wh'en  separated  from  a  cd<b 
solution,  it  is  gelatinous,  and  after  prolonged  drying,  translucent  and  homy.  I^* 
insoluble  in  water,  alcohol,  ether,  chloroform,  carbon  bisulphide,  dilate  snlphnric  tfA 
and  sodium  carbonate,  but  dissolves  easily  in  caustic  alkalis  and  milx  of  Ivs^ 
Aqueous  ammonia  dissolves  it  sparingly,  but  alcoholic  ammonia  dissolres  it  ^ 
easily  when  recently  precipitated.  Its  solution  in  strong  sulphuric  acid  is  oUvf 
green;  the  nitric  acid  solution  has  a  deep  omnge-red  colour,  changing  to  jeiio*! 
the  solution  in  ferric  chloride  is  blue.    The  base  and  its  siUts  are  tasteless.    ^^ 
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See  SULPHOCT^NATRS. 

A  mineral  occurring  in  the  Brevig  Sound  in  Norway,  together 
with  pitch-black  mica,  astrophyllite,  wohlerite,  and  segirin.  It  is  massiTe  and 
composed  of  numerous  lamelue,  grouped  like  the  beard  of  a  feather  and  partly 
fturved.  Hardness  »  2*5  to  3.  Sp.  gr.  3063  to  3*666.  Colour  oliye-green  and 
lirer-brown ;  lustre  nacreous.  Translucent  only  at  the  edges.  An  analysis  by 
H.  Miiller  gare 

810*      Al"0»      C«0      MgO      K'O     K«"0       PeO       PVO*       H«0 
S9'38    6-65     5*47     U  56     786     2-81     16*43     1989     139  =>   100*44 

(Breithanpt,  Jahrlk  Min.  1865,  p.  858;  Jahresb.  1865,  p.  887). 


According  to  the  recent  investigations  of  Strecker  {Zeitschr.  f, 
Chem.  [2]  iv.  265),  and  of  Gmebc  a.  Liebermann  {ihid.  503),  this  substance  has  the 
composition  of  ozyalizarin,  C'^H^O^.  For  BoUey's  experiments  on  the  composition  of 
purparin  and  other  madder  colours,  see  Dingl.  pol.  J.  cbcxxii.  351 ;  Jahresb.  1866, 
p.  643.  For  R  Konp*s  method  of  preparing  pnrpnrin,  &c.,  from  madder,  see  Bull, 
Sne,  industr,  de  Mulhouae,  xxxrii.  437  ;  Jahrab.  1867,  p.  955. 


C«»H»«0"  (A.  Girard,  Qmpt  rend.  Ixix.  865 ;  Zeitschr, 
f,  Chem.  [2]  vi.  86). — A  red  colouring  matter  produced  by  oxidation  of  pyrogallic 
ficid  with  silver  nitrate  in  alcoholic  solution,  or  more  conveniently  with  permanganie 
acid.  60  grams  of  potassium  permanganate  are  dissolved  in  a  litre  of  water  mixed 
with  55  grams  of  hydrogen  sulphate,  and  this  solution  is  gradually  poured  into  a  strong 
aqueous  solution  containing  40  grams  of  pyrogallic  acid.  Purpurogallin  then  separates 
in  orange-red  flocks,  which  may  be  purified  by  washing  with  a  little  water  and  crystal- 
lisation from  alcohol,  or  by  sublimation.  It  sublimes  at  about  200^  in  garnet-red 
needles,  having  a  finer  colour  and  stronger  lustre  than  aliiarin.  It  dissolves  sparingly 
in  water,  mpre  easily  in  alcohol,  also  in  ether  and  in  benzol,  forming  yellow  solutions. 
Sulphuric  acid  dissolves  it,  forming  a  compound  which  crystallises  in  crimson  needles 
decomposed  by  water.  Most  otlier  acids  dissolve  it  without  alteration.  Nitric  acid 
Attacks  it  energetically ;  the  very  concentrated  acid  may  even  set  it  on  fire ;  ordinary 
nitric  acid  converts  it  into  picric  acid.  Alkalis  impart  to  the  solutions  of  pyrogallin 
a  transient  blue  colour ;  aluminium  sulphate,  on  addition  of  ammonia,  throws  down 
a  violet-blue  lake,  which  gradually  turns  brown.  Lead  acetate  forms  a  red-brown 
precipitate.  Silver  nitrate  colours  the  solutions  violet-blue,  then  brown,  with  separa- 
tion of  metallic  silver.  Auric  chloride  forms  a  bright  carmine-red  solution,  which 
however  also  turns  brown  and  deposits  metallic  gold.  Purpurogallin  dyes  mordanted 
fabrics  quickly  and  completely,  but  the  colours  are  not  very  good. 

VTBZBin.  OH*X. — According  to  Chappan  a.  Smith  (Ann.  Ch.  Pharm. 
Suppi.  vi.  329 ;  Jahresb.  1868,  682),  this  base  is  formed  by  denydration  of  amyl 
nitrite,  e.g.  when  that  compound  is  heated  with  phosphoric  anhydride,  C*H'*NO'  — 
3H«0  =  C*H»N. 

Blpyrldtne.  C'«H»»N»  (Anderson,  Chem.  8oc.  J.  [2]  vii.  406).— This  base, 
polymeric  with  pyridine,  is  formed,  together  with  other  products,  by  the  action  of 
sodium  on  p^oine.  When  dry  pyridine  is  heated  to  its  boiling  point  with  small 
pieces  of  sodium  amounting  to  about  one-fifth  of  its  weight,  in  a  flask  furnished  with 
a  long  oondensing-tube,  the  whole  is  gradually  converted  into  a  dark  brown  or  black 
mass,  which  solidifies  on  cooling  to  a  hard  brittle  resin ;  and  on  sepaxnting  this 
resin  as  completely  as  possible  from  unaltered  sodium,  and  throwing  it  by  small 
pieces  into  water,  it  is  slowly  converted  into  a  thick  brown  oil,  which  collects  at  the 
bottom  of  the  vessel,  and  when  washed  with  water,  dried  with  calcium  chloride,  and 
distilled  in  a  current  of  hydrogen,  yields  at  first  a  light  oil  consisting  of  several 
bases,  then  a  thick  heavy  oil  which  deposits  crystals  of  dipyridine.  On  redistilling 
this  product,  dipyridine  crystallises  in  the  neck  of  the  retort,  and  the  fluid  portions 
of  the  distillate  yield  a  further  quantity  of  it  when  cooled  by  a  freezing  mixture. 
The  formation  of  dipyridine  by  the  action  of  sodium  on  pyridine  takes  place  also  in 
the  cold.  In  this  case,  the  sodium  becomes  covered,  in  the  course  of  a  few  days,  with 
a  black  brittle  crust,  which  when  washed  with  pyridine  to  remove  an  oil  formed  at 
the  same  time,  then  detached  as  completely  as  possible  from  the  sodium,  and  thrown 
into  water,  yields  a  dark  grey  powder,  which  falls  to  the  bottom.  This  powder 
washed  till  free  from  soda,  and  then  spread  out  in  contact  with  the  air,  is  entirely 
converted  into  a  snow-white  mass  of  interlaced  acicular  crystals,  consisting  of 
dipyridine. 

Bipyridine  melts  at  108°;  solidifles  to  a  ciystalline  mass  on  cooling ;  volatilises 
slowly  at  100^ ;  and  sublimes  unchanged  at  a  high  temperature,  in  long  needle-shaped 
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pound  is  fonned :  1.  By  heating  aniaol  with  oonoentiated  hydiiodie  or  hjdiodikne 
add  to  136°-140^  (Qraebe,  Ann.  Ck,  Pharm.  exrgix.  149): 

C«H»OCH«  +  HI  -  CH^  +  Cra»OH. 

2.  By  boiling  the  sulphate,  nitrate,  or  hydxofaromide  of  diawbemmM  vith  vat« 
(ariees,  ibid,  czzxyiu  89) : 

C«H«N*.SO«H«  +  H«0  -  SO«H»  +  N»  +  C^«0. 

8.  By  fbsing  potaasitim  phenylrolphite  with  «zomb  of  potash  (Wuti,  Ml  ftt 
CUm.  [2]  yiii  197) : 

C'H».SO*K  +  KOH  =  SO»K«  +  C«HK)H. 

4.  By  heating  acetylene  with  fuming  enlphurie  acid,  whereby  it  ia  ooiiTnted  ioto  tb 
acid  C*H'SO',  and  fusing  the  potassium  nit  of  this  add  wiUi  potash.  The  scctjrl«ot 
is  then  sepazated  and  polymerised,  and  the  polymeirio  oompoimd  takes  up  onTgn, 
8C*H'  +  0  a  C*H«0  (Berthelot,  Compt.  rend,  Ixriii  689). 

The  phenol  obtained  by  distilling  oxybenaoie  acid  with  lime  (iy.  205)  is  ideotial 
with  that  produced  in  like  manner  firom  paiabenaoie  and  salieylie  adds,  and  vith  thit 
obtained  from  coal-tar  (Eosenthal,  ZtUtekr.  /.  Ckem,  [2]  t.  627). 

Preparatum, — ^The  following  method  of  obtaining  pure  phenol  from  oosl-ttr  ii 
given  by  Hugo  Miiller  (Zeitschr.  /.  Chem.  [2]  i.  270).  The  aqueous  solution  obtaioed 
by  treating  coal-tar  with  caustic  soda  or  milk  of  lime,  or  a  mixture  of  the  two— 
which  contains,  besides  phenol,  certain  easily  oxidisable  substanoee,  and  a  uot  incon- 
siderable quantity  of  naphthalene — ^is  diluted  with  water  as  long  as  m^htlttlene  is 
thereby  separated,  and  tne  liquid,  which  soon  turns  dark  brown,  is  exposed  to  the  air 
in  shallow  ressels  for  several  days  and  frequently  stirred.  The  brown  soIntioD  is 
then  filtered,  the  quantity  of  phenol  contained  in  a  given  quantity  of  it  is  determined; 
and  the  quantity  of  acid  required  to  precipitate  the  entire  amount  is  calcnhted 
therefrom.  If  now  ^  to  ^  of  this  quantity  of  add  be  added  to  the  liqaid  with 
constant  stirring,  the  resinous  substances  altered  by  the  action  of  the  air  an  (list 
precipitated,  together  with  larger  or  smaller  quantities  of  cresol  and  xylol  A 
further  addition  of  add  precipitates  chiefly  cresol,  and  after  a  fbw  trials  it  is  peoemlly 
possible  so  to  adjust  the  quantity  of  acid  that  the  third  and  last  predpitation  shall 
yield  nearly  pure  phenol,  which  crystallises  after  a  single  distillation.  As  eren  a 
small  quantity  of  water  prevents  the  crystallisation  of  phenol,  it  is  necessaiy  to 
remove  this  water  completely  by  heating  the  phenol  nearly  to  the  boiling  point,  while 
a  stream  of  dry  air  is  passed  over  it.  The  crystallisation  may  be  MMlerated  by 
cooling,  or  by  the  introauction  of  a  dmall  quantity  of  crystallised  phenol.  Cnde 
phenol,  such  as  is  obtained  from  tar-refineries,  may  be  conveniently  purified  bj 
treating  it  several  times  in  succession  with  soda-ley.  The  first  extracts  contain  the 
purer  product :  the  predpitation  of  the  phenol  must  however  be  preceded  hy  dilntitKi 
with  water  and  exposure  to  the  air.  A  perfectly  pure  product,  remaining  colonrics 
•when  preserved,  is  obtained  only  when  the  substances  which  torn  brown  by  oxidation 
have  been  completely  removed  by  exposure  to  the  air.  Phenol  oommoi&y  contains 
a  small  quantity  of  a  very  disagreeably  smelling  sulphur-compound  (phenyl  sulphide), 
which  may  be  removed  by  distillation  over  a  small  quantity  <^  lead  oxide. 

For  the  preparation  of  crystallised  phenol,  Bickerdike  {Chem,  Nnee,  xvi.  IS8) 
recommends  that  the  commercial  product  purified  by  one  rectification  be  dehydrated 
with  1  or  2  p.  c  of  anhydrous  cupric  sulphate.  The  distillate  solidifies  fiir  the 
most  part  at  16^,  espedally  in  contact  with  solid  phenol. 

Reactions. — 1.  An  alcoholic  solution  of  phenol  is  turned  brown  by  an  aleoholis 
solution  of  ferrie  chloride;  wood-tar  creosote  similarly  treated  yields  a  solntion  of 
•a  fine  emerald-green  colour  (Frisch,  J.  pr,  Chem.  e.  223 : — Gorup-Beeuea;  Jbm.  (^ 
Pharm.  cxliii.  129). — 2.  When  a  few  sticks  of  potash  are  immersed  in  a  sohition  of 
.phenol  in  chloroform,  the  potash  becomes  covered  with  a  rose-oolonred  layer  wh;^ 
gradually  dissolves,  the  liquid  becoming  very  hot  and  ultimately  brown  and  viend. 
The  first  product  is  a  brown  amorphous  mass,  soluble  in  alkalis,  repredpitatad  \*j 
acids,  and  apparently  consisting  of  two  substances,  one  of  which  dissolns  Terr 
easily  in  alkaline  carbonates,  less  easily  in  strong  sulphuric  add ;  this  latter  nlntinn 
gives  with  water,  a  precipitate  exhibiting  with  alkalis  the  reacUons  of  rosolic  add. 
The  other  substance  is  less  soluble  in  alkalis,  but  dissolves  very  easily  in  itrtwc 
sulphuric  acid,  and  is  not  reprecipitated  by  water.  If  carbon  tetrachloride  be  ifc^ 
as  the  solvent  instead  of  chloroform,  no  reaction  takes  place  in  the  cold,  bat  at  \90r 
ilie  liquid  assumes  the  colour  of  rosolic  add.  When  wood-tar  creosote  is  treated  >" 
the  same  manner,  a  very  similar  reaction  takes  place,  but  the  product  is  alto^s^her 


PTROCATECHIN—PYBORACEMIO  ACID.  979 

34*56  B.H),  and  7*24  CO*  (»  99*76).  The  carbon  dioxide  must  be  ngaided  as  an 
Rocidental  admixtore.  The  mioeial  is  named  pyroanrite  on  aeeonnt  of  its  property 
of  aoqniring  a  gold-oolonr  in  the  fiie  (Igelatrom,  Jahnab,  1867,  p.  981). 

nsOOATBOKXV.  The  meta-  modification  of  oxyphenol,  CH'O',  prodncod : 
a.  By  the  action  of  melting  potash  on  meta-iodophenol.  Ordinary  iodophenol 
(produced  by  treating  phenol  with  iodine  and  iodic  acid)  yields  a  mixture  of  hydro- 
qui  none  and  pyrocatechin  (Komer,  BuU,  Acad,  Belg,  [2]  xxiv.  166).— /3.  By  the 
action  of  hydriodie  acid  on  guajacol :  C'H»0«  +  HI  -  CH"I  +  C«H*0»  (Gorup- 
Beaanes,  i/aAfiMft.  1867,  p.  688). — 7.  By  the  dry  distillation  of  protocatechnic  acid,  and, 
tngether  with  hydroqninone,  bensoic  acid,  benzene,  and  phenol,  by  the  dry  distillation 
of  quinic  acid  (Hlasiwetx  a.  Barth,  ihid.  1864,  p.  898,  405).  It  is  also  one  of  the 
proaucta  of  the  distillation  of  benaoi'n  (Hlasiwetz  a.  Barth,  Jdhrtab,  1866,  p.  674). 

nmOCMkli^O  ACIB.  According  to  J.  Personne  {ZeUsckr.  /.  Chem.  [2]  t. 
728),  this  add  acta  poisonoualy  on  the  animal  organism,  in  the  sanke  manner  as 
phosphoms,  namely  by  abstracting  the  oxygen  of  the  blood. 

Pjnrogallie  acid  heated  with  picric  acid  and  a  little  water  unites  with  the  picric 
acid,  forming  a  compound  which  crystallises  in  largo  laminse,  and  blackens  slightly 
on  exposure  to  the  air  (De  Luynes,  ibid,  ir.  703).  By  oxidation  with  silver  nitrate, 
permanganic  add,  and  other  reagents,  it  yields  pur  pur  og  all  in  (p.  977). 

»VSO-iaOMCA&ZO  ACZB.  C«H"0*.—An  acid  i»odueed  by  the  action  of  heat 
on  isomalic  acid  (p.  753). 


[C  ACm.    C^H^O^.^-An  acid  formed  by  the  dry  distU- 
lation  of  itatartaric  add  (p.  762). 


C*H*0»  (Limpricht,  Zritschr.  /.  CKem.  [21  r.  699).— 
For  the  preparation  of  this  acid»  Limpricht  gires  the  preference  to  Ulnch's  method 
of  treating  fnrfurol  with  alcoholic  potash  (iy.  763) ;  the  product  amounts  to  83  p.  c. 
of  the  furfurol  employed. 

Pyromude  acid  in  aqueous  solution    is  decomposed   by  bromine,  yielding  the 
compound  C*H*0' ;  thus : 

C»H*0*  +  H«0  +  Br»  -  CO*  +  2HBr  +  C*H*0«. 

This  add  is  howerer  immediately  conrerted  into  the  brominated  add,  C^H'BrO*, 
which  distils  over  and  solidifies  in  white  feathery  crystals,  oonrertible  by  sodium- 
amalgam  into  a  transparent  liquid  of  low  boiling  point,  having  the  oompositfon 
C^H'O*.  The  compound  C^H'BrO'  is  converted  by  further  action  of  the  bromine 
into  C^H'Br'O^,  which  when  treated  with  silver  oxide,  or  when  its  aoueous  solution  is 
evaporated,  exchanges  its  bromine  for  hydroxyl,  and  is  converted  into  maleic  or 
famaric  acid,  C«II«0\  The  dibrominated  acid,  CH^Br^O^,  is  still  Airther  converted 
by  the  free  bromine  into  C^HBr'O',  which  also,  when  the  solution  is  evaporated, 
exchanges  1  at.  bromine  for  hydroxyl,  and  is  converted  into  mucobromic  acid, 
0*H«Br»O»  (iv.  763J. 
Limpricht  regards  the  compounds  of  the  pyromude  group  as  derivatives  of  the 
HC=CH 

HG    CH 

aoZBB*    See  Peosfhamic  AaiM  (pc  930). 

See  Phosphobic  Acids  (p.  940). 

lOamO  AOZ]l»  C'H*0'. — This  acid  is  formed  by  gradually  heating 
rae«mic  acid  in  sealed  tubes  to  180^  with  hydrochloric  acid  (Gcuther  a.  Kiemann, 
Zeitdchr.  /.  Chem,  [2]  v.  318).  AeciM^ing  to  Wiehelhaus  (Jahresb,  1867,  p.  403; 
further,  Amn,  Ch.  Phi^'m,  elii.  260),  it  does  not  exhibit  the  characters  of  an  oxyacid. 
On  mixing  it  with  excess  of  phosphorus  pentachloride,  and  heating  the  mixture  to 
boiling  after  phosphorus  oxychloride  has  been  formed,  then  pouring  it  when  cold 
into  water,  the  water  takes  up  ordinary  pyroracemic  acid  (alterad  by  boiling),  which 
nmy  be  extracted  from  it  by  ether.  Hence  it  appears  that  pyroracemic  add  does  not 
contain  any  alcoholic  hyorogen.  Wiehelhaus  represents  it  by  the  oonstitotional 
formula  Ck* — CO— CO*H,  regarding  it  as  homologous  to  carbaoetylic  acid  and 
glyoxyUc  add.  (C«H»0«). 

I^roraoemie  is  not  reduced  by  hjdriodic  acid  or  attacked  by  acetyl  chloride  at  the 
boiling  heat.  Pyroracemates  8ub|ected  to  dry  distillation  in  contact  with  acetatea 
yield  acetone  and  pyrotartario  acid  (Wiehelhaus,  ZeiUchr.  f,  Chem,  [2J  v.  264). 

Dry  pyroracemic  acid  heated  in  a  sealed  tube  with  1  mol.  bromine  is  converted 
into  dibromolactic  add,  CH«Br— CBrOH— CO«H  (Wislicenus.  p.  771). 

8b2 


hydrocarbon 
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Bromopyroraeemie  aeid$  (mono-  and  di-)  are  formed  bj  hating pTnof^ 
acid  to  100°  in  a  sealed  tnbe  with  1  or  2  moL  brooiine  and  water.    The dibrmx*>. 
odd  is  mora  easilj  otained  pure  than  the  monobromiiiated  add,  and  nay  be  vck'< 
from  the  water  by  ether.    It  ciystalliiiee  from  aqaeooa  solution  in  laige  cps  j 
tablee,  which  contain  CH*BrH)*  +  HK),  and  give  off  their  1  moL  eater  e^:  <: 
ezpoenie  to  the  air,  more  quickly  in  a  Tacnnm.    The  effloreaced  acid  fxj^aSiixM  in: 
anhydrons  aolventa  in  long  needles  melting  at  89^-01*'.     If   the  sod  dsrse  *; 
preparation  be  exposed  for  a  long  time  to  a  high  temperature,  it  is  deeonpoeei  rn- 
formation  of  pentabromacetone,  C*HfirH) : 

CHBi»— CO— CO«H  +  3HBr  -  2HH)  +   CBBr*— OO— CBi». 

Dibromopyxoraoemie  acid  is  decomposed  by  silTer  oxide,  ffiving  up  all  its  brrc^ 
and  being  converted  in  the  cold,  chiefly  into  mesozalic  aci<C  C*H*0* ;  at  a  gestlr  i» 
siWer  is  sepurated,  and  carbon  dioxide  is  erolred.     Xt  ie  earbonieed  by  aki-  . 
ammonia,    but    aqneons     ammonia    converts     it     into      imudo-p^i  m  mvmit  e-^' 
CH(NH)--GO— GO*H.    This  compound  possesses  bat  all^htljr  acid  properties,  u' ■ 
crystallises  indistinctly;  it  unites  directly  with  nitric  acid,   and  gives  with  i'~' 
nitrate  a  white  curdy  precipitate,  containing  G*HAg(SrmO'.  A^NO*.     Mi>»ei)tff 
p^froraeemie  acid  has  been  obtained  only  as  a  syrupy  liquki,  wriiich  wheo  tresied  r'l 
silver  oxide,  gives  off  carbon  dioxide,  as  soon  aa  tne  liquid  beoomes  nsotnl,  ena  t 
low  temperatures.    At  a  gentle  heat  silver  acetate  is  produced  (Wiclielhans,  ^  ^  > 


VYBOTJUtTASIO  ACXll,  C*H"0\  is  produced  by  heatipg  pnlivrised  ur^*^; 

acid  to  180^  in  scaled  tubes  with  hydrochloric  a^d  (Qeuther  su  fiiemaan,  Zat»^-  * 
Chem.  [2]  V.  818) ;  also,  ss  above  observed,  by  heating  pyroiaeensatee  with  «*«'''* 
(WichelKans);  also,  together  with  several  other  prodncta,  bjr  ibaijQg  gamboge  vn 
potMh  (Hiasiwets  a.  Berth,  p.  628). 

The  chloro-,  Aro«fio-,  and  iodo'  derivatives  of  pyrotartaric  acid  are  ibimei  ^^ 
from  that  acid  itaelf.  but  by  direct  addition  of  Br»,  Ca«,  P,  or  of  HBr.  HO,  Hit' 
the  pyrocitric  acids,  (>H*0*,  and  they  exhibit  diffibrent  modificationa,  aeeordin^T  s 
tiiey  are  formed  from  citraconSe,  itaconic,  or  mesaconie  acid.  (See  Acd^  Osg^^ 
p.  49.)  The  dibromo-compounds,  obtained  by  addition  of  bromine  to  these  »:  -^ 
were  discovered  by  Eekule,  and  are  described  in  vol.  iv.  pp.  778,  774.  The  w*' 
chlorinated,  monoDrominated,  and  mnnoiodated  derivatives  have  been  wtaditd  tr 
Swarts  (BvU.Acad,  Belg,  [2]  xvii.  xix.;  InstU.  1866,  p.  23;  1866,  pp.  323, 359: 
Jahresh.  1866,  p.  892 ;  1866,  u.  404) ;  they  are  formed  by  addition  of  HO,  HBr,t»: 
HI,  to  itaconic,  citmoonic,  and  mesaconie  acid  respectively. 

Citramonochloropjfrotartarie  aeid,  C»H'C10*,  formed  by  heating  cit»*;^ 
anhydride  to  120^  for  two  or  three  hours  with  an  equal  volume  of  strong  hydroehl'.^ 
acid,  crystallises  from  ether  in  nacreous  lamins  unctuous  to  the  toodh.  Both  in  f^ 
dry  Rtate  and  in  solution  it  is  decomposed  by  the  slightest  elevation  of  temperatoi^ 
into  hydrochloric  and  mesaconie  acids.  Heated  with  bases,  it  is  resolved,  li^  c>t» 
dibromopyrotartaric  acid,  into  carbon  dioxide  and  crotonic  acid : 

C*H'C10*  -  C*H«0«  +  HCl  +  CX)». 

In  cold  water  it  dissolves  without  decomposition,  and  the  solution  is  not  ^reapit^ 
by  silver  nitrate ;  but  on  gently  heating  it,  a  precipitate  of  silver  chloride  is  fScvned. 
Itamonoohloropyrotartarie  acid  is  formed  by  heating  pulverised  j^^"^^ 
acid  to  about  180^  for  three  hours  with  2  pts.  of  very  strong  hydroehlonf  ^ 
washing  the  product  with  cold  water,  and  recrystallising  from  water  or  alcohol   I^ 
forms  white  lustreless  nodulos  or  crystals,  like  those  of  pyrotartaric  acid,  inodoK)*^ 
and  having  an  agreeable  sour  taste.     It  molts  at  140^-146®,  remaioing  liquid  ibr' 
long  time,  and  boils  at  225^-230^,  forming  WHter,  hydrochloric  acid,  and  aa  01I7 
anhydride  which  crystallises  after  a  while,  and  is  reconverted  into  the  original  »»- 
Hoated  to  150*^  in  a  stream  of  dry  air,  it  gives  off  water,  and  leaves  the  anhyd^ 
which,  however,  cannot  be  obtained  pure,  in  consequence  of  simultaneous  lotf  ^ 
hydrochloric  acid.    Hot  water  converts  it  into  itamalic  acid  (p.  761)  : 

C»H'C10«  +  H«0  =  HCl  +  C*HW. 

The  same  decomposition  is  produced  by  strong  bases ;  but  the  solution  saturated  vith 
ammonia  deposits  sal-ammoniac  on  evaporation,  and  the  mother-liquor  eontaiot 
mesaconie  acid.  Treated  with  silver  oxide,  it  yields,  together  with  silver  dtto^ 
the  silver  salt  of  par  aeon  ic  acid,  isomeric  with  itaconic  acid,  but  mooob^^ 
(p.  760).  Eth/lie  UachloropyrotartraU,  OH'Cl(G«H*)K)«,  is  obUined,  by  satontiog 
the  alcoholic  aolution  of  the  acid  with  hydrochloric  acid  gas,  and  rectifying  the  hqai^ 
precipitated  by  water,  as  a  colourless  bitter  liquid,  which  boils  at  250^-263^,  ^^ 
/ormation  of  a  small  quantity  of  hydrochloric  acid. 
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Mesamonochloropyrotartaric  act(f  is  formed  bj repeatedly  heating mesaconic 
acid  to  160^  with  yery  strong  hydrochloric  acid.  The  solution  of  the  product 
deposits  on  evaporation,  first  lustreless  nodules  of  unaltered  mesaconic  acid,  then 
small  shining  cr^'stals  of  the  much  more  soluble  chlorinated  acid.  Tho  latter  melts 
at  129°-130°,  and  is  resolved  by  boiling  with  water  into  hydrochloric  and  mesaconic 
au!ids.     It  is  converted  by  bases  into  crotonic  acid. 

Itadiehloropyroiartaric  acid,  C*H*C1*0*,  formed  by  addition  of  chlorine  to 
itaconic  acid,  is  very  soluble,  forms  large  crystals,  and  is  decomposed  by  boiling  its 
solution. 

Itamonohromopyrotartaric  acid,  C^H^BrO*,  is  prepared,  like  the  chlorinated 
acid,  by  heating  itaoonic  acid  for  half  an  hour  to  160°  with  concentrated  hydrobromic 
acid ;  also,  though  less  advantageously,  by  the  action  of  bromine  on  pyrotartaric  acid 
at  120° ;  also  by  the  action  of  fuming  hydrobromic  acid  on  itamalic  acid :  C^H"0*  + 
HBr  -  H«0  +  C*H'BrO*.  It  melts  at  1300-134°,  remaining  liquid  for  a  lonff 
time,  and  boils  without  decomposition  at  about  260°.  It  is  less  easily  decomposed 
by  boiling  water  than  the  chlorinated  acids,  and  reacts  exactly  like  the  latter  with 
bases.  Ethyl  itahromopyrotartrate  is  obtained  by  heating  the  acid  with  alcohol  to  1 10° ; 
the  product  precipitated  by  water  boils,  with  partial  decomposition,  at  270^-275°. 

Itamoniodopyrotartaric  aeid,  C^H'IO\  is  prepared  by  heating  itaconic  acid 
somewhat  in  excess  with  hydriodic  acid  to  150°  in  an  atmosphere  of  carbon  dioxide :  if 
an  excess  of  hydriodic  acid  be  used,  pyrotartaric  acid  will  be  likewise  formed.  The 
liquid  purified  from  free  iodine  by  treatment  with  mercury,  deposits,  on  evaporation 
over  sulphuric  acid,  dull  nodular  groups  of  crystals  of  the  iodated  add  (mixed  with  a 
little  itaconic  acid^,  which  become  colourless  by  repeated  crystallisation  from  water. 
Thev  melt  at  135  ,  and  decompose  at  185°,  with  evolution  of  iodine.  Boiling  water 
produces  only  slow  decomposition.  The  acid  heated  with  hydriodic  acid  is  reduced  to 
pyrotartaric  acid,  with  separation  of  iodine.  Heated  with  alcohol  containing  hydro- 
chloric  add,  it  yields  ethylic  itamono-iodopyrotartrate. 

Citra'iodopyrotartarie  acid  cannot  be  isolated.  When  dtxaoonie  anhy- 
dride is  heated  with  fuming  hydriodic  add,  a  brown  crystalline  mass  separates  on 
cooling,  which  when  submitted  to  purification,  is  resolved  into  hydriodic  and  mesaconic 
adds.  Since  however  p3notartaric  add  is  obtained  by  continued  heating  of  dtraoonic 
anhydride  with  fuming  hydriodic  acid,  it  may  be  supposed  that  dtra-iodopyrotartario 
add  is  formed  as  an  intermediate  product*  -  : 

^TlM«J(dl«Aft«AUA  A61&.  fi^a*6*  C^islicenus  a.  ^adnlcki,  Ann.  Ck^ 
Pkarm.  cxlvi.  306). — ^A  crystalline  acid  formed,  together  with  pyrotartaric  acid,  by 
the  dry  distillation  of  tartaric  acid :  3C*fl«0«  »  CrHH)«  +  5C0»  +  5H«0.  It  is 
obtained  most  abundantly  by  somewhat  rapid  distillation,  but  alwaprs  in  very  small 
quantity,  not  exceeding  0*02  p.  c  To  separate  it,  the  products  distilling  between 
120°  and  180°  are  subjected  to  repeated  fractional  distillation.  Nearly  pure  pyrotar- 
taric acid  is  then  obtained  between  160°  and  170°,  and  between  180°  and  210°,  a  series 
of  gradually  diminishing  firactions,  which  as  the^  cool  partly  deposit  the  pyxotritar- 
taric  add  in  needle-shaped  crystals.  On  dissolving  these  products  in  boiling  water, 
whereby  the  admixed  pyrotartaric  anhydride  is  convened  into  pyrotartaric  acid,  and 
filtering  at  the  boiling  heat  through  wetted  filters,  the  pyrotritartaric  add  separates 
on  cooOng  in  yellowish  needles,  which  may  be  purified  by  recrystallisation  f^rom 
boiling  water  with  addition  of  animal  charcoal.  Pjnotartaric  add  crystallises  fh>m 
the  mother-liquors. 

Ppotritartaric  acid  forms  colourless  shining  needles^  soluble  in  about  400  pts.  of 
boiling  water,  less  soluble  in  cold  water,  easily  soluble  in  alcohol  and  ether,  and 
crystallising  from  the  latter  in  short  thick  prisms.  The  solutions  have  a  dedded  add 
reaction.  The  acid  melts  at  134*5°,  sublimes  even  below  this  temperature,  in  small 
needles,  and  easily  passes  over  with  vapour  of  water.  The  pyrotritartrates  of  the 
alkali-metals  are  easily  soluble  in  water ;  probably  also  those  of  Uie  alkaline-earth 
metals.  The  lead  and  silver  salts  are  wnite  precipitates,  insoluble  in  water,  and 
becoming  crystalline  when  immersed  therein. 

The  add  treated  with  jphosphorus  pentachloride  is  converted  into  the  chloride 
C'H'O'Cl,  which,  however,  is  immediately  reconverted  by  water  into  pyrotritartaric 
add.  Wislicenus  and  Stadnicki  regard  this  add  as  a  ketonic  acid,  G*H' — CO — COOH, 
although  no  hydrogen  can  be  introduced  into  it  by  the  action  of  sodium-amalgam^ 
From  Its  properties  it  might  rather  be  supposed  to  belong  to  the  aromatic  group. 

See  AiToiTB. 


C*H*N.    This  compound  may  be  prepared  by  heating  ammoiiiinii 

mucate  with  glycerin  in  a  retort  to  130°-200°,  the  resolution  of.  the  ammooiiua  saU 
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into  pyrrol  and  ammonium   eaibonate  UieD   proeeeding    mo 

diBtillation.    Silver  oxidfi  in  zediieed  by  pyrrol,  with  f<»niimdo&  of  a 

uolublo  acid,  which  forms  sparingly  soluble  oompoondtf  with  mlwet  and  lead  (Goii- 

Bchmidt,  ZeiUckr,  /.  Chem,  [2]  iii.  280).    The  body  thus  fonufld  reduces  atnt  sla 

almost  as  strongly  as  pyrrol  itself:  hence  it  is  probable  that  the  oxidatioB  d  p^^si 

by  silver  oxide  might  be  carried  much  further  (Lubavin). 

Sodium  acts  but  slightly  on  pyrrol ;  but  poiaammm  acta  veiy  straogly,  wiA  e^ 
rise  of  temperature  and  evolution  of  gas,  forming  a  thick*  nearly  ooloiixiflB  l^^u^ 
which  solidifies  in  the  cirstalline  form  on  cooling,  and  probably  oonsisis  of  poifti- 
sium-pyrrol,  C^H^KN,  inasmuch  as,  when  treated  with  water,  it  yields  va&i^^i 
pyrrol,  and  is  converted  by  ethyl  iodide  into  ethyl -pyrroL  The  latter  »»j  1* 
prepared  by  gradually  adding  1  at.  potassium  and  1  mol.  pyrrol  to  a  mixtore  cfprrri 
with  6  to  7  paits  of  ethyl  iodide  in  a  flask  with  uprig:ht  condenser,  asmatiiig  tbeae^'^ 
by  a  gentle  heat,  afterwards  removing  the  excess  of  ethyl  iodide  by  distiUBtiGa  ^£  > 
water-bath,  and  distilling  in  an  oil-bath.  The  resulting  liquid  subjected  to  finer  ::^ 
distillation  yields  ethyl-pyrrol  between  155°  and  176^.  E^^-p^rrol  u  ^  txikf^^^ 
liquid,  soon  however  turning  yellow  and  red.  It  has  a  peculiar  turpentine-like  o^r 
quite  different  from  the  ethereal  odour  of  pyirol.  It  ia  not  perceptibly  solvable  s 
water,  but  floats  upon  it  as  an  oil ;  becomes  resinised  by  contact  with  air  or  by  he<trn: 
It  dissolves  in  hydrochloric  acid,  with  copious  evolution  of  white  fiimes,formii]f  a<i^'^ 
red  liquid,  which  does  not  deposit  any  solid  substance  on  boiling,  whereas  pyrrol  vbf! 
heated  with  hydrochloric  acid,  becomes  quite  solid,  from  formation  of  pymjl-n«l 
Potash  added  to  the  solution  boiled  with  hydrochloric  acid,  tlirows  down  an  amorpb  -* 
substance.  The  vapours  of  ethyl-pyrrol  colour  a  deal-shaving  moistecfd  «~^ 
hydrochloric  acid  red,  just  like  pyrrol  itself  (Lubavin,  ZeitscAr,  f.  Chtm.  [2]  t.  S!*?, 
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and  QVaftCBRtf.    Rochledcr  a.   Kawalier   hare  ol>t.-.:r'i 

quercitrin  from  the  fully-developed  leaves  of  the  horse-chestnut,  by  iractionallT  \t^"- 
pitating  the  extract  with  basic  lead  acetate.  Separated  from  the  lead  salt  an-i  ^rK 
at  100^  in  a  vacuum,  it  gave  by  analysis  numbers  agreeing  with  the  form  •* 
C"H«^)"  with  1,  2,  2i,  and  3  mol.  H*0.  The  qwreetin  produced  fix>m  it  was  fsj 
posed  of*C^H»»0»«  +  H«0  \Wim.  Akad,  Ber.  Iv.  [2]  46;  Jakretb.  1867,  p.  73H 
Abiding  to  Rochleder  (loc.  cit.  p.  2 1 1 ),  the  yeUow  colouring  matter  of  the  stem-bark  .^f 
the  apple-tree  consists  of  hydrated  quercetin  having  the  same  composition.  Gist, 
(Zeittckr.f.  Chem,  [2]  iv.  732)  has  found  quercetin  in  the  leaves  of  the  ash-tn< 
gathered  towards  the  end  of  spring. 

aUTMXO  AOI9.    C^H**0*.    This  acid  occurs,  together  with  mbichloric  add  sad 
a  small  quantity  of  citric  acid,  in  the  herb  of  Gaiium  MoUugo  (F.  Oehren,  ZeittekrJ. 

Chem,  \y\  iii.  28).  ,       ,  .    vi    -j    '   •  t j       1.1       v       _i 

Quinic  acid  treated  with  6  moL  phosphorus  pentachloride  yields  chlQEobensirrl 

chloride,  together  with  phosphorus  oxychloride  and  hydrochloric  acid : 
C'H»K)«  +  6PCl»  =  C'H*CPO  +   6P0a*  +   8HCL 
By  fusion  with  4  pts.  potassium-hydrate  it  is  converted  into  carbohydroquiooaie 

acid  *  ' 

*  C'H"0«  =  C'HH)*  +  H«  +   2H»0 

(Oraebe,  Ann,  Ch,  Pharm.  cxxxviii.  197). 

OVnriBIink  C"H'*N*0*.— This  base,  isomeric  with  quinine,  is,  aeoGvdi^g  to 
De  Vrn  (Pharm,  J,  Thiss.  rvi.  401),  identical  with  the  baw  first  described  in  IftM  by 
Henry  a.  Delondre  (/.  Pharm,  [21  xix.  623)  as  oystalhsed  qumme-hydrate,  and  with 
the  /siluinine  obtained  by  Van  Hegningen  {Jahretb.  1849,  p.  371)  from  eommeieisl 

qumo^^  on^tL  other  hand  (N.  Jahrb,  Pharm,  ladx,  240;  JahrM,  1864,  pu  444), 
reeaids  th'e  base  usually  called  quinidine  as  disUnct  from  3-quinino,  the  Uttsr 
a^rding  to  his  observations,  occurring  in  aU  cinchona-barks,  specially  m  Ht^ 
bark,  the  former  in  Carthagena.  less  frequently  in  Pitayo,  never  m  Oahsaya  back; 
but  the  *^i«"**"ft^  do  not  appear  to  be  vexy  well  made  ouU 


phenol:  911 

needles.  The  ferrio  salt,  obtained  in  like  manner,  eiystallises  in  green  laminaB 
moderately  aolnbie  in  water.  The  niekd  salt,  [C<H*(NO')H)l*Ni  -i-  8HH),  forme 
green  needlea.  The  mamffomnu  salt,  [0*H*(N0')*01*Mn  +  613*0,  eiystallises  in  tufts 
of  ioseH»loiiied  easily  soluble  needles,  llie  qumme  saU,  C*H«(NO')*0 .  G**H<«N'0* 
•f  8HH),  is  ineoluble  in  ethef,  nearly  insoluble  in  water,  slightly  soluble  in  alcohol, 
and  oyatallisee  from  the  latter  in  tofts  of  long  orange-eoloured  needles,  or  from  water 
in  light  yellow  laminar  masses.  The  eth^sther  (dinitiophenetol),  OH*(N0<)'0 .  C*H*, 
formed  by  heating  the  silyer  salt  with  ethyl  iodide,  oystallisee  from  alcohol  in  nearly 
coloorlefls  needles  blackened  by  light  (compare  iv.  899).  The  vuthylio  ether  (dini- 
tranisol),  CH^NO*^H).CH*,  forms  long  yeiy  slender  needles ;  the  ami/lie  ether  is  a 
heayy  colourless  oiL  Urea  dinitrophenats  forms  indistinctly  crystalline  masses. 
Napkikafeae  dimitraphenate,  C«H«(NO*)'O.C**H*,  eiystallises  from  a  solntion  of  the 
two  bodies  in  alcohol  or  bensol,  in  yellow  needles;  It  is  soluble  in  ether  and  in  hot 
water,  and  ciystalliseB  from  the  latter  in  microscopic  colourless  needles.  By  prolonged 
boiling  with  water,  it  is  decomposed,  with  continued  eyolution  of  naphthalene 
(Groner,  J*,  pr.  Chem,  eii.  222). 

Trinitropkenol  or  Pierie  Aeid.  OH'(N0')'0. — ^Pure  picric  acid  melts,  accord- 
ing to  Komer,  at  122*5^  the  commercial  acid  between  114®  and  115®. 

Casthelaz  (Chem.  News,  xr.  140^  describes  a  process  for  the  testing  of  commercial 
picric  acid,  founded  on  the  fact  that  the  pure  add  is  soluble  in  ether  and  in  bensol, 
whereas  the  impurities  (oxalic  acid  and  yarious  salts)  are  insoluble  in  those  liquids. 

j^cric  acid  digested  with  a  concentrated  aqueous  solution  of  iodine  chloride  is  con- 
Terted  into  chloropicrin  and  chloranil  (Stenhouse,  Chem.  8oe.  J,  [2]  ii.  866).  Under 
other  qreomstances  it  is  conyerted  by  the  same  reagent  into  chlorodinitrophenol 
(p.  918). 

The  following  metallie  pierates  haye  been  examined  by  D.  Mailer  (P^g,  Amm.  exzir. 
103)  [NO*  -  X] : 

Manganooa  salt,         (C^<X*0)SMn  -f  6HK),       light  yellow  rhombic  oystals. 
Cimric  salt,  (C*H'X*0)H7a  +  16H'0,      green  quadratic  ciystals. 

Cadmium  salt»  (CH*X*0)H}d  -i-  7H'0,        light  yeUow  rhombic  crystals. 

F«mnie  salt,  (CTa«X»0)«Fe  +  6H«0,       j^^below  Too®!^*^  permanent 

ti^i^^,u^mmi^  m^^^  J  (C^*X»0)«Mg  >    .   q^,^    5yellow  cauliflower-like  ezystallino 
Sodio-magne8iCBalt.|v^g,X«ONrj  +  9H«0,  j-'  ^^^ 

Sodio-fenons  salt,      ^^^l^^^^l  +  12H«0, 

8odio-edbaltana  salt,  ^^^!^^  +  12HK), 

Sodio-nickel  nit,        ^ecSo^lS'  t  +  "^™' 

Sodio^neialt,         l^cSoisS''  +  ^2H«0, 


Iff  ff  If 


ft 


Almniniom  lalt, 


Boaio-aiaMmit,    \^^^^^\  +  12H«0. 


ft 


4C*H«X»0.A1K)«  +  16H«0,  yeUow  needles. 


Ferric  salt,  4C»H*XK)  JUK)*  +  16HH),  reddish-yellow  needles. 

1  pL  cfi potassium  pierate  requires  for  solution :  of  water,  273*3  pto.  at  0®,  and  440-8 
ptB.  at  20®;  of  alcohol,  1138  pts.  at  0®,  and  735*5  pts.  at  20®  (Frisch,  J.pr.  Chem. 
c  229). 

JHerateof  Triethylrosaniline  is  one  of  the  yarieties  of  aniline  green  (Alfiraisse,  2Hngl, 
jpol.  J.  clxxxyi.  324 ;  Jahresb.  1867,  p.  964). 

.&A3fl  Pierate,  C<H*(NO')K).C>H*,  is  easily  obtained  by  digesting  dry  silyer  pierate 
(prepared  by  mixing  a  hot  solution  of  picric  acid  with  silyer  carbonate,  boiling  for  a 
fe-w  minutes  and  filtering)  with  fiye  times  its  weight  of  ethyl  iodide  at  100®,  distilling 
ofT  the  erfees  of  the  latter,  and  repeatedly' treating  the  residue  with  hot  alcohol. 
Tlie  ether,  when  washed  and  repeatedly  crystaUised  from  alcohol,  forms  slightly 
yellowish  needles  an  inch  or  two  long,  becoming  darker  on  exposure  to  light  It  is 
aomerwhat  soluble  in  hot  water,  also  in  ethyl  iodide,  common  ether,  carbon  bisulphide, 
and  benzol ;  melts  at  78*5®,  solidifies  at  73®,  and  decomposes  with  slight  detonation 
at  &  liigher  temperature  (H.  Huller  a.  Stenhouse,  Chem.  8oe.  J.  [2liy.  235). 

J^i^rates  of  Hjjdroearhims. — ^Picric  add,  as  already  shown  hy  "Fritzsche  (iy.  405), 

"^      "    cfaaractenstie  reactions  for  the  detection  of  certain  hydrocarbons.    For  this 

it  is  conyenient  to  use  an  alcoholic  solution  of  the  acid  saturated  at  20®-30®, 

either:  (1)  add  the  hydrocarbon  to  the  cold-saturated  alcoholic  solution;  or 
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Hjdmchlonde,  C»H"X=0-.nn   +  2HK). 


ia: 


lon^  asbefltos-like  pnu;  lahv^ 
At  120^;  0OL  in  3d>4  pti.  vSBtf 

prisms  mod   Ismita^;  aahyl  it  1^^ 
SBisU   prinu,  soL  is  37s  plL  TOs 

St  10'=>. 
long   siUkjT  |Fiiiw»**,  sicltiag  to  u  'i 
in  boiling  water:  soiiible  in  12;<!^ 
ether  at  10^  ;  SMlting,  viik  ks  i 

•dd,  at  110^. 
OxjOatcs,        2C>H'<KK>>.CH>0«  +   6HK),  loi«    prisms;      dBoraKant;    bL  2 

1030  pts.  water  st  10°. 
C»H*«X*O^CHK><  -f  HK),     nsall  pnoms,    sasilj  aohiblB  ia  o>^ 


iHhTdT^odide.  C»H»*X-0= .  2HI   *  5H«0. 


is  i-i 


essilTSiL 
■oL'in  lOSii  pa. 


Citrates, 

Phosphate, 


2C»H«*y'0».C«HH)'  +   7HH). 


Saccinate,         C*H"N-0».C*H«0*  +  8HH).   long  white 

water  or  alcohol 
water  at  lO®. 
prisma,  soL   in  930  pte.  water ulT. 
prisms,  tli^hMly  aoL  in  water. 
•I-   8HH),   tnfts  of  loti^  needles,  sol.  is  754  r^ 
water  at  lO^. 

ArsciLite.        2C»H=«X«0».A*HH)*   +  8HK).  long   prisms,     sasOj    solnUe  in  b^ 

spsnn^jr  in  oold  water. 

Zinffh^Vorutes. — An  alcoholic  solntion  of  qnininemixea  witli  sine  chlcMt,^^'-'"- 
with  sufficient  liTdrochloric  acid  to  redissolre  the  precipitato,  deposita  flstussd  prsc* 
of  the  double  salt  2<C»H«*XH>«.2Ha).ZnCl«  +  2H«0.  A  solution  of  tbi»  »-•  j 
dilute  sulphuric  acid,  or  a  hot  alcoholic  solution  of  acid  qninine  bTdiochloride  o  ^"^ 

Ha).Zna*  -»-  3H«0,  whichi5?"T 


&v. 


a.  12]  i>  J?- ; 
•s  snipbalc  i 


deposits  optt' 
be  obtained  ffl  J 


riih  rinc  chloride,  yields  the  salt  2(C»H»*NH>«.3Ha) 
soluble,  and  crptallieies  io  warellitic  groups  (Orafinghoff,  £irZI 

According  to  R  Haoer  {Zetf^kr.  /.   Ckew.   [2]  i.  481), 
iod  •quinine     (v,    9o)    has,     when     diied    over    snlphnrie    acid«    the    conip>" 
4C«H"N'0».31J«80M«   +   SHH),  and  gives  off  its  water  (2-24  p.  c)  at^«^ |^* 
stream  of  air.     Quinine  acetate  likewise  forms  a  crystallisable  oompoand  with  wu-rr. 

A  Tory  dilute  solution  of  quinine  mixed  with  about  3  mol.  fajd(iochlonc  sciu*^-^ 
3  moL  potassium  iodide,  and  left  to  itself  in  a  loosely  oorered  renel 
of  the  compound  4C*»H»«NH)« .  3HC1 .  SHI .  !•,     Heiapath's  salt  msy;  _  -j    - 

similar  manner.  A  warm  alcoholic  solution  of  methyl-^inine  kydriodide,  mixed  ^^ 
a  sufficient  quantity  of  iodine  and  left  to  cool  slowly,  deposits  blsek  prisms  ^^ }' 
^uiniM  tri-ic^idt,  C**H«(CH»)N«0» .  Hl».  An  isomorphons  componod  of  ethjl-t^i^ 
IS  obtained  in  a  similar  manner  (Jorgenseo,  ZeitseAr.  /.  Ckem,  [2]  t.  674). 

Piatinoson/anides.—The    neutral    salt,   2(C»H«NK)«.HCy).PtCy«     +    '^SLT 
obtained  by  adding  platinous  cyanide  to  a  waim  solution  of  neutral  qoinine  "'''l*^ 
as  an  amorphous  precipitate,  melting  with  decomposition  at  150^-160^  ^  .^^ 
lirown  liquid ;    not  sensibly  soluble  in  dilute  hydrochloric    acid.      The  o^  '^ 
C»H"N«0*.2HCy.PtPy«  +  2HH),  obUined  in  kke  manner  with  acidquiiffl*^ 
phate,  forms  microscopic  tabular  striated  crystals,  which  cannot  be  dehydisted  vith^B 
decomposition,  and  are  but  slightly  soluble  in  dilute  acids.     Of  alcohol  of  ■P.^''' 
at  16°,  the  neutral  salt  dissolyes  in  less  than  5  pts.  at  18®,  and  in  all  prcfpdf^^''*  ^ 
the  boiling  heat ;  the  acid  salt  in  1270  pts.  at  19^  and  in  834  pta.  at  the  boiling  >><*[; 
Of  water,  the  neutral  salt  dissolves  in  1852  pts.  at  18^  and  in  56*5  pto.  at  lOO*";  t^ 
add  salt  in  1351*3  pts.  at  18  5<>,  and  in  20  pU.  at  lOO""  (van  der  Bug,  JaAreth-  \9fi^ 

p.  ♦*«)•  ^ 

A  compound  of  quinine  and  pkenof,  C»H"N»O«.(>H"0,  is  obtained  by  g»^^ 
adding  an  alcoholic  solution  of  8*72  pts.  quinine  sulphate  to  an  alcoholic  soTiilioD^^ 
3  pts.  potassium  phenate,  filtering  after  24  hours,  and  evapoiating  at  s  gentle  bes- 
It  forms  beautiful  czystals,  easily  soluble  in  alcohol  and  addi,  nearly  ia0olul>I«  " 
water  and  ether  (Bomei,  ZeiUckr,  /.  CAsia.  [2]  t.  383). 

Dihydroxyl-quinine,  C*H»KK>*  -  C«»H"N*0«.(HO)«  =  C^ff'lW  / 
HH)  +  O  (Kemer,  Zeitaekr,  f.  Ckem.  [2]  t.  593).~A  compound  produced  by  treatinf 
quinine  with  potassium  permanganate  in  quantity  not  suffiddnt  to  produee  eoDpl^ 
oxidation.  When  about  1  pt  of  the  permanganate  is  used  to  2  pts.  of  quinine,  »^ 
a  thiid  part  of  the  quinine  is  oouTeited  into  aihydzoxylH]uinine,  while  another  P''^ 
remains  unaltered,  and  a  third  portion  is  eonyerted  into  ammonia,  eaibon  dioxia«i  ^ 
greasy  resinous  products  rich  in  carbon.  It  is  also  formed  in  the  paaaagn  of  qiiiBi>* 
thxoi]gh  the  animal  organism,  being  found  in  small  quantity  in  the  urine. 
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Dihydroxyl-qniiiine  erystallisod  from  water  with  addition  of  animal  chaieoal  forms 
mnall,  hazd,  colourlens  prisms  having  a  vitreous  lustre ;  from  alcohol  it  crystallises 
in  long,  silky  needles.  The  crystals  contain  C>•H»N'0^  3H*0.  It  dissolves  but 
sparingly  in  water  and  in  alcohol,  more  freely  in  presence  of  free  alkali  or  of  a  large 
quantity  of  a  strong  acid ;  in  very  dilute  acids,  on  the  contrary,  it  is  less  soluble 
thiin  in  pure  water.  It  is  tasteless  and  neutral  to  vegetable  colours,  but  resembles  the 
alkaloids  in  being  precipitated  from  aqueous  and  acid  solution  by  tannic  acid,  potas- 
sium di-iodide,  potassio-mercuric  iodide,  and  platinic  chloride,  and  from  aqueous,  acid, 
and  alcoholic  solutions  by  the  phosphometallic  acids  of  molybdenum,  tungsten,  anti- 
mony, and  vanadium.  It  exhibits  a  blue  fluorescence  in  nitric  acid  solution,  and 
produces  with  chlorine-water  and  ammonia  a  green  colour  similar  to  that  obtained 
with  quinine.  Potassium  permanganate  attacks  it  but  slowly  in  the  cold  and  in 
alkaline  solution ;  but  when  heated  in  acid  solution  with  excess  of  permanganate,  it  is 
completely  oxidised.  Its  solutions  are  coloured  brown,  like  those  of  quinine,  by 
prolonged  exposure  to  the  sun. 

QVnrOMa  and  vmrnOQUnrOVB.  Oraebe  (Zatachr.  f.  Chem,  [2]  478) 
represents  quinone,  tetrachloroquinone  (chloranil),  and  hydroquinone  by  the  following 
formule: 

Qidnone  Tetmdilaro-  Hydroqalnone 

quinone 

which  indicate  that  in  quinone  and  tetrachloroquinone  the  two  oxygen-atoms  are 
united  together  by  one  of  their  affinities,  thereby  constituting  a  bivalent  group, 
whereas  in  hydroquinone  this  association  is  broken  up  by  the  entrance  of  the  hydrogen. 
The  same  relation  holds  good  between  chloranilic  and  hydrochloranilie  acid : 

^C^'jio'/)'  CK31«(0H)« 

Chloranllto  add  Hydrochloranilie  add 

(Dichlorodioxyquinone).  (DichlorotctroxybenMne). 

This  mode  of  viewing  the  constitution  of  quinone  explains  the  circumstance  that  when 
quinone  is  acted  upon  by  chlorine,  the  ultimate  product  is  not  C*C1',  but  only  hox- 
chlorobenzene,  CCl",  together  with  free  chlorine. 

Of  the  three  modifications  of  oxyphenol,  C*H*0*,  hydroquinone,  pyrocatechin,  and 
resorcin,  hydroquinone  is  the  only  one  which  is  convertible  into  a  compound  containing 
2  at.  hydrogen  less,  viz.  quinone.    Hence  it  appears  most  probable  that  in  hydro- 

Suinone  the  two  hydroxyl-groups  are  attached  to  contiguous  carbon-atoms,  so  that  the 
oveloped  formuls  of  quinone  and  hydroquinone  are  : 

H 
HC  "^C-^-OH 


I 


n*.f  ^c — OH 


C' 

frycuroqninott^. 

hydroquinone  is  accordingly  ortho-oxyphenol  (1  :  2),  whereas  in  pyrocatechin  and 
k«6orein  the  two  hydroxyl-groups  occupy  the  relative  positions  1  :  3  and  1  :  4. 

In  tetrachloroquinone  two  of  the  chlorine-atoms  are  easily  replaceable  by  OH,  NH\ 
and  SO'H,  giving  rise  to  such  compounds  as  chloranilamido  or  dichloramidoquinone, 
C"a«(NH»)«(OV,  chloranilamic  acid  or  dichloramidoxyquinone,  CH31«(NH«)(0H)(0»r, 
&e.  These  replaceable  chlorine-atoms  appear  to  be  the  two  which  are  nearest  to  the 
two  connected  oxygen-atoms :  for  Oraebe  has  shown,  by  comparison  of  a  laige  number 
of  known  examples,  that  a  chlorine-atom  joined  to  a  carbon-atom  is  most  easily 
replaceable  when  the  same  carbon-atom  is  also  united  with  oxygen,  or  connected  with 
another  carbon-atom  having  oxygen  attached  to  it.  « 

Srominated  Quinonei, 

V«lmlifWtt04ttlttMI6  or  Brmnsail.  C^r*0*.^To  prepare  this  oomponnd,  H 
Weighed  quantity  of  bromine  is  introduced,  together  with  |  pt.  iodine  and  5  pts.  cold 
water,  into  a  flask  dosed  with  a  good  cork  through  which  passes  a  long  tube,  and  ir 


^  - 
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qxmntlty  of  phenol  oqual  to  ^  the  Wt-ipht  of  the  bromine  is  slowly  poared  in  thr'wi 
the  tube.     A  violent  reaction  tiikes  plnce.  and  the    n^sel  beoomeB  rery  b<x.  '' 
phenol  adhering  to  the  Bides  of  the  tube  is  then    w^ashed  down  with  5  pts.  isr^.  "• 
water,  and  the  whole  is  heated  to  lOO*  for  an  hour  or  two.     After  cooling,  tb  ".t- 
solid  contents  of  the  flask  are  collected  on  a  filU»r,    freed  from.  mother-lKi:^  -• 
completely  as  possible  by  means  of  a  Bansen's  pnmp  (p.  617).  and  digested  ■j!<*i  - 
twice  in  the  C(4d  with  carbon  bisulphide,  to  remore   tri  bromophenol  fonud  &' 
same  time.     The  tetrabromoquinone  then  remains  in    crystAllina  seales,  tutc^. 
like  tetrachloroquinone,  which  are  purified  by  treating^  them  once  or  twice ^thU-:^: 
alcohol,  and  recrystallising  from  benzol  (Stenhonse,  CA^tm.  Soe.  J.  [2]  tiIL  9). 

Aniline  added  in  excess  to  a  solution  of  bromanil  in  hot  bencol,  forms  broom:, 
phenylamide,  (C«H*)»(C«Br«0*)H«N«.  in  neariy  black,  czyBtalline  laiaios.  t:^ 
may  be  purified  by  washing  with  boiling  alcohol  (Stenhonse). 

Bronuullio  AOld«  CBr*  \  /q^xi*  »  prepared  like  chloranilic  acid,  which  it  rs^- 

bles.    Nitric  acid  converta  it  into  bromopicrin  and  oxalic  acid.     With  aUahae  s-- 

f(OH)» 

phites,  it  yields  salts  of  disnlphodibromhydroquinonic  acid,  C*-!  Or'         ,  andU' 

OH 
cronic  acid,  C*   (SO'H)O.    With  sulphurona  acid,  howerer*  it  does  nota{^Mr  tovr. 

l(SO»H)« 
the  acid  corresponding  to  Koch*B  hydrochloranilic  acid. 

When  3  pts.  bromine  are  gradually  added,  with  stirring',  to  1  pt.  bromvul'^^'^ 
suspended  in  8  pts.  cold  water,  the  acid  dissolves,  forming  a  yellow  liquid,  wiucb  .v  :* 
24-48  hours,  deposits  crystals  of  the  compound  C^r"HO,  which,  when  pacrptal--^' 
from  carbon  bisulphide,  forms  colourless,  transparent  prisms  melting  at  llO^d^i  ^'- ' 
soluble  in  ether,  carbon  bisulphide,  and  benaol,  and  dissolving^  in  alcohol  withi^ea^- 
position. 

Tetrabroiiiliydroqviliione  or  BromUjrdraall.  C*H*BrH>*,   \b  fonned  by  ^^ 
action  of  aqueous  sulphurous  acid  on  bromanil,  but  considerable  loss  arises  &cd  t^ 
formation  of  secondary  products.     The  theoretical  quantity  of   bzomhydn^  ^'' 
however,  be  obtained  by  digesting  bromanil  with  hydriodic  acid  and  phoephonaa 

TrltooBiliydroq«iBone»  C*H"Br*0',  is  formed,  together  with  the  F<«<^'';* 
compound,  when  sulphurous  acid  gas  is  passed  through  boiling  water  if  ^'-'i 
bromanil  is  suspended ;  it  remains  in  solution,  and  may  be  separated  vi^  '^ 
carbonate,  and  purified  in  the  same  manner  as  trichlorhydroqninone  (p.  9S7)'  ^ 
product  js  however  but  smalL  It  resembles  trichlorhydroquinone  in  its  pfaj^^ 
properties. 

When  the  preceding  solution  was  eraporatod,  and  then  mixed   with  poU5^|^ 
chi ornate  and  sulphuric  acid,  a  brownish-yellow  precipitate  was  farmed,  wbic^  ^'^      f 
rocrystallisation  from  dilute    alcohol,    exhibited  the   composition   of  tribroB<>'      i 
q  u  i  n  o  n e,  OHBr'O'  (Stenhouse,  loc.  cU.).  i 

Chlorinated  Quinonet  and  Hjfdroquiuones.  j 

(Carius.  Ann.  Ck.  Pharm,  cxliii.  315;  Zeitachr,  f.  Ckem.  [2]  ir.  17  ;  JSiifW^  ^^  | 

p.  644.     Koch,  ZeiUckr.  ibid.  202  ;  Jahresb.  1867,  p.  646.     Grsebe,  ^isJt.  Ck  i^'f;  1 

cxlvi.  1.     ZeUschr,  ibid,  464  ;  Jahresb,  1867,  p.  649.     Stenhouse,  CJkem.  Soe,  J-  l-J  { 
▼i.  141 ;  viii.  6). 

mobloroquiaone,  Cn*CI*0',  is  produced  by  the  action  of  chlorous  anliydn<^ 
on  benzene.  On  distilling  the  liquid,  after  a  considerable  quantity  of  the  ga^.^ 
been  passed  into  it,  benzene  passes  over  first,  then  chlorobenzene,  and  the  t«^^ 
boiling  above  135°  solidifies  almost  wholly  to  crystals  of  dichloroquinone.  Thefij^ 
product  of  the  action  is  probably  dichlorohydroquinone,  which,  by  the  further  Ktit^ 
of  the  chlorous  anhydride  and  the  bencono,  is  converted  into  chloxobenzeDe  *^ 
dichloroquinone : 

1.  CB*  +XJ1»0«  -  H«0  +  C«H«aK)«; 

2.  2C5«H«  +  2C«H*a«0«  +  a«0*  «  2C«H*C1  +  2C"HKn«0»  +  3H«0. 

Dichloroquinone  is  more  easily  obtained,  together  with  chlorobensene  and  trichloi^ 
phenomalieacid  (p.  917),  by  diMolving  48  gnns.  bensene  in  300  grma.  strong  snlph^i'^ 
add,  in  loosely  stoppered  flasks,  diluting  with  150  grms.  water,  adding  100  ff^ 
benasone  after  cooling,  and  then  gpradually  adding  150  grms.  potassium  chlorate.   At  * 
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temperatiire  of  18^  to  20°,  tlie  reaction  is  completed  in  a  week.  The  flasks  are  then 
heated  by  immersion  in  water  to  60^-70° ;  water  is  added  in  snfficient  quantity  to 
dissolve  the  potassium  sulphate ;  and  the  supernatant  benzene  solution  is  separated 
by  a  pipette  from  the  watery  liquid,  washed  with  water  to  remove  trichlorophenomalic 
acid,  and  subjected  to  fractional  distillation.  The  dichloroquinone  may  be  extracted 
from  the  residue  by  hot  alcohol,  and  crystallises  therefrom  in  deep  yellow,  strongly 
lustrous,  short  prisms  and  tables,  often  joined  together  by  their  acuter  summits.  In 
very  dilute  solution  it  is  quickly  decomposed  by  potash  or  baryta,  the  liquid  acquiring 
a  deep  green,  or,  if  excess  of  alkali  is  present,  a  brown  colour.  The  change  appears 
to  consist  in  the  formation  of  dichlorhydroquinone,  together  with  a  very  unstable 
chlorinated  acid  not  yet  examined : 

2C«H»a«0«  +  KHO  =  C«H*C1*0»  +  C«HKa«0«. 

When  dichloroquinone  is  heated  with  sattirated  baiyta-water,  in  the  proportion  of 
C*H'C1*0'  to  6aH*0*,  and  the  baryta  precipitated  by  sulphuric  acid,  dichlorhydro- 
quinone may  be  extracted  from  the  filtrate  by  ether,  together  with  a  humus-like 
substance,  whilst  the  aqueous  solution  retains  a  small  quantity  of  an  easily  soluble 
amoiphous  acid  (Carius). 

TiieliloroqiitaoBe«  OHCl'O*,  is  produced,  together  with  tetrachloroquinono,  by 
gradually  adding  a  mixture  of  1  pt.  crystallised  phenol  and  4  pts.  potassium  chlorate 
to  gently  warmed  hydrochloric  acid  diluted  with  an  equal  bulk  of  water,  then  adding 
more  potassium  chlorate  by  small  portions  till  the  separated  crystals  have  turned 
yellow,  washing  these  crystals  with  cold  water,  and  finally  digesting  them  with  cold 
alcohol,  as  long  as  this  liquid  acquires  a  yellow  colour.  This  product  (as  also  that 
obtained  in  like  manner  from  phenylsulphuric  acid  or  from  salicin,  v.  29)  is  a 
mixture  of  tri-  and  tetra-chloroquinone  in  about  equal  quantities.  These  two  com- 
pounds cannot  be  separated  by  crystallisation  from  alcohol,  but  their  separation  is 
eaaiiy  effected  by  first  converting  them  into  the  corresponding  hydroquinones.  For 
this  purpose  the  crystalline  mass  is  suspended  in  water  and  saturated  with  sulphurous 
acid,  then  left  to  itself  for  24  hours,  heated  to  boiling  when  it  has  become  colourless, 
and  the  residue  is  repeatedly  boiled  with  water,  which  takes  up  the  greater  part  of 
the  trichlorhydroquinone,  leaving  the  tetrachlorhydroquinone  mixed  with  a  small 
quantity  of  trichlorhydroquinone.  The  trichlorhydroquinone  separates  from  the 
solution  in  large  crystals.  On  slowly  dropping  nitaric  acid  into  the  hot  filtrate, 
nitrogen  dioxide  is  given  ofiT,  and  trichloroquinone  immediately  separates  in  yellow 
crystals.  The  same  treatment  may  be  advantageously  applied  to  the  mother4iquor 
of  the  crystallised  trichlorhydroquinone  (ferric  chloride  may  also  be  used  as  the 
oxidising  agent  instead  of  nitric  acid).  The  tetrachlorhydroquinone  is  purified  by 
rcdystallisation  from  alcohol,  acetic  acid,  or  benzol,  but  still  retains  a  small  quantity 
of  trichlorhydroquinone,  which  adheres  to  it  obstinately.  By  treatment  with  nitric 
acid,  or  with  potassium  chlorate  and  hydrochloric  acid,  it  is  converted  into  tetra- 
chloroquinone  (Graebe).  On  the  preparation  and  purification  of  these  products,  see 
also  Stenhouse  (Chem.  8oe.  J.  [2]  vi.  208). 

Trichloroquinone  prepared  as  above  agrees  in  all  its  properties  with  that  which 
Stiideler  obtained  (v.  28)  from  quinic  add  (melting  point  164°  to  166° ;  Stadeler 
found  160°).  Dilute  potash  colours  it  green  and  Uien  dissolves  it  with  red-brown 
colour,  forming  chloranilic  acid,  the  potassium  salt  of  which  separates  after  a  while 
in  needles : 

C«Ha«0«  +  2KH0  -  Ca«(KO)«0«  +  HCl  +  H>. 

Pho9phorus  pentachloride  does  not  act  on  trichloroquinone  under  ordinary  pressure ; 
but  on  heatinff  the  mixture  to  180^-200°  in  a  sealed  tube,  with  addition  of  phosphorus 
oxychloride,  the  trichloroquinone  is  converted  into  perchlorobenzene,  according 
to  the  equation : 

C«Ha*0*  +  2PC1*  «  0»C1«  +  2P0C1«  +  HCl. 

With  acetyl  ckXoride,  trichloroquinone  forms  diacetyl-tetrachlorhydro- 
quinone: 

C^C1»0«  +  2C?H«0C1  -  Ha  +  C«C1XC«H«0»)>. 

1ftiOliloiiiydraqiiIaoB0,  CH'Cl'O',  prepared  as  above,  crystallises  in  large 
shining  prisms,  which  become  turbid  in  contact  with  the  air.  It  melts  at  134°  (at 
130°  according  to  Stadeler,  iii.  216),  dissolves  sparingly  in  cold  water,  more  easrly  in 
hot  water  (in  which  it  first  melts),  very  easily  in  alcohol  and  in  ether.  The  aqueous 
solution  gradually  turns  brown  in  contact  with  the  air,  from  formation  of  hexchloro- 
quinhydrone.  Lead  acetate  throws  down  from  it  the  lead  salt,  CHCl'O'Pb,  which 
dissolves  easily  in  acetic  acid,  and  turns  brown  when  exposed  to  the  air  in  the  moist 
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C*H'(yH*)*. 3HI,  by  the  action  of  iodine  and  pliospboros  on  picric  add,  andnnidi 
the  salt  which  Heintzel  obtained  by  the  same  procees,  not  aa  the  hydnoditt  of 
triamidophenol,  bnt  aa  the  trihjdriodide  of  pieramine  oontaminatad  vith  phoipbonc 
acid. 

Triamidophenol.  C»H«(NH«)«OH.— A  mixture  of  1  pt  picric  add,  4  pli.tiii, 
«nd  16  ptfi.  crude  hydrochloric  acid,  when  gently  warmed,  begina  to  boil  in  a  fev 
minutea,  and  the  filtered  liquid  depoeita  on  cooling  quadratic  lamiiHR,  wbidi  after 
drying  orer  lime  in  a  vacuum,  have,  according  to  Heintcel,  the  composition  of 
triamidophenol  atannochloride,  C«H*(NH*)»OH.3Ha.SnCl«'[accordiDg  to  Beilitein, 
that  of  picramine  stannochloride.  C«H"(NH*)«.3HCl.SnCP].  Thia  aalt  di«)lT«  in 
water,  alcohol,  and  ether,  and  after  recrystallisation  &om  water  eontuns  U  doL 
water  (5*8  p.  c).  It  is  partially  decomposed  by  repeated  crystallisd^oo  nom  a 
slightly  acid  aqueous  solution,  bilt  from  a  solution  containing  a  laige  exew  of 
hydrochloric  acid  it  separates  without  decomposition  in  fan-ehaped  gronpt  of  long 
needles.  The  alcoholic  or  ethereal  solution  of  the  salt  acquires  a  deep  blue  ookrar; 
so  likewise  does  the  aqueous  solution  when  much  diluted ;  ferric  chloride  prodiicei  the 
same  colour.  The  hydrochloride,  C«H"(NH»)«OH .  3HC1,  obtained  by  remoring  tlie 
tin  from  the  preceding  salt  by  hydrogen  sulphide,  is  easily  soluble  invater,  le« 
soluble  in  alcohol  and  ether,  and  separates  by  slow  eT&poration  ia  a  Taenom,  in 
nodular  groups  of  yellow  needles ;  the  concentrated  solution  imparts  a  pennanent 
green-blf!^  colour  to  the  skin,  also  to  wool  and  ailk.  The  atpiaitf 
2C*H'(NH>)*OH.3SO«H<,  is  deposited  on  mixing  the  concentrated  solution  of  the 
hydrochloride  with  dilute  sulphuric  add,  in  white  curdy  flocks,  which  when  mc^st 
gradually  change  to  dark-coloured  rhombohedral  cryatala.  The  l^rrfemcj/e^Ht, 
2C<H\NH')*0H.Fe*H«(y,  is  a  white  oystalline  precipitate,  slightly  sohibb  in 
water  and  in  alcohol ;  T)otassium  ferrocyanide  also  forms  &  white  precipitate. 

Amido-diimidophenol  Hydrochloride,  C«H«(NH«)(NH)«OH.Hd»  (?).  is  ^ndnallj 
deposited  from  a  concentrated  solution  of  triamidophenol  hydrodibride,  m  brovn 
CTystala  having  a  blue  lustre  by  reflected  light,  insoluble  in  ether,  slightly  sohble  in 
alcohol,  easily  and  wit^  splenoid  blue  colour  in  water ;  decomposed  by  hot  vattf. 
The  blue  solution  heated  with  dilute  hydrochloric  or  sulphuric  add  becomes  red,  and 
deposits  white  needles,  haying  nearly  the  conapasition  of  the  hdroddonii  oj 
amid'imid'hi/droxyphenol,  C«HXNH«)(NH)(OH)».Ha*  (?)  (Hdntael). 

PBBVO&IO  JTHJMB,  Ethyl-phenol  or  Fktnetol  <7H^  - 
C•H^  (C'H^)O  (Fitdg  a.  Eieeow,  ZeiUchr,/.  Chem.  [2]  t.  8S3.  Beilstein  a.  Kohlbeig. 
ifnd.  461 ;  Chem.  Centr.  1870,  45).— This  compound,  originally  obtained  bjtLe  dry 
dititillation  of  barium  ethyl-salicylate  (iv.  391),  may  also  be  prepared  by  healing  the 
potjissimn  salt  of  ethyl-benzene-sulphuric  acid  with  8  pta.  of  potassium  hydrate  to 
270^-280^  for  some  hoiirs,  acidulating  with  sulphuric  acid,  and  distilling.  Tht  fltkvl- 
phenol,  which  passes  over  with  the  flLnit  portions  of  aqueous  Tspour,  is  separated  from 
the  water,  left  some  time  in  contact  with  calcium  chloride,  and  subjected  to  fiactioTuil 
di(}tillation,  the  greater  part  passing  over  between  208^  and  210®.  This  portion 
solidifies  on  cooling  in  large  transparent  prismatic  crystals,  very  much  like  phenol, 
which  may  be  freed  from  an  adhering  viscid  oil  by  pressure  between  bibulous  p^per  in 
the  exsiccator.  The  erystalline  compound  is  ethvl-phenol.  It  melts  at  47^-48^  ^^ 
boils  at  209'>-210''  (Fittig  a.  Kiesow)  ;  melta  at  46''  and  boihi  at  214°-215^  (Beilstria 
a.  Kuhlberg),  but  volatilises  even  at  ordinary  temperatures.  In  contact  with  vsi^i 
it  instantly  liquefies,  whence  it  seems  to  follow  that  liquid  ethyl-phenol  (ir.  t9\}  ^ 
rather  a  hydrate  than  an  isomeric  modification  (Fittig  a.  Kiesow).  Oa  the  ether 
hand,  the  liquid  ethyl-phenol  expressed  from  the  crystals  as  above  mentioned  does 
not  solidify  even  in  a  freezing  mixture;  it  boils  at  212^  (Beilstein  a.  KuhlbeigV 

Ethyl-phenol  treated  with  sodium  and  carbon  dioxide  is  conveiied  into  eth,^* 
(para-  or  meta-)  oxybemsoic  acid :  C«H»(C«H»)0  +  00«  «  C»H»((?H*)0*  {BeiI<«D 
a.  Kuhlberg).    See  Paaaoxtbenzoic  Acn>  (p.  899). 

Methyl-phenol.     C«H»(CH»)0.— See  AinsoL  (i.  306). 

Chloromethyl-phenol,  C*H«C1(CH*)0,  is  produced  by  the  action  of  phosph  ns 
pentachloride  on  anisol.  It  is  a  colourless  liquid  having  a  rather  agreeable  cd^*^^  ^ 
sp.  gr.  of  11 82  at  9^,  and  boiling  at  about  200^  Insoluble  in  water  and  in  aU^'s 
soluble  in  alcohol  and  in  ether;  dissolved  bjr  strong  nitric  add  with  ns»  ^ 
temperature,  but  without  evolution  of  gas  (L.  Henry,  Zeittckr.  f.  Cktm.  [2]  ri.  247V 

Bromsthvl-phenol,  C«H'Br(CH*)0,  obtained  in  like  manner,  boils  at  220*',  and  ^ 
a  sp.  gr.  of  1-494  at  9®  (Henxr). 

Chlorethvlphenol,  C*H«C1(C<H*)0,  resembles  the  methyl-compound  in  exUroal 
character,  boils  at  210°,  and  has  a  sp.  gr.  of  1M06  at  9^  (Henry). 

*  Them  (ormolie  are  inadmiBslble,  inasmuch  aa  the  imldogen,  which  iscasentlaDja  fafritat  twSk'a 
enters  into  them  as  univalent. 
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cliloranil  moistened  with  alcohol,  to  very  dilute  potaeh-Iey  (containing  1  p.  c.  potaasiom 
Hydrate)  heated  to  about  50^,  and  agitating  as  long  as  anything  is  taken  up ;  the 
li<)uid  18  then  filtered  wann,  evaporated  to  one  half,  and  strong  potash-ley  is  added  to 
it  by  drops  till  a  quickly  cooled  sample  solidifies  in  crystals.  The  salt  then  crystal- 
lines  after  a  few  hours  in  beautiful  porple-red  prisms,  and  the  remainder  may  be 
Beparated  from  the  mother-liquor  by  evaporation  and  passage  of  carbon  dioxide 
(Oraebe) ;  see  also  Stenhouse  (Uhem.  8oc.  J.  [2]  riii.  6). 

Chloranilio  add  heated  with  sp.  gr.  1*45  yields  oxalic  acid  and  a  distillate  of 
cKloropicrin.    By  chlorine,  or  more  quickly  by  iodine-chloride  in  presence  of  water,  it 
is    converted  into  oxalic  acid  and  a  heavy  oil.    The  acid  suspended  in  water  is 
conTerted  by  bromine  into  a  white  crystalline  body,  having  the  Composition  C*Br'Cl*HO. 
This  compound  dissolves  easily  in  carbon  bisulphide,  and  crystallises  therefrom  by 
spontaneous  evaporation  in  very  large  prisms.    In  alcohol  it  dissolves  with  decom- 
position, the  solution  when  evaporated,  even  at  ordinaiy  temperatures,  giving  off 
nlcohol,  and  leaving  an  oiL    It  dissolves  easily  in  benzol  and  in  ether,  melts  at  79*6^, 
a.nd  distils  without  decomposition.    It  does  not  appear  to  be  attacked  by  boiling 
sulphuric  acid  (Stenhouse). 

Ethyl  Chhranilate,  C«C1*(C*H»)«0«,  obtained  by  decomposing  silver  chloranilate 
^vith  eth^l  iodide,  crystallises  in  smooth  bright  red  prisms,  melting  at  107°,  soluble  in 
"benzol,  light  American  oil,  carbon  bisulphide,  and  ether,  moderately  soluble  in  alcohol, 
somewhat  soluble  in  boiling  water  (Stenhouse). 

Sydroobloranllio  Add  or  IHolilorotetraliydroxj'benaene.  <X)1*H^0*  » 
C*C1*(H0)*  (Koch ;  Graebe.  loc.  cit.). — This  compound  is  producied  by  the  action  of 
reducing  agents  on  chloranilic  acid,  as  when  sodium-amalgam  is  gradually  added  to  a 
solution  of  the  latter  acid,  or  its  potassium  salt,  kept  slightly  acid  by  addition  of 
hydrochloric  acid,  till  the  liquid  is  decolorised  and  hydrogen  begins  to  escape.  Hydro- 
chloranilic  acid  then  crystallises  out,  and  may  be  purified  by  washing  with  water, 
pressing  between  paper,  and  drying  over  sulphuric  acid  in  a  vacuum.  The  reduction 
may  also  be  efiected  by  tin  and  hydrochloric  acid,  or  by  heating  chloranilic  acid  to  100° 
for  several  hours  in  a  sealed  tube  with  saturated  aqueous  sulphurous  acid.  When  the 
liquid  has  become  colourless  and  cold,  the  tube  is  opened,  the  excess  of  sulphurous 
acid  removed  by  a  current  of  carbonic  acid  gas,  and  the  solution  is  left  to  crystallise 
out  of  contact  with  the  air  (Koch).  Graebe  regards  this  last  mode  of  preparation  as 
the  best. 

Hydrochloranilic  acid  forms  colourless  needles  easily  soluble  in  water,  alcohoVand 
ether,  inodorous,  having  a  burning  taste,  and  slight  acid  reaction.  It  is  permanent  in 
the  dry  state,  but  when  moist  is  easily  oxidised  to  chloranilic  acid  by  the  action  of 
air,  cldorine,  or  bromine.  With  alkalia  it  forms  solutions  which  are  colourlras  at  first, 
but  turn  rerl  on  exposure  to  the  air,  and  gradually  deposit  a  salt  of  chloranilic  acid. 
The  solution  of  the  acid  quickly  reduces  silver  nitrate,  and  forms  with  barium  chloride 
and  cupric  sulphate,  on  addition  of  amifionia,  green  precipitates,  which  quickly  turn 
brown  on  exposure  to  the  air. 

/TTQNf — When   1  mol.  hydrochloranilic  acid  is 

heated  with  2  mol.  phosphorus  pentachloride,  hydrochloric  acid  and  phosphorus  oxy- 
chloride  are  given  on,  and  the  partiallv  carbonised  residue  yields  with  water  a  yellow 
solution  which  deposits  hydrochloranilic  chloride  in  colourless  needles.  This  oom- 
p)und,  isomeric  with  tetrachlorhydroquinone,  is  formed  as  shown  by  the  equation : 

C«H*CIK)*  +  2PC1»  =  C«H»a»0«.a«  +  2P0Cl»  +  2HC1. 

It  is  more  permanent  than  the  acid,  dissolves  with  yellow  colour  in  water  and  alcohol, 
and  may  be  recrystallised  without  decomposition.  It  is  distinguished  from  tetrachlor- 
hydroquinone by  its  easy  solubility  in  water.  Its  solutions  slowly  decompose,  with 
formation  of  chloranilic  acid,  and  are  coloured  dark  green  by  ferric  chloride.  Heated 
to  100°  in  a  stream  of  dry  dilorine,  it  is  converted,  with  evolution  of  hydrochloric 
acid  and  a  volatile  strong-smelling  oil,  into  a  rod  unctuous  mass,  which  hardens  in  a 
vacuum  over  quick  lime,  but  quickly  deliquesces  in  the  air,  and  dissolves  with  red 
colour  in  water.  Silver  nitrate  throws  down  from  this  solution  a  brown  crystalline 
precipitate,  OClMg*0*,  which  is  permanent  in  dry  air,  and  detonates  when  quickly 
heated.  The  product  formed  by  the  action  of  chlorine  appears  therefore  to  be  dichloT' 
hydrochloranilic  add,  OCl^H'O^ ;  by  water  and  by  babcs  at  the  boiling  heat  it  is 
quickly  converted  into  chloranilic  acid  (Koch). 

Tetraceto-hydrochloranUio  acid,  or  Dichloro-tetracetoxyheneene,  C*Cl*(C?fl*0»)*,  is 
formed  by  heating  hydrochloranilic  acid  with  acetyl  chloride  to  100°  in  a  sealed  tube. 
On  expelling  the  excess  of  acetyl  chloride  on  the  water-bath,  washing  the  resulting 
crystaU  with  water,  and  rocrystallising  from  alcohol,  the  dichlorotetracetoxybenzone 
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BepfintM  in  oolonrless  needles,  imolnble  in  vnter,  aliglitlj  MUble  in  cold  aleoUaA 
ether,  more  eanly  in  boiling  aloohol.  It  sublimes  witlioiit  deeonpcMifeiaB  n  )m 
needles,  melts  at  235^,  and  is  very  stable,  not  bein^  attagirnd  bj  week  tai^asst 
agents,  or  by  cold  potash-ley.  Boiling  potash  slovly  oonveite  it  into  dknsakteia^ 
acetate  of  potassium.  Koch's  hydioehloranilie  chloride  is  regnzdedbyGneUMi 
tetrachlorinated  substitution-proauct  of  pyroeatediin  or  resoran. 

Tarachlorotetroxtfqumkydrone,  C"C1<U*0*,  is  formed  bj  tlie  ineompbttfliteksii 
chloranilic  acid  by  sulphurous  aeid,  or  vhen  hydioehloxBiulie  aoa  is  ob&sk^  ^ 
exposure  to  the  air.  It  crystallises  in  slender  black  needlos  ;  si  eonrerted  bj  Gci>- 
tion  into  chloranilic  acid,  and  by  further  treatment  with  flHtphnroiia  acid  into  fark- 
chloranilic  acid  (Graebe). 

Sulpha-acids  derived  from  the  CUarlmaUd  Qvintmet  and  ^di^gmmmn 

The  salt  described  by  Hesse  (t.  22)  as  potassium  disulphodicfalorosalicjU^^  ^ 
Aocoiding  to  Graebe's  analysis,  the  potassium  salt  of  dicAlorkpilroqumone  dini^^"^ 
acid,  C"CI*S'H«K*0».  It  is  produced  by  adding  tetrachloroqninono  to  a  warn  il^' 
solution  of  acid  potaaanm  sulphite : 

f(OH)« 
C«aK)«  +  8H(S0«K)  -  C«{C1*  +  2Ha  +  KHSO'. 

l(SO"K)« 

Thioehronio  Aeid.  OH*SK)".— The  potassium  salt  of  this  acid,  vhicli  He« 
obtained  by  the  action  of  acid  potassium  sulphite  on  tetrachloroqiiiiione,  is  oosne:- 
ently  prepared,  according  to  Graobe,  by  saturating  a  slightly  warmed  dilute  aies* 
of  neutral  potassium  sulphite  with  tetrachloroquinone,  separating  the  yellov  crj&* 
which  are  aeposited  on  cooling,  irom  the  lighter  white  crystals  of  the  pineeda^s.i 
formed  at  the  same  time,  finally  recrystallising  it  from  water,  and  boiling  it  ^ 
alcohol  to  remove  the  last  portions  of  the  white  salt.  The  aiiHiriad  thiochrooste  m 
the  composition  C"HS»K*0"  +  4H*0,  and  gives  off  3  mol,  water,  at  130*.  I»  » 
formation,  the  chlorine  of  the  tetrachloroquinone  is  replaced  by  the  groop  80%  »• 

the  resulting  compound,  C  /gQt2\4>  nnitcs  with  1  mol.  add  potasstmn  sqIi^-^ 

fOH 
O(SO'K).    Heated  with  water  in  a  sealed  tnbe,  it  > 

resolved  into  hydroquinone-diaufphate  and  acid  sulphate  of  potassiimit  aceocoiBg  ^ 
the  equation : 


forming  the  thiochronate,  O 


f(OH)* 
H»  +   3KHSO*. 

[(SO>K)« 


(OH 
C•^0(SO•K)   +   3H»0  «  C* 

The  crystallised  salt  undergoes  the  same  decomposition  when  quickly  heated  to  I^« 
and  in  dilute  hydrochloric  solution  even  at  100°.  The  hydroquinone-disulpto**  * 
also  produced  from  the  thiochronate,  together  with  acid  sulphite,  by  the  sction  » 
reducing  agents,  as  by  boiling  the  solution  with  zinc-dust,  or  treating  it  with  aoda^ 
amalgam  and  hydrochloric  acid.  The  attempt  to  prepare  other  salts  of  thiochroffic 
acid  was  not  successful. 

Euthioehronie  acid,  produced  by  the  action  of  alkalis  on  thiochronie  aeid,a^ 
regarded  by  Hesse  {Ann.  Ch.  Pharm.  cxiv.  292)  as  C»H*S«0«,  by  Greiff  (Jakra^-  ^^ 
p.   392)  as   C*H*S<0<«,    is,    according    to    Graebe,    dioxy^none-dinUjfkvrie  «>* 

C«H*S«0"  -  C  (0H)«    ,    The  formation  of  the  potassium  salt  by  the  acto  ^ 

l(SO»H)* 
potash  on  the  thiochronate,  or  on  the  dichlorhydroquinone-disulphate  (in  the  h^^ 
case  with  aid  of  atmospheric  oxygen),  is  represented  by  the  following  equations: 

fOH  f(OT 

J0(S0«K)  +  2K0H  =  C«J(OK)«      +   3KHS0" 
l(SO«K)*  ((SO«K)« 

Thiochronate.  Bathiochronate.     Add  golphlte. 

Euor 
+  2K0H  +  0  =  C«J(OK)«      +  2HC1  +  HW. 
ly  [  (SO"K)« 

Diohlorhydroquinone-  ButhloohxtnuUe. 

(lisalphste. 
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Free  enthiochroiiic  acid  is  obtained  by  exactly  decomposing  the  beiium  salt  with 
sulpharic  acid,  and  evaporating  the  solution,  finally  over  strong  sulphnric  acid,  and 
crystallises  in  yellow  needles  easily  soluble  in  alcohol  and  ether.  The  following  salts 
hiiTO  been  examined : 

Potassium  salt,  C«S«0>«K*     +  2H«0. 

Sodium  salt,       C^»0"Na«   +     H»0. 

Barium  salt»       C*S«0"Ba«    +   4H«0. 

Silver  salt,  C«S^O'»Ag«. 

Hydro-euthioehronic  or  Tetroxyhengene-diaulphurie  aeid,  C*H*S»0" 

»  oHg^Lvs,  is  produced  by  the  action  of  reducing  agents  on  euthiochronic  acid. 

The  potassium  salt,  C"H*S'Oi*K*  +  2H<0,  is  obtained,  by  boiling  the  euthiochronate 
with  tin  and  hydrochloric  acid,  till  the  solution  is  decolorised,  and  evaporating  the 
filtrate,  in  colourless  prisms,  which  in  the  moist  state  quickly  turn  red  by  oxidation. 
It  is  slightly  soluble  in  cold,  more  easily  in  hot  water,  forming  a  solution  which 
oxidises  in  the  air  in  presence  of  free  alkali,  reduces  silver  nitrate  in  the  cold  and 
niercurous  nitrate  at  the  boiling  heat,  forming  a  salt  which  crystallises  in  red  needles  ; 
ferric  chloride  colours  the  solution  dark  brown-red.  The  sodium  salt,  C*H*S*0**Na*  + 
2II''^0,  is  prepared  in  like  manner,  and  exhibits  similar  characters. 

Hydroquinone-disulphuric  Acid.  C«(OH)'H>(SO»H)«.— This  acid,  produced, 
as  above  mentioned,  from  thiochronic  acid  by  heating  with  water  or  hydrochloric  acid, 
is  difierent  from  that  which  Hesse  obtained  by  treating  quinic  salt  with  sulphuric  acid 
(iii.  2  \  7)>  Graebe  distinguishes  this  latter  as  a,  and  the  acid  produced  from  thiochronic 
acid  as  h  h^droquinone-disulphuric  acid.  The  free  /9  acid  is  obtained  by  precipitating 
the  potassium  salt  with  lead  acetate,  decomposing  the  precipitate  with  hydrogen 
sulphide,  and  evaporating  the  filtrate  to  a  syrup  over  sulphuric  acid.  It  cr)'stallise8 
in  deliquescent  tables,  easily  soluble  in  alcohol,  insoluble  in  ether.  Its  strongly  acid 
solution  is  coloured  blue  by  ferric  chloride.  The  potattsium  saltj  C*H*S*0*K*  +  iH'O, 
separates  from  the  hot  aqueous  solution  in  large  prisms,  with  oblique  end-faces ;  gives 
off  its  crystallisation-water  over  sulphuric  acid ;  dissolves  very  easily  in  hot,  very 
sparingly  in  cold  water,  and  is  insoluble  in  alcohol.  The  solution  has  a  neutral 
reaction,  is  coloured  deep  blue  by  ferric  chloride ;  is  not  precipitated  by  barium  or 
calcium  chloride,  and  with  aid  of  heat  reduces  mercuric  to  mercurous  chloride,  silver 
nitrate  and  mercurous  nitrate  to  metal. 

((0H)» 
Trichlorhydroquinone-sulphuric  Acid.     C*-  CP     . — The  potassium  salt 

ISO'H 
of  this  acid,  C«(0H)«C1'S0'K  +  H«0,  is  formed,  together  with  euthiochronate,  by 
dissolving  trichloroquinone  in  neutral  potassium  sulphite,  and  separates  in  colourless 
microscopic  crystals.  It  reacts  like  the  potassium  salt  of  the  preceding  acid,  but  is 
8r>lnblo  in  alcohol.  The  solution  mixed  with  potash  turns  red  in  contact  with  the 
air,  and  gradually  deposits  the  potassium-salt  of  monochloro-dioxyquinone-sulphurie 
acid.  The  free  trichlorinated  acid,  C*H'C1'S0',  prepared  like  the  preceding  add 
from  the  lead  salt,  crystallises  in  deliquescent  needles  easily  soluble  in  alcohol  and 
ether. 

Potassium  Monochlorodioxyquinone'Sulphate^C^CXSO^*  +  2H*0,  cry- 
stallises from  a  solution  of  potassium  trichlorhydroquinone-sulphate  mixed  with  potash 
and  exposed  to  the  air,  in  red  needles,  while  yellow-brown  salts  formed  at  the  same  time, 
but  not  yet  examined,  remain  in  the  mother-liquor.  It  is  easily  soluble  in  water,  both 
hot  and  cold,  less  soluble  in  alkaline  liquids,  insoluble  in  alcohol.  Calcium  chloride 
ivdded  to  the  aqueous  solution  throws  down  a  red-violet  precipitate.  Hydrochloric 
acid  added  to  the  concentrated  solution  throws  down  the  acid  salt  CC1H*S0'K  as  a 
crystalline  precipitate,  which  dissolves  with  blood-red  colour  in  water,  and  crystallises 
frum  the  hot-saturated  solution  in  yellow  laminro.  By  tin  and  hydrochloric  acid  the 
neutral  salt  is  reduced  to  a  colourless  compound  not  yet  examined  (Oraebe). 
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A  sulphide  of  copper,  iron,  and  sine  (^  Cu,  -f^  Fe,  ^  Zn)S^oenme^ 
together  with  copper  pyrites  and  copper  glance,  in  tlw  copper  mines  of  Dockton  n 
Tennessee.  It  is  nuuMive,  trayersea  in  all  directions  by  shining  prisnutic  aritifi 
has  a  lead-grey  colour  and  metallic  lustre,  hardness  ■-  3*6,  sp.  gr.  »  4*138  (Ty^  t* 
Shepaid,  SiU,  Am.  J.  [2]  zli.  209  ;^Credner,  Jakreib.  1867.  p.  976). 

mAZMOVazra.  A  hydrated  ferric  sulphate,  2FeH>* .  SSO*  -4-  7£P0,  f<nod  is  i 
tin  mine  in  Boliria,  in  extremely  thin  tabular  heiugonal  prisma  haring  an  (An- 
yellow  to  honey-yellow  colour,  nacreous  lustre,  hardness  »  4,  and  sp.  gr.  3*199  ts 
3-222  (Breithaupt,  Jakretb.  1866,  p.  962). 

SATAnUL-KXB.  This  substance,  first  obtained  by  Wittstein  as  a  prodwtiif 
the  decomposition  of  ratanhia-tannic  acid,  may  be  prepand,  according  to  Gnbonb 
{Ann,  CK  Pkarm.  cxliii.  274),  by  precipitating  the  hot  aqueoos  inAision  of  rfaaUsr 
extract  with  lead  acetate,  decomposing  the  precipitate  with  hjrdrogen  sulphide,  lai 
boiling  the  filtrate  with  dilute  sulphuric  acid.  The  red-brown  powder  \ha^ 
separated,  when  purified  by  solution  m  ammonia  and  precipitation  with  hydrochlcn: 
acid,  and  dried  at  130°,  has  the  composition  CPH'H)",  which  is  also  that  of  the  Rd 
substance  obtained  by  Rochleder  from  the  tannin  of  the  horse-chestnnL  By  Aiskc 
with  potash,  it  is  resolved,  like  the  latter,  into  pyrocatechuic  acid  and  phlongliKis< 
which  two  bodies  are  also  produced  by  fusing  rhatany  extract  with  potash.  Tbe 
liquid  separated  from  the  ratanhia-red  contains  a  difficultly  ciystallisable  sugar. 

MMMTWn  (Hlasiwetz  a.  Barth,  Ann.  Ch.  Pharm.  cxxxiy.  265;  cxxxriii.  61; 
cxxxix.  83;  Jahresb.  1865.  p.  573;  1866,  pp.  626,  631).— The  resins  of  reiyBUj 
plants  yield  similar  products  of  decomposition  by  oxidation  with  potash.  Aec-:i- 
sidemble  portion  of  the  resin  is  resolved,  as  by  dry  decomposition,  into  volatile 
products,  aromatic  vapours,  hydrocarbons,  &c.,  while  another  portion,  of  vari&bie 
amount,  separates  again  in  the  resinous  form ;  or  humus-like  products  are  fonneii. 
and  in  all  cases,  acetic  acid  and  its  nearest  homologues.  The  principal  products  &r: 
(1)  Protoeatechuic  acid,  C'H*0\  from  guaiacum,  bensoin,  dragon's  blood,  asafoeti^ 
myrrh,  acaroid  resin,  opoponax. — (2)  Paraoxybeiuoic  acid,  C^HH)*,  from  bensiB* 
dragon's  blood,  aloes,  acaroid  resin. — (3)  PhLwrogluein^  C^*0',  from  dzagon*s  bicod 
and  gamboge.— -(4)  liesorein^  from  galbanum,  asafoetida,  gum  ammoniacum,  sagapenioB, 
acaroid  resin,  and  probably  from  all  resins  which  yield  umbelliferone.  PyroeeUchi^ 
(as  also  perhaps  a  small  quantity  of  a  body  which  reddens  ferric  chloride) 
probably  occurs  only  as  a  seconda^  product  resulting  from  the  decompositioo  d 
protocatechuic  acid.  Orcin  is  formed  only  from  aloes ;  isuvitic  acid  and  pyrotsrtanc 
acid  only  from  gamboge.    (See  the  several  Resins.) 

Resins  are  formed  artificially  by  the  action  of  phosphoric  anhydride  on  aldehydtf 
and  allied  bodies.  The  resin  formed  in  this  manner  from  bitter  almond  oil  has  becB 
already  described  (p.  327).  Euffene-reamt  formed  in  like  manner  from  eugenic  aai 
is  an  inodorous  mass  having  an  aromatically  bitter  taste  and  exhibiting  violet-blus 
dichroism  in  alcoholic  solution.  In  composition  it  is  intermediate  between  eugeoie 
acid,  C*«H**0*.  and  the  next  more  highly  oxygenised  compound,  C'H^'O* ;  bydiy 
distillation  it  yields  an  oil  which  contains  creosote,  and  colours  ferric  chloride  green ; 
with  nitric  scid  it  yields  scarcely  anything  besides  oxalic  acid ;  with  melting  potash, 
considerable  quantities  of  protocatechuic  acid,  together  with  a  small  quantitv  of  acetic 
acid ;  its  alcoholic  solution  is  precipitated  by  neutral  lead  acetate.  Ou  of  eassui 
becomes  thickened  in  contact  with  phosphoric  anhydride.  The  oils  of  roe,  angelies. 
and  cumin  are  partially  converted  into  dark  brown  resins,  which  when  fVised  with 
potash,  yield  only  traces  of  a  crystalline  substance  producing  a  violet  colour  with 
ferric  chloride.  OU  of  guaiacum  is  converted  into  a  thidt  (phosphoretted)  oil, 
yielding  with  melting  potash  a  large  quantity  of  protocatechuic  add.  Anim-camjpior, 
C'*H"0,  gently  heated  with  iodic  acid  and  iodine  in  alkaline  solution,  is  converted 
into  a  brown  brittle  resin,  the  portion  of  which  insoluble  in  alcohol  and  soluble  in 
ether  has  nearly  the  composition  of  anise-camphor.  By  fusion  with  potash  it  yields 
a  small  quantity  of  a  crystalline  substance  having  the  properties  of  anisic  acid. 

On  the  formation  of  resins  in  the  interior  of  vegetable  cells,  see  Wiesner  {Wkf^^ 
Akad.  Btr,  lii.  [2]  118;  Jahrgsb.  1865,  p.  627). 
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kOnr.  CmH)*  s.  C«H«(OH)'.— This  rabstanoe,  the  pant-modificatioii 
(1:4)  of  oxyphenol,  was  originally  obtained  by  the  action  of  melting  potash  on 
salbannm  (ir.  216),  and  is  likewise  produced  by  the  same  reaction :  from  para- 
lodophenol :  C^*IO  +  KOH  -  KI  +  OH«0«  (Komer.  Bull.  Soe,  Chim.  [2]  yii. 
261);— from  paiaphenolsnlphnric  add:  G*H«(OH)(SO*K)  +  KHO  ->  K'SO*  -t- 
G*H*(OH)'  (Qluts,  ihid.  yiii.  861) ; — from  ^tassinm  monochlorobensene-snlphate  by 
ftision  with  abont  twice  its  weight  of  potassium  hydrate  (Oppenheim  a.  Vogt,  Jakreao. 
1868,  p.  466)  ;~from  mnbellifiBrone :  G'H'O'  +  O*  »  C*H*0*  +  3C0*  (Hlasiwets  a. 
Grabowski,  Ann,  Ch.  Pkarm.  exxxiz.  99) ; — ^and  from  asafcBtida,  gam  ammoniacum, 
sagapenum,  acaroid  resin,  and  probably  from  all  resins  which  yield  umbelliferone  by 
dry  distillation  (Hlasiwets  a.  Biurth,  p.  992). 

Resorcin  crystallises  in  prisms,  wnich  aooordinff  to  Benss  (Jakn^.  1866^.  633) 
are  tridinic,  exhibiting  the  combination  ooj^oe  .  ooPoo  .  oP  .  odT  .  ooP2  .  0072  .  ^. 
According  to  Bammelsberg's  measurements,  on  the  other  hand  (made  on  crystals  pre- 
pared bj  Oppenheim  a.  Vogt),  they  are  orthorhombic  prisms  (p),  with  beyelling  faces 
Iq)  restmg  on  the  acute  latml  edges.    Angle  pi  p  "  118^  to  119^ '»  9'  2  ^  83°  to 

B^°;  p:q  'm  112^  to  113<>.    The  edge  t  is  apparently  perpendicular  to  1 

P  9 

On  the  power  possessed  by  resordn  of  masking  the  presence  of  iodine  in  solution, 

see  loDiNB  (p.  738). 

Resorcin  in  contact  with  the  yapoun  of  strong  niirie  aoid  is  gradually  oonyerted 
into  a  dark  red-brown  resinous  mass,  soluble  in  water,  alcohol,  and  ether,  and  coloured 
yiolet-brown  in  thin  layen  by  ammonia  (lialin). 

Betarcin  Sulphate,  C*H'0'.4H*S0\  c^stallises  yery  easily  from  a  solution  of 
4  pts.  warm  concentrated  sulphuric  add.  The  yer^  deliquescent  strongly  acid  compound 
is  coloured  blood-red  by  ferric  chloride  eyen  in  ye^  dilute  solution,  and  is  easily 
decomposed  by  bases.  Qumine-rewroin  mlphaU,  C*«H*«N*0<.C^*0*.SO*  +  l^H^O, 
is  formed  by  mixinff  2  pts.  resordn  with  a  slightly  acidulated  solution  of  6  pts. 
quinine  sulphate,  ana  crystallises  in  needles  (Halin). 

Bewrew-ammonia,  C*H'0*.NH',  is  formed  by  passing  dry  ammonia  gas  into  a 
solution  of  resordn  in  anhydrous  ether,  and  separates  as  an  oil,  which  afterwards 
crystallises.  The  colourless  ciystalB,  when  exposed  to  the  air,  deliouesce  and  turn 
green,  and  afterwards  blue,  in  consequence  of  tne  formation  of  a  proauct  resembling 
orcein,  and  predpitable  from  the  alkaline  solution  by  acids  in  red-brown  flocks 
(Malin). 

Jeetjfl'Teaorcin,  CfHXC'HK))'0',  formed  by  the  action  of  acetyl  chloride  on  resorcin, 
is  an  oilpr  liquid,  colourless  and  inodorous  after  distillation,  insoluble  in  water, 
and  haying  a  burning  bitter  taste,  with  sweetish  after-taste.  Beneoyl-ireaorciny 
C*H*(C*H*0)*0^  remains,  on  heating  resorein  to  100^  with  benzoyl  chloride,  as  a  red 
yiscid  mass,  crystallising  from  hot  water  in  white  talc-like  scales.  The  mother- 
liquor  yields  laminar  crystals  of  a  more  soluble  compound,  probably  C*H*(C7H*0)0*. 
Both  compounds  are  insoluble  in  water.  With  suecinyl  ehwride,  resorcin  forms  (with 
erolution  of  hydrochloric  add),  a  red-brown  unciystaUisable  oil,  from  whose  alcoholic 
solution  water  throws  down  a  resin,  which  in  alkaline  solution  exhibits  a  deep  green 
dichroum.  When  resordn  is  heated  with  phosphorus  penlachloride,  white  uncon- 
densable  yapoun  are  eyolyed,  and  a  semi-carbonised  mass  remains  behind  (Malin, 
Ann,  Ch.  Pharm.  cxxxyiii.  76). 


C*'H**  (y.  97).— This  hydrocarbon  is  produeed,  together  with  other 
polymerides  of  acetylene,  when  the  yapour  of  the  latter  is  passed  through  a  red-hot 
glass  tube.  The  liquid  portion  of  the  product  subjected  to  fractional  distillation  yields 
seyerel  of  these  polymeric  acetylenes,  retene  passing  oyer  at  about  360^,  and  condens- 
ing in  shining  needles  (Berthelot^  Jahresb.  1866,  p.  616).  It  boils  at  390^  (Berthelot, 
ihid,  1867,  p.  39). 

Wahlforss  (Zeitschr.  f.  Chem.  [2]  y.  73)  has  examin<*d  retene  prepared  from  a 
granular  butteiy  mass  obtained  in  the  latter  part  of  the  distillation  of  Finland  wood- 
tar.  This  mass  was  strongly  pressed  during  a  winter  temperature ;  then  fosed  with 
10  p.  e.  bensol,  and  again  pressed;  afterwards  diyided  into  four  fractions  by  fusion, 
pnlyerisation,  and  partial  solution  in  alcohol ;  and  each  of  these  portions  was  repeatedly 
crystallised  till  its  melting  point  became  constant.  All  the  samples  finally  exhibited 
a  melting  point  of  98^-99^,  the  same  as  that  assigned  to  retene  by  Fehling ;  by  Fritzsche 
and  BerUielot,  retene  is  said  to  melt  at  96^.  The  retene  obtained  as  aboye  yielded  a 
piciate,  and  a  barium  salt  of  disulphoretic  add,  agreeing  exactly  with  those  described 

byPritasche(y.  97). 

Betene  exhibits  a  yery  characteristic  reaction  with  chromic  add.  In  contaxl  with  a 
mixture  of  6  pts.  potassium  dichromate,  8  pts.  sulphuric  add,  and  2  J  yol.  water,  it  is 

Sup.  3  S 
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stronglj  attacked,  carbon  dioxide  being  eTolTed,  and  the  leadaon  going  obl'wAhxl 
external  heating.  The  solntion  if  flnaUj  heated  tons  green ;  the  reteoe  ii  fOBKfjf\ 
into  a  red  powder;  the  filtrate  when  distilled  yields  acetic  acid;  and  oo  eihaut'.Lf 
the  residual  solution  of  chrome-alnm  with  ether,  then  expelling  the  ether,  and  sV 
liming  the  residue,  phthalic  anhydride  is  obtained,  noialtingat  IW, 

Dioxyretistenej  C^*H**0',  the  brick-red  powder  abore  mentioned,  wfaidi  is  the  ^ 
product  of  the  reaction,  crystallises  from  alcohol  in  long,  flat,  oxange-cbbuedBMi.'^ 
melting  at  194^-195^  and  sublimable  to  a  small  extent  It  ia  moire  solnble  ia  ctk 
and  in  benaol  than  in  alcohol,  insoluble  in  soda-lej ;  dose  not  gfre  off  hydrocfalarv  ar.: 
when  treated  with  bensoyl  chloride ;  is  but  slightly  attacked  by  chromic  acid;  diaeivTic 
in  oil  of  vitriol  with  deep  green  colour ;  its  alcoholic  solution  is  oolomed  br  potasl 
first  a  deeper  red,  afterwards  green.  With  hromme  it  forms  the  oompoandC^^fi^r 
yery  much  like  dioxyretistene  itself,  but  somewhat  lighter  in  ookmr. 

JDioxyretistene  heated  with  sine-dust  yields  an  oily  distillate  which  swm  solidi£& 
and  crystallises  in  white  shining  laminn  haying  the  composition  CKS'^  Thish7<lK- 
carbon,  called  retistene,  forma  with  picric  Mid  a  oompoond  which  oysUlbBa 
long  yellow-red  needles  melting  at  94^. 

XBWBAVMUTa>  A  nickel  ore  occnrrinff  near  the  Bewdansk  worb  is  p 
UraL  It  forms  indistinctly  laminated  lumps,  whi<m  easily  crumble  to  an  eazthy  poviff 
Sp.  gr.  2*77.  The  analysis,  cotTeeponding  to  the  formula  3BO.2Si0'  4-  ^^- 
yielded : 

SiO>  APO^  FM  KiO  ICgO  WO  Sud 

8210        8*25        1215        1888        11'60        950         ISOO  »  99*SS 

together  with  txaces  of  manganous  oxide  and  biamoUi  oxide  (Hennann,  /.  f-  ^ 
c.  100). 

WBAXOnrs.  According  to  Kubl^  {Jahrtth.  1866,  p.  707),  the  bark  of  Bhuf^ 
Fran  aula  contains,  besides  the  purgative  principle,  an  amoiphona  glnooside,  O'W*^' 
called  avomin^  resolvable  by  acids  into  sugar,  crystallisable  awntic  add,  CH^O*.  »3 
an  amorphous  resin.  Accordinff  to  Buchner  {ihid.  1865,  p.  588),  the  volatile  y^-"* 
substance,  rhamnaxanthin,  which  he  found  in  the  bark  of  Bk.  Fram^uU  (v.  W- 
partly  converted,  by  very  slow  sublimation,  into  a  red  body  resembhng  alinnD-  ts: 
more  soluble  in  alcohol. 

Colouring  Matten  of  Sh.  imfectoria  and  Rk.  Hnctoria  (yellow  bemes).-Tik« 
bodies  have  been  examined  by  several  chemists,  but  with  somewhat  discordant  n»^'^ 
According  to  Lefort  (Compt.  rend.  Ixiii.  840 ;  Jahretb.  1866,  p.  650),  the  beni»^^3- 
tain,  besides  rhamnin,  which  is  insoluble  in  water,  another  colonring  matter,  rbam- 
n  e  g  i  n,  having  the  same  composition,  but  soluble  in  water.  The  berries  of  Bk.  cb^ 
tica  contain  only  rhamnegin.  This  substance,  obtained  by  spontaneous  evapontios  '^ 
a  concentrated  alcoholic  extract  of  yellow  berries  {grained  de  Perse  ou  ^AvigntmX  a^ 
purified  by  treatment  with  alcohol  and  ether,  forms  yellowish-white,  cauliflower-',  s^ 
masses,  composed  of  small  prismatic  needles  easily  soluble  in  water  and  in  hotalce^- 
By  solution  m  cold  concentrated  or  dilute  sulphuric  acid,  it  is  converted  into  riiAmT:- 
without  formation  of  sugar.  The  same  transformation  is  induced  by  nitric  ac^^ 
hydrochloric  acid,  and  sereral  neutral  salts.  It  dissolves  with  bright  yellow  oolonr^s 
alkalis  and  alkaline  earths,  and  forms  insoluble  compounds  with  the  oxides  of  u 
heavy  metals.  The  composition  of  rhamnegin  and  of  its  lead  and  copper  oompooo-^ 
is  represented,  by  the  following  formuls : 

C'«H'«0* .  2H«0 ;  C»»H>K)» .  PbO ;  C"H»«0» .  CuO. 

Rhamnin  in  its  lead  and  copper  compounds  has  the  same  composition.  Itisinfo^^^ 
in  water,  but  soluble  in  boiling  alcohol,  and  reacts  in  other  respects  like  jhamoegiQ- 
From  solution  in  strong  sulphuric  acid,  it  is  precipitated  by  water  in  its  original  ^^ 
It  is  always  obtained  when  yellow  berries  are  Doiled  with  water,  and  separates  «)> 
cooling  from  the  aqueous  extract,  as  a  bright  lemon-ooloured  powder,  which  mftT  ^ 
purified  by  washing  with  water,  alcohol,  and  ether.  In  dyeing  with  yellow  berTi«-  ^ 
IS  the  rhamnegin,  and  not  the  rhamnin,  which  fixes  itself  on  the  tissue.  On  the  othtf 
hand,  Schiitzenberger  (Zeitschr.f,  CKem.  [2]  iv,  668)  finds,  in  accordance  with  GeU^f^J 
(v.  100)  and  in  opposition  to  Lefort,  that  rhamnegin  (Oellatl/s  rhamnin)  boiled  viu 
very  dilute  sulphuric  acid,  yields  a  colourless  saccharine  substance  isomeric  with  dao' 
nite,  C*H'*0*.  The  insoluble  colouring  matter  obtained  together  with  the  sugar  is  B<rf 
identical  with  quercetin,  as  Bolley  supposes,  but  has  the  composition  C**H'*0*,  its 
formation  being  represented  by  the  equation  : 

2C"H>«0»  +  8H«0  «  C»H»«0»  +  2C«H»*0« 
Hhamneglp.  Rhamnetin.  Sugar. 
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aleohol ;  mtslts  at  169^,  and  resolidifles  at  153^.  It  dissolves  in  strong  sulphuric 
add,  forming  a  liquid  of  a  splendid  purple  colour,  and  becoming  red  with  a  purple 
tinge  when  mixed  with  a  considerable  quantity  of  the  concentrated  acid  ;  on  addition 
of  water  this  colour  disappears,  and  a  crystalline  precipitate  separates,  which  appears 
to  consist  of  unaltered  phenylene  sulphide.  With  strong  nitric  acid  it  yields  a 
crystalline  substance,  probably  a  nitro-substitution  product. 


C^^SBr*,  "is  produced  by  the  action  of 
bromine-Tapour  on  phenylene  sulphide,  or  more  easily  by  adding  bromine  in  slight 
excess  to  a  cold-saturated  solution  of  the  sulphide  in  anhydrous  carbon  bisulphide, 
the  compound  then  separating  in  small  black  prisms,  which  may  be  purified  by 
washing  with  cold  carbon  bisulphide,  and  freed  from  that  liquid  by  placing  them 
under  an  air-pump  receiver,  exhausting,  readmitting  the  air,  and  repeating  these 
operations  several  times.  The  sulphobromide  slowly  gives  up  its  bromine  when 
exposed  to  dry  air,  and  is  quickly  decomposed  by  moisture,  with  evolution  of  hydro- 
bromic  acid.  It  is  moderately  soluble  in  carbon  bisulphide  and  in  carbon  tetrachloride 
(Stenhouse,  loe.  cU.). 

yBBVTUnrB-BIAMXm:.      C«H»N«  -    (^g7'|N»  (iv.  480).— The  hydri- 

odides  of  a  and  jB  phenylene-diamine  are  formed  by  the  action  of  hydriodic  acid  on  the 
corresponding  nitranilines,  the  i*eduction  of  the  a  nitraniline  appearing  to  require  a 
somewhat  higher  temperature  than  that  of  fi  nitraniline.  The  a  hydriodide  is  easily 
soluble,  and  crystallises  in  indistinct  laminae ;  the  /8  salt  is  but  slightly  soluble,  and 
crystallises  in  broad  micaceous  rectangular  tables  (Mills,  Chem.  Soc.  J,  [2]  ii.  152). 

Beta-  or  para-phenylene-diamine  is  formed,  together  with  aniline,  by  heating 
amidazobenzene  with  tin  and  hydrochloric  acid  (Martins  a.  Griess,  Jahresb.  1 866, 
p.  419) : 

C'«H»(NH«)N«  +  2H«  =  C«H«N«  +  OH'N. 

A  double  salt  of  phenylene-diamine  hydrochloride  and  stannous  chloride, 
C*H*N* .  2HC1 .  2SnCl',  is  formed  by  treating  a  mixture  of  dinitrobensene  (1  mol.) 
and  metallic  tin  (6  at.)  with  strong  hydrochloric  acid.  The  whole  dissolves  with 
violent  action,  and  the  solution  when  left  to  evaporate  deposits  the  double  salt  in 
needles  having  a  silky  lustre  (K.  Gerdemann,  Zeit&chr.  f.  Chem.  [2]  i.  61). 

When  nitrous  acid  is  passea  into  the  aqueous  solution  of  phenylene-diamine  hydro- 
chloride, nitrogen  is  evolved,  and  a  dark  violet  body,  C"2**N^0',  is  formed,  slightly 
soluble  in  water,  alcohol,  and  ether.  This  body  slowly  gives  off  nitrogen  when 
treated  with  hydrochloric  acid,  and  yields  aniline  hydrochloride  when  boiled  with  tin 
and  hydrochloric  acid.  An  acidulated  solution  of  phenylene-diamine  hydrochloride 
gives  with  potassium  nitrite  a  brown  amorphous  precipitate  (Hollemann,  ibid.  666). 

JHbromophenylene-diaminet  CH'Br'N*,  is  obtained  as  a  dark  brown  precipitate  on 
mixing  the  hydrochloride  of  phenylene-diamine  with  bromine  till  the  odour  of  the 
latter  remains  permanent  after  some  hours.  It  is  nearly  insoluble  in  ether,  but 
dissolves  easily  in  alcohol,  and  crystallises  therefrom;  cannot  be  sublimed  without 
decomposition  (Hollemann). 


(>H«S«0*  (Stenhouse,  Proo.  Soy. 
Soc.  xvii.  62 ;  Ann.  Ch.  Pkarm.  cxlix.  264). — This  acid  is  formed  by  dissolving  phenyl 
smlphide  (C*H*)'S,  with  aid  of  heat  in  strong  sulphuric  acid.  On  dissolving  the 
semi-solid  mass  which  forms  on  cooling  in  a  large  quantity  of  water,  neutralising 
with  barium  carbonate,  evaporating  the  filtrate  till  a  crystalline  film  forms  on  its 
snrfiice,  and  then  leaving  it  to  cool,  barium  phenylhyposulphite^  (CH*S'0')'Ba  + 
2H'0,  separates  in  crusts  composed  of  microscopic  crystals.  The  copper  salt  also 
forms  crystalline  crusts.  The  calcium  and  sodium  salts  do  not  crystallise  so  well  as 
the  barium  salt. 


C*H«SO«  (KekuU,  Zdtaehr.  /.  Chem,  \2]  iii. 
641 ;  Jakreeb,  1867»  p.  637). — Two  modifications  of  this  acid,  which  may  be  distin- 
guished as  a  and  ^,  are  produced  by  dissolving  phenol  at  a  gentle  heat  in  an  equal 
weight  of  strong  sulphuric  acid ;  on  diluting  the  product  with  water,  neutralising 
with  lead  carbonate,  oecomposing  the  lead  salts  with  hydrogen  sulphide,  neutralising 
the  acid  filtrate  with  potassium  carbonate,  and  evaporating,  potassium  aphenyl- 
sulphate  crystallises  out  first  in  six-sided  anhydrous  laminae,  while  the  /B  phenyl- 
sulphate  is  obtained  from  the  mother-liquor  in  needles  containing  2  mol.  water.  These 
two  potassium  salts,  when  fused  with  excess  of  potash,  yield  different  modification* 
of  oxyphenol,  C*H*0',  the  a  salt  yielding  iMorciB»  and  the  /3  salt  pyrocatechin : 

C«H»SO*K  +  KHO  =  SO»K*  +  C^«0«. 
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232'',  a  portion  Bubliming  in  small  white  pfiams,  mpeaaHf  in  ft  flteim  of  pL  b 
solutions  in  wsftk  acids,  not  in  excess,  are  oolowless ;  those  in  ioinevbit  szc^'T 
acids,  especially  in  hydrochloric  and  sulphnric  acids,  iuLre  a  pnrple-nd  eoksi.  T^ 
coloration,  which  disappears  on  addition  of  alkalis,  and  is  rsitorad  by  idds,  b  f 
intense  that  1  pt.  of  the  base  will  colour  10,000  pts.  of  water  pnrple-ied,  SOO,ei)«?i 
deep  rose-red,  and  800,000  pts.  still  distincay  red,  althoii^h  only  5  p.  e.  of  tbs :» 
is  converted  into  the  colouring  substance.    The  ooloarless  solution  of  xtebs  >^ 
acids  is  precipiteted  by  tannic  add,  and  by  merenric,  auric,  and  plstisie  ehki^ 
The  platinum  salt  has  the  composition  2(C«»H«N0«.HCl).PtCl*  +  flPO.  ^ 
hydriodide,  C*>H'>NO*.HI  +  2HH),   separates  on  adding  potassium  iodiaetsi 
solution  of  the  acetate,  as  a  dense  crystelline  mass,  consisting  of  small  axnie^ 
prisms,  which  give  off  half  their  water  orer  sulphuric  add,  the  rest  st  120^.  u: 
aqueous  solution  becomes  red  by  prolonged  boiling,  part  of  Uie  ihosdne^ 
conyerted  into  rhoBsgenine ;  and  on  addine  a  dxoi|  of  hydrochloric  or  snlphsne  act 
the  whole  of  the  base  is  decomposed,  the  solution  acquiring  a  |pazpl»4ed  e>i:c 
Cold  dilute  sulphuric  acid  oonyerte  rhoaadine  into  a  colourleas  resinoBS  waa,  ^^ 
soon  dissolves  with  splendid  purple  colour ;  on  boiling  the  solntion,  it  beooe*  a^ 
purple,  and  on  cooling  deposits  small  prisms,  brown-red  by  transmitted,  gR®/' 
reflected  light,  the  liquid  retaining  rhoeagenine  amounting  to  99  p.  c  of  the  riiea^ 
together  with  the  colouring  matter.  .^ 

Opium  contains  a  base  diflerent  from  rhosadine,  but  giving  the  same  eoloar-RS^'^ 
with  sulphuric  acid. 


iCmmnii    A  base  isomeric  with  rhoaadine,  and  fbrmed  from  it  brs 

action  of  dilute  mineral  acids ;  it  does  not  occur  ^eady-fiormed  in  the  poppy-  ^'^' 
precipitated  by  ammonia  firom  the  solution,  deoolorised  by  animal  chsieoal  >^' 
recrystollised  from  alcohol,  it  forms  small  white  prisms  or  1<t^miti«»,  slightly  ttAsi-*^^ 
ether,  akohol,  water,  and  ammonia,  easily  and  without  colour  in  adds.  1%«  *^X 
solution  blues  reddened  litmus.  The  base  melte  at  223®,  but  ia  not  sablimabk  i^ 
salte  have  a  bitter  taste,  and  some  of  them  crystallise  welL  The  wulfkaU'^^. 
soluble  in  water,  and  dries  up  to  a  varnish ;  ite  solution  is  predpitated  by  pottf^ 
dichromate,  potassio-mercuric  iodide,  mercuric  chloride,  and  acid  plattcic  chkn:^ 
The  hydrochtoride  forms  concentrically  grouped  needles,  easily  soluble  in  vsttr  a^ 
in  alcohol,  precipiteted  ftom  the  aqueous  solution  by  common  aalt^  The  f^^^" 
chhride  oontoins  2(C"H»>N0«.Ha).Pta*.  The  kydriodide,  C««H«NO«.HI,  ^ 
short  heavy  prisms,  moderately  soluble  in  boiling,  sparingly  in  oold  water,  s«".' 
insoluble  in  aqueous  potassium  iodide.  The  nitraie  fonns  vitreons  prisms,  aligif'? 
soluble  in  cold  water,  melting  and  partly  dissolving  in  boiling  water.  The  os^ 
crystellises  in  thin  prisms. 

The  portion  of  the  aqueous  extract  of  rhubarb-root  whid^ 


soluble  in  alcohol  contains,  according  to  Kubly  (Cftssi.  Cmtr,  1867,  p.  10^^  \^ 
following  constituente:  1.  Bkeotannio  addt  C**£[*^*\  precipitated  {^^oge^^  ^''^ 
phseoreUn)  by  lead  aoetete,  and  extracted  by  water  after  decomposition  of  tff 
precipitete  b^  hydrogen  sulphide.  It  is  a  yellow-brown  powdcff,  iasoluble  io  ^' 
but  soluble  in  alcohol  and  in  water ;  the  Inrown,  acid,  aqueous  solution  p^P!^ 
organic  bases  white,  ferric  salte  black-green,  lead  acetete  and  ferrous  salts  whitif* 
grey,  but  forms  no  precipitete  with  tartar-emetic  The  lead  predpitete  contain 
0»H*«0'«.2PbO.  By  boiling  with  acids  or  aUcalis,  rheotannic  add  is  rssolred  ha 
fermenteble  sugar  and  red-brown  amorphous  rkeie  acid,  C"H'*0*,  which  beli^^ 
with  resgents  like  rheotennic  acid.— 2.  Fhmoretin,  O«H»0»,  extracted  by  hot  slcob^'^ 
from  the  lead  sulphide  obtained  in  the  preparation  of  rheotannic  add ;  i^  ^ 
essentially  the  properties  described  by  Schlossberger  a.  Bopping  (ir.  387).  ^^^ 
the  liquid  filtered  from  the  lead  salt  of  rheotennic  add  is  freed  fieom  ezces«^ 
lead  by  hydrogen  sulphide,  the  resulting  lead  sulphide  yields  to  water  s  la^ 
quantity  of  sugar,  and  to  alcohol  the  following  substances:  8.  An  indiflei*^^ 
substence,  C*H*0*,  crystellising  in  prisms,  insoluble  in  ether,  slightly  soluble  ia 
hot  alcohol  and  water,  and  precipiteted  by  lead  acetate.  ^4.  An  oiange-ooloiff^ 
bitter  substence,  designated  by  Kublv  as  chrysophane,  which  is  insoluble  in  ether,  bet 
soluble  in  water  and  in  alcohol,  and  decomposed  by  adds,  wiUi  formation  of  foff^ 
and  flocculent  chrysophanic  add. 


According  to  Maisch  (Ckem,  News,  xiii.  112),  the  poisonous  principle  ^ 
Rhus  Tbxieodendron  is  not  a  volatile  base,  as  steted  by  Khittel  (v.  109),  but  a  TDUttl* 
acid  (toxicotUndronie  acid),  which  differs  from  formic  add  by  the  drenmstance  ^ 
ite  sparingly  soluble  mercurous  salt  is  not  reduced  by  boiling.  In  the  state  ^ 
vapour  or  m  aqueous  solution  it  produces  blisters  and  eruptions  on  the  skin. 
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A  rock  occurring  in  trachytie  and  basaltic  fonnations.     For 
analyses,  see  Jakresb,  1865,  p.  916 ;  1866,  pp.  969,  976. 

Hf OWHroil  UXTMm    This  name  is  proposed  by  Kenngott  (Jakrb,  Min,  1866, 
p.  829)  for  the  alominium  phosphate  hitherto  designated  as  GibbsUe  (ii.  888). 


C"H«*0«  (Ulrich,  BitU,  Soc,  Ckim.  [2]  ix.  225; 
Jtikresb.  1867»  p.  408). — This  acid  may  be  prepared  by  heating  ricinoleic  acid  with 
pure  nitric  add  till  red  Tapoors  are  evolved,  quickly  cooling  the  product  in  cold 
water,  pressing  the  solidified  acid,  and  recrystallising  it  from  hot  alcohol.  It 
crystallises  in  tufts  of  soft  needles  meltinff  at  60^.  It  unites  directly  with  bromine, 
forming  oily  Rieindaidic  dibromide,  C^H'^O'Br',  which  is  converted  by  potash-ley 
even  at  ordinary  temperatures  into  Monobromorieindatdie  acidf  C>*H"Bi<)'.  This 
latter  add  heated  with  alcoholic  potash  forms,  together  with  potassium  bromide,  a 
solid  acid  different  from  ricinostearolic  add,  melting  at  71^,  and  crystallising  from 
alcohol  in  short  needles. 


__-    C»»H«H)»  rUlrich,  ^.  «<.).— By  treating  this  acid  at 

ordinary  temperatures  with  2  mol.  phospnorus  pentachloride,  there  is  formed,  accord- 
ing to  the  equation,  ' 

CiiflMO*  +  2Pa»  =  2P0C1»  +  2HC1  +  C»H«C1«0, 

a  heavy  oil,  which  is  slowly  decomposed  by  water,  yielding  a  mobile,  pungent  liquid, 
floating  on  water,  and  having  the  composition  C*"H"C10'.  This  oil  treated  with 
alcohouc  potash,  but  not  with  sodium-amalgam,  yields  a  viscid  oil,  nearly  free  from 
chlorine,  and  exhibiting  the  characters  of  ricinoleic  add. 

Ricinoleic  dibromide,  C>'H'K)*Br',  produced  by  gradually  mixing  cooled  ricinoleic 
acid  with  1  mol.  bromine,  and  purified  by  saponification  with  weak  potash-ley, 
is  a  heavy  oil,  colourless  at  first,  but  afterwards  turning  brown,  insoluble  in  water, 
easily  soluble  in  alcohol  and  ether.  The  potassium  and  ammonium  salts  are  slightly 
soluble  in  water,  easily  in  alcohol ;  the  otner  salts  are  viscid  glutinous  masses. 

Monobromoricinoleic  add,  C^'H^BrO',  is  formed  by  treating  the  dibromide  with  an 
alcoholic  solution  of  2  mol.  potassium  hydrate,  and  separates,  on  addition  of  hydro- 
chloric acid,  as  a  clear  yellowish  oil,  not  decomposing  at  100°,  easily  soluble  in 
alcohol  and  ether,  forming  with  potash  and  ammonia,  soaps  slightly  soluble  in  water. 
Mixed  in  a  cooled  vessel  with  1  moL  bromine,  it  forms  a  yellowish,  viscid,  easily 
decomposible  oil — probablv  numobromoricinoleie  dibromide — which  is  quickly  recon- 
verted by  alcoholic  potash  into  monobromoricinoleic  add. 

SICZWOBTBJLXOXiZO  AOZB«  C"H''0',  produced  by  heating  monobromo- 
ricinoleic add  to  80®  for  about  8  hours  with  2  mol.  bromine,  and  purified  by 
reczTstallisation  firom  alcohol,  forms  tufts  or  nodular  groups  of  colourless  needles, 
easily  soluble  in  alcohol  and  ether,  volatilising  without  decomposition,  easily  s:iponified 
by  alkalis.  The  ammonium  salt  crystallises  in  slender  needles,  easily  soluble  in 
water,  and  gradually  giving  off  all  its  ammonia  on  boiling;  the  potaesium  salt, 
which  is  likewise  easily  soluble,  crystillises  in  slender  needles  or  as  a  laminar  mass ; 
the  barium  salt,  (C**H"0')-Ba,  is  a  precipitate  insoluble  in  ether,  crystallising  from 
alcohol  in  lamins  which  melt  at  135^;  the  silver  salt,  C"H"0'Ag,  is  a  granuliir 
precipitate  gradually  decomposed  by  hot  alcohol  (Ulrich,  loc.  eit.). 

Sicinoetearolie  dibromide,  C**H"0'Br',  is  formed  as  a  thickish,  yellowish  oil,  on 
gradually  mixing  cooled  ridnostearolic  acid  with  1  mol.  bromine.  In  contact  with 
excess  of  bromine,  it  is  converted  into  the  tetrabromide  0*K*H)*Bt\  a  heavy,  easily 
decomposible  oil.  The  dibromide  is  decomposed  by  alcoholic  potash  at  150^  (tho 
tetrabromide  at  ordinary  temperatures),  yielding  ricinostearofic  acid  smelling  of 
octyl  aleohoL 

SZOXWOSTBASOXTUC  ACZB,  CH^O*,  is  obtained  by  prolonged  heating 
of  ricinostearolic  acid  with  1^  pt.  recently  predpitated  silver  oxide,  decomposing  the 
resulting  silver  salt  with  hydrochloric  acia,  and  recrystallising  the  acid  extracted  by 
ether.  It  crystallises  from  alcohol  in  dendritic  groups  of  needles,  melts  at  78^ 
solidifies  to  a  hard  alabaster-like  mass,  and  is  easily  saponified  by  alkalis.  The 
ammonium  salt  crystallises  in  ring-shaped  groups  of  needles  soluble  in  alcohol ;  the 
silver  salt,  C"H"'O^Ag,  is  a  granular  precipitate  decomposed  b^  hot  alcohol ;  the 
barium  salt,  (C"H"0*)^,  separates  from  alcoholic  solution  as  a  jelly.  Ridnostear- 
oxylic  add  is  distinguished  from  the  isomeric  compound,  stearoxyUc  scid,  by  not 
uniting  with  bromine  without  evolution  of  gas.  When  ricinoleic  dibromide  is  heated 
to  100-*  with  silver  oxide  and  water,  thero  is  formed,  together  with  octylic  alcohol,  a 
mass  which,  when  decomposed  by  hydrochloric  add,  yields  to  ether  a  yellow  randd- 
smalling  oil,  which  deposits  ridnostearoxylic  acid  melting  at  78°  (Ulrich,  loc,  cit.). 
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See  Obchblia*'! 

The  siilU  of  this  baae  heated  to  18*'  vith  pGfti^  is  ilr*  j 
eolution  yield  a  yellowish  liquid  from  iHiicfa  vatar  tlunnra  d<y«B  fne  tona^^- 
coloiu«d  deep  yellow  by  admixtnze  of  ehiymdline,  aa  ia  alao  tke  vadi-vster;  * 
exposure  to  air  and  light,  the  precipitate  tonis  ozang^-red,  and  the  visb-va^  '■ 
sunshine  turns  blue.     Bosalalwdine  salts  similariy  ti«ated  alao  yield  a  Te--7>: 
liquid,  from  whidi  water  throws  down  the  baae  in  &intly  reddim  Bocb,t'jt:"' 
precipitate  and  the  wash-water  beoomiog  violet  when   ex|io0ed  to  soD^iBe.  H^- 
toluidine  salts  heated  to  280^  for  sereial  days  with  glycerin  and  a litlie dkthi :r. 
a  red  liquid  which  is  precipitated  by  ammonia,  but  not  by  water ;  th«  pteeip  u':  > 
dark  yiolet,  the  wash-water  light  violet.    Rosaniline  salta  simiLaiiy  treatai  y--  • 
red -brown  precipitate  and  a  yellow-brown  wash -water.     Rosaniline  salts  ar*  ^ 
soluble  than  rosatoluidine  salts,  and  the  free  base  is  more  easily  sepaiateii  tc  i. 
former  than  from  the  latter  by  alkalis.    The  solutions   of  rosaniline  salts  ^«^- ' 
dyeing  exhibit  a  faint  yellowish  reflex ;  those  of  rosatoluidine  do  not.    The  o-;  :"-' 
power  of  rosaniline  salts  is  to  that  of  xosatolnidine  salts  as  109^  to  140°  (A.&«<^ 
Jiuil.  Soc,  Ckim.  [21  ti.  864). 

On  the  reaction  of  the  eampkene  kydroeklorides,  C*«H'*.HCI  aad  0*H**.2HC  r. 
rosaniline,  see  Tbbkbinbs. 

Action  of  AldehytUs  on  Sosanilins, — When  the  yellow  eolation  of  roaaniliae  r^-'- 
(or  other  salt)  in  aqueous  sulphurous  acid  is  mixed  with  a  few  drops  of  an  &<■•:: - 
(bitter  almond  oil,  oenanthol,  or  valeral),  the  rosaniline  being  kept  in  exeess,  salp^> - 
anhydride  is  given  off,  the  solution  turns  red  and  afterwards  violet,  and  gr^- 
deposits  copper-coloured  crystalline  scales  consisting  of  the  mono-acid  salti  --^  - 
following  bases : 


BenayUdeiM-  Heptylidene.  Amylid 

roMnfline  rosaniline  roaaiilllne 

C»H'«)  C*H»«)  C"H'*) 

H  J  H   j  H   j 

These  bases  do  not  form  triaeid  salts.  The  copper^coloured  arsenate  of  ^• 
lidene-roBaniline  consists  of  C>'H«>N*.AsHO*;  the  yellow  platmockl^ - 
C^H*'N*.2HCl.PtCK  By  acting  upon  these  bases  in  alcoholic  solution  vitb :':: 
iodide  (or  with  iodine  and  phosphorus)  the  typic  hydrogen-atom  may  be  repb^- 
ethyl.  The  salts  of  the  ethylated  bases  are  insoluble  in  ether,  water,  and  dilute  a^ ; 
but  dissolve  easily  in  alcohol,  foiming  violet  solutions  (Schiff^  BmU.  Soc.  CUs,  • 
vii.  618). 

(Enanthol  forms  with  ciystallised  rosaniline  acetate,  even  at  ordinary  teoipenf^ 
a  compound  which  dissolves  in  alcohol  with  blue  colour,  and  yields  with  caustic  p^*- 
red  crystalline  flocks  of  trikeptylidene^irosanUine^  C**H'*N«: 

2(C"HW)'«H»N"  +  8C'H"0  -  8H»0  -H  (C"H")^C»ft")»N» 
Bosaniline.  ntnanthol.  Tritaep^lidene- 

nwanJHne. 

This  base,  as  well  as  its  salts,  decomposes  below  100°,  especially  in  presence  of  ^^ 
of  cenanthol,  forming  a  yellow  resinous  mass  composed  for  the  most  part  of  hept^  ''^' 
diioluidene-diamine,  (G^H>*)(C'H*)*N*.  The  decomposition  in  presence  of  ceius^ 
may  perhaps  be  represented  by  the  following  equation : 

2r(CH-)«|N>J    +  8C»H"0  =  ^c^iyiN*    -    2[(^5T|n']    +  %W 


BoaaniUne.  (Bnanthol.         Heptylldene-  Heptylidene- 

diphoiyleiMy  ditoluidene- 

diamine.  diamine. 

The  formation  of  heptylidene-diphenylene-diamine  has  not  however  been  distittct' 
proved ;  it  has  merely  been  observed  that  the  heptylidene-ditoluidene-diamis'  -' 
accompanied  by  another  base  of  lower  boiling  point.  Benzoic  aldehyde  forms  v^;- 
rosaniline  at  90^-100°  a  violet  mass,  which,  from  the  analysis  of  its  plotinam  ^• 
appears  to  contain  toluidine-rosanUine,  [(C'»H")(C»H«)H]N»  j  at  120°  a  ciystalir 
copper-red  product  is  formed ;  and  at  160^-160°,  with  excess  of  benzoic  aldebj^ 
there  is  obtained  a  heavy  yellow  oil  from  which  alcohol  separates  a  sandy  poini^ 
(Schiff,  BuU.  Soe.  Chim.  [2]  v.  291% 
Hydrocyan-rosanUine,    C««H'»N«.HC5y  (v.  116). 

MOSa  OI&«    The  camphor  or  stearoptene  of  this  oil  (obtained  from  roses  gt^ 
at  Mitcham),  when  careMly  fused  by  the  heat  of  the  sun,  solidifies  <te  cooling.  i= 
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microfloopic,  tnincated,  six-sided  pyramids,  not  belonging  to  the  rhombohedral  system. 
It  has  the  composition  of  an  olefine,  C"H*',  melts  at  32'5,  gires  off  vapours  at  160^, 
begins  to  boil  at  272®,  boils  completely  at  275^,  turns  brown  and  black  at  300°. 
When  oxidised  by  filming  nitric  acid,  it  yields  succinic  acid,  together  with  a  small 
quantity  of  oxalic  acid,  and  perhaps  valeric  and  formic  acids.  A  mixtore  of  potassium 
chromateand  sulphuric  acid  produces  no  perceptible  effect  upon  it,  beyond  the  emission 
of  a  faint  odour  of  acxoleiii  (Fluckigor,  Zeittehr.  /.  Chem,  [2]  yi.  126). 

SeeCuBCUHiK. 


S0801U0  JLCXn.  C»WO*  or  C**Hi*0\— -The  formation  of  this  acid  from 
zosaniline  by  the  action  of  nitrous  acid  has  already  been  noticed  (v.  684).  The 
equations  representing  it  are  as  follows : 

(?»H»N«  +   8HN0»  =  C«H'«N«  +  6H«0. 

C»H>«N«  +   3H«0  -  C»H»»0»   +  8N». 
AjaNMaDillne.  Bosolio 

acid. 

The  deep  red  solution  of  rosaniline  turns  brown  when  mixed  with  excess  of  hydro- 
chloric acid,  then  yellow  when  nitrous  acid  is  passed  into  it,  and  deposits  on  boiling  a 
dark-coloured  solid  body  which  differs  from  rosolic  acid  obtained  from  phenol  (by  Uie 
action  of  sulphuric  acid  on  a  mixture  of  phenol  and  oxalic  acid)  in  this  respect,  that 
its  salts  are  not  coloured  darker  by  potassium  ferri(wanide.  It  seems  probable  that  the 
zosolic  acid  obtained  &om  phenol  may  contain  a  body  (likewise  produced  from  leucani- 
line,  and  therefore  called  leuooro^olic  acid)  which  induces  the  darker  coloration  by  the 
ferricyanide.  The  same  body  is  formed  by  the  reducing  action  of  zino  and  hydro- 
chloric  acid  on  rosolic  acid  obtained  from  rosaniline ;  and,  on  the  other  hand,  rosolic 
acid  from  phenol,  after  treatment  with  potassium  ferricyanide,  precipitation  with  acid, 
and  solution  in  alkali,  exhibits  exactly  the  same  characters  as  that  which  is  produced 
from  rosaniline  (Wanklyn  a.  Caro,  Ptoc,  Roy.  8oo,  xv.  210). 

Caro  {PhU,  ^og'  [4]  xxxii.  126)  has  also  endeavoured  to  determine  whether  the 
formation  of  rosoUc  add  from  phenol  requires  the  presence  of  a  substance  which,  like 
cresol,  oxalic  acid,  &c.,  contains  carbon  in  the  form  in  which  it  exists  in  the  fatty 
series.  Hie  finds  that  (similarly  to  the  formation  of  rosaniline)  puro  phenol  or  pure 
cresol  treated  with  manganese  dioxide,  mercuric  sulphate,  arsenic  anhydride,  or  iodine, 
does  not  yield  a  trace  of  rosolic  add.  This  acid  is  however  always  formed  when  a 
mixture  of  phenol  and  cresol  is  employed;  also  from  puro  phenol  (but  not  from  cresol) 
heated  with  strong  sulphuric  acia  and  oxalic  acid,  with  sulphuric  acid  and  amyl 
.iodide,  with  bromacetic  acid,  with  acetic  acid  and  iodine,  with  formates  and  iodine, 
and  in  considerable  quantity  with  iodoform.  In  a  similar  manner  rosaniline  is  pro- 
duced from  piire  aniline  (free  from  toluidine)  by  heating  with  iodoform  or  with  load 
formate  ana  iodine,  ana  in  smaller  quantity  by  the  action  of  chloroform,  carbon 
chloride,  or  cyanogen  iodide.  With  toluidine  thero  is  formed  under  the  same  circum- 
stances a  brown  product  not  containing  rosaniline.  Hence  Caro  concludes  that  in 
rosolic  add,  as  in  rosaniline,  part  of  the  carbon  is  combined  in  the  same  manner  as  in 
the  aromatic  bodies,  part  as  in  the  fatty  bodies,  as  indicated  by  the  following 
equations  of  formation : 

Anilin«  Toluidine  Boeaniline 

C«H*(NH«)     +  2[OH*(CH')(NH«)]  -  C«»H»N*  +   3H« 
3[C«H»(NH«)]  +  2C  «  C*»H'»N«  +     H« 

Phenol  Cresol  Koeolic  acid 

<>H*(OH)      +   2[C«H'(CH«)(0H)1     «  C»H"0«  +   3H« 
8[C«H»(0H)]    +20  «  C«»H'-0>  +     H» 


The  crystalline  grains  of  this  add  obtained  by  treating 
diy  gallic  add  with  strong  sulphuric  acid  (v.  133)  aro  anhydrous,  and  have  the  com- 
position C'H^O* ;  they  have  the  colour  of  carmine,  and  appear  under  the  microscope 
as  acute  riiombohedrons.  The  amorphous  acid  C'H<0*.H*0*  gives  off  its  water 
(10*58  p.  c)  at  185°.  The  acid  may  be  sublimed  in  cinnabar-red  prismatic  crystHls, 
which  do  not  lose  weight  at  125^  It  is  insoluble  in  cold,  slightly  soluble  in  boiling 
water,  also  in  alcohol  and  ether;  in  potash  and  ammonia  it  dissolves  with  red  colour 
when  the  air  is  excluded,  with  brown  colour  in  contact  with  air ;  the  alcoholic  solution 
is  neutral.  It  does  not  yield  pyrogallic  add  when  heated  with  potash  or  lime. 
Baryta-water  does  not  dissolve  it^  but  converts  it  into  an  indigo-blue  mass  soluble  in 

•  Mlaprlnted  C'H*0*  in  vol.  v.  p.  18* 
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potAsh  (Wagner,  Ckem.  Cenir.  1861,  p.  47).    By  faaian  with  poCaBh  it  is  eoawtM 
into  oxyquinone,  0«HH>"  (Malin,  p.  893).  _         ,  ,    .     ^^  v 

According  to  Lowe  (J.  pr.  Ckem,  crii.  296;  ZeUsokr./.  Ckem.  [2]  tl  128),  tfe 
formnla  of  rufigallic  acid  is  C"H«0«,  and  iU  fbimation  fiom  gaUic  add  »  tiXn^ 
with  the  formation  of  a  product  of  oxidation,  tlie  fxxygea  being  anppUfld  ai  t^ 
ezpenie  of  the  Bulphnric  add :  other  dehjdiating  agents,  sine  chloride  for  ""^  J 
not  convert  gallic  into  roagallic  acid.  By  strong  potash  solution,  and  espedali;  ts 
alcoholic  potash,  it  is  converted  into  a  blne-blaek  salt. 


«w  — .  Acooiding  to  Spiess  a.  Soetmann  {Jakresb,  1866,  p.  587},  this  «^>^«' 
CuH'K)*'  (or  C**H^**  2H'0),  is  easily  obtained  from  commerdal  Cihineta  vd^ 
berries  in  grains  (the  undeveloped  flower-bnds  of  Sopkora  japomica,  known  mlfviil 
whereas  Chinese  yellow  berries  in  pods  (the  finiit  of  Gardemia  radieam  and  G.  few] 
contain,  not  rutin,  but  maanite. 


s 

Crystallised  ethyl  sacehazate  gently  heated  with  4  ad. 

acetyl  cMoride,  is  converted  into  a  crystidline  compound,  C'*H**0*,  mixed  with  tf  & 
insoluble  in  water.  The  ciystalline  body  is  perhaps  formed  in  the  manner  shova  v* 
the  equation : 

C«H»*0»  +  4C«H«0a  -  C"H»*0«  +  2C»HK)«  4-   4HCL 

Beochatio  Aoetyl  OxyitolUiie  Aoetlo 

add.  chloride.  compoand.  add. 

When  the  crystalline  compoand  of  ethyl  saocharate  and  caldum  chloride  is  heated  ^ 
100®  with  somewhat  more  than  an  equal  weight  of  acetyl  chloride,  a  gmnniy  ma*  > 
formed  which  gives  up  to  anhydrous  ether  an  oil  easily  soluble  in  water  and  mlotM 


soluble  in  alcohol  and  ether,  and  resinised  by  aloohoUo  potash  (Baltser,  BuB.  Sk, 
Ckim.  [2]  z.  268). 

BAmOM  (B.  Weiss,  J.  pr,  Ckem,  d.  65].— When  dried  saffron,  after  exhau^Ka 
with  ether,  which  removes  a  small  quantity  of  a  yellowish  oil,  is  digested  with  water, 
gum,  vegetable  mucilage,  inorganic  salts,  and  sugar  are  dissolved,  together  with  tl» 
unaltered  colouring  matter  of  the  safiron ;  from  this  solution,  the  gum,  mndlage,  aad 
inorganic  salts  may  be  precipitated  by  absolute  alcohol ;  and  the  filtrate  mixed  vit& 
ether  deposits  the  celouring  matter  mixed  with  small  quantities  of  sugar  and  aalts. 
This  colouring  matter,  polychro'ite,  C**H*H)"  (?),  forms  an  orange>yellow  prw- 

fitate  which  dries  up  over  sulphuric  acid  to  a  friable,  ruby-coloured,  dcdiquesoent  inas. 
t  is  inodorous,  has  a  faint,  sweetish  taste,  dissolves  easily  in  water  and  in  dilute 
alcohol,  but  is  nearly  insoluble  in  absolute  alcohol.  The  aqueous  solution  is  taneii 
brown  by  hydrogen  sulphide,  and  is  decolorised  by  nitrous  acid  or  chlorine.  -1^ 
dilute  adds  it  is  resolved  into  a  red  secondary  colouring  matter  (crocin],  sugar,  and  as 
aromatic  oil  having  the  characteristic  odour  of  saffiron.  On  heating  its  aqueons 
solution  with  dilute  sulphuric  acid  (not  in  excess)  in  a  retort  through  which  a  stress 
of  hydrogen  is  passed,  crodn  separates  as  a  red  powder,  while  the  oil  distils  over. 

Croein  has  the  composition  C'*H*H)';  an  orange-yeUowlead  salt  predpitated  froia 
ite  alcoholic  solution  by  lead  acetate  conteins  (C**H*'0*)'Pb ;  a  red  substance  rtrj 
much  like  croein,  left  undissolved  by  ether  in  the  preparation  of  polychroTte,  oonsiBtfl 
of  2C"H"0*.8H*0.  Croein  dissolves  very  sparingly  in  water,  easily  in  alcohol  and 
in  dilute  alkalis.  From  the  alcoholic  solution  it  is  precipitated  by  ether,  from  solution 
in  alkalis  bv  acids,  in  purple-red  flocks.  Heated  with  strong  potash-ley,  it  deoompoeee, 
with  evolution  of  pungent  vapours.  With  strong  sulphuric  add  it  acquires  a  de^p 
blue  colour,  gradually  changing  to  violet  and  brown ;  nitric  acid  colours  it  greeo, 
changing  to  yellow-brown.  Croein  suspended  in  water  dissolves  in  nitric  add  to  a 
colourless  liquid,  without  formation  of  oxalic  add ;  it  is  decolorised  by  chlorine ;  not 
affected  by  sulphurous  add^ 
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The  mobile  9olaiiie  cU  obtained  in  the  decomposition  of  poljchroite  is  je]low,  has 
the  odoor  of  saf&on,  and  boils  at  208^-210°.  It  mixes  in  all  proportions  with  alcohol 
and  ether,  is  insoluble  in  water,  but  is  decomposed  by  prolonged  contact  with  it,  the 
liquid  acquiring  an  acid  reaction  and  becoming  cohered  with  white  films.  Heated 
with  potash-ley  it  decomposes,  giring  off  pungent  vapours ;  alcsoholic  potash  couTerts 
it  into  a  resin.  It  quickly  reduces  silyer  solution,  especially  on  addition  of  ammonia ; 
is  coloured  brown  by  solution  of  iodine  in  potassium  iodide ;  does  not  unite  with 
alkaline  bisulphites. 

The  decomposition  of  jpolychroite  by  acids  appean  to  take  place  in  the  manner 
represented  by  the  equation : 

C«H«^"  +  H»0  -  2C"«H>«0«  +  C»*ffK)  +  C«H"0« 
PoltydnoXte.  Crodiu  Oil.  Sncar. 

See  SAflsjkFiUB  Oil. 

0'*H**N'0*. — An  alkaloid  obtained  from  the  poisonous 
secretion  of  the  cutaneous  glands  of  the  land  salamander  {Saiamandra  maetuataS.  It 
is  not  Tolatile,  crystallises  with  water,  dissolves  easily  in  water  and  in  alcohol,  and 
has  an  alkaline  reaction.  The  hydroehloride,  G*<H«*N<0*.2HC1,  czystallises  in 
needles,  but  becomes  amorphous  in  drying  (Zalesky,  BuU.  8oe,  Ckim.  [2]  yi.  844 ; 
Jakrab,  1866,  p.  755). 

AA&BP.  The  orchis-roots  known  by  this  name  contain,  according  to  Dragendorff 
(Jahresb,  1865,  p.  633),  48*1  p.  c.  dextrin,  arabin,and  semi-soluble  vegetable  mucilage, 
27'3  starch,  1*2  sugar,  2'4  cellulose,  4*9  proteids,  and  4*8  p.  c  ash  (containing  28*8 
p.  c.  phosphoric  anhydride,  and  23  p.  c.  potash). 


1 


See  Sauctixil,  Aiodbs  of  (p.  1011). 


C"H''0'.  This  compound  is  not  decomposed  by  water  in  closed 
Tesaels,  either  at  ordinary  temperatures  or  at  100°  ;  but  in  contact  with  the  air  the 
aqueous  solution  is  soon  found  to  contain  sugar  and  saligenin,  at  the  same  time  that 
mould  forms  on  its  surface.  If  this  mould  be  introduced  into  a  salicin-solution  kept 
from  contact  with  the  air,  the  resolution  of  the  salicin  into  sugar  and  saligenin  takes 
place  more  quickly  ^Moitessier,  Jahrab.  1866,  p.  676). 

Salicin  dissolves  in  a  solution  of  sodium  in  alcohol,  the  liquid  after  a  while  solidify- 
ing to  a  crystalline  pulp,  which  when  washed  with  alcohol  and  dried  at  a  gentle  heat 
yields  a  white  brittle  mass  of  todium-^alicin,  C"H"NaO'  (Ferkin,  Chem,  News,  xriii. 
110). 

Bromoaaliein,  C"H*'BrO^  is  formed  by  gradually  adding  bromine  to  a  solution 
of  salicin  in  20  pts.  water.  The  liquid  then  solidifies  to  a  pulp,  which,  when  freed  by 
ether  from  a  resinous  substance,  crystallises  from  water  in  four-sided  prisms  of  hydrated 
bromosalicin,  C"H''BrO*.2H'0.  This  compound  tastes  bitter,  like  salicin,  is  easily 
soluble  in  water  and  alcohol,  insoluble  in  ether,  gives  off  its  water  at  110^,  melts  at 
160^,  and  decomposes  at  about  200^.  Bromosalicin  is  decomposed  by  emulsin,  less 
easily  than  salicin ;  the  bromosalisenin  thereby  produced  forms  a  blue  colour  with 
ferric  chloride,  like  saligenin.  Acids  added  to  its  solution  throw  down  bromosaliretin. 
Its  aqueous  solution  is  precipitated  by  basic  lead  acetate.  Bromosalicin  treated  in 
warm  solution  with  excess  of  bromine,  is  converted  into  a  pulverulent  compound 
containing  25*28  p.  e.  bromine  (0.  Schmidt,  ZeiUchr,  f.  Chem.  [2]  i.  320). 

JhrwaHveB  of  SdUein  containing  Aeid  Organic  Radicles. — Salicin  treated  at  ordinair 
temperatures  with  acetyl  chloride  is  converted  into  a  compound  of  acetyl  chloride  with 
tetracetyl-salidn : 

C»H»H)'  +  5C«H«0a  «  4HC1  +  C"H'XC«H»0)*0*.C«H»0C1. 

This  compound  is  insoluble  in  water,  slightly  soluble  in  ether,  easily  soluble  in 
alcohol,  from  which  it  is  deposited  in  small  crystals.  By  hot  dilute  mineral  acids  it 
is  resolved  into  sugar,  saliretin,  acetic  acid,  and  hydrochloric  acid ;  b^  alkalis  into 
salicin  and  the  same  acids ;  with  silver  nitrate  it  yields  tetracetyl-salicm,  acetic  acid, 
and  silver  chloride.  Tetraoeiyl'Salicin  is  soluble  in  water,  alcohol,  and  ether,  crystal- 
lises in  needles,  and  reacts  with  adds  and  alkalis  in  the  manner  just  mentioned : 
It  is  not  discomposed  by  emulsin.  The  chlorides  of  butyryl,  valeryl,  and  caproyl  yield 
with  salicin  unciystallisable  products,  and  the  lead-compound  of  salicin  heated  to 
100^  with  ethyl  iodide  yields  only  a  resinous  body.  Monochlorosalicin  is  converted 
bv  acetyl  chloride  into  acetochloroealiem,  C"H>*C1(C>H*0)0^  which  crystaUises  from 
alcohol,  and  reacts  like  tetracetyl-salicin  (Moitessier,  loe.  eit.). 

According  to  Schiff  (Zeitechr.  /.  Chem.  [2]  v.  51),  tetracetyl-salicin  maybe  obtained 
directly  by  treating  salicin  with  a  large  excess  of  acetyl  chloride  at  a  rather  low 


(OC«H»0)* 

O 

CH».OH 
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temperature  in  an  open  vessel,  care  being  taken  to  remore  the  fi jdrocblorie  add  ksssi 
at  the  same  time  as  quickly  as  possible.     Salicin  treated  in  th«  same  maaaer  vi'ii 
benxoyl  chloride,  is  converted  into  ben£cyU9alicin  or  popnlio^  C"H"(C'HK))0'.  Scbif 
has  also  obtained  di-  and  tri-betuoyl  salicin.    Both  tiieae  compaaiidi  are  issohi!^  is 
hot  water;    in   ether,  tetrabenroyl-salicin  dissolyes  very   eaaily,    dibensorl-saa". 
scarcely  at  all.     Tetrabenzoyl-salicin  is  a  colourless  resin,  which  vhen  boUed  viii 
hydrochloric  acid  yields  a  large  quantity  of  bemnie  acid,  together  with  salircda  aad  a 
humus-like  compound  of  glucose. 
SchifT  lepiesents  salicin  and  its  tetraoetyl  deriratiTD  by  the  fbUowing  fonwi^: 

Balicin  Trtn 

(QlycosaUcyl  sloobol). 

mJLLXar^AMXDM.    CH^NO'  B  CH«  j  00NH*'~'^™^  oompoond,  prodwed  >? 

the  action  of  ammonia  on  acid  methyl  salicylate  (winter^green  oil),  is  somettraes  e^^- 
salicylamic  acid  (v.  160),  but  its  mode  of  formation  &ow8  it  to  be  fia]ieTl8s.<-<> 
analogous  in  constitution  to  glycollamide : 

Acid  methyl  Methyl  SaUcyUmlde. 

salicylate.  alcohol. 

The  true  salicylamic  acid,  C*H*j  qqq^,  analogous  to  glycollamic  add,  has  nc^J^ 

been  obtained. 

Salicylamide  treated  with  phosphorus   pentachloride  is  convertod    into  saltc^'- 

ddoronitrOe,  OH*  j^^  (L.  Henry,  ZeUackr,  /.  Chem,  [2]  vi.  53). 

Methyl'salicyhmide,  ^^*]qoNH''  ^^  produced  by  the  action  of  ammonia  at  3^' 

on  methylic  methyl-salicylate,  OH"  j  (v)0CH«»  *"*^  crystallises,  by  slow  eTapante* 

of  its  ethereal  solution,  in  long  shining  prisms  melting  at  128^-129^.  When  be^^ 
to  160°,  it  doou  not  yield  a  compound  analogous  to  salicylonitrile  (p.  1012),  the  gragXti 
portion  distilling  without  decomposition  (Grimauz,  BuU.  Soc,  Chim.  [2]  xiii.  26). 

BA&ZOTIiXO  AOZB.    C'HK)»  -  ^^^jcOOH-  ^^^^i^^*9^>^'^^oie  Add.^Far^ 

ti<m :  a.  By  heating  phenol  with  acid  potassium  carbonate  and  a  little  water  to  16«H 
in  a  sealed  tube  (Drechsel,  Jahresb.  1865,  p.  367) :  * 

C«H«0  +  CO«HK  -  H«0  +  C'H»0>K. 

.fi.  By  the  action  of  nitrous  acid  on  meta-amidobenzoic  acid  (Hubner  a.  Petennaas* 
Ann.  Ch.  Pharm,  cxlix.  129) : 

C»H'NO»  +  KO«H  =  C»H«0»  +  N«  +  H«0. 

y.  By  heating  monochlorotoluene  with  fuming  sulphuric  acid,  whereby  it  ia  oonTerted 
into  chlorosulpbobenzylic  acid,  C*H^C1 .  CH'SO'H,  and  iusing  the  potassium  salt'^^ 
this  acid  with  excess  of  potash.  The  chlorine  and  the  sulphuric  residue,  SCH,  tf* 
then  replaced  by  hydroxyl,  forming  the  compound  C*H^OH.CH*OH ;  and  this,  under 
the  oxidising  inBuence  of  the  potash,  is  converted,  with  evolution  of  hydrogen,  into 
potassium  salicylate : 

C«H*OH.CH«OH  +  KHO  =  CH*(OH).CO»K  +  2H«. 

The  acid  separated  from  this  salt  by  hydrochloric  acid  agrees  with  salicyh'c  acid  insH 
its  characteristic  properties  (Vogt,  Zeitschr.f.  Chem.  [2]  v.  677). — 8.  When  sodium  in 
small  pieces  is  added  to  a  mixture  of  equal  parts  of  ethyl  chlorocarbonato  and  phenol 
in  sufficient  quantity  to  combine  with  all  the  chlorine  present,  ethyl  salicylate  is  formed, 
together  with  a  very  laigo  quantity  of  phenyl-ethyl  carbonate  (Wilm  a.  Wischin,  M- 
iv.  6). 

Decomposition  by  Heat. — Salicylic  acid  heated  alone  or  with  water  is  resolved  into 
phenol  and  carbon  dioxide  between  220^  and  230° ;  but  when  it  is  heated  with  con- 
centrated aqueous  hydriodic  or  hydrochloric  add,  or  with  dilute  sulnhuric  acid  (1  pt 
acid  to  8  pts.  water)  the  decomposition  takes  place  at  140^-160°,  and  the  more  quickly 
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PyrophosphamatM  are  formed  by  the  action  of  metallic  chlorides  on  the  diamic 
acid,  thus : 

P»(NH')«H»0*  +  HK)  +  3MC1  «  NH'Cl  +  2HC1  +  I«(NH«)M«0«. 

P^Tophosphotriamic  acid  appears  to  be  formed  from  an  amidated  ozychloride  of 
unknown  oomposition. 

TxTRAPHOSPRAVic  AciDs  (Gladstone,  Chem.  Soc.  J.  [21  vi.  261). — These  acids, 
also  produced  by  the  action  of  water  on  the  amides  of  phospnorus  ozychloride,  may 
be  derived  from  tetraphosphoric  acid,  P^(HO)*0^  the  acid  corresponding  to  the  phos- 
phates, P*(MO)«0'  (ir.  637) ;  thus : 

Tetxaphosphodiamic  acid        ....    P<(NH>)<(HO)<0'. 
Tetraphosphotetramic  acid      ....    P*(NH«)«(HO)sO'. 

When  phosphorus  oxychloride  is  saturated  at  a  low  or  moderately  high  temperatures 
with  ammonia,  a  white  mass  is  formed  which  dissolves  completely  in  water,  with 
exception  of  a  small  quanUty  of  pyro^hosphotriamic  acid ;  and  alcohol  added  to  this 
solution  throws  down  either  a  viscid  liquid  or  light  solid  precipitate,  sometimes  also  a 
glutinous  substance  which  appears  to  be  a  mixture  of  the  other  two.  The  liquid 
compound,  when  purified  by  washing  with  alcohol,  repeated  precipitation  by  alcohol 
from  its  aoueous  solution,  and  drying  in  a  vacuum,  has  the  composition  P'N*H*'0". 
It  is  very  nygroecopic,  sustains  a  tempraature  of  100°  without  decomposition,  gives  off 
ammonia  when  treated  with  cold  potash-ley,  and  is  decomposed  by  hydrochloric  acid 
into  orthophosphoric  acid  and  sal-ammoniac.  With  ammonia  it  forms  a  liquid 
oompound  slightly  soluble  in  water,  insoluble  in  alcohol,  from  which  the  original 
substance  is  separated  by  dilute  sulphuric  add.  In  aqueous  solution  it  forms  solid 
precipitates  with  many  metallic  salts,  but  appears  at  the  same  time  to  undergo  altera- 
tion, inasmuch  as  neither  of  these  compounds  contains  more  than  3  at.  nitJt)gen  to 
4  at.  phosphorus,  and  they  all,  when  decomposed  by  acids,  yield  solid  tetramides  and 
pyxophospnamic  adds.  From  its  reaction  with  potash,  the  oompound  P*N*H"0"  may 
be  rogarded  as  the  triammonium  salt  of  tetraphciphodiamic  ood;  P'(NH.')*H(KH*)'0". 

Tetrt^hosphotetrionio  acidt  P*(NH*)^H*0*,  is  obtained  eiUier  by  decomposing  the 
liquid  oompound  with  a  metallic  salt,  and  the  precipitate  with  an  add,  or  more 
readily  by  dissolving  the  above-mentioned  glutinous  body  in  water,  decomposing 
it  witn  a  laree  excess  of  a  mineral  add,  predpitating  with  alcohol,  and  repeating  this 
treatment  till  the  precipitate  becomes  sparingly  soluble  in  water,  and  friable 
ailer  drying.  It  is  likewise  produced  by  boiling  the  liquid  acid  with  water  for  several 
hours,  or  by  treating  it  with  alkalis  or  strong  adds.  Its  formation  is  usually  accom- 
panied by  that  of  pyrophosphodiamic  or  pyrophosphotriamic  add.  It  combines  with 
bases,  and  is  separated  by  acids  from  the  resulting  compounds,  apparently  unaltered. 
It  appears  to  form  two  ammonium  salts,  one  of  which,  precipitated  by  alcohol 
from  uie  aqueous  solution,  has  the  composition  P*(NH*)*H(NH^)0',  and  gives  off  all  its 
ammonia  in  a  vacuum.  Two  ailwr  saUs,  P«N«H*AgH)«  and  P«K«H"A^^,  have  also 
been  examined. 

Tetraphosphopentazotie  Acid.  P*N*H*0\— When  phosphorus  oxychloride  is 
zapidly  saturated  with  ammonia,  the  mass  becomes  strongly  heated,  and  when  treated 
with  water  leaves  a  body  different  from  pyiophoephotriamie  add.  This  compound 
is  obtained  in  greater  purity  when  the  product,  saturated  witli  ammonia,  is  heated 
above  200^,  but  not  to  the  volatilising  pcant  of  sal-ammoniac,  and  then  exhausted 
with  water.  The  insoluble  residue  consists  of  tetraphosphopentasotie  acid.  It  is 
deeomposed  with  moderate  facility  by  water,  and  qui^y  at  the  boiling  heat,  with 
formation  of  pyrophosphamic  acids ;  a  similar  transformation  takes  place  gradually 
in  the  dry  state  and  at  ordinary  temperatures.  The  salts  of  this  acid  are  nearly  or 
quite  insoluble.  The  ammonium  salt,  P'N*H*(NH^)0',  and  the  potassium  salt, 
^N^HVO',  have  been  examined;  also  the  silver,  copper,  and  lead  salts,  which, 
however,  have  not  been  obtained  of  constant  composition. 

When  tetraphosphopentasotie  add  is  treated  with  neutral  or  slightly  acidulated 
silver  nitrate,  a  pale  yellowish-brown  pfedpitate  is  formed,  having  nearly  the  compo- 
sition P^N*H*Ag*0*.  Gladstone  regaros  this  salt  as  the  silver  salt  of  tetraphotpno' 
teirimie  add,  P^NH)*H«0'  {Chtm,  8oc,  J.  [2]  vii.  22). 

VBOSVSAMtBBS.  By  passing  dry  ammonia  gas  into  phosphorus  oxychloride, 
and  digesting  the  product  wiUi  water  to  dissolve  sal-ammoniac,  Schiff  (iv.  498) 
obtain^  phosphotriamide,  PO(NH')*.  Qladstone,  on  the  other  hand,  did  not 
obtain  this  compound,  but  only  the  intermediate  bodies  P0C1*(NH*)  and  P0C1(NH*)* 
{Chem,  Hoc,  J,  [2]  vii.  16).  Schiff,  however,  in  a  recent  paper  {ZeUtehr,  /.  Chem,  [2] 
T.  609)  again  asserts  the  formation  of  the  phosphotriamide,  and  points  out  that  in 
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giTM  off  1  moL  water  at  lOO^,  the  rest  at  ISO^*.  A  basic  barimm  tdt^^CTK^r 
SH^O,  ia  obtained,  like  the  oorreepondiiig  mono-iodosalicylate,  in  snail  silkj  ul>i, 
diasolriog  TSiy  sparingly,  but  with  strong  reaction,  in  water,  beei»nii%  aDkjdim  u 
16(^,  The  caleiwn  salt,  (CH>XK>')'Ga  -i-  6HK),  separates  from  a  boiliiig  iq«^ 
solntion  on  cooling  in  highly  lastrous  nentzal  needles,  aolable  in  1160  ptLvaiert^ 
18^,  becoming  anhydrovs  at  120^  (Liechti). 

Aaildoaaliejllo  or  li«ta-«mM0sybM»Mo  meld,  C^'NO*  B  C'H^liH^  I  ^Q^^^ 

is  produced  by  the  action  of  tin  and  hydrochloric  acid  on  nitzoeaUcylicsdd  (BokciL 
Anm,  Ck.  Pkdrm.  cttt,  242) : 

C»H*(NO«)0«  +   8Sn  +  6Ha  «  (7H»(NH«)0«  +   2H*0  +  JSnO'; 

also  by  heating  the  nitro*acid  with  ftmiing  hydriodic  acid  and  a  little  phosplMina  t 
120®-13<H,  and  by  treating  the  nitric  acid  with  sodinm-amalgam  (Moitossier,  J<^i 
1866, 385) ;  not  by  the  action  of  aaunoninm  sulphide  (B.  Schmitt,  ZeUaekr.  (X  Piin 
1864,  S21). 

The  liquid  obtained  by  the  first  process  solidifies  to  a  crystalline  pulp,  wob^  : 
a  compound  of  stannous  chloride  with  the  hydrochloride  of  amidoaalieylic  add,  vbri 
when  dissolTed  in  water,  decomposed  with  hydrogen  sulphide,  and  eraponted  1 1 
stream  of  that  gas,  yields  colourless  crystals  of  the  hydrochloride ;  and  this,  vl«  ^> 
AiUy  neutraliewi  in  aoueous  solution  with  caustic  soda,  yields  a  neiwoik  of  a:  r 
crystals  of  amidosalicylic  acid.  This  acid  is  insoluble  in  cold  water  and  in  tl^-- 
sparingly  soluble  in  hot  water.  Its  hot  aqueous  solution  exposed  to  the  air  q^c^' 
deposits  a  brown  amorphous  decomposition-product,  which  is  likewise  formfld  bj  Li 
action  of  acids  or  alkalis.  Ferric  chloride  first  colours  the  solution  deep  ehr?r^- 
red,  and  then  forms  a  blnck-brown  precipitate  (more  quickly  on  addition  of  colore  ' 
bromine). 

The  salts  of  amidosalicylic  acid  are  permanent  in  the  diy  state,  but  Tery  nosul^ 
in  solution  ;  those  of  the  alkiili-metals  and  alkaline-earth  metals  are  easilj  »3l-^  -- 
erystallisable,  and  mostly  black-brown ;  those  of  the  heavy  metals  are  ^an^J 
soluble,  easily  decomposible  precipitates  (Schmitt). 

ffvdrockloride  of  AmidoitUu^ic  acid,  C'H'N0*.HC1,  cnrstallises  in  loi«  Beedi-'^ 
easily  soluble  in  water  and  alcohol  at  the  boiling  heat^  The  solution,  which  deccc- 
poses  even  on  exposure  to  air,  deposits  brown  flocks  on  addition  of  auric  or  ^/au' 
chloride,  thsi  hydriodide,  C'H'NO*.HI,  crystallises  in  yellowish  needlt^orUm^ 
more  sUble  in  solution  than  the  hydrochloride.  The  m/pA^i^,  2C^'I^O*.S0'H'' 
H*0,  crystallises  in  slightly  soluble  colourless  prisms  (Schmitt). 

Diamidoaalievlie  acid,  C'H'N'O"  »  C'H«(NH')H)*,  is  produced  by  theactxfi 
of  phosphorus  iodide  and  water  on  methyl  dinitrosalicylate  (▼.  164) : 

C»H«(NO«)«0».CH"  +    18HI  -  CH*(NH«)«0»  +  CH«I  -h   4HK)  +  6P. 

The  resulting  liquid,  decolorised  by  phosphorus  at  the  boiling  heat  and  filtered  nta 
amorphous  phosphonis,  deposits  on  STaporation  a  crystalline  mass  of  the  hydriv^i?-^ 
of  diamidosalicylic  acid ;  and  on  decomposioff  this  compound  in  alcoholic  soh'ir^ 
with  sodium  carbonate  not  in  excess,  oiamiaosalicylic  acid  sepamtes  in  coloar>^ 
stellate  groups  of  needles.  It  is  insoluble  in  alcohol,  but  dissolves  easily  i&  ^^ 
water  and  in  dilute  acids,  excepting  acetic  acid.  The  solutions  quickly  decompose  '^ 
contact  with  the  air,  so  that  the  acid  becomes  coloured  even  by  recrystallisatioo  fr  3 
water.  The  aqueous  solution  is  coloured  brown-red  by  ferric  chloride  or  nitrous  a&A 
depositing  black  flocks  after  some  time. 

Hffdriodide  of  diamidotalieylie  add,  C'H"NK>«.2HI  +  UHK),  is  rerj  soluble  is 
water  and  alcohol,  more  stable  in  presence  of  free  hydriodic  acid  than  in  n^tiv 
solution,  and  crystallises  in  faintly  yellowish  rhombic  tables.  The  J^rocUoriit^ 
C'H*N'0'.2HC1,  forms  square  prisms  easily  soluble  in  water,  less  soluble  in  alcob^^ 
The  sulphate,  C'H"N*O*.S0«H*  +  H*0,  sAparates  on  adding  sulphuric  acid  to  &a 
alcoholic  solution  of  the  hydriodide^  in  stellate  groups  of  square  prisms  slightly  solul-^ 
in  wtiter,  nearly  insoluble  in  alcohoL  The  nitrate  has  beisn  obtained  only  in  grw? 
of  bladL  crystals  (Saytzeff,  Ann,  Ch.  Pkarm.  cxxxiii.  821). 

IMasoaalioylto  aeld,  C'H^N'O',  separates  on  passing  nitrous  acid  into  an  alcoholic 
solution  of  the  hydrochloride  of  amidosalicylic  acid,  in  slender  needles,  which  mar  ht 
recrystallised  from  hot  alcohol,  but  are  decomposed  by  long  boiling,  with  evolution  d 
nitrogen  and  formation  of  salicylic  acid.  It  dissolves  in  moderately  concentrsted 
hydrochloric,  hydrobromic,  or  nitric  acid,  the  solutions  on  cooling  depositing  crystaliiB^ 
compounds  of  these  acids  with  diazosalicylic  acid ;  heated  wiUi  hydriodic  add,  it  'a 
converted,  with  rapid  evolution  of  nitrogen,  into  iodosalicylic  acid.  The  Jkydroeiioridf^ 
C'H^NK>*.HC1  -f  HK),  crystallises  in  long  prisms  which  are  decomposed  by  waUf, 
leaving diasosalicylic  acid.  Platinie  chloride  added  to  the  solution  of  the  hydrochloride 
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throwBdown  the  platinum  salt,  2(CrH«N*0•.Ha).PtCl^  which  is  likewise  decom* 
posed  by  water,  and  when  heated  to  about  200^,  it  yields  a  sublimate  of  m(mocUar(h 
salicylic  acidj  C'H^CIO",  in  long  needles  resembling  bensoic  acid  (Schmitt). 

OxysallojUo  Aoid.  CHH)*. — This  acid,  prepared  by  Lantamiuiii's  piooesf 
(iy.  320),  dissolyes  in  58*7  pts.  of  water  at  21°,  much  more  fnely  in  hot  water ;  mdts 
at  183°  (193°  according  to  Lautemann) ;  reduces  ammoniacal  silver  solution  even  in 
the  cold ;  precipitates  cuprous  oxide  from  Fehling's  solution  when  heated ;  and  forms 
with  ferric  chloride  a  blue  liquid  turned  blood-nd  by  ammonia  (Uechti,  Zeitsckr,  /, 
Chem.  [2]  yi.  197). 

Ethyi  oi^salicylaie,  C*H*0* .  CH*,  obtained  by  passing  hydrochloric  add  gas  into 
an  alcoholic  solution  of  the  acid,  and  purified  by  recrystallisation  from  boiling  carbon 
bisulphide,  crystallises  from  the  latter  in  tufts  of  colourless,  inodorous  laminsB.  It 
melts  at  78°  ;  cannot  be  sublimed ;  dissolves  very  easily  in  alcohol  and  ether;  water 
dissolves  a  small  quantity  of  it,  but  very  slowly  and  only  after  it  has  deliquesced.  It 
reduces  silver  nitrate  and  Fehling's  copper-solution ;  colours  ferric  chloride  dark  blue, 
changing  to  yellow,  and  on  warming  to  brown-red ;  forms  with  lead  acetate  a  white 
precipitate  soluble  in  acetic  acid.  It  is  decomposed  by  ammonia,  yielding  products 
which  have  not  been  accurately  investigated  (Liechti). 

DerivaHvet  qf  Sciicylie  Acid  eontaming  Alcokcl-radideB, 

!0H 
COOH»  ^* 
capable  of  forming  two  classes  of  acid  ethers,  accordingly  as  the  hydrogen  of  the 
hydroxyl  or  of  the  carboxyl  is  replaced  by  an  alcohol-nwdide,  and  neutral  ethers  in 
which  both  these  hydrogen-atoms  are  thus  replaced ;  e.ff,, 

^  ^  }  CO«H  ^  ^  J  CO«C«H»  ^^  I  CO«CH« 

Bihyl-salicyllo  Acid  ethyl  ICethyllo 

idd.  salicylate.  ethylwHOiojlate. 

IKetbyl^«allflyUo  Aeld.     C^*|q^  (Oraebe,  Ann.  Ch.  Pharm,  czxxvi.  124; 

cxxxix.  134). — Obtained  by  heating  1  pt.  of  winter-^;reen  oil  ^acid  methyl  salicylate*) 
with  i  pt.  potassium  hydrate  (previously  dissolved  m  alcohol)  and  1|  to  2  pts.  methyl 
iodide  in  a  closed  vessel  to  100^-120°  for  several  hours,  and  decomposing  the  resulting 
liquid  (decanted  from  the  potassium  iodide  and  freed  f^m  excess  of  methyl  iodide) 
by  boiling  with  caustic  soda.  On  adding  hydrochloric  add,  methyl-salicylic  acid 
separates,  and  may  be  freed  from  admixed  salicylic  acid  by  reciystallisation,  or  by 
digestion  with  milk  of  lime,  whereby  calcium  salicylate  is  separated  in  the  insoluble  state. 
Methyl-salicylic  acid  crystallises,  by  slow  evaporation  of  its  alcoholic  solution,  in 
well-defined  prisms,  which,  according  to  Rammelsbeig's  determinations,  appear  to  be 
monodinic,  exhibiting  the  combination  ooP .  ooP  oo .  (  ooP  oo) .  (P  oo) .  OP.  It  dissolves 
very  easily  in  alcohol  and  ether,  and  in  about  200  pts.  of  water  at  20^,  much  more 
easily  in  boiling  water.  The  solution  has  an  add  reaction,  and  is  not  coloured  violet 
by  ferric  chloride.  The  acid  melts  at  986°,  under  water  at  72^^.  Above  200°  it  is 
resolved  into  anisol  (methyl-phenoH  and  carbon  dioxide.  Heated  with  hydriodic  add 
to  120^-130°,  it  yields  salicylic  ada  and  methyl  iodide,  and  decomposes  in  a  similar 
manner  with  hycbochloric  add : 

C^'icoS  +  =1  -  C^i^'H  +  COT- 

Barium  methyUalieylate,  (CH*0')*Ba,  is  very  soluble,  and  forms  a  nodular  ciTstalline 
mass.  The  eaieium  salt  is  slightly  soluble  in  cold  water,  and  crystallises  from  hot 
water  in  large  needles.  The  lead  salt^  (C*H'0*yPb  +  H'O,  forms  tufts  of  sparingly 
soluble  prismatic  crystals.  The  stiver  salt^  C^H'O'Ag,  is  a  white  precipitate,  and 
crystallises  from  water  in  stellate  groups  of  needles.  The  etkylic  ether, 
C*H*(OOH»).CO«C«H»,  formed  by  Cahour's  process  (v.  160),  or  by  passii^  hydro- 
chloric add  gas  into  an  alcoholic  solution  of  the  add,  boils  at  260°  (uraebe). 

Methtfl-nUrosalicifUc  acid,  C*H*(NO«)  |  ^q^,  produced  by  adding  methyl-salicylic 

acid  to  fuming  nitric  acid,  forms  slender  colourless  needles  melting  at  149°,  solidifying 
in  the  crystalline  form  on  cooling,  subliming  without  decomposition,  sparingly 
soluble  in  cold,  easily  in  boiling  water,  also  in  alcohol  and  ether ;  does  not  redden 
ferric  chloride  (Kraut). 

The  acid  methyl-ethers  of  nitro-  and  dinitro-salicylic  acid  are  formed,  with  evolution 

*  The  flune  m«thyl>nlicyUo  sdd  applied  to  winter-green  oil  In  voL  v.  p.  161  is  iacoasct. 
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of  nitrogen  dioxide,  by  the  action  of  nitrogen  tetroxide  (nitroao-nitnc  mnhydnde)  m. 
winter-green  oil ;  e.ff,. 

Acid  methyl  Nitrogen  Nitrouf  Acid  mcthyl- 

aalicylato.  tetroxide.  acid.  nitrosalicjlate. 

and 

8N0«H  -  NO«H   +   N»0«  +  H«0 

(Bungo,  ZeUackr.  f.  Chem.  [2]  iv.  649). 

BUtyl-MlioyUo  Ao|d«    C*Hi*0*  «  C*H«j^^^.— The  nwthylic  ether  of  tLi 

acid,  C«H*(OCH*) .  CO*CH',  is  prepared  by  heating  wiuter-green  oil  with  eqnir&i^* 
quantitieii  of  potassium  hydrate  and  ethyl  iodide,  or  by  first  oonTerting  the  y::*i> 
green  oil  into  methylic  eodium-ealicylate,  C*H*(ONa) . CO*CH',  by  treating  it  v:th  i: 
equivalent  quantity  of  caustic  soda  mixed  with  several  times  its  volume  of  satx^r^'^- 
solution  of  common  salt^  and  heating  this  sodium  compound  with  ethyl  iodide  is  sia.fi 
tul>os.  When  washed  with  dilute  potash,  dried,  and  rectified,  it  iKiils  at  265^.  '.: 
obtjiin  ethyl -salicylic  acid,  the  methylic  ether  is  converted  into  a  barium  s^'t  j 
prolonged  boiling  with  baryta-water ;  this  salt,  after  recrystallisation  from  ale  .!i>'l  ^ 
decomposed  by  hydrochloric  acid ;  and  the  acid  thus  separated  is  dissolved  c^  ' 
ether.  Ethyl-salicylic  acid  is  a  colourless,  scentless  oil,  coagulating  at  ~  16^  to  a  rii.  ^- 
nearly  solid  mass,  which,  on  being  removed  from  the  freezing  mixture,  separsx^s  ■:: 
crystals  melting  at  19  3  to  19-6°.  Its  barium  salt,  (C»HH)»)«Ba,  is  very  soluble  inw»?:r 
crysUillises  from  absolute  alcohol  in  interlaced  needles,  and  ia  precipitated  fh.>B:  'v 
alcoholic  solution  by  ether.  The  calcium  salt,  (C*H*0*)*Ca,  CTystallisea  from  wUer  • 
microMcopic  needles.  The  Irad  salt,  (C*H*0'j'Pb  +  211*0,  forms  slender  ttni- 
which  melt  and  give  off  their  water  at  150°.  The  silver  salt,  (yR*0*Ag,  is  ait„.  .- 
precipitate  cr^'stallising  from  water  in  tufts  of  needles  (Kraut,  Schroder,  a.  Prinsl  r. 
Ann.  Ch.  Pharm.  cl.  1). 

Ethyl-nitro salicylic  acid,  (yW^YiOyO*    -    C«EP(N0«)j^2*,  is  ofct.. -: 

by  evaporating  ethyl-salicylic  acid  with  nitric  acid  of  »p.  gr.  1*2  and  recrystall  -  -i 
from  boiling  water,  or  by  heating  acid  methyl-nitrosalicylate  (nitrated  winter-tT^: 
oil)  with  potiUih  and  ethyl  iodide,  saponifying  the  resulting  methylic  ether  with  pjf.^-i. 
and  removing  unaltered  nitrosalicylic  acid  in  the  form  of  basic  barium  salt,  l^i.y 
nitroaalicylic  acid  crystallises  from  boiling  water  in  colourless  silky  laminae  ;  nH>-  ^ 
161;  solidifies  in  the  crystalline  form  on  cooling;  sublimes  without  decompo»i'i' ~ 
doi'.s  t!ot  colour  ferric  chloride ;  is  nearly  insoluble  in  cold  water,  but  easily  6olal>'.-  "- 
boiliu^f  water,  also  in  alcohol  and  ether.  It  is  isomeric  with  the  acid  ethyl-nrr- 
H:ilic>l;ite,  crj'stiil  Using  in  yellow  needles,  prepared  by  Cahours  (v.  166  ;  there  ca.- 
etliyi-nitroaalicylic  acid),  and  probably  identical  with  the  acid  which  Perkin  ol'ta-i-- 
from  othyl-salicylol  (p.  1009).  The  banum  salt,  [C«H»(NO')0«]»Ba  -i-  2H^,  fjrr.- 
colourless,  f^hining,  short  prisms,  often  united  in  crosses,  modenitely  soluble  in  oa. 
water.  The  silver  salt  is  a  white  precipitate  crystallising  from  boiling  water  u 
needles  (Kraut,  Schroder,  a.  Prinzhom). 

IsopropyLMOlcyUo  mold,  C»«H»H)*  =  C*^* | coOh'^'^*'    prepared    like    lif 

ethyl-compound,  is  a  transparent,  colourless  oil  becoming  viscid,  but  not  solid,  i: 
—  20*^ ;  neither  does  it  solidify  when  left  fqr  a  long  time  over  oil  of  vitrioL  It  has  s 
strong  acid  reaction ;  mixes  with  alcohol  and  ether ;  is  nearly  insoluble  in  cv.  :■ 
somewhat  more  soluble  in  boiling  water,  the  solution  becoming  milky  on  coo1i:j 
does  not  colour  ferric  chloride.  The  calcium  salt,  (C»«H"0*)*Oa  -^  2H*0,  forr^ 
tufts  of  slender  needles  very  soluble  in  hot  water.  T\ie  barium  salt,  (C**H'*0* ''.«^ 
•¥  HK),  separatee  as  a  gum  from  aqueous  solution,  in  needles  from  an  alcobx  • 
solution  covered  with  a  layer  of  ether.  The  silver  salt,  2C'*H-*0*Ag  +  H-" 
crystallises  from  boiling  water  in  tufts  of  needles.  The  methylic  ether,  C"H"0*.CH* 
obtiiined  by  heating  winter-green  oil  with  isopropyl  iodide  and  alcoholic  potash,  is  a: 
oil  having  a  faint  yellow  colour,  becoming  darker  on  exposure  to  light ;  boils  at  25it' : 
sp.gr.  1062  at  20^;  dissolves  easily  in  alcohol  and  ether;  does  not  colour  f«mi 
chloride.  Heated  with  alcoholic  ammonia,  it  is  converted  into  the  amid<f 
C'®n"0*.NH*,  which  crystallises  in  feathery  needles,  soluble  in  aqueous  ammonia  ir 
potash,  in  alcohol  and  ether ;  melts  in  moderately  warm  water  and  diasolvee  there:r 
(Kraut,  Schroder,  a.  Prinzhorn). 

Benmyl-Matoyllo    add,    C'H»(C'H')0»  =  OH<(0C'H').C0«H,   is   formed  ^t 
heating  benzoyl  chloride  with  methyl  sodium-salicylate  and  alcohol  in  a  sealed  tuU 
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to  100^.  The  resulting  liquid  evapoiated  over  the  water-bath  leares  an  oil  which 
dicitils  above  320^;  and  by  boiling  this  oil  with  alcoholic  potash,  dissolving  the 
resulting  potassium  salt  in  water,  and  adding  hydrochloric  acia,  benzyl-salicylic  add 
is  obtained  as  an  oil,  which  solidifies  in  the  course  of  24  hours,  and  may  be  recrystad- 
lised  from  alcohol,  or  better  from  carbon  tetrachloride.  It  melts  at  75^,  dissolves 
easily  in  alcohol,  crystallises  therefrom  in  small  transparent  plates,  and  is  somewhat 
soluble  in  boiling  water.  Its  ammoHium  salt  is  decomposed  by  evaporation.  The 
silver  salt,  C'«H"0'Ag,  is  a  white  precipitate,  melting  at  100°.  The  lead  and 
mercury  salts  are  white,  the  copper  salt  is  a  pale  apple-green  precipitate  (Perkin, 
Chem.  Soc.  J.  vi.  122). 


Derivatives  of  Stdicylio  Acid  oontaining  Organic  Acid  Badioles. 

Aoetyl-MdiejUo  aeld,  C»H»0*  =  ^^H*  j^^^*^,  first  obtained  by  Gilm  (Asm. 

Ch.  Pharm.  cxii.  180),  by  the  action  of  acetyl  chloride  on  salicylic  acid,  is  likewise 
formed  by  the  action  of  acetyl  chloride  on  sodium  salicylate,  in  which  case  Gerhaidt 
supposed  acetosalicylic  anhydride  to  be  formed  (ibid.  Ijlxxyiu.  162) ;  it  may  be 
extracted  from  the  product  by  ether,  and  remains,  after  the  distillation  of  the  latter, 
as  a  nearly  colourless  oil  which  quickly  crystallises.  It  separates  from  boiling  water 
in  very  loosely  aggregated  slender  neeidles ;  has  a  strong  acid  reaction ;  melts  when 
heated,  and  resolidifies  in  the  crystalline  form  if  it  has  not  been  heated  above  its 
melting  point;  the  recently  fused  acid  solidifies  at  11 8^-1 18*6°.  It  dissolves  very 
sparingly  in  cold  water;  melts  when  heated  under  water,  and  is  not  perceptibly 
decomposed  by  prolonged  boiling  with  water ;  dissolves  easily  in  alcohol,  ether,  and 
benzol ;  colours  ferric  chloride  Uke  salicylic  acid ;  decomposes  carbonates ;  is  pre- 
cipitated by  acids  without  alteration.  With  excess  of  hot  baryta-water  it  yields 
salicylate  and  acetate.  When  heated  with  ammonia  it  forms  ammonium  salicylate, 
and  probably  acetamide,  but  no  salicylamide  (salicylamide  is  not  converted  into 
ammonium  salt  under  the  conditions  just  mentioned)  (Ejraut,  Schroder,  a.  Prinzhom). 

O*     OP 


(C'H«0)' 

=  (C'] — 


SalleyloMdloyllo     or    BiMUioyUo    aold,    Ci«H>*0     «    (C'H^O)" 

H« 

0~C«H*— CO«H 

I  ,  also  called  Salicvlic  anhydride  (v.  160),  is  formed  when  a 

0=C— C«H«— OH 

mixture  of  aoetyl  chloride  and  salicylic  acid  is  heated  for  some  time  to  130^-140®  in 
a  flask  with  upright  condenser,  and  separates  as  a  vellowish  oil  on  boiling  the 
product  with  water ;  also,  together  with  acetic  anhydride,  by  heating  acetyl-salicylic 
acid  to  140°-170°.  It  is  obtained  pure  by  boiling  the  oil  with  water,  dissolving  the 
remainder  in  ether,  decolorising  with  animal  charcoal,  dehydrating,  and  evaporating. 
It  then  forms  a  transparent  amorphous  light  yellow  mass,  which  by  standing  over  oil 
of  vitriol,  or  warming,  becomes  hard,  brittle,  and  friable,  and  dissolves  easily  in 
alcohol,  ether,  and  benzol.  When  treated  with  alkaline  carbonates,  it  forms  easily 
soluble  salts,  from  which  it  is  precipitated  by  acids  in  its  original  state.  It  is  converted 
by  aqueous  ammonia  into  salicylamide  and  ammonium  salicylate,  and  when  further 
heated,  gives  o£f  1  mol.  water,  and  leaves  trisalicylosalicylic  acid,  C'*H"0',  according 
to  the  equation :  2C"H"0*  =  H«0  +  C"H»0». 

TrlMaioylo-MOicyUo  or  TetraMOloyUo  aold,  C»H'*0*  »  ^(^^1^)*[o»ot 

HO— (C'H*)"— (COOC'H*)"— <COOC«H«);— (C00C«H*)"— COOH.— This  compound, 
obtained,  as  just  mentioned,  by  dehydration  of  disalicylic  acid,  is  also  formed  when 
acetosalicylic  acid  is  heated  as  long  as  acetic  anhydride  continues  to  go  off,  and  till  the 
temperature  has  risen  to  230^-240*^,  and  a  drop  of  the  distillate  becomes  turbid  when 
mixed  with  a  little  water.  The  viscid  residue  may  then  be  purified  in  the  same 
manner  as  the  preceding  compound.  Tetrasalicylic  acid  is  a  thick  light  yellow  oil, 
which  becomes  hard  and  brittle  much  more  quickly  than  disalicylic  add  ;  softens  at 
about  70^ ;  reacts  with  solventa,  caustic  potash,  alkaline  carbonates,  and  ammonia, 
like  di8ali<nrlic  acid ;  and  when  further  heated,  yields  salicylic  acid,  phenol,  carbon 
dioxide,  and  a  body,  C*H*0,  formerly  obtained  by  Limpricht  and  by  Marcker  from 
salieylide  (v.  161). 

HepUuialieyloHiaUeyUo  or  OetoMOloylie  Aold.    C^H'^O"  »  ^^'g^^^'lo* 
or  HO— (C«H*)"—(C06C«H*)'—C00H.— Prepared    by  heating    1  pt   phosphorus 


1008  SALICTLOL. 

oxychloride  with  2  or  8  pts.  of  finelj  palyeriBed  sodium  nlicylate  to  160^  in  A 
with  upright  condenser,  till  the  whole  is  oonrerted  into  a  riscid  mafls ;  ezpelli^g;  tbe 
excess  of  oxychloride  in  a  stream  of  dry  air  at  110^ ;  boiling  with  dilute  sohitkifi  ef 
Bodinm  carbonate,  then  with  water ;  digestinff  the  dried  residue  with  ether  to  rttuovt  a 
small  quantity  of  disalicylic  acid ;  again  dxrii^  the  residue,  and  diaedlTiiig  it  is 
boiling  benzol ;  pouring  the  concentrated  solution  into  a  lazge  qmuititTf  of  abeofaite 
alcohol ;  immediately  collecting  the  amorphous  flocks  which  separate  on  a  filter ;  aed 
freeing  them  from  benzol  and  alcohol  by  leaving  them  orer  oil  of  Titriol  frequently 
renewed.  Octoealicylic  acid  thus  prepared  is  a  loose  white  powder,  becomiag 
strongly  electrical  by  friction  ;  insoluble  in  water,  ether,  and  oold  aleohol,  eutewhal 
soluble  in  boiling  alcohol,  easily  in  benaol ;  solidifying  aAar  fusion  to  a  brittle  lesiB. 
H(«ted  for  three  hours  to  200^-220**  in  a  stream  of  hydrogen,  it  loees  7'2  p.  c  of  its 
weight,  yielding  carbon  monoxide,  and  a  sublimate  consisting  of  salicylic  aod  and 
the  body  C*H*0,  but  no  water,  and  leaving  unaltered  octosalicybc  acid,  xfae  fomatioB 
of  octosalicylic  acid  is  represented  by  the  equation  SC^Hy  —  7H«0  «  C""H*0"; 
It  is  probably  identical  wita  salicylide  (r.  161)  (Kraut,  Schroder,  a.  Prinshom). 

SAUCT&OIi.    C'H«0*  -  C*H«|^]^Q.    Salie^  ^drids,    8alieyl4e  jUddk^-- 

This  compound  is  obtained,  according  to  E.  W.  Davy  (Laboratory^  p.  S61),  by 
distilling  poplar-twigs  which  have  lain  for  some  time  exposed  to  the  air. 

Salicylol  is  converted  by  pko^pkonu  pentabromidM  at  ordinaiy  tempevatmee  into 
monobromosalicylol,  C*H*BrO',  which  crystallises  in  tufts  of  dentnted  neales  or 
laminn  melting  at  98^-99 ^  Pentacklorids  of  pkotphoma  acts  differently,  prodndsf 
dichlorocresol,  C'H»a»0  (L.  Heniy,  Zeitsckr.f.  Ckem.  [2]  v.  871,  478). 

Salicylol  unites  directly  with  acetic  anhydride.  A  mixture  of  the  two  heated  fat 
four  or  five  hours  to  150°  becomes  perfectly  fluid,  but  when  treated  with  dilate 
potash,  solidifleci  to  a  crystalline  mass  of  the  compound  C*H*0'.C«H*O*.  This 
compound  crystallises  from  alcohol  in  thick  transparent  plates  with  bevelled  edges ; 
melts  at  103^-104° ;  distils  with  partial  decomposition ;  is  insoluble  in  watA-, 
sparingly  soluble  in  oold,  easily  in  boiling  alcohol ;  and  when  heated  with  water  to 
150°,  is  resolved  into  acetic  acid  and  salicnrlol.  Gold  potash  does  not  act  npon  it 
The  solution  in  nitric  acid  deposits  salicylol  in  the  form  of  an  oil,  on  addition  of 
water.  Methyl-^  ^tkyl-,  and  acetyl-ealicylol  also  unite  directly  with  acetic  anhydride, 
forming  cnrstalline  compounds  (Perkin,  Ckem.  8oc.  J.  [21  v.  686). 

Salicylol  is  an  alcoholic  aldehvde,  as  indicated  by  the  formula  above  given,  and  iti 
alcoholic  hydrogen  may  be  replaced  by  alkali-metals,  aloohol-radidae,  and  organic 
acid  radicles. 

Sodiumsalieylol.  e*HXONa)l.  CHO,  originally  obUined  bv  the  aeUon  of  aodinm  ca 
salicylol  in  aqueous  solution  (v.  169),  is  more  conveniently  prepared  by  treetii^ 
ailicylol  with  sodium  ethylate.  Sodium  is  dissolved  in  20  to  80  times  its  weight  vi 
absolute  alcohol,  and  the  hot  solution  is  mixed  with'  an  equivalent  qnantitj  of 
siilicylol,  whereupon  sodium  salicylol  immediately  begins  to  separate  in  golden-yellow 
laminae,  whidi  may  be  purified  by  washing  with  a  little  alcohol  (Perkin,  CJketm,  ^Sewt^ 
xviii.  110). 

Ouprie  ealic^ol  is  decomposed  by  cyanogen  chloride  in  aaneoos  sdlotion,  jieldiag 
salicylol,  cupnc  chloride,  and  cyanic  acid,  which  is  immeoiately  trsnefoimed  into 
ammonium  carbonate : 

(CHK)«)«Cu  +  2Cya  +  2HK)  -  2Cni«0«  +  CnQ*  +  2CyH0. 

But  when  gaseous  cyanogen  chloride  is  passed  over  euprie  salicylide  ^f^ttnl  to 
100^-120^,  cupric  cyanide  is  formed,  together  with  an  oil  which  solidiflee  on  eooliitf 
to  a  mass  of  silky  needles,  consisting  of  chlorosalicylol,  (C'HK)')'Ca  ^  SCyQ 
-  CuCy«  +  2C*H»C10«  (Schif^  Ann.  Ck.  Pkarm.  cl.  199). 

Alcohclio  DerivatiiWB  of  8alieyloi. 

BfetlijrlHHaieTtolf  G«H«(OCH>).CHO,  isomeric  with  anisaldehvde,  is  fanned  by 
heating  pulverised  sodium-salicylol  for  two  or  three  honrrwith  rather  mors  than  an 
equal  weight  of  methyl  iodide  and  2  or  3  mol.  alcohol  to  136^-140*'',  and  aepaiates 
on  mixing  the  contents  of  the  tube  with  water,  as  a  nearly  colourless  oil,  vdiicaT&fter 
washing  with  weak  potash-solution,  distils  at  288^.  It  haa  a  fiunt  odour;  ia  heavier 
than  water,  nearly  insoluble  therein ;  does  not  solidify  in  a  freesing  mixture ;  gives 
off  hydrogen  when  treated  with  sodium ;  forms  ciystallisablo,  easily  scuuble  oomponnds 
with  the  acid  sulphites  of  alkali-metal.  Treated  with  bromine  in  exceee,  it  is 
converted  into  methyl-bromosalicylol,  CH'Bi(OCH').CHO,  a  white  solid 
mass,  which  crystallises  ftom  hot  alcohol  in  flat  prisms  melting  at  118^-114*6®.     A 
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mizton  of  methyl-fiaUcylol  and  aloohoUc  amnumia  beoomos  syrupy  in  24  hours,  and 
yields  on  erapoiation  a  yisdd  product  perhaps  analogous  to  hydrobensamidei  which  ia 
oouTerted  at  160^-170®  into  a  base.  The  solution  of  methyl-salicylol  in  nitne  acid 
of  sp.  gr.  1:4  separates,  on  addition  of  water,  a  dark-«oloured  heavy  oil,  which  by 
ftuther  treatment  with  nitnc  acid  is  oonverted  into  a  solid  nitro-acid  (Perkin,  Chem, 
8oo.  J,  [2]  y.  418). 

atliji-Mttojliklt  G*H>*0*  B  OH«(00*H»).CH0,  prepared  like  the  methyl- 
compound,  is  a  nearly  colourless,  heavy,  strongly  refracting  oil,  having  a  faint  odour, 
boiling  at  247^-249^,  not  solidifying  at  low  temperatures,  nearly  insoluble  in  water, 
miscible  in  all  proportions  with  alcohol  and  ether ;  it  does  not  unite  with  alkalis, 
but  forms  crystalline  compounds  with  alkaline  bisulphites.  The  sodium  salt, 
0*H'*0'.SO'Bfi7a,  crystallises  from  warm  alcohol  in  silky  needles,  ftom  water  in 
long  efflorescent  prisms,  is  decomposed  by  heating  to  100^,  also  by  hydrochloric  acid 
and  by  potadi.  With  bromitu  ethyl-salicylol  forms  :ethyl-bromosalicylol, 
C'}I'Br(OG^*).0OH,  which  cxystallises  from  alcohol  in  flat  oblique  prisms,  melts 
at  67^-68?,  and  forms  a  crystalline  compound  with  acid  sodium  sulpnite  (Perkin, 
loe.  cU,). 

A  Boltttaon  of  ethyl-saU^lol  in  alooholio  ammonia  gradually  deposits  a  viscid  oA 
which  crystallises  on  standing  and  consists  of  hydro-ethylsalicylamide, 
C"H"*N'0',  formed  according  to  the  equation : 

8C»H»»0«  +  2NH»  -  8HK)  +  C«H«-N«0«. 

This  compound  dissolves  sparingly  in  cold,  more  easily  in  hot  alcohol,  and  crystallises 
therefrom,  with  partial  decomposition,  in  small  oblique  prisms ;  melts  at  100^ ;  solidi- 
fies to  a  resinous  mass ;  dissolves  in  hydrochloric  add,  not  in  cold  potash-ley ;  and  is 
oonvwted  at  1 60°-l 66^  into  an  amorphous  isomeric  base,  ethyl-salidine.  This 
base  is  very  bitter,  and  forms  a  platinochloride,  2(C*^**N*0'.HCl).PtCl«,  which  is 
deposited  fron^  its  alcoholic  solution  on  evaporation  as  a  pale  orange-yellow  crystalline 
powder  (Perkin). 

Fuming  mtrio  acid  converts  ethvl-salieylol  into  a  dark  yellow  oil  precipitable  bj 
water — ^probably  ethyl-nitrosalicylol— which  by  further  treatment  with  nitno 
acid  is  converted  into  ethyl-nitrosalicylio  acid,  G'H«(C>H*XNO*)0*.  This 
acid  crystallises  from  alcohol  in  large  pale  yellow  prisms,  melts  at  168^,  and  has  a 
strong  acid  reaction.    Its  silver  salt  is  a  pale  yellow  precipitate. 

AUyt iodide  heated  to  160^  with  sodium-salicylol  and  alcohol,  forms  an  Oily  product. 
With  amvl  iodide  an  oil  is  likewise  obtained,  which  forms  a  crystallisable  compound 
with  0odium  bisulphite  (Peridn). 

Bangylmaltojtoi,  0^*E}KI^  -  C*H*(OC^').CHO,  isomerie  with  bensoin,  is 
produced  by  heating  a  mixture  of  equivalent  qnantities  of  sodium-salicylol  and  benzyl 
chloride  with  several  times  its  volume  of  alcohol  to  120°--140^ ;  filtering  from  sodium 
chloride ;  evaporating ;  distilling  the  remaining  oily  liquid,  the  greater  part  of  which 
passes  over  above  82^ ;  washing  the  oily  distillate  with  potash-solution,  and  then 
agitating  it  with  a  strong  solution  of  sodium  bisulphite,  with  which  it  slowly  forms  a 
crystalline  compound.  These  crystals  are  dissolved  in  cold  water ;  the  solution  freed 
from  oily  impurities  bv  ether  is  mixed  with  sodium  carbonate ;  and  the  body  thereby 
separated  is  dissolved  in  ether,  and  obtained  by  evaporation  as  a  viscid  oil,  which 
nradnally  oolidifies  on  agitation,  and  may  be  purified  by  recrystallisation  from  aloohoL 
Benxyl-salicylol  thus  obtained  melts  at  46^,  and  boils  at  a  temperature  above  the  range 
of  the  mercurial  thermometer.  When  ooM  it  has  a  faint  aromatic  odour,  like  that  of 
cloves ;  when  heated  it  emits  a  pungent  sufibcatin^  odour.  It  is  soluble  in  ether, 
carbon-tetrachloride,  benzol,  and  alcoho>,'  from  which  it  crystallises  in  transparent 
flat  oblique  rhombic  prisms.  It  dissolves  sparingly  in  boiling  water,  and  with  yellow 
colour  in  sulphuric  add  and  alcoholic  potash-solution.  It  is  attacked  by  bromine 
and  nitrie  acid,  unites  with  alkaline  bisulphites,  and  forms  an  oily  product  when 
heated  with  acetic  anhydride  (Ptokint  Ohem.  8oc.  J.  [2]  vi.  122). 

Aeetyl-MHIoylol.    C»H»0»»  =  C^*|chO  *^  (Perkin,  Chem.  Soe,  J.  [2]  vi.  58, 

181).^Thi8  compound,  isomeric  with  coumarie  add,  is  produced  b^  adding  acetic 
anhydride  to  pulverised  sodium-salicylol  suspended  in  dry  ether,  decanting  the  ethereal 
solution  after  24  hours  from  the  sodiuin  acetate  prodnced,  and  evaporating  it  over  the 

•  A  body  having  this  camposltion  was  described  by  Otthours  as  obtained  by  the  action  of  acetyl 
chloride  on  aalioylol  (v.  170).  SohQler  however  did  not  sooceed  in  preparing  it  in  thia  way 
(Jahretb,  1857,  p.  817) ;  and  FerUn  (Md.  18<7,  p.  488)  obtained  thereby,  not  acetyl-iiaUcyloI,  but 
dl-aalioylol  or  paraealioyl  (p.  1011).  Moreover,  the  compound  obtained  by  Cahoura  dooa  not 
asn»  in  its  properties  with  that  prodoced  by  the  action  of  acetic  anhydride  on  aalit^lol. 
Sup.  3  T 
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#At6r-bath.    Aeetosalicylol  Uien  remaine  in  the  form  of  an  oil  which  aooD  eoBdiiali 
a  ciystolline  maaa ;  its  formation  is  represented  bj  the  equation : 

^^icOH  +  (C»H»0)K)  -   C«H«0(ONa)  +   C«H*|3o^' 

Acetyl-salicylol  melts  at  87*^,  and  resolidifles  to  a  satiny  czystalline  fesss;  bails  it 
aboot  253°,  and  distils  with  slight  deoomposition.  It  diBsolvea  easily  in  ether  asd  is 
alcohol,  and  crystallises  therefrom  in  silky  needles ;  the  eolations  do  not  ooHfOor  f^ 
chloride  purple.  By  potash  it  is  resolved  into  potassium  aoetate  and  potaoia 
tolicylol : 

^^icOH*^   +  2H0K  -  C«HH)(OK)  +  C^*|^h  +  ^^' 

irhereas  ooomaric  acid  similarly  treated  yidds  acetate  and  salieylate  of  potMBO* 
with  evolution  of  hydrogen : 

^^iaK)H  +  ^^^  -  C«HH)(OK)  +  C»H*|3^  +  H?. 

AiOetyl-salieyld  is  decomposed  by  boiling  with  wUsr.  It  unites  with  aeeik  ssV*^ 
when  the  two  are  heated  together  to  150^,  forming  a  crystalline  eooipcu^ 
C*H«0*.C«E:*0\  analogous  to  that  of  salicylol  (p.  1000).  This  oompoundDoliivl 
100°-101°,  decomposes  when  distilled,  and  separates  from  solution  in  acetie  snhTdr^ 
in  oblique  four-sided  tables.  It  lis  soluble  in  ether,  carbon  tetraehloride,  and  leesAi 
easily  soluble  in  hot,  sparingly  in  cold  alcohoU  By  water  at  160^  it  is  ocni^J 
resolved  into  acetic  acid  and  salicyloL 

If  instead  of  adding  acetio  anhydride  to  sodium  salicylol  suspended  in  etha',  sed 
decanting  from  the  sodium  acetate  as  above  described,  the  sodium  salicylol  be  diffiolT«i 
in  acetic  anhydride,  the  solution  boiled  for  a  few  minutes,  and  then  poured  into  vj^i 
an  oiljr  body  separates,  while  sodium  acetate  remains  in  solution.  On  distilHa^ 
this  oil,  acetic  anhydride  passes  over  first,  then  salicylol,  and  finally  at  289^ 
coumarin,  C*H'0*,  which  crystallises  in  the  receiver.  This  compound  results  fes 
dehydration  of  acetyl-salicylol  formed  in  the  first  instance :  C»H»0«  —  H«0  «  C»H«0^. 
and  its  formation  appears  to  depend  upon  the  presence  of  sodium  acetate,  inasmich  >> 
acetic  anhydride  alone  produces  only  acetyl-salicyloL  Perhaps  the  anhydivhacetate, 
C'fl^CNa.C^H'O*  (which  Perldn  has  obtained  in  needle-shaped  crystals  bydisflotnm 
sodium  acetate  in  acetio  anhydride),  plays  some  unexplained  part  in  this  reaction. 

Butyrio  coumarin,  C"H>*0*,  and  valeric  coumaHn,  C^H'^O*,  are  obtained  in  ^ 
manner  by  the  action  of  butyric  and  valeric  anhydrides  on  sodium-sali^lol  (p.  o^)* 

Sa«jrjl-MlteyloL    C"H»0*  »  C^H^J^qs '^  (Firkin,  Ch^n^  Soc  J.  [2]  ^ 

472). — ^Prepared  by  leaving  an  ethereal  solution  of  butyric  anhydride  in  contsci  vit^ 
sodium-salicylol  for  two  or  three  days,  then  decanting  from  the  sodium-bntjnte, «» 
proceeding  as  in  the  preparation  of  the  preceding  compound.  It  distils  between  960j 
and  270^,  as  an  oil  smelling  like  butyric  acid  ana  salicylol.  It  is  quickly  decompnn 
by  strong  potash'Solution,  gelding  potassium  butyrate  and  potassium  salicylol.  Oa 
heating  it  to  liO^'-lSO^  with  acetic  anhydride^  and  leaving  the  slightly  brown  mss  io 
contact  with  water  for  two  days,  ciystals  are  obtained  having  the  oompoiiti'^o 
C"H^K)*,  and  identical  with  the  above-described  compound  of  aoetosalicylc^  ^ 
acetic  anhydride ;  an  interchange  of  the  radicles  acetyl  and  butyryl  must  thcnicfe 
have  taken  place. 

When  a  mixture  of  butyrojsalicylol,  butyric  anhydride,  and  sodium  butyrate  ^ 
heated  to  boiling  for  a  short  time  in  an  open  vessel,  then  washed  with  water  &o^ 
distilled,  the  last  third  of  the  distillate  solidifies  on  cooling,  and  when  recrvs^* 
Used  fipom  alcohol,  yields  pure  butyric  coumarin,  C"H»K)«  -  C"H'H)»  -  H^' 
and  this  compound  boiled  with  potash  is  converted  into  butyro-conmaric  aeii 

COOU'  ^^''^^^^  ^^^  butyrosalicylol.    (See  Ooumabin  and  Couxabio  Aa^ 

pp.  500,  601.) 

BenaojlFMaioyloL     C*'H>«0' -  C<H«|^^^'^    (Perkin,    Laboralory,  i.  51; 

ZcUsehr.  f.  Chem,  1867,  p.  346).— Produced  by  the  action  of  bensoyl  chloride  oa 
Bodiijm-salicylol,  and  separates  on  treating  the  product  ^th  water,  as  a  thick  est* 
which  distils  at  a  temperature  above  the  range  of  the  mercurial  thermometer.  I^ 
forms  a  white  pulvenilent  compound  with  acid  sodium  sulphite,  and  'eiystallin« 
compounds  with  the  acid  sulphites  of  potassium  and  sodium.  Heated  with  alcoholic 
potash  it  yields  benzoic  acid  and  salicylol ;  with  alcoholic  ammonia  it  forms  a  brovn 
viscid  product,  together  with  a  czystalline  body. 
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When  0alieylol  la  inizod  witli  an  eqn^  weight  of  acetyl  chloridei  a  large  quantity  of 
hydioehlorie  acid  ia  evolTod,  and  the  Uqnid  on  cooling  depoeite  hard  prisme,  which 
when  pnrifled  by  vecvyiaUiaation  hare  the  oompoeition  C'^H'*0'.  The  oomponnd  thus 
fonnea  is  theiefore  ieomeric  with  benn^l-oali^lol ;  it  is  identical  with  Ettling'e 
pazaealieyl  (t,  170),  and  ia  regarded  by  Perkin  aa  disalieylol,  ita  fbnnation  takin^^ 
place  in  the  manner  repreeented  by  the  equation : 

COH 

20-H*|^3  +  C«H«0C1  -  HCl  +  C«H*0«  +   ^^*\^ 

COH 

Bnlioylol.  Acetyl  Acetlo  DisoUcyloL . 

ehloride.  acid. 

The  lame  body  ia  fonned  by  the  action  of  benaoyl  chloride  (▼.  170)  and  of  aoccinyl 
chloride  on  BalicvloL  It  doea  not  unite  with  alkaline  bisnlphites,  and  when  heated  to 
150°  with  acetyl  chloride,  ia  converted  into  a  non-distillable  oil,  which  appears  to 
contain  chlorine  and  acetyl,  and  ii  decomposed  by  boiling  potash-ley,  with  formation 
of  salicyloL 

AAUnmbOXi,  AlVnaS  and  VBBIBas  or  (SchifT,  ZmUekr.f,  Ckem,  [2]  !▼« 
686 ;  Ann,  C9b.  Pkarm,  cL  198).*8alicylol  and  ethyl-sali^iol  are  acted  npon  by 
organic  baees  at  ordinazy  tempfiFafcures,  with  riae  of  tempezatore  and  elimination  of 
water. 

Jnilime  formfl  the  two  componnda : 

^^}CHnN.C^»  ^^JCHZINC^* 

BaXbydnailide.  EthyliBlliydnuiJaide. 

Afmflamine  forma  two  coiresnonding  hydxamylamides.  With  ttJ^ianUine  the  two 
following  anilides  axe  obtained: 

r.TT4<0H  p«,4jOC«H» 

^ ^  )CH{N.O«H».0»H»)«  ^ ^  JCH(N.C»H».C^»)« 

esUijtbetlqrIaaUide,  Btliyl-nlhjrdTethuiiUde. 

All  these  anilides  are  yellow  liqnids,  of  aromatic  odour,  insoluble  !n  water,  soluble  in 
alcohol  and  ether,  and  destitute  of  basic  properties ;  they  do  not  form  pladnochlorides. 
When  exposed  to  the  air,  they  quickly  turn  brown,  and  after  a  while,  especially  the 
ethylio  deriTatiyes,  assume  a  deep  emevald-green  colour. 

In  cnpric  salicjrlol,  (O^K)*)*Gu,  the  copper  replaces  the  alcoholic  hydrogen,  the 
compound  retaining  its  aldehydic  properties.  Anihne,  amylamine,  and  fused  toluidine 
act  upon  this  compound,  with  elimination  of  water ;  and  the  product,  after  washing 
with  water  and  alcohol,  leares  a  green  shining  dystalline  mass,  which,  in  the  case  of 
aniline  and  of  amylamine,  exhibits  the  composition  represented  by  the  following 
fommln: 

^  ^  I  csimcm*  ^  ^  }  ch=:nc»H'» 

Caprio  Balhydnuifllde.  Ouprlc  Balhydnunylide. 

Ethyl-aniline  does  not  act  on  enprie  salicyloL  Toluylene-diamine  on  the  other  hand 
acts  upon  it  at  100°,  forming  a  compound  which  may  be  represented  as 

Cupric  Salhydrotoluylenamide,  Cu|^;^*;^^^|cm«. 

When  salicnrlol  acts  upon  urea,  either  in  aqueoua  solution  or  in  the  fused  state,  the 
first  or  second  of  the  following  sali^l-ureides  is  produced : 


Ho.cra«.OH 

tHC.C^*.OH 


CO  NtTTt)  CO.N«H«. 

Xn  vmifHC.C^*.OH  CO.N«H»[ 

CO.N'H'y  CO.N«HV 

Dinreide.  Triorelde. 

The  diureide  forms  colourless  prisms  containing  1  mol.  water,  which  is  given  off  in  a 
vacuunL  The  triureide  is  a  yellow  dystalline  powder  resembling  hydrosalicylamidOf 
This  latter  body  is  formed,  toother  with  cranuric  acid,  when  the  salicyl  ureides  are 
heated  above  their  boiling  points.  The  solutions  of  these  ureides  form  with  cupric 
acetate,  olive-grsen  crystcdhne  precipitates  consisting  of: 

8t2 
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Acid  Pkosphitet.^A  solation  of  the  normAl  barium  nit  in  the  leqninte  qoutity 
of  phosphorous  acid  yields,  by  spontaneous  evaporation,  radiate  groups  of  vhits  slky 
needles  of  the  salt  Ba*H'P>0« .  SH'PO*  -i-  2H*U.  A  solution  of  1  moL  of  the  doedsI 
salt  in  rather  more  than  2  mol.  phosphorous  acid,  yields  crystals,  not  of  the  biadd,  bet 
of  the  tefquiroeid  tali,  Ba'H*r*0*.H*PO*  +  8HK),  which  melts  when  heatd  ud 
gives  off  hydrogen  phosphide  at  250^.  The  hiacid  salt  dyatallises  from  the  soktioo 
of  the  two  preoiading  salts  by  evaporation  over  sulphuric  acid,  with  an  smoont  fi 
water  corresponding  to  the  formula  BaH'PH)*  +  2HH);  ammonia  added  b>  tht 
aqueous  solution  of  this  salt  throws  down,  not  an  add  salt  as  supposed  by  Bose,  b«t 
the  normal  salt.  Zine  Salts, — By  dissolving  the  neutral  one  salt  in  phosphoimnKid, 
Sammelsberg  obtained  various  crystallised  compounds  oorreeponding  to  the  ibnBiibB 
Zn«H»P»0»  +  H»0,  Zn»H»PH)»»  +  H«0,  and  Zn«H"PH)»*.  An  add  wamic  pkotpUU, 
(U6)*H*PH)*  +  GH'O,  is  obtained,  by  adding  recently  precipitated  ammonium  uuate 
to  the  aqueous  solution  of  phosphorus  trichloride,  as  a  gradually  formed  yelloir  pna* 
pitate,  which  on  exposure  to  the  air  dries  up  to  hard  translucent  lumps. 

Phosphoroua  ^/Aers.— Bammelsberg  represents  these  ethers  by  fonnuhe ssalo- 
gous  to  those  of  the  acid  metallic  phosphites  as  follows ; 


<H'P«0« 
}IPO 

Fhavpboront 
•oid. 

S  (C«H»)*P»0» 

JH'O 

Elhyllc  phoiphite. 

5  (C^»)*I«0* 

)(C«H»)»0 
Triethylic  phoqihite. 


5H»BaP»0* 
JHK) 

Acid  barlnm 
phosphite. 

)HH) 
Bth  jlphosptKVOOB  scUL 

5  Ba(C»H*)«PK)» 
}H«0 
BAfiam  ethjlplioaplilte. 


Vbospliorto  Anliydrlde,  Aold«  and  Salts.  On  the  preparation  of  phoiphone 
anhydride  on  the  large  scale,  see  Grabowski  {Ann.  Ch,  Pkarm,  cxxxvi.  119;  Jakob. 
1866,  p.  136). 

Mich.  Pettenkofer  (Ann,  Ch,  Pharm.  cxzxriii.  67 ;  Jahretb.  1866,  p.  138)dflicnb8s 
a  method  of  preparing  phosphoric  acid,  simultaneously  with  hydriodic  acid,  by  treating 
ordinary  phosphorus  with  iodine  and  water,  distilling  off  the  hydriodic  add^ani 
oxidising  the  residue,  which  contains  phosphorous  and  phosphoric  acids,  with  oitiie 
add. 

According  to  Kramer  {Zeitschr.  /.  Chem.  [2]  v.  643),  phosphoric  acid  may  be  obtainei 
in  transparent  prismatic  crystals,  by  evaporating  from  an  aqueous  solntion,  tb« 
strength  of  which  is  known  from  its  specific  gravitv,  such  a  quantity  of  vater  that 
the  residual  liquid  shall  have  exactly  the  composition  H'PO* ;  the  acid  then  crpfii' 
lises  on  cooling. 

In  the  purest  so-called  glacial  phosphoric  acid  of  commerce,  Breecius  {ZtiUek. 
anal.  Chem.  vi.  187)  found  16*3  p.  c  soda.  He  finds  that  really  pure  pbosphorie 
acid  forms  only  a  soft  glutinous  mass. 

The  following  table  of  the  relations  between  the  specific  gravity  and  strength  of 
aqueous  phosphoric  acid  (prepared  by  oxidising  amorphous  phoepnoms  with  nitric 
acid)  is  given  by  J.  Watts  {Chem.  Neva,  xii.  160) : 


Spec. 
Gray. 

p.  0. 

Spec 
Gray. 

p.  c. 

Spec, 
Grey. 

p.  c. 

* 

Spec 
Grev. 

12*18 

1-508 

49-60 

1-369 

39-21 

1*236 

27-30 

'      1005 

1-492 

48-41 

1-356 

8800 

1-226 

26-36 

1081 

10-44 

1-476 

47-10 

1-347 

37-37 

1-211 

24-79 

1073 

e-$s 

1*464 

45-63 

1-339 

36-74 

1-197 

23-23 

1-066 

8-63 

1-453 

45-38 

1-328 

36-16 

1-185 

2207 

1056 

7-» 

1-442 

4413 

1-315 

34-82 

1173 

20-91 

1047 

6-17 

1-434 

43-95 

1-302 

33-49 

11 62 

19-73     ! 

1031 

415 

1-426 

43-28 

1-293 

3271 

1*153 

18-81     • 

1*022 

«i)i 

r418 

42-61 

1-285 

31-94 

1144 

17-89 

1*014 

1-91 

1401 

41-60 

1-276 

3103 

1-136 

16-96    j 

1006 

0-7W 

1-392 

40-86 

1-268 

30-13 

1-124 

16-64 

1-384 

4012 

1-257 

29-16 

1113 

14-33 

1-376 

39-66 

1-247 

28-24 

1-109 

13-26 

. 
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2'77  Itod,  7*19  tiv,  2*88  iron,  7*19  abtimony,  14*75  anenio,  and  26*12  anlphnr  (Bieit- 
hanpt,  Jakreab,  1866,  p.  918). 

BAMOftrXMAXOfMrn  This  allaloSd,  to  which  J.  Schid  assi^ed  the  fornnila 
.G>*H"NOS  haa  been  re-examined  byNaachold  CJ.  pr.  Ckem.  en.  886;  ZeiUeki^* 
/.  Chem,  [2]  vi.  119).  Prepared  from,  the  root. of  aanffuinaria  canadetuia,  it  gave  by 
analysis  numbers  agreeing  with  the  formula  C"H**NO^  The  hydroohloride  preparea 
by  saturating  the  ethereal  solution  with  dry  hydrogen  chloride  nas,  after  drying  in  a 
vacuum,  the  composition  C*'H>»N0M£C1  +  HH).  The  tdatinochloride  dried  at 
100®  is  2(C"H"N0*.Ha).PtCl^  the  platinocyanide  precipitated  by  adding  a  hot 
solution  of  potassium  platinoc}-anide  to  a  solution  of  the  sulphate  containa 
2(C"H>*N0«.HCy).PtCy^.  Double  ^o^  and  mercury  doUs  of  complex  oon8titatio9 
were  also  obtained. 


SAPO vnr  and  8APO€MUiIll«  *  Bodileder,  from  a  renewed  investigation  of 
saponin  and  its  products  of  decomposition  j(ZMtocAr.  /.  Ckem,  [2]  iii.  632),  deuces  far 
saponin  the  formula  CH^O",  and  for  sapogenin,  C*^H"0^  whence  the  eompleto 
decomposition  of  saponin  would  be  represented  by  the  equation . 

C»H»<0»  +  2HK)  «  C"H«0«  +  8C»H»«0«. 

Sapogenin  is  soluble  in  alcohol  and  in  ether,  and  crystallises  from  the  former  by  slov 
evaporation  in  concentric  groups  of  needles.  From  solution  in  dilute  aqueous  potash 
it  is  precipitated  by  stronger  potash-ley,  as  flocculent  poiaesium-sapoffemn ;  the  solu- 
tion in  alcoholic  potash  is  precipitated  by  water  only  when  the  potash  is  m  excess. 
"When  sapogenin  is  heated  with  potassium  hydrate  till  decomposition  commences,  part 
of  it  is  resolved  into  acetic  acid,  butyric  acid,  and  a  soft  brown  substance,  and  tha 
undecomposed  portion  when  separated  by  potash  melts  at  128°,  whereas  before  the 
treatment  with  potash  it  does  not  liquefy  at  that  temperature.  The  decompositions  of 
saponin  formerly  mentioned  (v.  194)  may  be  explained,  in  accordance  with  the 
composition  of  sapo^nin  above  given,  by  suppKMing  that  the  gelatinoua  substanco 
resembling  quinovin  is  farmed  simultaneously  with  2  molecules  of  sugar ; 

C»H»H)»  +  H«0  -  C~H"K)'  +  2G^»0*i 
Baponin  Oelatinoiis  Bogar 

■abetanoe 

and  that  the  second  product,  distinguished  from  sapogenin  by  its  easy  Bolnbility  ia 
alcohol,  is  a  compound  of  sapogenin  with  1  moL  sugar: 

The  compound  obtained  by  FrSmy  from  saponin,  and  designated  as  aaetdie  add, 
is  regarded  by  Bochleder  as  C**H*'0",  and  its  formation  is  represented  by  the 
equation ; 


The  following  method  of  estimating  this  substance,  together  with 
xanthine,  in  muscular  flesh  is  given  by  Neubauer  (ZtiUehr.  anud.  Chan,  vi.  83*; 
Jdhretb.  1867,  p.  880).  The  aqueous  extract  of  .260  to .  600  snns.  of  finely  dtopped 
meat  (f^eed  £rom  albumin  by  heating)  is  mixed  with  basic  lead  acetate,  not  in  excasa; 
the  filtrate  freed  from  .lead  by  hydrogen  sulphide  is  evaporated  to  6-10  cnb.  cent ; 
the  creatine  in  it  is  determined  by  a  process  abraady  described  (p.  601)  ;  and  the  mother* 
liquor,  freed  from  alcohol,  diluted  to  100-160  c.  c^and  made  strongly  alkaline  by 
ammonia,  is  mixed  with  an  alkaline  solution  of  silver  nitrate.  The  resulting  precipi- 
tate is  washed  with  ammoniacal  water  and  dissolved  in  hot  nitric  add  of  sp.  gr.  1*1  ; 
and  the  sarcine  double  salt,  OH^N^O.  AgNO*,  which  separates- cm  oooUng,  is  collected 
on  a  filter  after  six  hours,  washed  with  water  till  the  acid  reaction  is  removed,  and 
weighed  after  drying  at  100°.  Prom  the  aeid  filtrate  the>  xan^ine  may  be  preci)pi> 
tated  by  supersaturation  with  ammonia,  in  the  form  of  the  compound  C*ff*N*0 .  Ag*0. 
By  this  process  Neubauer  has  found  in  beef  0*016  to  0*027  p*  c.  sarcine,  in  ox-spleep 
0*016  p.  c,  and  in  extract  of  meat  0*69  p.  c 

BAMOOWOFMrn  A  compound  of  this  base  with  xdnc  chloride,  having  the  eomposS- 
tion  2C*H'N0'.ZnCl*,  is  obtained  as  a  crystalline  precipitate  on  mixing  the  alcoholic 
solutions  of  pure  sarcosine  and  ainc  chloride ;  it  often  separates  in  the  first  instance  as 
a  syrupy  precipitate,  which  gradually  becomes  crystalline.  1  pt.  of  this  compound 
dissolves  at  ordinary  temperatures  in  2660  pts.  absoluta  alcohol.  It  dissolves  very 
easily  in  water,  and  separates  by  spontaneous  evaporation  in  compact  nodular  radio- 
oystalline  masses  consisting  9i  microecopio  quadratic  prisoM  not  containing  water  of 
ciTstallisation  (Buliginsl^.  ZeiUohr.f.  Ckem.  [2}  iv.  287).  According  to  Podkepaew 
(wid,  731),  this  auxochlorid^  of  aaroosino  and  cxeatiiiine»  which  are-  easily- pTepai«4 


lOU  8ARBA0ENINE--SBLENn}lL 

4him  the  npoo-cliIoridM,  ctystalliae  well,  uid  uMaA  the  means  of  Mpantaog  tlie  tm 
bases  when  they  occur  together. 

ff^^^^^*"—*'—"^  An  alkaloid  ooenmng  in  the  zoot  of  Sai  rwiwM  jmjmts, 
Jt  is  bitter,  soluble  in  aloohdL  and  ether,  and  foims  a  oyifftllinaNft  solfhste  (Sl 
tfardn,  ZeitBckr.f.  Chcm.  [2]  u.  443). 

aASBArmAB  OI&  (arimauz  a.  Bnotte,  Anm.  (X  Piitrm,  elii.  88;  ZdUAr. 
/.  Chem.  [2]  T.  411).— This  oil  is  a  mixture  of  a  lofTOgyrate  hjrdioeaiboo  sod  u 

optically  inactive  oxygenated  body,  together  with  a  small  quantity  of  a  pbeeolk 
substance,  which  gives  it  the  power  of  reducing  silrer  solution.  This  body  nay  be 
'extracted  from  the  oil  by  potasn,  and  the  alkaline  solution  mixed  with  hydroeluaRcacid 
"deposits  a  few  drops  of  an  oil  which  smells  strongly  of  eogenie  arid  azid  odoan  feme 
chloride  green. 

The  hydrocarbon,  safrene,  has  the  oompoeition  C^'H**.  Vapovr-deosity,  i^ 
471 ;  calc.  4*7.  Boiling  point  IdS^'-ld?^.  8p.  gr.  0*8345  at  (P.  Botatii^  petw 
W  -  -17-6*>. 

The  portion  of  the  crude  oil  (A  of  the  whole)  i^ch  passes  over  in  the  fizei  distill 
tion  between  280<'  and  286''  consists  of  saf rol,  C>«H**0',  wMch  boils  betwm  »!*' 
and  283^,  but  not  constantly,  because  a  small  portion  of  it  becomes  zesinised  it 
the  high  temperature.  Safrol  is  insoluble  in  water,  is  not  easily  dehydrated  I7 
calcium  chloride,  and  for  complete  purification  must  be  distilled  in  a  stream  of  dij 
hydrogen.  It  smeUs  like  sassafims  oil;  has  a  sp.  gr.  of  1*1141  at  0^ ;  is  o;Aie&DT 
inactive ;  remains  liquid  at  —20^ ;  does  not  unite  with  add  sulphites  of  alkali-oMtsl: 
does  not  dissolve  iKKlium ;  does  not  act  on  benn>vl  chloride  even  at  the  bottiiar 
temperatoie  of  the  latter ;  does  not  dissolve  in  alcoholic  ^tash  even  at  120^,  bet  s 
converted  by  that  reagent  at  180^  into  a  black  uncrystallisable  resin.  Willi  boiliaf 
hydriodic  acid  (at  127^),  it  forms  a  thick  green  iodated  oiL  It  reduces  phospbona 
pentachloride  to  trichloride  without  formation  of  ozychloride,  and  is  itself  oonrreitrd 
into  a  thick  tenacious  mass,  probably  mtmoeUorosafrol,  A  similar  product  is  formed « 
bringing  1  moL  safrol  in  contact  with  1  mol.  bromine ;  but  on  adding  a  lazge  ezeesBof 
bromine,  crystalliae  prntahromowifivl^  C**H*Br*0*,  is  produced.  To  preparB  thii 
compound,  6  pts.  of  bromine  are  added  to  a  solution  of  1  pL  safirol  in  carbon  bisolphida 
A  luge  quantity  of  hydrobromic  add  is  then  evolved,  and  after  a  few  days  oyatalf 
(Sepaxato ;  and  by  dissolving  these  in  chloroform,  washing  the  solution  with  potai^ 
ley,  and  concentrating,  pentabromosafrol  is  obtained  in  perfectly  white  reeCangvltf 
laminn.  It  melts  at  169^-170^,  is  but  slightly  soluble  in  alcohol  and  ether  even  st 
the  boiling  heat,  dissolves  in  about  15  pts.  of  chloroform.  Simultaneously  with  penta- 
bromosa&ol  there  is  formed  another  brominated  product  melting  at  109^. 

Nitric  acid,  even  when  ver^  dilute,  resinises  mfrol,  with  formation  of  oxalic  add. 
Faminff  nitric  acid  dissolves  it,  and  oonverte  it  into  a  non-crystallisable  body,  solnble 
with  bu>od-red  colour  in  alkalis.  Saficol  is  carbonised  by  heating  with  zinc  chloride, 
phosphoric  anhydride,  or  sulphuric  acid.  Melting  potash  attacks  sa&ol  with  difSodtj, 
out  sassafi»s  oil  distilled  over  melting  potash  M«>mes  altered  in  bmling  point,  the 
portions  whidi  otherwise  distil  at  280^-284^,  afterwards  passing  over  ontf  at 
246<'-260^  and  chiefly  at  247^-248^  This  distillate  has  the  same  peroentage  oompo- 
sition  as  safrolk 


MOOWAMOKm  This  substance,  the  yellow  colouring  matter  of  J^oarthtm  90opariam 
\y.  208),  is  resolved,  like  quercetin,  by  ftuion  with  potassium  hydrate,  into  phloro- 
gludn  and  protocatechuie  add,  perhaps  in  the  manner  represented  by  the  equation : 

C«iH»0»»  +  <)•  -  CraH)«  +  2CHK)«  +  C0«  +  2H«0 
Boc^srin.  Fbtoe*     Fkotoeafeeehido 

glooln.  addk 

(HladwetB,  Asm.  Ch,  PJkarm.  exxxviii.  190). 

BWLMKXUWi*  Mlotropie  Modifieaiion*. — ^Bed  czystallised  selenium,  the  mono- 
otinic  modification  soluble  in  carbon  bisulphide  (v.  222),  is  intermediate  in  specific 
gravity  between  the  black  and  red  amorphous  Yarieties,  and  may  be  tegaraed  as 
analogous  to  monodinic  sulphur.  Selenium  abetaraete  chlorine  ftom  sulphur  ehlori<ie, 
8'Cl',  and  forms  selenium  chloride,  Se*Cl*.  If  the  sdenium  is  in  excess,  selenium 
sulphide  remains  behind  on  distillation,  soluble  in  carbon  bisulphide,  and  crystallising 
therefirom  in  red  prisms.  Selenium  in  dther  of  ito  modifiications  dissolves  vety  ftedy 
in  the  chloride,  Se'Cl^  and  separates  vety  slowly  on  cooling.  The  selenium  thus 
separated,  in  the  cold,  belongs  to  the  black  modification  insoluble  in  carbon  bisulphide. 
It  does  not,  however,  form  crystals,  but  a  botiyoidal  mass  oonsistiiig  of  small  sphe> 
rules.  Carbon  tetrachloride  mixed  with  traces  of  carbon  selenide  (n.  1016}  dissolves 
^  selenium  in  small  quanti^,  bat  not  the  bbicfc  variety.    Bed  selenium  is  aUghUy 
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(•luble  in. ethyl  sulphide,  black  seleniuia  insoluble.  Ethyl  selenide,  on  the  othei 
hand,  diasolves  both  modifications  in  small  and  apparently  equal  quantities.  Black 
selenium  appears  to  be  analogous  to  rhombic  sulpnur ;  amorphous  red  selenium  to 
the  variety  of  sulphur  insoluble  in  carbon  bisulphide.  The  varieties  of  selenium  and 
sulphur  thus  compared  are  formed  indeed  by  similar  processes ;  they  are  converted  iu 
like  manner  into  the  other  modifications  by  heating  and  slow  or  rapid  cooling ;  and 
lastlVt  the  specific  gravities  of  these  two  modifications  of  selenium  differ  irom  one 
another  in  tne  same  direction  as  those  of  the  two  modifications  of  sulphur  with  which 
they  are  compared .(Rathke,  Ann.  Ch.  Pharm.  dii.  181 ;  Zdtschr.  /.  Chem,  [21  v.  720). 

Crystallised  selenium  precipitated  &om  selenious  acid  by  potassium  bisulphide,  and 
then  heated  for  a  week  in  a  diying  closet,  has  a  specific  heat  »  0*08404 ;  selenium 
separated  by  the  action  of  the  air  from  solution  in  potash  has  the  same  specific  heat 
a  0'08401.  Amorphous  selenium  obtained  by  melting  and  dropping  into  cold  water 
softens  between  40°  and  b(S^.  Its  snecific  heat  between  25°  and  38°  is  0*0953 ;  at 
60°  and  above,  the  ^ecific  heat  rapidly  increases,  being  0*1104  at  52°,  and  0*1147  at 
61°  (Bettendorff  a.  Wiillner,  ZeUschr,  f,  Chem,  [2]  iv.  660). 

On  the  heat  of  combination  of  selenium  and  of  nydrogen  selenide,  see  HautefeuiHe 
{CompL  rend.  Ixviii.  1554;  ZtiUclr,  [2J  v.  487). 

On  the  action  of  selenium  on  hydricKlic  acid,  see  Iodxkb  (p.  739). 

For  the  estimation  of  selenium  in  organic  compounds,  Kathke  {loe,  cii.)  heats  the 
compound  to  200^  for  several  hours  in  a  sealed  tube  with  potassium  dichromate  and 
nitnc  acid  of  sp.  gr.  1*4 ;  then  evaporates  to  dryness ;  heats  the  residue  with  hydro- 
chloric acid  to  reduce  the  chromic  acid ;  again  evaporates  several  times  over  tJie  water- 
bath  with  hydrochloric  as  nearly  as  possible  to  dryness,  to  convert  the  potassium 
nitrate  into  chloride ;  and  finally  precipitates  the  seleniimi  by  sulphurous  acid.  An 
inconvenience  attending  this  process  is  the  slowness  with  which  the  potassium  nitrate 
18  decomposed  by  hydrochloric  acid;  this,  however,  may  be  obviated  by  using  fi»e 
chromic  acid  instead  of  potassium  chromate. 

Belenlo  and  Belenlona  Aolds.  J.  Thomsen  (Deut,  ekem,  Oe»,  Ber,  ii.  598) 
prepares  pure  sdenioua  acid  by  a  method  depending  on  the  solubility  of  barium 
polenite  in  free  selenious  acid.  Selenium  is  dissolved  in  strong  nitric  acid;  the 
solution  is  evaporated  to  diyn^s ;  the  residue  heated  till  selenious  acid  begins  to 
sublime,  to  expol  the  excess  of  nitric  acid ;  the  residue  is  dissolved  in  water ;  and  to  the 
resulting  solution,  which  may  contain  selenic  and  sulphuric  as  well  as  selenious  acids, 
baryta-water  is  added  till  a  filtered  sample  of  the  liquid  no  longer  gives  a  permanent 
precipitate  with  a  few  drops  of  baryta-water.  On  Evaporating  the  filtrate  and 
enbliming  the  residue,  selenious  acid  is  obtained  quite  free  m>m  selenic  and  sulphuric 
acids,  and  much  more  permanent  in  the  air  than  the  acid  prepared  in  the  ordinary 
way.  .  . 

To  obtain  pure  aelmi^  acid,  the  selenious  acid  prepared  as  above  is  dissolved  in 
water  and  precipitated  with  silver  nitrate  or  saturated  with  silver  carbonate.  The 
resulting  silver  selenite,  which  is  nearly  insoluble  in  water,  is  shaken  up  with  bromine 
and  water,  bromine  being  added  at  first,  and  afterwards  bromine-water,  tiU  the  liquid 
exhibits  a  faint  orange  colour.  The  solution  filtered  from  the  silver  bromide  is  thra 
evaporated  to  the  desired  degree  of  concentration.  The  solution  of  selenic  acid  thus 
prepared  is  quite  free  from  sulphuric  and  selenious  acids. 

EthylseleniouB  Acid. — ^When  barium  eth^lsulphate  is  distilled  with  potassium 
selenide,  a  reddish-yellow  liquid  is  obtained,  which,  when  treated  with  nitric  and  tiien 
with  hydrochloric  add,  yields  only  traces  of  oily  selenethyl  chloride,  but,  as  principal 
product,  the  crystals  described  by  Joy  (ii.  544).  From  the  aqueous  solution  of  these 
ci^'stals,  sulphurous  acid  throws  down  pure  ethyl  hisetenide^  (C'H*)'Se',  boiling  at 
186^.  These  crystals,  when  purified  from  selenethyl  chloride  by  agitating  their 
ftqueous  solution  with  ether,  evaporating  the  remaining  aqueous  solution  over  sulphuric 
acid,  and  rocryetallising  from  dilute  hydrochloric  acid,  have  the  composition  of  hydro- 
chloride of  ethyl-selenious  acid,  CH'SeO'H .  HCl.  The  crystalline  compound  obtained 
in  like  manner  by  Wohler  and  Dean  (iii.  091),  by  treating  methyl  biselenide  with 
nitric  and  hydrochloric  acids,  consists  of  the  analogous  compound  CH'SoO'H .  HOI 
(Rathke). 

Hespecting  unsuccessful  attempts  made  by  Rathke  to  prepare  totrethyl  selenide  and 
tetrethyl  sulphide,  see  Ann,  Ch.  Pharm,  dii.  208  ;  Zeitsc%r.  f.  Chem.  [2]  v.  724. 

Beleatmii  Snlpliide.  The  precipitate  formed  on  passing  hydrogen  sulphide  into 
selenious  acid  dissolves  with  reddish-yellow  colour  in  carbon  biemlphide,  and  the 
solution  concentrated  till  it  begins  to  deposit  crystals  on  cooling,  yields  by  spontaneous 
evaporation  small  but  well-defined  rhombic  prisms,  having  the  colour  of  potassium 
dichromate,  and  containing  63  86  p.  c.  soleuium  and  35  50  sulphur.      By  passing 
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hydiogen  Beltoide  mixed  with  a  laigb  ezoeas  of  hydiqgeD,  lint  dvoogh  viter,  tad 
then  through  aaueoiu  solphuroiiB  add,  diasolying  the  zesnltiiig  predpitite  is  orbot 
bisulphide,  ana  Babmitting  the  eolation  to  firactional  orjatallisayoii,  ojBtak  in 
obtained  having  the  composition  2Se  +  S,  bat  oonaiating,  not  of  the  pan  taa^imi 
S&'S,  but  of  a  miztun  of  Uiat  oompoond  with  SeS*  and  free  seleniiiiii.  The  pncpaa 
obtained  by  pawinff  hydrogen  solphide  through  aelenions  acid  has  the  eoBposu^ 
8e  -i-  2S,  and  oonsista  mainly  of  SeS*,  bat  contains  also  8e^  probably  miad,  atf 
with  a  higher  sulphide  of  selenium,  bat  with  free  sulphur  (Bathke). 

Carbon  Biaolealdef  GSe*,  is  produced  in  small  quantity  bytheadn-:^ 
moist  Tapour  of  carbon  tetrachloride  on  phosphorus  selenide,  the  naseeot  hTdrcn 
selenide  resulting  from  the  action  of  the  aqueous  vapour  on  the  phos^ons  t^ts^ 
acting  on  the  carbon  diloride,  according  to  the  equation  CCl*  4-  2^Se  «-  4£Cl  * 
CSe'.  (See  Cabbon-compoxtkds,  p.  408.)  When  the  solution  of  carbon  s^aide  b 
carbon  tetrachloride  thus  obtained  b  mixed  with  alcoholic  potash,  it  assomfli  i  ^ 
red  colour ;  and  on  mixing  the  solution  with  water,  which  aepontes  caiboa  trtn- 
chloride,  adding  hydrochloric  add,  and  heating  the  liquid  after  some  time,  a  daik 
solid  mass  separates  from  it  saturated  with  an  oiL  This  mass*  separated  fros  tbe 
watery  liquid  and  distilled  in  a  small  bent  tube,  ^elds  a  golaen-ye^v^n^ 
having  an  intolerable  odour  and  consisting  of  etk^flte  sdemo-^eantkaU,  Cftf*JO. 
When  the  liquid  containing  the  carbon  selenide  is  dropped  into  a  oonoentrateisMa 
of  potash  in  absolute  alcohol,  voUutmm  admuhMmtiate,  C*H*SeK)K,  sepinlH  is 
yellow,  very  deliquescent  needles,  the  alkaline  aqueous  solution  of  whxh  pidb 
selenide  of  lead  when  heated  with  lead  acetate.  The  solution  decolorises  a  sohitiaB  d 
iodine  in  potassium  iodide,  becoming  turbid  at  the  same  time  (Bathke). 

mmmMA,  According  to  Dmgendorff  a.  Kubly  {Zriitekr.  /.  Ckem.  [2]  iL  411^ 
the  active  prindple  of  seniia-lwvee  is  a  gluoodde,  which  they  dnsignate  as  csttsdi 
aoMf(p.  417). 

and  PWBfW.    See  Sm:. 


An  aeanthaoeoua  plant  nsed  in  Xeneo  ii 
a  remedy  for  dysentery,  and  containing  a  blae,ooloaring  matter  called  mokHim  (pw  SSl^ 

MMMWMM  VJJi  Jk  For  analyses  of  this  mineral  ftom  varions  loealitiei,  m 
Jahnab.f.  Chma,  1860,  774;  1861, 1004;  1862»  p.  746;  1868,  p.  866;  1866,^.931; 
1867,  pp.  996,  1016,  1026. 

snaBOVZasmk  A  carbonate  of  iron  and  magnesia  oocnzring  near  DiMtcs 
in  Salsbuis,  in  the  greywacke  formation,  in  Isntiealar  forms,  aooompMiied  by  doksute 
rhombohecbons  and  xoek  crystaL  Sp.  gr.  ■•  8*699.  Ang^  of  terminal  e4gM  of  ^ 
eleavBge-rhombohedron  -  107®  6'  16^    Its  analysis  gavv 

00"  VM>  XbO  MgO  OsO         MV 

40*81        48-86        2*67        1046        0*40        4*07  »  101*67 

Reduming  the  ferric  oxide  as  ferrous  carbonate^  the  mineral  may  be  repvBsanted  I7 
the  formiua  8CO^e.8CKHIIg  (Zepharovich,  Jakntb,  1866,  p^  906). 

T"tTa^  The  constitution  of  silica  (whether  SiO*  or  SiO*)  has  been  discosMd 
by  Scheeier  (J,  pr,  Ckem.  zd.  416 ;  Jairesb.  1864,  p.  810)  ;  Ordway  (801,  Jm.J> 
[21  xl.  187;  Jahreab,  1866,  p.  192);  and  Geather  (JShmimAs  Zaiteir.  rr.  SIS; 
JaAresb.  1868,  p.  206). 

Jliodi/loaHon8.^An  amorphous  silica  of  sp.  gr.  2*6,  differing  ftom  the  ordimuT 
variety  (sp.  gr.  2*2),  is  formed,  according  to  Jennch  (Pifgg,  Ann,  cxxvi.  467 ;  JkknJL 
1866,  p.  876),  by  the  weathering  of  chalcedony.  G.  vom  Rath  (i^^.  ^les.  cxxxiiL 
iM>7 ;  cxzxv.  437 ;  ZeUxhr,  /.  Ckem,  [2]  iv.  666 ;  v.  410),  has  disooverad  in  a  voleaoie 
porphyry  from  the  Cerro  S.  Cristobal,  near  Bachuca  in  Mexico,  a  new  mineral,  which 
he  designates  as  tridymUe,  consisting  of  crystallised  dlica  of  sp.  gr.  2*3,  wheress 
ordinary  erystallised  silica  has  the  sp.  gr.  2*6,  and  silica  of  sp.  gr.  2*8  has  hitherto 
been  observed  only  in  the  amorphous  state. 

On  the  preparation  of  cirstallised  dlica  in  the  drv  way,  see  G.  Rose  {ZaHckr,  / 
Chfm,  [2]  V.  646).    On  Graham's  eolloid  silica,  see  vol.  v.  p^.  241, 1088. 

Hydrates  (Mers,  J»  pr.  Chem.  xdx.  177).— -Gelatinous  silica  obtained  by  decom- 
posing gaseous  silicon  fluoride  with  water,  continuously  washed,  with  fipequent 
pressure,  dried,  pulverised,  and  again  washed,  first  with  ammoniacal  and  then  with 
pure  water,  retained,  after  six  weeks'  drying  in  the  air  at  20^-26*,  ftom  13*1  to 
13*6  p.  0.  water,  answering  to  the  formula  2SiO*.S['0;  the  amount  of  water  was 
diminished  by  exposure  over  sulphuric  acid,  but  was  recovered  on  exposure  to  the 
air.    After  diying  at  60*^,  or  after  prolonged  dedccation  over  sulphuric  add,  tl^ 
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hydrate  3SiO'.HK)  remaiDed  (containiiig  8*68  and  9*24  p.  e.  water;  cale.  9*04  p.  c); 
at  80^-100°  the  yezy  unstable  hydrate  4SiO*.H*0  (containing  6*17  to  7'40  p.  c. 
water ;  calo.  6*93  p.  c) ;  after  drying  at  250^-270°,  the  amount  of  water  (3*29  to 
3-59  p.  c.)  agreed  with  the  formula  8SiO'.H*0.  Recently  prepared  silica  retains 
smaller  quantities  of  water  at  the  several  temperatures  abuve  citea  (at  70^  only  about 
6  p.  c. ;  at  90^^,  4*6  p.  c  ;  at  100°,  4*3  p.  c. ;  at  130^  3-6  p.  c ;  at  160^  3  p.  c);  it 
appears  therefore  to  undergo  a  gradual  molecular  alteration. 

The  hydrates,  together  with  the  monohydrate  obtained  by  Graham,  form  the 
following  series : 

SiO«.H«0  4SiO«.H«0 

2SiO«.H«0  8SiO».H«0 

SSiO'.HK) 

The  third  and  fourth  of  these  were  preyiously  obtained  by  Fochs  (▼.  242).  The 
hydrates  8SiO*.2HK)  and  2SiO*.3H*0,  described  by  Ebelmen  and  Boveri,  do  not 
appear  to  have  been  obtained  by  Merz.  The  hydrate  obtained  by  the  action  <of  moist 
air  on  silicon  tetrachloride  has,  according  to  Langlois  (Jdhmtib,  1868,  p.  140),  the 
composition  9SiO'.4H*0. 

SohbiHty  in  Ammania,-^Accor6ATig  to  "Wittstein  {Jahreab.  1866,  p.  192),  ammonia 
dissolves  perceptible  quantities  of  amorphous  silica,  not  only  in  the  gelatinous,  but 
also  in  the  dry  and  ignited  state ;  even  pulverised  quarts  is  attacked  by  it.  When  a 
clear  solution  of  water-glass  supersaturated  with  hydrochloric  acid  is  gradually  mixed, 
with  ammonia,  a  strong  flocculent  turbidity  is  produced,  which,  however,  dis^ppeai^ 
on  addition  of  more  ammonia,  either  in  the  cold  or  at  a  gentle  beat,  100  pts.  of 
aqueous  ammonia  containing  10  p.  c.  NH'  dissolve,  of : 

Crystallised  silica        .«•««••  0*017  pt» 

Ainorphous  silica,  ignited     »•••«•  0*38     „ 

Amorphous  silica,  as  hydrate*     .        •        •       «        «  0*21     „ 

Amorphous  silica,  in  the  form  of  jelly .       •       «       «  0*71     ff     • 

The  solutions  prepared  by  contact  of  the  silica  with  the  aqueous  ammonia  in  dosed 
vessels  for  several  days  sometimes  clarified  but  slowly;  that  obtained  with  the 
gelatinous  acid  was  slightly  opalescent.  By  prolonged  exposure  to  the  air  they  lost 
their  alkaline  reaction,  and  then  contained  4  eq.  silica  to  1  eq.  ammonia.  This 
neutral  solution  when  boiled  and  evaporated  does  not  yield  any  deposit,  although 
|g  of  the  ammonia  has  been  driyen  off,  and  only  1  eq.  ammonia  remains  in  the  liqmd 
to  80  eq.  silica.  After  complete  evaporation  tuere  remains  an  amorphous,  laminar, 
homy,  translucent  residue,  b'kewise  containing  80  eq.  silica  to  1  eq.  ammonia,  und 
nearly  insoluble  in  water. 

SolubUUv  m  Aeids, — ^Wittstein  has  likewise  observed  that  hvdrated  silica,  at  the 
moment  of  separation  (as  when  cast  iron  or  steel  is  dissolved  in  an  acid),  is  more 
abundantly  dissolred  by  nitiamuriatic  add  (8  pts.  hydrochlorio  add  of  sp.  g^.  1*18  to 
1  pt.  nitric  add  of  Bp.gr.  1*83)  than  by  nydrochlorio  add  (sp.  gr.  Vld)  {Jakreab^ 
1868,  p.  207). 

annOATM^  On  the  dassification  of  silicates,  see  Wurts  {Ckem.  Soo.  J,  zr« 
897 ;  Sip,  Ckim.  pure,'  ii.  449) ;— Weltsien  (&/stemaiiaehe  Utber^kt  der  aOkaU, 
CKessen,  1864;  Jakresb.  1864,  p.  211);— Schi#(^fin.  CK  Pharm,  Suppl,  iv.  27; 
Jakretb,  1865,  p.  194);>-Frtoy  (Compt,  remd.  Ixir.  243 ;  Jakreab.  1867,  p.  202). 

Cleve  and  A.  £.  Nordenslgdld  (J,  pr.  Ckem,  e.  119 ;  Jakmb,  1867,  p.  989)  designate 
a  number  of  hydrated  hygroscopic  silicates,  formed  on  the  t^rpe  of  hisingerite,  as 
ferruffincus  eoUindai  mlioaiet,  and  represent  them  by  the  following  formuls : 

Hisingerite  .       «       4    (2MO.Fe«0«)»8iO«  +  4H»0. 

Scotiolite      .        .        .    (2MO.re«0")«SiO«  +  3H«0. 

Traulite       .        .        .    3Fe«0».68iO«  +  10H«O. 

Neotokite  and  Stzatopdte  (MnO;  FeO;  llgO;  PbO)«.6SiO*  -h  7H*0  -f  «0. 

Wittingite     .        .        .    4Mn0.6SiO«  +  9H*0  +  «0. 

GilUngito      •        .        .    (2MO.IlH)")«.6SiO»  +  9H*0. 

On  the  formation  of  natural  silicates,  and  the  alteration  of  the  spedfio  gravity  of 
silicates  by  heat,  see  F.  Mohr  (Kolnitehe  ZeUung,  1866,  Nr.  166;  Jakrh,  Mm.  1866» 
p.  181 ;  Jahrub.  1866,  p.  911),  and  C.  W.  Fuchs  \jahrh.  Min,  1866,  p.  676;  Jaknth, 
1865,  p.  866). 

Daubr^  (Ckmpt.  rtnd,  Ixiy.  839 ;  Jakretb.  1867,  p.  1010)  has  made  experiments  on 

•  •  Frepwod  from  the  hydrochloric  add  lolutioii  by  eworatlon,  washing,  sad  drying,  and 
containing  a  qoantity  of  water  SDSweriiig  to  the  formula  ZSiCr .  4li*U. 
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the  action  of  water  on  TarionB  silicates  nnder  oonditions  analogoua  to  those  vb.^ 
oceor  in  natnra.  The  minenils  were  enclosed,  together  with  an  eoual  or  a  dptJlf 
weight  of  water,  in  cylindrical  vessels  of  stone-ware  or  iron,  whi^  were  vait  ^ 
rotate  upon  horizontal  axes  with  a  Telodtj  equivalent  to  a  lectilinear  moxka.  d 
2500  metres  per  second.  Felspar  thns  treated  in  a  stone-waze  cylinder  with  ^<^ 
water  was  somewhat  easily  attaicked,  giving  up  to  the  water,  potash,  silica,  sIeellj. 
and  traces  of  sulphuric  and  hydrochlorie  acids;.in  the  iron  veeeel,  the  nUcawii 
precipitated  by  the  feixic  hydrate  fonned  by  the  oxidation  of  abraded  iroa.  T^"^ 
Kilograms  of  felspar  fragmiBnte  rotated  in  the  iron  cylinder  for  192  bcHOS  {f^^sn- 
sponding  to  a  distance  of  460  kilometres),  yielded  2720  grme.  of  mod,  aad  *Jh 
6  litres  of  water  took  up  12*6  grm.  potash:  oonseouently  from  2  to  8  pu  e.  of  pxai& 
present  in  the  dust  had  passed  into  solution.  Water  containing  ffodj""  ^wC'ci; 
(3  p.  c)  and  carbonic  acid  water  acted  less  quickly  than  p>nr«  water.  Ofasidisa  aad 
leudtophyie  were  but  veiy  slightly  attacked  by  pore  water.  With  Betpea''Jflfc 
obsidian,  uid  angular  lumps  of  felspar,  the  quantity  of  abraded  powder  «»»*«i**t  a 
0*3  p.  c. ;  with  rwmded  lumps  of  felspar,  to  0*2  p.  e. ;  with  flinta,  to  <H)2  p.  c  Tb 
state  of  the  solid  si;bstanee  has  some  influence  on  ite  deoomposibility ;  ftJ^ir  v^idi 
had  been  heated  to  whiteness  and  rapidlv  oodled  was  decompoaed  with  iaussw^ 
facility.  The  abraded  fiolspar  powder  euibited  consideiahle  aiinilari^  to  ■■£? 
clay-slates  aad  lithomazgea. 

On  the  deoompositioD  of  sQicates  and  other  erystallised  eompoimda  bj  deeso> 
capillazy  difftuion,  see  Beoquerel  {Cbmpt,  rmd,  Ixvii.  1081 ;  ZeUsckr,  f.  C%gm  'i] 
T.  134). 

'  For  the  decomposition  of  silicates  in  analysis,  in  cases  in  which  the  *nrai;<i  sr  t: 
be  determined,  K.  Ho£Efaiann  (Zst^Ar.  trntd,  Chem.  vi.  366)  recommende,  iDsCesd  d 
aqueous  hydrofluoric  ^acid, 'the  use  of  ammonium  fluoride  with  addition  c^  salphcr^ 
acid.  The- finely  pulverised  silicate 'is  mixed  with  8  or  4  pts.  of  paFe  amnaa:sa 
fluoride,  moistened  in  a  platinum  dish  with  sulphuric  add*  and  heated*  with  ficqe^ 
addition  of  .sulphuric'acia,*flr8t  over  the  water-bath,  then  over  an  open  flame,  tiH  sll 
the  acid  is  ei^Ued.  The  residue  is  dissolved  in  hydrochloric  acid;  the  eohitios 
precipitated  with  ammonia  and  ammonium  carbonate;  then — after  removii^  tlia 
sulphuric  acid  bv  barium  chloride  in  case  of  ma^esia  being  present — oTaporatei  ^ 
dryness  with  addition  of  oxalic  acid,  and  ignited.  On  heating  the  reaidne  witk 
water,  the  alkalis  pass  into  solution. 

According  to  F.  Mohr  (Zeitschr.  /.  Chem.  v.  308),  the  decomposition  of  «n?*^^**  bv 
fluorides  is  greatly  facilitoted  by  previously  submitting  them  in  the  pulverised  sc&ts 
to  intense  ignition.  They  are  then  rapidlv  decomposed  by  gaseous  hydroflnoric  add. 
without  formation  of  the  insoluble  resiaue  which  so  oftea  oocnrs  when  amgaitcd 
silicates  are  treated  with  hydrofluoric  acid. 

On  the  decomposition  of  silicates  by  hydrofluoric  acid,  see  ICaskelyne  (CSIem.  ISae*, 
XXL  27  ;  Zeitschr.  /.  Chem,  [2]  vi.  191). 

Sodium  metatUicaU  is  obtained  in  monodinie  ciystels  containing  Na'SiO*  -f  8£P0» 
by  dissolving  ignited  silica  in  an  equivalent  quantity  of  caustio  soida-ley,  ev^^xnatin^ 
the  decanted  solution  with  as  little  contact  of  air  as  possible,  tiU  a  number  of  snail 
ci^atels  of  sodium  carbonate  fall  down ;  then  cooling  the  solution  to  —  22^,  and 
aturing  it  with  a  glass  rod  till  it  solidifies  to  a  cxystalline  pulp ;  straining  this  antf 
to  free  it  from  the  mother-liquer ;  dissolving  it  in  a  small  quantity  of  dietillad  water; 
and  leaving  the  solution  to  itself  (Ammon,  Jakmb,  1862,  p.  188).  Aooocding  to 
Ordway  {8tU.  Am,  J.  [2]  xl.  186),  the  same  salt  is  easily  prepared  by  disedlTing  the 
liquid  layer  obteined  by  preeipiteting  a  purified  solution  of  soda  waterless  (1  moL 
Na'O,  2*26  moL  SiO')  with  twice  ite  volume  of  alcohol,  ia  an  equal  weigfai  of 
soda-ley  of  sp.  gr.  1*32,  and  exposing  the  solution  to  a  low  temperature ;  the  oysCa^s 
which  form  in  a  few  hours  may  be  purified  by  rectysUllisation  froni  water.  The  salt 
melte  at  4fj9  to  a  syrup  which  does  not  resolidify ;  at  a  higher  lemperature  it  gives  off 
ite  water,  leaving  a  spongy  mass,  which  is  still  easily  soluble  in  water  (Ammon).  It 
has*  not  been  found  possible  to  prepare  a  crystallised  silicate  of  potassium  or  a 
crystellisod  double  silicate  of  jK>taesium  and  sodium  by  either  of  the  prooeasee  ^bore 
mentioned. 

The  metasilicates  df  the  earth-metals  may  be  prepared  by  precipitafang  a  dilute 
solution  of  the  sodium  salt  with  a  solution,  mostlj^  diluted,  of  an  earth-metal  salt. 
The  barium. salt,  BaSiO*  or  BaO.SiO*,  is  not  quite  insoluble  in  hot  water,  perfectly 
soluble  in  dilute  hydrochloric  acid,  and  retains  a  somewhat  considerable  quantity  of 
water  even  after  drying  at  100°.  The  calcium  salt,  GaSiO*  or  OaO.SiO*,  is  a  white* 
very  bulky,  gelatinous  precipiteto,  which  also  retains  water  with  great  obstinacy,  and 
when  lei^  in  contact  with  water  for  a  long  time,  dissolves  in  it,  apparently  with  partial 
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decompontion.  The  strontium  salt  \b  exactly  Bimilar  in  oomposition  and  properti^. 
The  moffnesium  »dU^  SMgSiO'  +  5H*0,  is  soluble  in  dilute  acids,  is  not  completely 
dcH^ompoeed  by  hydrochloric  acid  after  initios,  and  bakes  together  when  strongly 
ignited.  When  recently  precipitated  alumina  is  added  to  a  moderately  concentrated 
and  boiling  solution  of  caustic  soda  and  sodium  silicate,  all  the  alumina  dissolTes  in 
the  first  instance,  but  afterwards  a  white  powder  is  deposited  consisting  of  a  aodio' 
aiuminio  silicate.    The  reaction  appears  to  be  as  follows : 

2(Na«0.AiK)«)  +  4(Na«O.SiO»)  -  (2Na«0.8iO»  +  2Al«0«.3SiO»)  +  4NaK). 

When  a  hot  dilute  solution  of  alum  is  precipitated  with  sodium  silicate,  a  gelatinoos 
preciiMtate  is  formed,  whitish  and  yery  fight  when  dry,  consisting  of  a  double  silicate 
in  which  the  oxygen  of  the  silica  is  double  that  of  the  basea — ^that  ia  to  say,  of  a  meta^ 
silicate : 

(K*O.SO«  +  A1K)«.8S0»)  +  4{Na»0.8iO«)  -  K«O.SO«  +  8Na*0.80»  + 

Na»O.SiO«  +  Al«0».3SiO«. 

A  similar  experiment  with  excess  of  aluminium  sulphate  and  sodium  silicate  also 
gave  a  metasilicate  of  aluminium.  Besults  for  the  most  part  similar  wece  obtained 
with  silicate  of  potassium  (Ammon). 

Acid  eaicium  sUieate,  GaO.SSiO*  -f  2H'0  or  CaSiO*.2SiO*  +  2HH),  is  obtained  on 
taiixing  eaicium  chloride  with  acid  potassium  silicate,  K'O.SBiO',  as  a  gelatinous 
precipitate  which  gradually  becomes  czystalline  under  the  liquid,  and  when  dried  aib 
100^  has  the  composition  above  given ;  it  does  not  harden  when  mixed,  either  in  the 
air-dried  or  in  the  ignited  state,  with  calcium  hydrate,  or  a  solution  of  that  substance 
in  sugar-water.  Acid  magnesium  siUcaU,  MgO .  2810*  +  2H'0,  is  obtained  in  like 
manner  as  a  gelatinous  precipitate  which  does  not  become  crystalline  in  contact  with 
the  liquid  (Heldt,  J,  pr.  CheTn.  xciy.  129,  167). 

SZXIOZO  CR&0X01H>S1C.    The  sUicohjrdrie  chloride  (v.  268)  which  Wohler 
a.  Buff  obtained  in  1857  by  passing  hydrochloric  acid  gas  over  heated  crystallised 
ailioon,  and  to  which  Wohler  assigned  the  fozmii1aSi*H«a*«  -  88iCl*.4HGl,  has  been 
shown  by  Friedel  a.  Ladenburg  {BulL  8oo,  Ckim^  [2]  vii.  822)  to  be  a  mixtore 
separable  by  repeated  fimctional  distillation  into  a  portion  boiling  between  85^  and 
37^,  and  another  boiling  between  65^  and  60^.    The  latter  is  silicic  chloride,  SiCl^ 
.The  former  consists  of  silicic  chloroform,  8iHCl*,  having  a  vapour-density 
.  M  4*64  (calc.  4*69).    This  compound  possesses  all  the  essential  characters  of  the 
silicohydric  chloride  described  by  Wohler  a.  Buff:  its  vapour  mixed  with  air  takes 
•fire  even  by  contact  with  a  hot  l)ody.    FioDft  the  tetrachloride,  wliich  it  resembles  in 
appearance  and  in  odour,  it  is  immediately  distinguished  by  its. proper^  of  being 
decomposed  by  water,  with  evolution  of  hydrogen.    Chlorine  decomposes  it  at  cndinary 
temperatdxes,  forming  silicic  chloride  and  hydrochloric  acid :  8iMcl'  +  CI*  «  8101* 
+  HCl ;  hromine  appears  not  to  act  on  it  below  100^.    The  white  oxide  prodnced  in 
the  decomposition  of  silicic  chloroform  by  water,  and  reguded  by  Wohler  a.  Buff 
(v.  274)  as  3SiO.  2H'0,  afterwards  by  Wohler  as  more  probably  consisting  either  of 
Si*H>*0*«  or  of  8i*H«0*,  and  by  Geuther  {Jahresb.  1865,  i>.  189)  as  28iO^.HO 
[Si  M  21],  IS  prepared  by  Friedel  a.  Ladenbuiig  by  slowly  passing  the  vapour  of  purs 
•silicic  chloroform  through  a  tube  with  a  funnel-shaped  termination  into  water  at  0^, 
filtering  quickly,  washing  the  precipitate  with  ice-cold  water,  and  drying  it  first  over 
oil  of  vitriol,  then  at  150^.    In  this  state  it  has  the  composition  of  silicic  for  man- 
hydride,  S\EH>*  -  (8iOH)'0,  analogous  to  the  unknown  formic  anhydride  (COH)H). 
Ita  formation  ia  represented  by  the  equation : 

2SiHa»  +  8H»0  =  6Ha  +  (SiOH)«0 
(Friedel  a.  Ladenbnzg,  BuU.  Soe,  CJdm.  [2]  viL  822). 


When  chlorine  is  passed  into  woll-eooled  siUcon-ethyl 
(v.  266),  the  liquid  first  turns  yellow,  then  suddenly  colourless,  and  gives  off  hydro- 
chloric acid.  If  the  product  oe  distilled  after  some  time,  and  the  portion  boiling 
below  160^  again  treated  with  chlorine,  these  operations  being  repeated  several 
times,  there  is  finally  obtained  a  liquid  boiling  between  180^  and  220^,  and  yield- 
ing by  fractional  distillation  a  small  quantity  of  the  compound  SiC"JEl'*Cl,  which 
mayoe  regarded  either  as  silicic  monochlorotetrethj/l,  denved  from  silicon-ethyl, 
S»(0*H»)*,  by  substitution  of  1  at.  CI  for  H,  or  as  the  dUoride  of  sUicononyl, 
SiC*H**,  a  radicle  derived  from  nonyl,  C*H",  by  substitution  of  1  at.  silicon  for 
carbon.  The  greater  portion  of  the  crude  product  distils  between  190^  and  195°, 
and  has  the  composition  of  sUicio  mono-  and  di-ckloroietreth^l  in  equivalent  pro- 
portions; but  on  continuing  the  distillation,  the  composition  of  the  distillato 
approaches  more  nearly  to  that  of  the  luttor,  and  at  230^  decomposition  takes 
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place.  If  the  portion  of  the  product  which  distils  between  ISO**  and  200^  Ulokad 
with  potassium  acetate  and  alcohol  in  sealed  tubes  to  13<P~140^,  the  diehknoikd 
compound  is  alone  attacked ;  and  on  mixing  the  contents  of  the  tube  with  mta, 
and  beating  the  oily  liquid  which  separatee  with  strong  sulphuric  add,  seTcnletllenl 
compounds  are  dissolved — ^including  trieikyl-^ioie  omU,  [Si(C^*)']*0,  fonned  froa 
the  silicic  dichlorotetrethyl — while  sUieie  mouoeUaroteireti^i,  or  tilieomfl  cUohei, 
remains  undissolved,  and  distils  for  the  most  part  between  180^  and  190®.  On  ifua 
heating  this  distillate  to  180^  with  an  alcoholic  solution  of  potassium  acetste,aal 
mixing  the  contents  of  the  tube  with  water,  an  oily  product  is  obtained,  which  nty  \* 
freed  from  undecompoeed  silioononyl  chloride  by  treatment  with  strong  solplnne 
acid.      The   resulting   solution   poured   into   water    deposits    siUconmud  seriflte, 

C«H*ol^*  as  a  liquid  which  boils  between  2099  and  214^  smeHs like aoedc sod, nd 

bums  with  a  bright  flame,  giving  off  acetic  add.    This  Uqnid  treated  at  ISXf-ltt^ 

with  a  solution  of  potash  in  aqueous  alcohol  yields  tiUeomon^  aieokol,        HP'" 

a  liquid  insoluble  in  water,  smelling  lihe  camphor,  and  boilin^r  nt  190®.  Sodin 
dissolves  in  this  alcohol,  with  evolution  oi  hydrogen,  forming  a  gelatLBoas  SBbibfiei 
which  is  decomposed  by  water,  reprodudng  the  original  aloohoL 

TrieihyliQ  Bilieoformate,  8iH(0C>H*)*   or  /^2^|o>,  analogoos  te  tb 

tribade  formic  ether  discovered  by  Williamson  a.  Eary»  is  prodneed  by  dnf^^ 
absolute  alcohol  into  dlidc  chloroform  contained  in  a  long-ne^ed  flask.  On  gotlj 
heating  the  liquid  after  the  reaction  is  over,  and  then  disdlling,  the  tiiethylie  iitia>' 
fonnate  is  obtained,  as  a  colourless,  very  hygroscopic  liquid,  boilii^  at  114°,  ib^ 
smelling  like  normal  silidc  ether :  its  vapour  forms  an  explosive  mixtare  with  iff. 
It  is  slowly  attacked  by  water,  quickly  and  with  evolution  of  h^^dxogen  by 


and  potash.  In  contact  with  sodium  it  is  resolved  into  tetrsthylie  silicate  and  nhoe 
hydride,  8iH«  (p.  1021):  4SiH(0C*H»)*  -  8Si(0C^*)«  -i-  SiH«.  Tbm  modeofsetiin 
of  the  sodium  has  not  been  eo^lained;  it  cannot  bo  replaced  bw  platiniB-Uick 
(fViedel  a.  Ladenburg,  BiM.  Soe.  Ckim.  [2]  vii  822). 

Trieihylio  SiUeoohloroformate  or  Etk^hOiae  JlfeModUW^M^ 
8iCl(00'£L*)*,  discovered  by  Friedel  a.  Crafts  (v.  264),  is  eadly  ptepaied  by  dioppy 
8  moL  absolnte  alcohol  into  1  mol.  silidc  chloride,  uCl*,  fractumating  the  pnw* 
and  collecting  apart  the  portion  which  passes  over  at  about  150^.  It  is  not  sdid 
upon  by  dno^ethyl  even  at  the  boiling  heat  (Priedel  a.  Ladenburg). 

TrUtkylio    Silieopropionatg    or    Tribasie    Silieopropiomie  €th*ff 

8iC*H*(0CV)<  -  ^^\c^i)a[0*,  is  produced  by  adding  a  fbw  lumps  of  sodiam  tos 

mixture  of  1  moL  dno-ethyl  and  2  moL  silicochlovoformate^  and  applyinig  a  gee^ 
heat,  whereupon  the  action  begins,  and  becomes  very  violent  if  not  modeiatai,  p^ 
being  copiously  evolved*  consisting  chieflv  of  ethyl  chloride,  followed  by  ethyl  sad 
etl^rl  hydride  (butane  and  ethane),  while  the  sodium  becomes  covered  with  b» 
powder  and  gradually  disappears.  On  distilling  the  mixture  after  the  ^f^^^^^*^^^ 
gas  has  ceased,  and  repeatedly  fractionating;  tribade  silicopropionie  ether  is  oblsis*^ 
jas  the  chief  product,  boiling  between  169^  and  162^,  having  a  sp.  gr.  of  0*9207  ^  ^* 
and  vajpour-dendty  m  6*92  (calc  6*65).  It  may  be  regarded  as  tribasie  dlieofov^ 
ether,  m  which  the  hydrogen  immediately  connected  with  the  silicon  is  redaeed  If 
.ethyl,  or  as  the  triethylhydrin  of  a  glycerin,  in  whose  trivaleot  radide,  C*H%  1  ^^ 
carbon  is  replaced  by  silicon.  It  is  an  ethereal  liquid  of  agreeable  odonr,  ressmbling 
that  of  tetrethylic  silicate ;  insoluble  in  water,  misdble  in  all  proportions  with  sloobol 
and  ether.  By  moisture  it  is  gradually  resolved  into  alcohol  and  products  boihqg  *^ 
higher  tempeiatures,  doubtless  polydlicates  analogoas  to  those  formed  from  noiw 
sibdc  ether.  It  is  not  completely  decomposed  by  ammonia.  Like  normal  sQidc  ctbtfi 
it  is  vei^  stable,  and  is  not  oxidised  by  nitric  add  till  heated  above  200**.  Stroi;^ 
sulphuric  add  decomposes  it  instantly.  Heated  with  very  strong  potash-ley,  it  i* 
quickly  decomposed,  with  formation  of  two  layers  of  liquid,  both  of  which  are  dissolTcd 
by  water,  with  separation  of  oil-drops.  On  neutralising  the  resulting  solution  vith 
hydrochloric  add,  or,  better,  on  adaing  sal-ammoniac  to  the  neutral  liquid,  a  whit^ 
ilooculent  predpitate  separates  resembling  silica.  This  precipitate  dried  over  sniphine 
acid  forms  a  white  powder  which  blackens  and  bums  when  heated  on  platinnm-laiL 
It  dissolves  in  potash  and  is  repredpitated  by  hydrochloric  add.  The  sli^tly 
alkaline  solution  forms  with  silver  nitrate  a  white  or  yellowish  precipitate  eontaioii^ 
silver  oxide  and  silicopropionic  acid,  C*H*.8iO'H.  Tribasie  dlioopro^ooto 
ether  is  therefore  decomposed  oy  potash  in  the  manner  ropresented  by  the  eqtiaUoa : 

8iC«H»(0,C«H»)«  +  2H«0  -  3C»H«0  +  C«H*.  SiO^H,  . 
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tbo  deeotaposition  being  analogous  to  that  of  tribaaic  fonnie  ether : 

CH(OC»H»)«  +  2H«0  -  SC?H«0  +  H.CO'H. 

When  triethjlio  silieoformate  is  treated  in  preeence  of  eodinm  with  1  moL  (instead 

of  ^  mol.)  sine-ethyl,  the  reaction  takes  place  in  the  manner  aboye  described,  but  the 

product  boils  at  a  lower  temperature  and  contains  more  carbon.    l*his  body,  whidi 

boils  between  Idft^*  and  \66^,  consists  of  Si(C*H*)*(OC*H<')>,  and  appears  to  be  pro- 

duora  by  reduction  of  tribasic  silicopropionic  ether  at  the  moment  of  its  formation. 

The  same  compound  would  be  formed  by  the  action  of  zinc-ethyl  and  sodium  on 

dichlorosilicic  ether  (Friedel  a.  Ladenbuzg  (Compt.  rend,  Izvi.  816 ;  Zeiieehr,  /,  Chem^ 

[2]  iv.  567 ;  Jakrnb.  1868,  427). 

(SiCl* 
Triehlorotilieie    oxide,    OjgjQ,|,   analogous   to   perchloromethylio   ether, 

(CC1')K)*,  is  formed  b^  passing  the  vapour  of  silicic  chloride  through  an  exhausted 
poroeLun  tube  containmg  fragments  of  felspar,  and  heated  nearly  to  the  melting 
point  of  the  latter.  By  repeating  the  same  treatment  several  times  with  the  more 
volatile  portion  of  the  condensed  product,  a  considerable  quantity  of  a  mixture  is  at 
length  obtained,  which  volatilises  above  70^,  and  may  be  resolved  .by  firactional  distil- 
lation into  silicic  chloride  and  trichlorosilicic  oxide,  the  latter  passing  over  between 
136°  and  139°.  The  oxygen  is  derived  from  the  felspar,  as  is  shown  by  the 
corrosion  of  the  fra^ents  and  the  presence  of  solidified  drops  of  alkali-metal 
chlorides.  Trichlorosilicic  oxide  is  also  formed,  together  with  phosphorus  oxv- 
chloride,  by  passing  silicic  chloride  over  strongly  heated  phosphoric  anhydride. 
Trichlorosilicic  oxide  is  a  colourless  fuming  liqui(C  naving  a  vapour-density  »  10*06 
(calc  9*86).    It  is  decomposed  by  water  like  the  tetrachloride,  and  is  converted  by 

abeolute  alcohol  intodisilico-hexethylie  ether,  ^ ] g!/QntH*it>  ^^^  ^'^^  ^' 

separated  from  the  product  by  fractional  distillation,  and  boils  at  235°-237''. 
Vnien  1  moL  trichlorosilicic  oxide  is  heated  to  180°  in  a  sealed  tub^  for  IQ  to  18 
hours  with  Snol.  sine-ethyl,  trie  thy  1 -silicic  oxide  is  produced; 

ojla- +  »z«((?H').  -  8Zna«  +  og^lj: 

(Friedel  a.  Ladenburg,  Bui^  8oe.  Ckim,  [2]  ix.  868). 

8Z&ZCZO  nnxniBi  SiH\  originally  obtained  mixed  with  hydrogen  by  the 
action  of  hydrochloric  acid  on  magnesium  silicide  (Wohler  a.  Buff,  v.  273),  may  be 
prepared  in  the  pure  state  by  decomposition  of  triethylic  silieoformate  (p«  1020)  in 
contact  with  sodium : 

4SiH(0C»H*)«  -  SiH*  +  8Si(0C«H*)« 
TrlethyUc  Silioo-         Blllcio  TetrethyUc 

ftjimate.  hydride.  alUcate. 

Silicic  hydride  thus  obtained  is  a  colourless  gas,  agreeing  in  all  essential  characters, 
with  that  described  by  Wohler  a.  Buff,  but  not  spontaneously  inflammable  at  ordinary 
pressure  and  temperature,  but  only  when  gently  heated  under  reduced  pressure,  or 
when  diluted  with  hydrogen.  If  a  hot  kn^e-blade  be  held  near  the  bubbles  of  the 
gas  as  they  rise  over  mercury,  they  take  fire  with  explosion,  and  the  mercury  becomes 
sufficiently  heated  to  set  fire  to  the  following  bubble ;  in  a  eudiometer,  also,  the  gas 
takes  fire  on  admission  of  air,  if  the  column  of  mercury  is  between  100°  and  160°  mm. 
high.  Pure  silicic  hj^rdride  decomposed  by  potash  yields  4  tolnmes  of  hydrogen, 
according  to  the  equation : 

ari«  +  2KH0  +  H«0  -  SiO"K«  +  4H« 

(Friedel  a.  Ladenburg).  Silicic  hydride  (impure  prepared  from  magnesium  silicide) 
is  decomposed  by  briimne,  forming  a  solid  and  a  liquid  compound,  (SiBr^  ?),  the 
former  crystallising  in  needles.  With  iodine  it  forms  SiHI'  and  Sil*.  It  is  idso 
decomposed  by  the  chlorides  of  sulphur,  phosphorus,  antimony,  and  tin  (Mahn, 
ZeiUctr,  /.  Ckem.  [2]  v.  730). 

SIUCZO  lOnZBas.  The  ieiriodide,  SiP,  is  produced  by  passing  iodine- 
vapour  in  a  stream  of  carbon  dioxide  through  a  long  porcelain  tube  nearly  ^ed  with 
silicon  and  heated  to  redness,  and  sublimes  in  the  cooler  part  of  the  tube  as  a  white 
crystalline  mass.  If  the  iodine  is  in  excess,  the  product  is  mixed  with  free  iodine^  which 
may  be  removed  by  solution  in  carbon  bisulphide  (which  easily  dissolves  the  silicic 
iodide),  and  agitation  of  the  solution  with  metallic  mereuiy.  Silicic  iodide,  Sill,  crystal- 
lises by  sublimation,  or  by  cooling  or  evaporation  of  its  solution  in  carbon  bisulphide,  in 
oolouiiess  transparent  regular  octohedrons,  which  do  not  act  upon  polarised  light } 
smaller  quantities  crystallise  in  dendritic  forms.    It  melts  at  120*6°  to  a  yellowish 
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liquid,  and  rosoIidi€flB  to  ainaas  havtng  a  ailky  Itiatre  and  nmallj  aldored  nd  bt 
separated  iodine.  It  boilB  at  about  200^,  and  diatiLi  withcmt  aiteratioo  in  a  st2«am  i.< 
carbon  dioxide.  The  vapour-density  (deteiinined  at  360**)  is  19*12  (calc  18*56).  Tim 
heated  rapbnr  burnt  in  the  air  with  a  red  flame  and  with  sbniidaBt  evolatiGa  ca 
iodine,  ij  water  it  is  oonyerted  into  silica  aad  hjdriodic  acid  ;  bjr  absolultf  alo^^ 
into  silica,  ethyl  iodide,  and  hydriodio  acid : 

SiP  +  2C«H«0  -  ao«  +  2C^»I  +  2HI 
(Friedel,  Ann.  Ck,  Pharm,  cxlix.  96). 

Tri'iodidi.  Sil*. — ^When  silicon  tetriodide  is  heated  nearlj  to  its  boiling  poiri 
(290^-300°)  with  finely  divided  silver,  a  white  mass  .is  obtained,  wrhich  may  be  frrad 
from  unaltered  tetriodide  by  repeated  treatment  with  small  qnantitiea  of  caibos 
bisulphide,  and  then  dissolved,  with  aid  of  heat,  in  a  lai^  quantity  of  that  Uqnil 

Sip 
The  solution  OQ  cooling  yields  the  tri* iodide  Si*P  M    1        in  benntifiil  eoloKWsi 

SiP 
hexagonal  prisms  or  riiombohedrons,  having  a  single  axis  of  doable  xcCrartya. 
fuming  and  changing  into  a  white  mass  on  exposure  to  the  air.     When  treated  wiik 
potash,  it  yields  silica,  hydriodio  add,  and  free  hydrogen,  in  qnantitiee  ooRespon^Bg 
to  the  equation : 

Si*I«  •••  4HH>  -  2SiO*  +  6HI  -i-  H». 

Silicon  tri-iodide  cannot  be  distilled  under  either  ordinary  or  redoced  pataame.  It 
may  be  partially  sublimed,  but  decomposes  for  the  most  put  into  tetriodide  and  sa 
orange-red  residue,  insoluble  in  carbon  bisulphide,  benaol,  chlorofann,  and  faUeoe 
tetrachloride,  and  converted  by  water  into  a  white  or  g^yish  sabetaaee  wfakk 
eliminates  a  laige  quantity  of  hydrogen  from  potash-eoluUon,  and  has  nearly  t^ 
composition  of  the  di-iodide,  Sil*.  The  tri-iodide  melts  hi  a  vacuum  at  aboot  2d0^. 
but  appears  to  decompose  partially  at  the  same  time.  With  ice-oold  water  the 
crystals  of  the  tri-iodide  decompose,  without  evolution  of  hydrogen,  and  are  ooaverc^ 
into  a  white  mass,  which  after  drying,  first  in  a  vacuum,  and  then  at  100°,  has  thi 

composition  Si«H*0«  »  Si'j^^^'   or   ^jp'jo*,  analogous  to  anJio    add.    Tim 

substance  when  heated,  decomposes  with  incandescence  and  evolution  of  hydn^o. 
leaving  nearly  its  own  weight  of  silica.  The  tri-iodide  appeals  to  be  oonTezted  bj 
water,  first  into  8i*(0H)*,  and  then,  by  loss  of  2H*0,  in  silico-oxalic  acid,Si*H^. 
Salts  of  this  acid  cannot  be  prepared,  inasmuch  as  it  is  decompoeed,  with  erolutka 
of  hydrogen,  even  by  the  weakest  bases. 

When  the  tri-iodiae  is  mixed  by  small  portions  with  sine-ethyl  and  gentlj  wwraied. 
a  white  mass  separates ;  and  on  distilling  the  liquid  after  the  requisite  quantity  c^ 
the  iodide  has  been  added  (2Si*I*  to  3(0*H*)*Zn),  washing  the  distillate  first  with 
water,  then  repeatedly  with  strong  sulphuric  acid,  and  lastly  with  water  again,  thai 
drying  and  suomitting  it  to  fractional  distilhition,  silicon-tetrethvl  paseeo  over  at 
160^-154^,  and  at  260^-258®  a  liquid  having  the  composition  of  silicon- triethvl, 
Si'fCH*)'.  This  liquid  has  a  faint  odour,  like  that  of  silicon-tetrethyl,  and  burns 
witn  a  luminous  flame  depositing  silica.  Vapour-density  obs.  <«  8*5;  calcL  7-961. 
The  slight  difference  arises  fh>m  the  formation  at  300®  of  a  small  qnantity^of  % 
product  soluble  in  concentrated  sulphuric  acid,  doubtless  the  oxide  Si\C^^)*0 
(Friedel  a.  Ladenbui;^,  Compt.rend.  Ixviii.  920 ;  ZeiUekr,/.  Ckem.  [2]  v.  289). 
^  In  the  compounds  just  described  the  two  atoms  of  quadrivalent  silicon  axe  nnited 
into  a  sexvalent  group;,  just  like  the  two  atoms  of  carbon  in  the  ethyl-compounda  ;  the 
tri-iodide,  Si'P,  &r  examiple^  is  analogous  to  Cd*  or  C*H*. 

SXUOIO  lOBOVOmiKt  SiHI',  is  formed  in  very  small  quantity  by  the  actioa  of 
hydriodic  add  on  silicon,  somewhat  more  abundantly  when  tne  hydriodic  add  gas  is 
mixed  with  hydrogen.  It  then  condenses  in  drops,  together  with  the  solid  iodids^ 
and  may  be  separated  fh>m  the  latter,  though  not  easily,  by  distillation.  It  is  a 
colourless,  strongly  refracting  liquid,  of  sp.  gr.  3*362  at  0**,  and  8*314  at  20^;  boils  at 
about  220®.  It  is  decomposed  by  water  in  Uie  same  way  as  silicic  cfalorofoan.  The 
hydrosilicie  iodide  described  by  Wohler  a.  Buff  ^v.  274)  appears  to  have  been  a 
mixtnra  of  silicic  iodide  with  a  very  small  quantity  of  silicic  iodoform  (not  more 
than  8  p.  c  of  the  mixture)  and  free  iodine.  The  red  solution  of  this  substenee  in 
carbon  bisulphide  is  decolorised  by  agitation  with  metallic  mercury,  and  altar  the 
evapr)ration  of  the  solvent,  leaves  a  vellowish  liquid  which  solidifies  to  a  crystalline 
mass  and  distils  at  286^.  It  dissolves  in  potash  with  evolution  of  hydrogen,  the 
quantity  of  which  however  is  unimportant  (0'036  p.  c),  and  moch  smaller  than  that 
which  corresponds  to  the  formula  Si'H'I'*  (0*60  p.  c) ;  the  amount  of  ailioon 
with  the  formula  Sil*  (Friedel,  loc.  eii.). 
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BISZOZO   muvrmwamtLTM  (chlorinated),      ^'g'ls.    Silieie  Menxiptam.— 

This  eompomid,  analogous  to  methyl-mercaptan,    ^  [S,  is  produced  by  passing  a 

mixtore  of  hydrogen  sulphide  and  vapour  of  silidc  chloride  through  a  red-hot  tube : 

8ia*  +  H*S  =  Ha  +  8ia«HS. 

It  is  a  cdlouzless  liquid,  boiling  at  196^,  smelling  of  hydrogen  sulphide  and  silieie 
chloride,  and  decomposed  by  moist  air,  with  formation  of  silica,  hydrochloric  acid, 
and  sulphur.  With  absolute  alcohol  it  forms  normal  silicic  ether,  Si(OCH*)\  the 
compound  Si(OCH')'HS  being  apparently  also  formed  as  an  intermediate  product. 
Pry  Ivomine  decomposes  silicic  mercaptan,  with  rapid  eTolution  of  hydrobromic  acid 
and  formation  of  silicic  chlorobromide,  SiCPBr : 

2SiGl'HS  +  SBr*  »  QSiCTOr  +  Br'S'  +  2HBr. 

The  chlorobromide,  separated  by  distillation  from  the  bromine  sulphide,  is  a' 
colourless  liquid,  which  nimes  in  the  air^  boil»  at  80°,  and  has  a  rapour-density 
«■  7*25  (cale.  7*42).  With  water  it  is  resolved  into  silica,  hydrochloric  add,  and 
hydrobromic  acid.  Silicic  chlorobromide  is  likewise  obtainea  by  heating  silicic 
chloroform  to  100°  for  some  time  with  bromine,  and  submitting  the  prcduct  to 
fractional  distillation  (Friedel  a.  ladenburg,  BuU,  8oe.  Cfttm.  [2]  vii.  472). 

HTMOOyXtPOBlP— ■  The  specific  gravity  of  potassium  silioofluoride  is 
2-6649-2-6666  at  17*5°;  of  the  sodium  salt»  2*7647  at  17*5°;  of  the  barium  salt^ 
4-2741  at  21°,  all  referred  to  an  equal  volume  of  water  at  16^  as  unity  (Stolba,  J,pr, 
Chem,  zcvii.  503). 

Pota»»%um  Silieofluoridet  recently  precipitated  in  the  cold,  collected  on  a 
filter,  and  left  to  itself  lor  24  hours,  retains  ^m  63  to  65  p.  c.  water ;  when  pre^ 
dpitated  ftom  a  hot  solution,  it  retains  45  to  46  p.  o.  The  gelatinous  precipitate 
appears  crystalline  under  the  microscope,  espedally  if  moistened  with  a  little  alcohoL 
It  is  less  soluble  in  saline  solutions  than  in  pure  water :  1  pt.  of  the  salt  requires 
for  solution  883  pts.  water  at  17*5°;  24,066  pts.  of  a  solution  of  potassium  sulphate 
(of  9-92  p.  c.)  at  17^ ;  125,000  of  an  18'4  p.  c  solution  of  potassium  nitrate  at  15° ; 
1735  pts.  of  an  8*8  p.  e.  solution  of  the  same  salt  at  100°.  Aqueous  sal-ammoniae 
of  26'8  p.  c  dissolves  it  more  easily  than  a  5  p.  e.  solution  of  the  same  salt.  Adda 
dissolve  potassium  silioofluoride  more  easily  than  water,  but  decompose  it  at  the 
same  time,  usually  with  emisdon  of  vapours  of  dlicon  fluoride.  In  hydrochloric 
add,  however,  the  salt  dissolves  without  formation  of  visible  decomposition-products, 
and  more  abundantly  in  proportion  as  the  acid  is  stronger.  When  potassium  silico- 
fluoride  is  ignited  with  1  to  2  pts.  of  sal-ammoniac,  ammonium  silioofluoride  is  given 
off,  and  potassium  chloride  remains  behind.  When  the  potasdum  salt  is  boiled  with 
carbonate  of  magnednm  or  caldum,  in  presence  of  water,  fluoride  of  magnedum  or 
calcium  is  formed,  but  the  decomposition  is  never  complete  (Stolba,  J,  pr,  Chem.  dii. 
396  ;  ZtUsehr,/,  Chem,  [2]  iv.  576). 

Caesium  ailieo fluoride^  2CsF.SiP^  is  prepared  by  predpitating  cedum 
chloride  with  cuprio  dlioofluoride,  and  washing  the  precipitate  on  a  filter  till  all  the 
copper  salts  are  removed;  it  forms  anhydrous  crystals.  When  precipitated  by 
alcohol  it  is  not  distinctly  crystalline,  but  from  a  hot  solution  it  separates  in  shining 
octohedrons  truncated  by  cubic  fiMies.  By  spontaneous  evaporation,  cubes  with 
truncated  summits  are  obtained*  Sp.  gr.  8-3756  at  17*^.  One  part  of  the  salt  dis- 
solves in  166  pts.  water  at  17^»  and  in  a  much  smaller  quantity  of  hot  water,  but  it  is 
insoluble  in  alcohol.  Ignited  with  sal-ammoniac  it  leaves  pure  cftdum  chloride.  It 
is  eamly  and  completely  decomposed  by  lime-water  (Stolba,  J,  pr.  Chem,  dii.  410). 

Rubidium  Silioofluoride^  2RbF.SiF*,  is  precipitated  from  hot  solutions  as 
a  distinctly  crystalline  ^wder,  appearing  under  Uie  microscope  to  oondst  of  trans- 
parent cubes  modified  with  octohedral  ami  dodecahedral  faces ;  the  precipitate  formed 
in  the  cold  is  less  crystalline.  Sp.  gr.  3-3883  at  20°  referred  to  water  at  the  same 
temperature.  1  pt.  of  the  salt  dissolves  in  614  pts.  water  at  20°,  in  78*8  pts.  at  the 
boiling  heat.  Tne  aqueous  solution  has  an  add  taste  and  reaction;  a  solution 
saturated  at  20°  has  a  sp.  gr.  of  1'0013.  The  salt  is  more  soluble  in  adds  than  in 
water ;  insoluble  in  alcohol ;  reacts  with  allulis  like  the  potasdum  and  sodium  salts 
(Stolba,  J,  pr,  Chem,  di.  1). 

Cuprio  Silioofluoride,  CuF'.SiF^may  be  prepared  by  dissolving  cupric  cai<- 
bonate  in  dilute  silicofluoric  acid,  or  by  boiling  barium  silicofluoride  with  the  solution 
of  an  equivalent  quantity  of  cupric  sulphate  (adding  a  small  quantity  of  the  barium 
salt  towards  the  end  of  the  process  till  the  sulphuric  reaction  disappears),  and 
evaporating  in  a  vacuum  at  10°  to  22°.    It  forms  crystals  belonging  to  the  hexagonal 
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system  and  oonsistiog  of  2(CiiP*.SiF«)  +  UHH>.    8p.  gr.  -  8*1576  at  19^  leffrri 
to  water  at  the  eame  temperature.    The  cr^stala  deliqaeaoe  in  moist,  tAanrnt  io  trj 
air,  and  decompose  at  100°,  giTing  off  siboon  flnorida.     The  salt  is  Tvxy  sd-ai\f  :3 
water,  1  pt.  of  it  dissolving  in  0428  pt  water  at  17^  (sp.  gr.  of  the  sohtraa  1^2ili; 
1  pLof  It  dissolves  also  at  20^  in  17'7ptB.  of  62  p.  c  aleohol,  in  IMntaof  Uf^ 
alcohol,  and  in  617  pts.  alcohol  of  92  p.  e.    From  the  aatnzated  sJntioB  inTos 
spirit  there  separates,  on  heating,  or  on  addition  of  an  ezeess  of  the  salt  «  iii 
addition  of -stronger  alcohol,  a  heavy  bine  liquid  not  miadble  with  the  solntifle.  ui 
eonsisting  of  capric  siliooflnoride,  water,  and  alcohol,  in  Tariable  pioportk>:)»:  t 
larger  addition  of  strong  alcohol  throws  down  a  light  bine  powder  oootainifig  ka 
water  (according  to  one  experiment,  2CuSiF'  +  llH'O).     Cnpzic  Bilicofiwnoc  ca 
aceonnt  of  its  aasy  solubility  in  water  and  weak  spirit^  and  its  property  (^^  < 
corroding  glass  in  aqueous  solution,  may  be  conveniently  used  as  a  reagent,  ecpemjij 
for  precipitating  alkalis  toxnt  Bolutums  not  containing  sulpliiine  acid  (Solba»2esitirir. 
/.  Ckem,  [2]  iv.  96). 

•I&ZOO-aPOSMAnTBmilia.    See  page  1019. 

maaoomQlwmU  AliOOSOXii    See  page  1020« 

maOO-QgllTiTCI  AOIB.    See  page  1022. 

■I&IOOVmOFIOHXO  A«B.    See  page  1020. 

•lUK  (Cramer,  Untentufkumg  <br  Seidg  utid  dsi  ikierueign  acUmms,  Ibs^J^ 
Zlirich,  186S;  /.  j>r.  CSIsm.  zevL  76;  Jakrub,  1864,  p.  628;  1865,  f.  W^—^^^ 
•ilk  ia  ezhauated  with  water  in  a  Eapin'a  digeater.  six  timea  amoonaaively  ftr  tvo  cr 
three  honra  each,  under  a  pressure  of  three  atmospheres  (at  133^X  "^  ^  ^ 
yellow  shining  residue  ia  need  from  colouring  matter  by  treatment  with  flti^ 
alcohol,  and  from  a  trace  of  fatty  matter  by  ether,  the  undiaaolred  portion,  aoianstiB^ 
to  66  p.  e.  of  the  ailk.  conaiata  of  fibroin,  C>*H"NH)*,  having  the  appeaiaaa  « 
deaaaed  ailk,  and  eaaily  torn  (but  not  pulveriaable).  Fibroin  boiled  for  loiBe  t2M 
with  dilute  aulphuric  acid  yielda  glyoodne,  together  with  leocine  and  tynM  ^ 
amount  of  the  two  former  being  about  five  timea  aa  great  aa  that  of  the  tyicaia*^  ^ 

Seriein  or  SUk-felaiin  ia  obtained  bv  boiling  ailk  with  water  for  aM 
three  houra,  precipitating  the  ogpresaed  liquid  with  baaie  lead  acetat^  and  ««» 
poaing  the  waahed  precipitate  au^wnded  in  hot  water  with  hydrogen  mdviu^  ^ 
liquid  separated  therefrom  and  somewhat  concentrated,  is  first  mixed  with  a  qa>Bti^ 
of  alcohol  just  sufficient  to  produce  a  permanent  ptedpitate,  and  the  sericiii  is  v» 
precipitated  from  the  clear  iutrate  bv  ftuther  addition  of  aloohoL  After  boiiiiV  ^ 
alcohol  and  ether,  diring,  and  pulveriaation,  it  forma  a  colonrleaa,  acentltfi.  ua 
taateleaa  powder,  which  awella  up  ationgly  in  water,  and  disaolvea  in  hot  water  b^ 
eaaily  than  ordinary  gelatin.  A  aolution  containing  leaa  than  1  p.  c  atill  '"'^'^ 
on  cooling  to  a  conaiatant  jelly,  which,  however,  loaea  thia  property  by  F^]^^^ 
boiling,  aa  well  aa  bjr  addition  of  acetic      '^      -    '^  '       "»        — ^  --«<ii«« 

in  the  aolution  a  w^te  thick  fioceulent  _ 

potassium  do  not  form  any  precipitate' __:,j*«» 

aluminium  sulphate  and  the  aalta  of  moat  of  the  heavy  metida  foim  predp"*'* 
which  partly  dissolve  when  heated,  or  in  an  excess  of  the  precipitant^  . 

The  analysis  of  sericin  leads  to  the  formula  C>*H**NO*,  difiering  frtjm  vat « 
fibroin  by  addition  of  0  and  H*0.  The  formatidn  of  sezicin  from  fihniB  ^ 
oxidation  is  in  accordance  with  the  &6t  that  fibroin,  after  prolonged  ^xposiff*^^ 
air,  becomes  attackable  by  water ;  but  the  podueta  pt  deoompoaition  by  solp*^ 
acid  do  not  agree  with  thia  auppoaition.  Senein,  in  fact,  when  btnled  for  aooM  tiitf 
with  a  mixture  of  1  vol.  sulpiiuric  acid  and  4  vbL  water,  yielda  no  S^^^^lS 
only  a  amall  quantity  of  leucine,  but,  on  the  other  hand,  about  6  p.  o.  tyroBBi  ^ 
10  p.  c  of  a  body  called  serine,  doaely  related  to  ahmine. 

Serine. — To  prepare  this  substance,  silk  is  moistened  in  the  bag  till  its  0°^ 
is  sufficiently  softened — an  operation  often  performed  in  dye-worka  for  the  porp'f 
eleanaing — and  then  immeraed  for  a  short  time  in  boiling  water.  To  ^^^^'^ 
sufficiently  concentzated  solution,  several  portions  of  silk  are  treated  with  the  t^ 
quanti^  of  water,  and  the  liquid  is  evaporated  till  it  contains  from  7  fo  ^  jM| 
aeridn.  It  is  then  mixed  with  ^  voL  sulphuric  add,  boiled  fbr  24  hours  ia^  ^ 
with  upright  condenser,  and  supersaturated  with  lime.  The  filtrate  neutralise''  ff*^ 
time  to  time  with  sulphuric  add  depodts  on  evaporation,  first  tyrodne  and  G^^!^ 
and  then  serine  in  groupa  of  eiystala ;  finally  a  small  portion  cf  leudne  ctTB^^^ 
fhvm  the  mother-liquor.  The  serine,  after  being  preoed,  is  dissolved  f(ff  ^? 
purification  in  40  pto.  of  cold  water,  and  the  solution  filtered  from  tyrosine  ii  v^j^ 
with  a  few  diopa  of  ammonia  and  ammonium  carbonate  to  jpiedpitate  a  ^^ 
quantity  of  lime,  and  evaporated  to  the  ciystallising  point    The  last  tm^  ^ 
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f^nen  eombinationa  of  a  rhombohedion  vith  a  prism  of  the  seoond  order  (axes  a :  o  » 
1  :  0*6186 ;  angle  of  tarminal  edges  »  137^  84'),  and  is  isomorphous  with  the  ooire- 
sponding  doable  chloride.  The  platinobromides  of  magnesium,  maftganeae,  ginc,  and 
Malt  have  the  ^neial  formala  ITBr'.PtBr*  +  12H'0 ;  they  are  yeiy  solnble,  but 
crystalliBe  easily  in  iixegnlarly  devebped  rhombohedral  oombinationB  containing  the 
sama  amount  of  water  as  the  oonesponding  platinochloiidee: 


MgBr«.PtBr«  +  12H«0    . 

Length  of  prin- 
cipal axise 
of  ttie  rikombohfldzoii 
(«-l) 
.         0-6974 

of  rtMnnbolMdron 
1U<>  12* 

MnBr«.PtBr«  +  12H«0    . 

0-7025 

113058' 

ZnBr».PtBr*  +  12H«0    , 

0*6989 

1140  6' 

CoBr«.PtBr*  +  12H«0    . 

0-6970 

114*»  10' 

The  ealemm  tali  has  the  same  amount  of  water,  and  cfystallises  in  small  crimson 
ill-deAned  dystals. 

Oliloridoa.  When  a  solution  of  platinic  chloride,  fireed  from  nitric  acid  by  heatinff 
with  hydrochloric  acid,  is  evaporated  over  solphnric  add  and  lime,  large  brown-red 
yery  deliquescent  crystals  are  obtained,  consisting  of  the  acid  chloride,  hfdroplatinio 
cJOonde,  or  hydrogen  platinoehloride,  H^Pta*  +  6HK)  or  2HCl.Ra«  +  6H*0 
(R  Weber,  P^g.  Ann.  cxzxi.  443). 

Fuming  nitric  acid  added  to  not  very  acid  solutions  of  platinic  chloride  throws 
down  the  greater  part  of  the  platinum  as  a  yellow  precipitate,  which  when  drained  on 
an  asbestos  filter,  and  dried  on  a  porous  plate  orer  sulpnuric  acid,  forms  a  brownish- 
yellow  deliquescent  powder.  This  substance  dissolves  in  water  with  evolution  of 
nitrogen  dioxide ;  but  is  decomposed  by  potash,  with  formation  of  nitric  acid  and 
without  evolution  of  gas.  Weber  {ibid,  441)  represents  this  compound  by  the  formula 
PtCl«.2N0'a  +  H'O;  it  is  probabl;^  identical  with  that  which  Boy6  and  Rodgers 
obtained  (iv.  668)  by  evaporating  platinic  chloride  with  nitromuriatic  acid. 

Platinoehlorides.'^ToTpeioe  («/aJb^5.  1868,  p.  273)  has  prepared  the  following 
platinochlorides  by  adding  weighed  <^uantities  of  tne  corresponding  oxides  or  carbon- 
ates to  solution  of  acid  platinic  chloride,  (PtC1^.2HCl  +  6H*0),  and  evaporating  over 
ralphuric  add  at  ordinary  temperatures.  The  barium  salt,  BaCl'.PtCl*  +  4H*0, 
cxystallises  in  monoclinic  prisms,  ooPoo  .oP.  ooP.P,  sometimes  tabular  from  predomi- 
nance  of  the  orthopinacoTos,  and  having  the  dinodiagonal,  nrthodiagonal,  and  principal 
axis  in  the  proportion  of  0*948  :  1 :  1*48,  and  the  angle  of*the  inclined  axes  »  77^  40*. 
The  ealeium  stut,  CaCP.PtCl*  •»•  8H*0,  forms  light  yellow,  wnrty  or  laminar,  some- 
what deliquescent  ciyntals.  The  lead  salt,  PbCl'.PtCl*  •»-  8H*0,  crystallises  in  hard 
light  yellow  cubes,  decomposed  by  a  large  quantity  of  hot  water,  with  separation  of 
lead  chloride ;  according  to^Bimbaum,  the  crystals  contain  4H*0,  have  an  orange-red 
calonr,  effloresce  over  sulphuric  add,  but  deliquesce  in  the  air,  and  dissolve  easily  in 
wntet  and  in  alcohol. 

'  The  platinochlorides  of  the  magnesium  group  hare  the  general  formula  WCi* .  PtCl* 
-I-  6H*0.  They  are  very  soluble — the  cupric  salt  very  deliquescent — but  nevertheless 
crystallise  with  fadlity.  The  more  or  Jess  yellow  crystals  are  combinations  of  a 
rhombohedzon  of  the  first  order  with  a  prism,  usually  predominatinff,  of  the  second 
order ;  sometimes  thej  exhibit  a  monodinicor  even  quadratic  aspect  Topsoe  describee 
ilia  following: 


Length  of  uds  e 

(a«l) 

MgCl'.PtCl* 

+  6HH)     . 

0-5169 

Mnca«.Fta« 

-H  6H«0     . 

0*5310 

Feca«.Pta« 

+  6H«0     . 

0-5144 

NiCl«.Pta« 

+  «H«0     . 

0-5162 

CSoCl'.PtCl* 

+  6H«0     . 

0*5140 

ZnOl«.Pta« 

+  6H«0     . 

0*5169 

CdCl«.PtCl< 

•  +  6H«0     » 

0-5285 

CuOT.PtCl^ 

'  +  6H«0     . 

0-5210 

Terminel  eagle 

of  prinuury 

rbombobedron 

127°  ir 

126®  10* 

127*»  80' 

127**  22' 

127®  32^ 

127*»  19r 

126<>  46' 

126®  5ar 

The  magnesium  and  manganese  salts  erystallise  in  this  foim  only  aboye  20® ;  at  lower 
l<Mnperatures,  in  irregularly  developed  combinations  of  two  rhomlwhsdrons  with  a  prism 

0/  the  second  ordar ;  these  two  salts  are  likewise  isomorphous: 

Tsmliial 
Axb  e  eo^e 

1iga«.Pta*   +    12H«0    .        .        .        0-7057  118®  40' 

llna'.Pta*  +    12H»0    .  .        07078  118®  44' 
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by  a  known  volnme  of  neutral  ammoninm  sulphite  at  the  boiling  heat ;  the  tvolt:'  ~< 
are  mixed  in  the  required  proportions ;  the  mixture  is  left  at  rest  for  48  hcmiv  .a » 
▼essel  dosed  air-tight,  whereupon  about  a  third  part  of  the  silrer  sepax&tcd  a.«a 
crystaUine  deposit ;  and  the  decanted  dark  blue  solution  is  heated  for  someb:sr  ^ 
60^-70®,  whereby,  if  a  sufficient  excess  of  ammonium  sulphite  is  present,  it  k  r.£i- 
pletely  decolorised  (unless  the  silver  contains  cobalt  or  nickel,  in  which  cue  the  l:'- 
remains  red  or  pale  green^.    The  precipitated  silrer,  after  being  washed,  is  <t^< 
with  concentrated  ammonia  (a  small  quantity  of  silyer  then  passing  into  mlutivn.  i^i 
remaining  on  evaporation  as  a  black  speculum  of  silver  nitride),  then  washed  s&i  crvL 
To  obtain  it  in  compact  form  it  is  fused  with  5  p.  c  ignited  borax  mixed  vitii  ^ 
sodium  nitrate,  and  poured  into  moulds  lined  with  a  paste  of  ignited  and  iiiii(z^:>' 
kaolin.    The  cooled  bars  are  then  cleaned  with  sand,  ignited  with  pare  pat&»^  '-^ 
remove  the  kaolin),  and  washed.    If  they  have  to  be  cut  into  smaller  pieces  vith  3  ^te-l 
chisel,  the  pieces  must  be  again  digested  with  pure  strong  nitric  acid,  and  vubairi^ 
ammoniacai  and  pure  water. 

Silver  thus  prepared,  if  the  solution  has  been  diluted  to  the  degree  above  direet.^ 
is  free  from  all  bat  mere  traces  of  volatile  or  oxidisable  impurities.  Exposed  ^  t^ 
flame  of  the  coal-gas  and  oxygen  blowpipe  in  a  crucible  of  burnt  marble,  it  m^-'^ 
without  becomiDg  spotted ;  boils  briskly  at  a  higher  temperature,  giviog  oat  s  p-' 
blue  flame  (or  purple  from  admixture  of  strontium,  calcium,  or  lithium  vaponr  fro 
the  substance  of  the  crucible),  colouring  the  burnt  lime  deep  yellow,  and  tr^: 
volatilising  without  a  trace  of  residue. 

Equally  pure  silver  may  be  obtained,  according  to  Stas,  by  Millon  a.  ComiBaJ^'^,* 
process  of  reduction  with  an  ammoniacai  solution  of  cuprous  chloride  (Ja^'^ 
1863,  p.  283),  provided  this  solution  is  free  from  iron.  But  a  solution  preptred  r.th 
commercial  copper  always  contains  ferrous  oxide,  and  therefom  yields  a  sIItw  pa^"- 
pitate  containing  ferric  oxide,  ficom  which  the  iron  cannot  be  separated  by  aoj 51^:-' 
process. 

Grager  {ZeUschr,  anal,  Chem.  viii.  64)  prepares  pure  silver  by  reducing  an  ammrvv 
eal  solution  of  the  chloride  with  excess  of  zinc,  digesting  the  washed  precipitate  »:'^' 
strong  hydrochloric  acid,  washing  it  with  water,  then  with  aqueous  ammonia,  sb^  '-^ 
again  with  water.  Pure  silver  may  be  separated  in  this  manner  firom  ammomir^ 
solutions  containing  copper,  provided  the  quantity  of  zinc  present  is  less  than  sum^'-^' 
to  reduce  all  the  silver. 

When  cupriferous  silver  is  distilled  as  above  in  a  kind  of  retort  made  of  two  pi^>j 
of  burnt  marble  fitted  one  upon  the  other,  part  of  the  copper  distils  with  the  £'^'^ 
and  argentiferous  copper  remains  in  the  retort,  the  copper  for  the  most  ^^  ^ 
oxide.    Lead  is  volatilised  or  oxidised  before  the  silver.  .  ^ 

Distilled  silver  is  dazzling  white,  of  sp.  gr.  10-575,  and  softer  than  fused  silter.  t; 
which  it  is  scratched*  Perfectly  pure  silver  in  very  thin  layers  appears  bluish-gi^>  ^ 
by  transmitted  light,  in  somewhat  thicker  layers  yellow  to  yellow-brown.  ^"-^'- 
deposits  are  obtained  by  dissolving  silver  in  a  hot  solution  of  potassium  c^nidf,  ^^ 
when  the  liquid  has  cooled  to  60®-70®,  dipping  into  it  a  glass  tube  heated  to  »  ^-'^ 
what  higher  temperature.  In  a  tube  thus  lined  with  a  very  ihin  film  of  silTtrj 
mixture  of  chlorine  and  hydrogen  detonates  instantly  in  sunshine ;  if  the  eoatii^ 
is  thicker,  the  combination  takes  place  in  the  course  of  a  few  hours  withoat  exp^^ 
sion  (Christomanos,  S^ischr.f.  Chem,  [2]  v.  310).  .    ^ 

Foucault  (Compt,  rend,  Ixiii.  413)  also  found  that  thin  silver  specula  transmit  jjj^ 
with  bluish  colour  (the  translucency  being  a  property  of  the  silver  and  n<it  <i^ 
pendent  on  porosity),  and  that  therefore  plane  glasses  or  lenses  silvered  on  '^^ 
side  might  be  used  in  optical  instruments  for  diminishing  the  intensity  of  ligl^^  .  , 

Souli^  {BuU.  Soo.  Chim.  [21  viii.  136)  describes  a  process  now  used  in  the  I'nit-^ 
States  for  extracting  gold  and  silver  from  their  ores,  which  consists  in  forcing  ^f^ 
finely  pulverised  and  moistened  ore  (pyriteferous  or  quartzose)  through  melted  M  ^.^ 
atmospheric  pressure.  The  gold  and  silver,  as  well  as  the  metallic  oxides  and  saipt^^"''^ 
are  taken  up  by  the  lead,  iniile  the  exhausted  ore  rises  to  the  surface,  and  is  remo^^- 
by  a  peculiar  arrangement.  The  lead  when  sufficiently  charged  with  gold  or  silver  is 
expelled,  , 

W.  G.  Blagden  (Mechanufs  Magazins,  Sept  1867,  p.  220 ;  Jahresb.  1867,  poj/* 
describes  a  method  of  desilvering  lead  by  means  of  zinc  and  the  electric  curreot  Tn^ 
previously  refined  metal  is  heated  to  450^  in  a  pan  like  those  used  in  Pat^'o^'^ 
process,  about }  p.  c.  zinc  is  added,  and  as  soon  as  it  is  completely  dissolved,  an  ^^^ 
current  is  passed  into  the  bith  by  means  of  copper  wires  for  10  to  80  minutes.  "^^ 
zinc  holding  the  silver  in  solution  then  rises  to  the  surface,  and  may  be  remove^  ^  ' 
solid  crust  when  the  bath  has  cooled  to  about  450^.  For  satisfactoiy  desilreri^atioD 
(down  to  ^  p.  c.)  the  operation  must  be  repeated  several  times. 
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On  the  action  of  ligKt  on  ckhnde^  bromide,  and  iodide  of  silver,  see  Puitovin,  Btdl. 
Soc.  Chim.  [21  V.  166;— Kaiser,  Jakreab.  1866,  p.  279;— CJaroy  Leu,  Sill.  Am.  J.  [2] 
xxxix.  74  ;  xL  109;  xlii.  198  ;  Jahresb,  1865,  pp.  279,  282 ;  1866,  p.  262  ;— H.  Vogel, 
Poffg.  Ann.  czxy.  329; — W.  Reissig,  J.  pf.  Chem,  xcv.  406  ;— Schultz-Sellack,  Deut. 
ehem.  Gts.  Ber.  iv.  210;  Chem.  Sac.  J.  p2J  iz.  802.  According  to  Lea,  pure  silver 
iodide  is  not  reduced  by  light,  the  reduction  taking  place  only  in  presence  of  silver 
nitrate  or  organic  bodies. 

SUver  nnorlde.  AgP. — This  compound  has  been  carefully  examined  by  Gore 
(Phil.  7>afw.  1870,  227  ;  Proc.  Boy.  8oc.  xix.  236).  It  was  prepared  by  dissolving 
pure  silver  carbonate  in  hydrofluoric  acid  and  evaporating  in  a  platinum  dish,  but, 
unless  peculiar  precautions  are  taken,  it  generally  contiuns  a  little  metallic  silver  and 
traces  of  water  and  hydrofluoric  acid.  It  is  usually  obtained  in  yellow  earthy  lumps, 
but  when  completely  dehydrated  by  fusion,  it  forms  a  black  homy  mass,  having  a 
silvery  lustre  on  the  surface,  arising  from  minute  particles  of  metallic  silver.  It  is 
extremely  deliquescent;  1  pt.  of  it  dissolves  in  0'66  pts.  water  at  15*6°,  heat  being 
evolved  in  the  dissolution,  and  a  strongly  alkaline  liquid  being  formed.  The  satu- 
rated solution  has  a  sp.  gr.  of  2*61  at  16*6°,  exhibits  supers^ituration  on  cooling, 
and  solidifies,  with  rise  of  temperature,  when  a  phitinum  plate  is  dippe<l  into  it. 
Crystals  of  a  hydrated  salt  may  be  obtained  from  the  solution,  but  the  rest  of  the 
salt  separates  at  the  same  time  in  the  anhydrous  and  amorphous  state.  The  dry 
salt  is  not  decomposed  by  light.  It  melts  below  a  visible  red  heat,  forming  a 
strongly  lustrous,  mobile,  pitch-black  liquid.  It  is  not  decomposed  by  heat  alouo, 
but  in  the  fused  or  semifused  state  it  is  quickly  decomposed  by  the  moidturo  of 
the  air,  with  separation  of  metallic  silver;  dry  air  does  not  affect  it.  Brought  in 
contact  in  the  fused  state  with  platinum  poles,  it  conducts  electricity  like  a  metal, 
without  visible  evolution  of  gas  or  corrosion  of  the  positive  pole ;  a  silver  polo  is 
quickly  dissolved,  and  a  carbon  pole  gradually  attacked.  The  aqueous  solution  yields 
by  electrolysis,  silver  crystals  at  the  n^[ative,  and  silver  peroxide  at  the  positive  polo, 
liydrogen  docs  not  affect  the  dry  salt  in  sunshine,  but  decomposes  it  gradually  at 
a  commencing  red  heat,  with  separation  of  metallic  silver.  The  dry  si\lt  and  the 
aqueous  solution  are  not  decomposed  by  oxygen  or  by  nitrogen ;  neither  do  the 
oxides  of  nitrogen  act  on  the  fused  salt.  Ammonia  gas  is  quickly  absorbed  by  the 
dry  and  by  the  fused  salt,  in  the  latter  case  with  separation  of  metallic  silver ;  the 
concentrated  solution  is  also  decomposed  by  strong  aqueous  ammonia.  When  vapour 
of  hydrofluoric  acid  is  passed  over  the  perfectly  dry  and  previously  fused  salt,  at  a 
temperature  of  13°,  an  acid  fluoride  is  formed,  which  however  decomposes  at  a  slightly 
higher  temperature. 

When  silver  fluonde  is  heated  in  chlorine  gas,  in  vessels  constmcted  partly  of  glnss, 
partly  of  platinum,  the  glass  is  more  or  less  attacked,  the  chlorine  unites  with  the 
platinum  and  Uie  silver  fluoride,  forming  a  double  salt^  4AgCl.PtF^,  and  a  vacuum  is 
produced.  Similar  results  are  obtained  in  vessels  of  platinum  alone  or  of  gold.  In 
vessels  constructed  partly  of  purifled  graphite  a  compound  of  fluorine  and  carbon  is 
formed.  Bromine  and  iodine  act  upon  silver  fluoride  in  a  similar  manner ;  iodine 
however  does  not  form  a  double  salt  analogous  to  the  chlorine-compound  above 
mentioned.  An  aqueous  solution  of  silver  fluoride  agitated  with  chlorine  becomes  hot 
and  gives  oS  oxygen : 

8AgF  +  Cl«  +  4H«0  «  TAgCl  +  AgaO»  +  8HF  +  O. 

Dry  hydrochloric  acid  gas  completely  decomposes  silver  fluoride  in  the  melted  state, 
but  only  acts  upon  it  superflcially  at  60^  F.  A  saturated  aqueous  solution  of  silver 
fluoride  is  not  precipitated  by  chloric  acid. 

Silver  Oxides*  Argentotu  Oxide,  Ag^O,  is  produced  by  the  action  of  hydrogen 
dioxide  on  metallic  silver  (and  therefore  also  in  the  decomposition  of  argentic  oxide 
by  excess  of  hydrogen  dioxide).  A  bright  silver  plate  immersed  in  a  perfectly  neutral 
scdution  of  hydrogen  dioxide  becomes  covered  with  bubbles  of  oxvgon  and  coated  with 
a  greyish-white  film,  while  part  of  the  silver  is  converted  by  addition  into  hydrated 
argentous  oxide,  according  to  the  equation  2Ag*  +  H'O*  «  2i[Ag'0,  and  dissolves  in 
the  liquid ;  a  small  quantity  of  a  grey-black  precipitate  is  likewise  deposited.  The 
8f)lution  of  argentous  hydrate  when  exposed  to  the  air  acquires  the  colour  of  cobaltous 
salts,  and  becomes  slightly  clouded  by  separation  of  finely  divided  silver.  Wit  ft 
potash  it  forms  a  brown-black  precipitate ;  with  hydrochloric  acid  a  precipitate  of 
silver  chloride  and  metallic  silver:  2HAg«0  +  2HC1  «  2H«0  +  2AgCl  4-  Ag».  When 
evaporated  it  loaves  a  residue  which  appears  crystalline  under  the  microscope,  and 
when  treated  with  water  gives  up  argentic  hydrate  and  deposits  metallic  silver  in  trans* 
parent,  red,  microscopic  crystals,  according  to  the  equation  2HAg*0  »  2HAgO  +  Ag* ; 

3  u2 
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the  solution  of  argentic  hydinte  tlias  obtained  has  a  alight  alkaline  reaction,  t&d  rvi 
with  hydrochloric  acid  a  precipitate  of  silver  chloride  (Weltsen,  Jx».  Ck  Pi^^ 
cxlii.  106). 

On  the  preparation  of  silver  perweide  by  electrolysis  of  an  aqneons  soliitioii  of  v» 
nitrate,  see  Bottger,  ZeiUehr.  /  Chem,  [2]  ri.  82. 

JkcomposUion  of  Organic  Silver-salts  by  ^a/«r.-— When  silver  malate  is  l-oiled  r± 
water  till  only  traces  of  silver  remain  in  eolation,  the  liquid  freed  from  these  tr>'^ 
yields  on  evaporation  nothing  bnt  maUc  acid.  The  tartrate  similarly  treatai  tx,-:^ 
only  tartaric  acid ;  the  vapours  given  off  during  the  boiling  of  this  salt  haie  ta  ^i 
reaction,  and  when  neutralised  with  baryta-water  yield  barium-carbonate,  t<:e?*^'r 
with  small  quantities  of  a  barium  salt  which  czystallieee  in  acominsted  neeiisi 
(Hammerer,  Ann,  Ch,  Pkarm.  cxlviii.  237). 

BnrOA&nra.  From  experiments  by  Glaus  a.  Kees^  (Jl  pr.  Ckem.  61  ii; 
Jakresb.  1867,  p.  494),  this  base  appears  to  be  identical  with  nenrine  or  choUiie. 

SITBSXV.  The  name  applied  by  Commadlle  {J,  Pkarm.  [4]  iv.  108)  to  tbe  casein 
of  gluten. 

•ITOSIM.    Commaille's  name  for  the  albumin  of  wheat-floor. 

SOBA.  For  the  continuation  of  Kolb's  researches  on  the  soda-manuiact^  ^-^ 
the  composition  of  soda-waste,  see  Ann.  Ch,  Phys.  [4]  viiL  135  ;  x.  106;  B^i  >^ 
Chim,  [21  vii.  370;  Jahresb.  1866,  p.  850;  Chem.  News,  xiii.  162;  xiv.  16,40  -^^ 
See  also  Petersen,  BuU.  8oc,  Chim.  [2]  viii.  35 ;  Jahresb.  1866.  p.  853;— ^c.uu^ 
Chrm.  HhM,  xiv.  41 ;— Scheurer-Kestner,  Ann.  Ch.  Phys.  [4]  xi.  220 ;  BtM.  Soc.  a?* 
[2]  vii.  217 ;  Jahresb,  1867,  p.  904  ;— Hargreaves,  Chem.  A«w,  xv.  219,  232 ;  JsM^^- 
1868,  p.  931 ;— Wright,  ibid.  xvi.  17 ;  Chem.  Soe.J.  [2]  v.  407 ;— Brisse.  BnlL  Soc,  U.' 
[2]  vi.  100,  134  ;— Kessler,  ibid.  299  ;  Jahrerit.  1867,  p.  907  ;--Schloeing  a.  Bol^-. 
Ann.  Ch.  Phys.  [4]  xiv.  5  ;— Ungerer,  JHnffl.  pol.  J.  dxxxviii.  140 ;  BuU.  Soc.  t^^ 
[2]  X.  160  ;  Jahresb.  1868,  p.  932. 

■OBHTM.  This  metal,  together  with  the  rest  of  the  alkali-metals,  bss  hither^ 
been  regarded  as  monatomic  or  univalent  Wanklyn,  however,  from  oon»derai'->>'^ 
relating  to  the  composition  and  reactions  of  sodium-ethylate  and  other  oigaiiiee>i>ii^ 
compounds,  concludes  that  it  is  in  most  cases  trivalent,  sometimes  also  quioquirai^^ 
or  septivalent,  and  possibly  capable  of  exhibiting  still  higher  degrees  of  combini^ 
capacity.  ^ 

Crystallised  sodium  ethylate,  or  sodium  alcohol,  obtained  by  the  acCioa  of  »^-^, 
on  absolute  alcohol,  has  the  composition  C«H»NaO .  3C«H«0,  and  when  heated  to  2^« 
for  some  time  gives  off  3  mol.  alcohol  and  leaves  a  white  amorphous  residue  conbt-^i'^ 
of  absolute  sodium  ethylate,  C«H*NaO,  or  ethylene-sodium  ^.''^^*^ 
C*H«NaOH  (p.  598).  To  these  two  compounds  Wanklyn  assigns  the  foUo^u^ 
formuln: 

/(CH*)**  Na'«^ 

I 
O 

H 
Atoolute.  G^TsteUised. 

Ethylene-sodium  hydrate  is  capable  of  uniting  direcdy  with  hydrogen  chlw^ 
hydfoften  sulphide,  and  acetyl  chloride^  forming  compounds  represented  by  ^ 
furmulflB: 

f(OC«H»Y  f(OC»H»y  f(OC«H»)' 

Na*"]     H  Na"J     H  Na^Jc^HK) 

I   a  l(SH)'  (a 


Na' 


H 
OC«H» 
H 

OCH* 
»H 
OC»H» 


With  ethyl  acetate  it  forms  ethylene-sodium  acetate  and  alcohol : 

^..JCH*     ^     jCHH)     _     N,.'-5C«H*         ^     jTncin* 

Corresponding  compounds  containing  the  radicles  valeryl  and  bensoyl  are  ^^ 
in  like  manner.     Sodium  amylate  or  amylene-sodium  hydrate,  obtained  ^7  ^ 
action  of  sodium  on  amyl  alcohol,  likewise  yields  similar  salts,  e.g.  the  ^*^ 
^«JO»H«» 
*    JOC*H»0* 


soDimt. 
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All  tliese  salts  when  treated  with  water  yield  ethylie  or  amylic  alcohol,  and  an 
acetate,  yalexate,  &c  :  e.g.t 

^^'io^HH)  +  HH)  -  C*H«0  +  NaOC»H«0. 

The  preceding  compoonda  might  of  conrse  be  represented  by  formnla  containing 
univaaent  sodium :  eg,. 


Ethyleno-flodium  hydrate,  C*H«  Jq^. 


But  Wanklyn  suggests  that  if  sodium  alcohol  really  had  this  constitution,  that 
is  to  say,  if  it  consisted  of  ethyl  alcohol  in  which  an  atom  of  hydrogen  in  the  ethyl- 
radicle  was  replaced  by  sodium,  it  should  admit  of  the  replacement  of  its  sodium  in 
that  radicle  by  ethyl  {9.g,  when  treated  with  ethyl  iodide),  and  yield  hydrate  of 
ethylated  ethyl,  that  it  to  say  hydrate  of  butyl,  or  butylic  alcohol.  In  like  manner 
ethylene-sodium  acetate,  if  it  consisted  of  sodinated  ethyl  acetate,  CH'Na.OC^H'O, 
should  be  converted  by  similar  treatment  into  ethylated  ethyl  acetate  or  butyl  acebite. 
But  neither  of  these  transformations  is  obsenred  to  take  place.  The  acetate  treated 
with  ethyl  iodide  undergoes,  in  iact,  a  more  complicated  decomposition,  yielding 
sodium  iodide,  alcohol,  and  acetylinated  ethyl  caproate ;  thus : 

^  +  2C*H»I  =  Na'P  +  C«H«0  +  \ 

C»H«0 

AloohoL 


Na" 


i 


Na*". 


\  CH'O 

3  moL  Bthylene-eodlum 
acetate. 


C«H(C«H*)aO 
OC«H*(C«H»0) 


Acetylinated  ethyl 
caproate. 

The  triralent  character  of  sodium  is  further  exhibited  in  sodium-triacetyl, 
Na"'(CH'0)',  produced,  together  with  ethylene-sodium  acetate,  by  the  action  of  sodium 
on  ethyl  acetate  (p.  16) : 

Na«  +   8(C«H»0C«H«0)  -  Na(C«H»0)»   <•   SNa"'}^^*. 

( (ZnCH*)' 
and  in  the  double  compound  of  sodium-ethyl  and  zinc- ethyl,  Na'"-^  CH* 

lC«H» 

The  inorganic  compounds  of  sodium  may  also  be  represented  by  formulse  containing 
trivalent  sodium :  0.y., 


Hydrate. 


Sulphydrate 


Nitrate  . 


Acetate . 


HI 

Nal^" 


Hypochlorite  .    Naj 


0* 
CI 


Chloride  . 
Oxide .    .    • 

Sulphide .    . 

Amide     .    . 

Sodio-mercuric 
iodide  .    • 


NaCl 


NaCl 
Na.^ 

VaT 


S 


|(poiy 


Blaaching  aoda  Na'IH 

Ici 


Xajl 

Naa« 
i 


H 

(Hgl)' 


Sulphate 


NaZiO 

I 
(S0»)* 

NaziO 
NaZiO 


NaCl« 


chloride 


Acid  sulphate       I 

S0«— OH 

This  list  might  be  indefinitely  extended,  so  as  to  include  a  host  of  double  chloridea, 
bromides,  and  iodides,  which,  on  the  usual  hypothesis  of  the  monad  character  of 
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sodiam,  are  regarded  as  'molecular  oomponnds,'  that  is  to  saj,  as  eompoandi  vb» 
structure  we  are  not  yet  able  to  explain. 

Precisely  similar  views  may  be  taken  of  the  oonatitntioii  of  the  eompoonds  of  prtAs' 
sium  and  of  the  other  alkali-xnetalB.  For  ftuthar  datails,  mo  Jxm,  Ci.Plflm.ei:]. 
200  ;  Chem.  i^Vtrs,  xx.  293,  318  ;  xzi.  97. 

Metallic  sodium  is  not  acted  on  by  eklcrme  aa$,  either  when  it  has  been  prenocilj 
fused,  or  when  agitated  in  the  fused  state  witA  the  gas  (WanUynt  Ckm.  iKsn,  n- 
271). 

SOPlUW^IIMIIliOAM,    See  Amajjommb,  under  Mbbcdbt  (p.  816). 


BO&AWXMa.  According  to  Kletsinsky  (ZeUsekr.  /  Okem.  [2]  iL  127),  thii  ^^^ 
has  the  composition  C»H**NO',  and  in  contact  with  aodinm-amalgam  is  lesolTW  isu- 
nicotine  and  butyric  acid;  it  likewise  yields  niootino  when  fermented  with  pica 
cheese,  sugar,  and  chalk. 

SOaKBXmunL     S.   Haughton  (PAtf.  Ifoff.   [4]  Txrii.   220)  found  io  thii 

mineral : 

BiO»        P"0*0»»     C(Wa       Kd         OaF"         H^ 

0  08        89-64        6-0        2*81        0-10        0*60   -»  98'23 


LTATTB.    A  specimen  of  this  mineral  ftom  Sterling,  Sussex  OouBtr,  >ey 

Jersey,  analysed  by  C.  U.  Sheperd  (801.  Am,  J.  [2]  xxxix.  174),  gare  1579 pc 3ltt>. 
43  66  CaO,  and  4201  C0»,  agreeing  with  the  formula  (}MnO.  |  CaO).CO*.  Jf  r 
2-816.  To  aroid  confusion  with  the  red  ainc-ore  called  sparte/tlte  (t.  356),  Si«p&?' 
proposes  to  designate  this  calcio-mangsnous  carbonate  as  ctdebfumgiU. 

8FaCTmJL&  AMAXTWEM.  AppUoation»  to  Terrestrial  Chemistrsf.—Tbe  @i> 
exception  to  the  general  foct  that  incandescent  solids  emit  light  of  eTsiy  Ae^  '  • 
refrangibility  has  been  obseired  by  Bunsen  {Jim,  Ch.  Pharm.  cxxxvii.  1)  in  tk^  <^'^ 
of  glowing  erbia,  which  gives  a  broken  spectrum  in  which  the  bright  lines  are  w^^^*^ 
enough  to  serve  as  a  means  of  detecting  this  rare  earth.  This  singular  phenomea ' 
does  not  however  constitute  an  exception  to  the  law  of  exchanges ;  for  Bane^o  ^'^ 
shown  that  the  bands  of  maximum  intensity  in  the  emission  spectrum  ooindds  ^'^;[ 
in  position  with  the  bands  of  greatest  darkness  in  the  absorption  spectrum.  ^^''^'^. 
inversion  of  the  didymium  bands  has  also  been  observed  by  ^^^^  Trl^ 
observer  has  published  some  interesting  focts  respeoting  the  abson>tion  'P^^T'^J, 
the  erbium  and  didymium  compounds  when  examined  by  polarised  light  i^*^-'  ^; 
[1866]  xxxii.  177).  From  these  experiments  it  appears  that  the  absorpdoD-t»&^ 
vary  slightly,  (1)  according  to  the  chemical  nature  of  the  particular  salts  ^^^"^ 
mc'tnis  employed,  and  (2)  according  as  the  ordinary  or  the  extraordinaxy  '^7*'^'  j 
to  pass  through  the  ciystaL  A  variation  in  these  absorption^bands  is  also  d^ 
according  to  the  direction  which  the  ray  is  passed  throu^  the  crystal  of  ^k\ 
and  again  a  difference  is  perceived  in  the  nature  of  the  abMnption-band  thus  ^twx^ 
and  those  caused  by  absorption  in  a  solution  of  the  salt.  ^ 

'  These  differences,'  says  Bunsen,  *  observed  in  the  absorption  spectra  of  <^'^^ 
didymium  compounds  cannot,  in  our  complete  ignorance  of  any  general  theory  of    ^ 
absorption  of  light  in  media,  be  connected  with  other  phenomena ;  they  remisa  otx 
of  the  slight  gradual  alteration  in  pitch  which  the  notes  from  a  vibrating  elsstic  ri' 
undergo  when  the  red  is  weighted,  or  of  the  change  of  tone  which  an  oigso-pF'^ 
exhibits  when  the  tube  is  lengthened.'  ,         . 

Sorby  found  that  certain  specimens  of  siroon  exhibit  distinct  absorption-^^ 
(Chem.  News,  xix.  121),  and  concluded  that  these  were  caused  by  the  presence  ot  a 
new  metal,  to  which  he  gave  the  name  of  jargonium.  More  recently,  hows^^>  ^ 
has  found  that  the  peculiar  spectra  are  due  to  the  presence  of  certain  comfoanf^  <^ 
uranic  oxide  with  ziroonia.    (See  Zuicoir.)  .    , 

Crookes  (Proc.  Boy,  8oc.  xvii.  448)  describes  the  spectra  obtained  by  transmitt*^ 
and  reflected  light  from  different  varieties  of  opal ;  the  absorption  spectn  ^  v 
dark  bands  identical  in  position  with  the  bright  lines  obtained  by  reflection ;  "\ 
sets  of  lines  show  an  irregular  form,  giving  occasionally  a  spiral  appearance,  ^ 
probably  to  some  irregularity  in  the  cracks  or  lamime  causing  the  intuft**"^ 
colours. 

Our  knowledge  of  the  spectra  of  the  metals  has  recently  received  an  impo'^ 
addition  from  Thal^n,  who  nas  carefully  mapped  the  bright  lines  of  the  followiog^ 
metals :  glucinum,  zirconium,  erbium,  yttrium,  thorinom,  uranium,  titanixmif  tangstvOi 
molybdenum,  vanadium  (Nova  Aeia  Reg,  8oe,  UpeaL  ser.  iii.  voL  vi.  [1868]).  The  9^ 
observer  has  also  determined  the  wave-lengths  of  the  principal  lines  of  fot^T"^^ 
metallic  and  non-metallic  elements  (loe,  cit). 
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The  subject  of  the  spectra  of  the  metalloids  (see  Dictionary,  vol.  y.  388)  has  attracted 
much  attention,  and  the  difficulty  of  truly  explaining  the  results  is  showu  by  the  diversity 
of  opinions  respecting  the  nature  of  the  double  spectra.     Thus  Angstrom  (Spectre 
nanual  du  Soleil,  Upsala,  1868,  p.  38 ;  also  PhU.  Mag.  [4]  xlii.  395)  states  that  the 
conclusions  deduced  by  Pliicker  and  Hittorf  (Dictionary,  v.  388)  regarding  the  double 
spectra  which  many  of  the  metalloids  exhibit  are  not  warranted,  and  that  experi- 
ments made  by  him  in  conjunction  with  Thal^n  in  no  way  bear  out  the  opinion  that 
one  element  can  give  totally  different  spectra.    According  to  Angstrom,  *  the  Tery 
reverse  of  this  is  true;  that  by  successively  augmenting  the  temperature  we  find 
that  the  intensity  of  the  rays  varies  in  a  most  complicated  manner,  and  that  accordingly 
even  new  rays  can  make  their  appearance  if  the  temperature  be  sufficiently  raiMQ. 
Bat  independently  of  all  these  mutations  the  spectrum  of  each  substance  always 
preserves  its  original  character.'     On  the  other  hand,  Frankland  and  Lockyer  {Proc. 
Roy,  Soe.  xvii.  288,  463),  Wiillner  (iV^'-  -4»».  P^c.  1868;  PhU.  Mag.  [4]  xxxrii. 
40u),  and  Salet  {Phil.  Mag.  [4]  xlii.  318)  describe  certain  important  modifications 
which  the  spectra  of  hydrogen,  nitrogen,  and  other  metalloids  undergo  when  the  tension 
of  the  gas  through  which  the  spark  passes  is  chuiged,  and  the  temperature  of  the 
particles  is  thereby  altered.     Under  certain  conditions  of  temperature  and  pressure 
the  hydrogen  spectrum  can  be  reduced  to  one  line  in  the  green,  corresponding  to  the 
solar  line  F,  whilst  the  complicated  spectrum  of  nitrogen  can  likewise  be  reduced  to 
one  bright  line  in  the  green,  with  traces  of  other  more  refrangible  faint  lines  (Frank- 
land  and  Lockyer).    The  same  phenomenon  with  respect  to  nitrogen  had  previously 
been  observed  by  Huggins  {PMl.  Thine.  1868,  p.  529 ;  Koscoe's  Spectrum  Analysis,  2nd 
edit.  332).    WiUlner  fully  describes  the  variation  of  the  hydrogen  spectrum  with  the 
pressure;  when  the  tension  of  the  gas  is  135  mm.  the  tube  shines  with  a  white  light 
of  insufficient  intensity  to  yield  a  visible  spectrum  ;  when  the  pressure  is  reduced  to 
100  mm.  the  light  emitted  is  bluish-white,  and  gives  a  continuous  spectrum,  in  which 
the  lines  H  a  [C]  and  H  fi  [F]  stand  out.    Under  a  pressure  of  70  mm.  the  light  is 
reddish-white,  and  the  spectrum  is  continuous  with  H,  a,  i9,  and  a,  visible,  and  also  a  series 
of  beautifully  shaded  bands  in  the  greenish  and  reddish  yellow.  This  spectrum  becomes 
more  brilliant  as  the  pressure  diminishes  to  30  mm.     Under  21  mm.  the  lines  H,  a,  3> 
and  y  stand  out  brilliantly,  and  the  shaded  bands  with  the  continuous  spectrum 
become  less  intense.    When  the  pressure  is  diminished  to  about  8  mm.  the  bands 
disappear  and  the  continuous  spectrum  becomes  almost  invisible ;  under  further  rare- 
faction to  3  or  2  mm.  the  characteristie  lines  retain  the  same  brightness,  and  every- 
thing else  disappears  almost  entirely  from  the  spectrum ;  yet  with  a  simultaneous 
enfeeblement  of  the  bright  lines,  part  of  the  continuous  spectrum  reappears  in  the 
green.    Hence  it  appears  probable  that  the  band  spectrum  of  hydrogen  belongs  to  a 
lower  temperature  than  that  in  which  the  three  lines  alone  are  seen.     The  reappear- 
ance of  the  continuous  spectrum  with  great  rarefaction  also  bears  out  this  hypothesis, 
inasmuch  as  the  intensity  of  the  current,  and  therefore  the  heating  effect  on  the 
particles,  diminishes  by  the  greatly  increased  resistance  of  the  highly  rarefied  gas. 
According  to  Wiillner,  a  still  more  remarkable  change  occurs  when  the  hydrogen- 
tube  is  exhausted  to  the  extreme  limit  of  a  Sprengel's  pump ;  the  light  then  suddenly 
becomes  of  a  splendid  green,  like  the  light  of  a  thallium  name,  and  the  spectrum  is 
quite  changed.     The  line  Ha  can   scarcely  be  seen,  and  six  splendid  green  lines 
appear  on  an  almost  black  ground.     This  spectrum  is  always  exhibited  when  the 
tube  has  attained  the  extreme  degree  of  rarefaction  of  the  Sprengel's  pump,  and  if 
the  discharge  be  continued  for  some  time  with  the  tube  stop-eock  closed,  a  continuous 
spectrum  appears,  but  this  on  again  exhausting  (although  no  change  of  density  in 
the  gas  occurs)  yields  the  peculiar  line  spectnim  just  described.    Wiillner  has  com- 
pared this  spectrum  with  that  of  aluminium  (of  which  metal  the  electrodes  were 
composed),  mercury,  and  other  substances,  traces  of  which  might  be  present  and  might 
possibly  cause  the  appearance  observed,  but  he  concludes  from  the  non-coincidence  of 
the  green  lines  with  those  of  the  metals,  &c.,  that  these  former  are  really  due  to 
hydrogen.     Wiillner  concludes  that  difference  of  temperature  must  in  the  case  of 
hydrogen  be  regarded  as  the  cause  of  the  essentially  different  spectra  observed,  and 
hence  that  the  emissive  power  of  a  substance  may  materially  alter  with  the  tempera- 
ture.   A  similar  series  of  observations  have  been  made  by  Wiillner  with  oxygen ; 
three  distinct  spectra  may  be  obtained  with  induction-cuirents  according  as  the 
oxygen  in  the  tube  has  a  greater  or  less  density,  and  these  three  different  spectra 
depend  upon  the  temperature  to  which  the  particles  of  the  oxygen  are  heated. 

The  comportment  of  nitrogen  appears  to  be  somewhat  different ;  this  gas  furnishes 
two  spectra,  but  these  cannot  be  obtained  one  from  the  other  by  a  simple  change  of 
density  of  the  gas,  the  difference  in  temperature  thus  produced  being  insufficient  to 
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change  the  spectrum,  and  this  can  only  be  efleeted  by  an  altesatiaii  in  the  mode  of 
diacluiige,  such  as  the  introduction  of  a  Leyden  jar.  The  ungalor  fact  of  the  thidceaiog; 
or  broadening  of  the  hydrogon  lines,  and  especially  of  the  line  H/3  [F],  under  cst&a 
conditions,  was  observed  by  Pliicker,  bat  Frankland  and  Jjockjeat  eonclnded  that  th'S 
was  due  to  diminution  of  pressure, '  and  not  appreciably,  if  at  all,  to  tempeaiEit 

In  a  recent  communication  (Campt,  rend,  Ang.  7«  1871)  Angstrom  reassots  hk 
conclusion  that  hydrogen  and  oxygen  have  each  but  one  spectrum,  that  of  hydrcieta 
being  the  one  found  in  the  light  of  the  sun  and  stars.  He  bases  his  opinion  oa  tb* 
difficulty  of  obtaining  any  gas  perfectly  pure  in  an  extreme  state  of  rarefactioo ;  tliiii 
on  one  occasion  he  rarefied  air  in  a  Geissler's  tube  as  much  as  possible  by  a  mercor&l 
pump,  causing  the  discharge  of  a  Buhmkorff's  coil  to  pass  through  the  tube,  a&nd  obt^LT-i 
in  succeesion  the  following  spectra:  (1)  the  ordinary  air  spectnun,  (2)  the  flei<>i 
Bpectrum  of  nitrogen,  (3)  that  of  carbonic  oxide,  (4)  the  lines  of  chlorine  and  sod^oia. 
If  the  vacuum  has  been  produced  by  mercury,  the  spectrom  of  this  metal  mky  U 
obtained ;  and  if  the  gases  are  dried  by  sulphuric  acid,  the  sulphur  spectrum  may  m^ 
its  appearance.  Angstrom  then  proceeds  to  criticise  WuUner's  four  difierait  hjdpjgfn 
spectra.  One  of  these  is  the  true  hydrogen  spectrum  of  fine  bright  lines,  and  th^ 
cloes  change  into  one  consisting  of  bright  bands  or  into  a  continuous  spectma  i,^ 
An^'Htrom  himself  discoyered  in  1853)  when  a  denser  gas  is  used.  The  other  t^j 
hydrogen  spectra  Angstrom  disposes  of  by  showing  that  Uie  spectrum  of  aoecyleoe  m 
observed  by  Berthelot  is  identical  with  one,  whilst  the  other  is  identical  with  tM 
sulphur  spectrum. 

As  regards  the  two  new  spectra  of  oxygen  found  by  Wiillner,  Angstrom  shows  th^ 
the  lines  of  the  one  are  identical  with  those  of  the  oxide  of  carbon  spectrum,  whilst 
the  other  is  beyond  doubt  the  same  as  that  of  chlorine.  Hence  he  concludes  that  wt 
do  not  know  as  ^et  any  other  spectrum  of  oxygen  beyond  that  discoTered  by  himself  ia 
1853,  and  examined  with  care  by  Piucker.  The  variation  observed  in  the  specua  of 
certain  gases  by  the  action  of  magnetism,  Angstrom  ascribes,  not  to  the  existence  of 
difforont  spectra  for  one  substance,  but  to  the  production  by  the  magnetisation  of  o?v 
combinations  or  new  substances,  an  action  similar  to  that  produced  bj  inserting  a 
condenser  or  Leyden  jar  in  the  circuit.  Thus  a  Geissler^s  tube  gave  between  the  p^lat 
of  an  electromagnet  the  ordinary  spectrum  of  carburetted  hjdrogen,  whereas  witk^ 
the  intervention  of  magnetism  it  gave  the  carbonic  oxide  spectrum  without  tb» 
hydrogen  lines  being  visible;  whilst  another  tube  containing  hydrogen  obtained 
from  water  and  dried  over  sulphuric  acid,  which  gave  Pliicker's  two  hydrogen  spectra* 
gave  when  under  the  influence  of  magnetism,  the  sulphur  lines,  which  Wiillner  believes 
to  be  a  new  hydrogen  spectrum,  whilst  at  the  same  time  the  carbonic  oadde  lines  wcss 
seen  near  the  poles. 

Salet  {Conipt.  rend,  1871i  No.  9)  has  examined  the  spectrum  of  sulphur,  and  cos- 
firms  Pluckers  original  discoveries,  inasmuch  as  he  concludes  that  two  spectra  of  this 
metalloid  really  exist,  one  composed  of  lines  and  the  other  of  bands,  the  first  prodneed 
by  the  disruptive  discharge,  and  the  second  by  discharges  of  less  tension. 

Under  certain  conditions  incandescent  gases  can,  as  we  have  seen,  yield  continwvcis 
spectra.  Dibbits  (Pogg,  Ann,  cxii.  497)  m  1864  showed  that  the  oxyhydrogen  flame 
yields  a  faint  continuous  spectrum,  in  which  the  bright  lines  of  hydrogen  and  oxysco 
are  not  seen.  And  Frankland  {Proe,  Roy,  8oc,  xvi.  419)  has  proved  that  when*  the 
pressure  under  which  the  gases  are  burnt  is  much  increased,  a  very  oonsideiable 
augmentation  of  the  luminosity  is  obtained  and  a  bright  continuous  spectrum  is 
observed.  A  continuous  spectrum  is  likewise  obtained  when  many  gases  or  Tapoors 
undergo  combustion,  and  these  oonsiderations  have  led  Frankland  to  conclude  that  the 
ordinary  explanation  given  by  Davy  of  the  luminosity  of  flame  is  incorrect,  and  tha: 
the  light  is  due,  not  to  the  incandescence  of  solid  carbon,  but  to  the  combustion  of  highly 
condensed  gaseous  hydrocarbons. 

It  is  to  be  remembered  that  although,  under  the  conditions  most  generally  met  with, 
gases  have  been  found  to  give  discontinuous  spectra,  the  Theory  of  Exchanges,  upon 
the  truth  of  which  the  science  of  spectrum  anslysis  is  founded,  does  not  give  us  any 
information  whether  a  gas  yields  a  continuous  or  a  broken  spectrum.  According  to 
this  theory,  if  a  glowing  gas  absorbs  some  of  each  of  the  rays  which  fall  upon  it,  it 
mtut  emit  a  continuous  spectrum.  Even  under  diminished  pressure  many  gashes 
exhibit  a  continuous  spectrum,  as  is  seen  in  a  flame  coloured  by  soda  or  potskdi  salt. 
Kirchhoff  showed  many  years  ago  that  when  the  temperature  or  density  of  a  glowing 
gas  is  increased,  and  the  luminosity  of  the  spectrum  becomes  greater,  the  dark  portions 
of  the  spectrum  must  increase  in  luminosity  more  rapidly  than  the  bright  portions. 
Ilence  it  does  not  appear  surprising  that  by  increase  of  temperature  and  pressure  the 
spectrum  originally  consisting  of  bright  lines  or  bands  upon  a  scarcely  visible  continuous 
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background  should  by  degrees  change  into  a  spectrum  exhibiting  all  the  colours  in 
equiil  intensity.  H.  St.  Claire  Deville  (Phil.  Mag.  [4]  xxxvii.  Ill)  gives  a  somewhat 
similar  explanation  of  the  continuous  spectra  from  incandescent  gases,  and  does  not 
endorse  Ftankland*s  conclnsiona  oonceming  the  source  of  luminosity  .of  the  candle- 
flame.  .        . 

Atmoapherie  Lines  and  Spectra  of  the  Moon  and  the  Planets. — ^The 
existence  of  dark  bands  caused  by  atmospheric  absorption  was  first  pointed  out  by 
Brewster  in  1833.  -         • 

In  1865-6,  J.  P.  CookS' junior  (Proc.  Amer.  Aead,  8c.  Tii.  Jan.  1866;  and  Am, 
Joum,  8c.  and  Arts,  vol.  zi.'Noy.  1866)  showed  that  many  of  the  air  lines  are  solely 
due  to  aqueous  vapour  contained  in  the  atmosphere.  Janssen  produced  these  lines 
artificially  by  allowing  the  light  firom  16  jets  of  coal  gas  to  pass  through  a  column  of 
high-pressure  steam  37  metres  in  length.  Groups  of  dark  lines  then  appear  in  the 
spectrum  between  the  extreme  red  and  the  lines  B.  These  lines  are  founa  to  coincide 
with  lines  in  the  solar  spectrum  which  become  intense  when  the  sun  is  near  the  horizon. 
(For  Janssen*s  map  of  these  lines  see  Boscoe's  Lectures,  2nd  edition,  p.  226.) 

The  Moon. — No  signs  of  a  lunar  atmosphere  presented  themselves  in  a  most  accurate 
examination  which  Mr.  Huggins  made  as  follows :  the  spectrum  of  a  star  was  carefully 
observed  at  the  moment  the  dark  edge  of  the  moon  passed  over  it.  If  an  atmosphere 
existed  in  the  moon,  the  observer  would  see  the  starlight  by  refraction  after  the  occult- 
ation  had  occurred,  and  the  red  rays  being  less  refrangible  would  disappear  before 
the  blue.  All  the  differently  coloured  rays  were  found  to  disappear  at  the  same 
instant,  and  hence  the  absence  of  a  lunar  atmosphere  is  to  be  inferred. 

T%€  Planets. — In  the  spectrum  of  Jupiter,  lines  are  seen  indicating  an  absorptive 
atmosphere  about  this  planet.  One  strong  band  corresponds  to  a  known  elementary 
substance  (hydrogen),  whilst  the  same  conclusion  is  arrived  at  with  Saturn.  Padre 
Secchi  concludes  from  his  own  observations  that  in  all  probability  the  vapour  of  water 
exists  in  the  planetary  atmospheres.  The  red  colour  which  distinguishes  Mars  is  not 
derived  from  absorption  in  its  atmosphere,  as  the  light  refiected  from  its  polar  regions 
is  free  from  the  red  tint  peculiar  to  the  other  portions  of  the  planet  (Huggins,  Monthly 
Ifotices  B.  A.  8oe.  xxvii.  178). 

Spectrum  qf  27ra9iiM.~Huggins  (Proc.  Boy.  8oc»  xix.  488)  has  observed  the 
absorption-spectrum  of  the  planet  Uranus  wiUi  his  equatorial  refractor  of  15-inch 
aperture.  This  is  characterised  by  six  remarkably  strong  absorption-lines;  the 
Btrongest  of  these  has  a  wave-length  of  about  544  millionths  of  a  millimetre ; 
another  at  572  is  nearly  as  broad,  but  not  so  dark ;  the  one  a  little  less  refrangible 
than  D  is  narrower  than  the  others.    The  most  refrangible  band  is  identical  in 

nition  with  the  F  line,  and  was  proved  to  be  coincident  with  the  bright  hydrogen 
)  F,  so  that  this  band  in  the  planet  spectrum  is  probably  due  to  hydrogen.  Three 
of  the  bands  were  found  not  to  differ  greatly  in  position  from  the  bright  air  lines, 
but  there  is  no  strong  line  in  the  spectrum  of  Uranus  corresponding  to  the  strongest 
of  the  air  lines,  viz.  the  double  nitrogen  line.  The  lines  due  to  carbonic  acid  do  not 
appear  in  the  Uranus  spectrum ;  there  is  no  absorption-band  in  the  position  of  the 
B<juium  line,  nor  are  the  lines  in  the  spectrum  of  Uranus  at  the  positions  of  the 
principal  groups  produced  by  absorption  in  the  terrestrial  atmosphere. 

Terrestrial  Atmospheric  Absorption. — Lieut.  J.  H.  Hennessey  (Proc.  Boy.  Soc.  xix.  1) 
has  mapped  on  a  more  complete  scale  than  has  been  hitherto  done,  the  absorption- 
lines  seen  at  Mussoorie  in  India  when  the  sun  is  low.  An  accurate  map  of  these 
lines  from  A  to  D  accompanies  the  paper,  many  of  which  are  found  to  be  identical 
with  the  air  lines  mapped  by  Kirchhoff. 

Spectroscopic  Observations  of  the  Sun. — A  complete  memoir  on  the  'Nor^ 
mal  Solar  Spectrum '  (Upsala,  1868)  has  been  published  by  A.  J.  Angstrom  of  Upsala, 
accompanied  by  an  atlas  of  six  plates  exhibiting  the  whole  length  of  the  solar  spectrum 
from  A  to  H.  The  positions  of  these  lines  are  mapped  according  to  their  wave-lengths, 
which  have  been  calculated  from  observations  most  carefully  made  with  difiraction- 
spcctra.  The  bright  metal  lines  coincident  with  those  of  Fraunhofer  are  also  given. 
The  following  table  gives  a  summary  of  the  solar  linos  shown  on  Angstrom's  maps  as 
produced  by  known  elements : 
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QaMtMBCtU 

No.  OfliMI 

flnlirtenfim 

HaofliHi 

Hydrogen 

4 

ManganeM    • 

57 

Sodium.         .        • 

9 

18 

Barium 

11 

Cobalt  . 

19 

Calcium 

75 

Niekel  . 

83 

Magnesium   • 

4  +  8  (?) 

2jinc     • 

9(1) 

Aluminium  . 

8(?) 

Copper . 

7 

Iron 

450 

Titanium 

118 

The  presence  of  titanium  in  the  solar  atmosphere  was  diseovered  hy  Tfaal^  ISssj 
of  these  lines  were  formerly  supposed  to  be  due  to  caldum,  h&Ting  been  obtain^ 
by  the  ignition  in  the  electric  arc  of  gas  carbon  impregnated  with  caldnm  chlori?. 
The  carbon  however  contained  titanium,  and  118  ont  of  170  of  the  obaerred  titasit^ 
lines  were  seen  to  be  coincident.  Hence  there  can  be  reiy  little  doubt  as  to  the 
existence  of  titanium  in  the  solar  atmosphere,  and  the  well-known  occnnneneft  of  tbi 
metal  in  meteoric  stones  seems  to  support  the  yiew  that  titanium  poesesaes  a  g«Kni 
coemical  distribution.  The  total  number  of  coincident  solar  lines  now  obsaTed 
amounts  to  close  upon  800,  and  this  number  might  easily  be  increased  by  using  m^ 
powerful  means  of  raising  the  temperature  of  the  subetanoe  under  examiBaficc 
r^evertheless,  the  number  already  mapped  suffices  to  show  that^  to  aeeoont  far  va 
origin  of  all  the  more  prominent  rays  in  the  solar  spectrum,  we  must  assume  that  us 
substances  constituting  the  chief  mass  of  the  sun  are  without  donbt  the  same  bodies  u 
exist  on  our  planet  (Angstrom). 

Viacooeries  in  Solar  Physics  made  by  meams  of  tks  Svectroteope, — Since  the  poK  ca- 
tion of  the  last  Tolume  of  this  Dictionaiy,  discoYOiies  hare  been  made  with  nsp«t  it* 
the  sun,  second  only  in  importance  to  KirchhofTs  original  disooreiy ;  and  the  siilf<4 
has  been  so  largely  developed  that  it  is  impossible  in  the  present  article  to  do  C'^ 
than  refer  to  the  most  striking  disooyeries,  leaving  the  reader  to  obtain  fai^^' 
information  from  works  specially  devoted  to  spectroscopic  astronomy.  About  iy< 
years  ago  J.  Norman  Lockyer  {^ve.  Soy.  8oe,  Oct.  11,  1866)  suggested  that  it  mk'-^ 
bo  possible  by  the  use  of  the  spectroscope  to  obtain  evidence  of  the  presence  of  tbe  i»i 
prominences  which  total  eclipses  have  revealed  to  us  in  the  solar  atmospheze,  altlir^ 
they  escape  all  other  means  of  observation  on  other  occasions.  After  many  fhut-fte 
attempts,  Mr.  Lockyer  at  last  succeeded  (Oct.  20,  1868)  in  seeing  the  promineoeM  ssd 
in  ascertaining  the  existence  of  three  bright  lines  in  the  following  positions :  L  AW*>» 
lutely  coincidunt  witii  C.  IL  Nearly  coincident  with  F.  IIL  Near  D.  These  bncV. 
linos  were  rendered  visible  under  the  ozdinaiy  condition  of  the  son  by  emphyin^  * 
powerful  spectrosco^ie  giving  very  laige  dispersion.  The  almost  continuous  spectrsa 
given  out  by  the  limb  of  the  sun  was  thus  spread  out  until  it  became  veiy  f^^}^' 
whilst  tlio  luminous  intensities  of  the  monochromatic  rays  given  out  by  the  glo^-^ 
gas  were  but  slightly  diminished,  and  thus  the  light  from  the  prominences  beetae 
visible  without  being  interfered  with  by  that  emanating  from  the  body  of  the  son. 

M.  Janssen,  who  was  sent  by  the  French  Gkivemment  to  Gimtoor  in  India  to  obetf 
the  total  eclipse  on  August  18,  1868,  saw  and  measured  the  position  of  these  bii^ 
lines  on  that  day,  and,  struck  by  their  intensity,  he  likewise  conceived  the  idea  tbM 
they  might  be  visible  when  the  sun  was  uneclipsed.  On  the  next  day  he  succeed^  io 
his  endeavour, '  so  that,'  he  writes, '  I  have  been  working  for  the  last  seventeen  dsp  ia 
a  perpetual  eclipse.'  The  announcement  of  this  separate  discovery  was  received  by 
the  L'rench  Academy  on  October  26,  1868,  a  few  days  after  Mr.  Lockyer's  diseoveJt 
was  made  known  to  the  Royal  Society.  By  employing  a  wide  slit  with  an  absorptiof* 
screen  of  ruby  glass,  Huggins  (Proc.  Boy.  Soc.  xvii.  302)  succeeded  (Feb.  13,  1869)  is 
viewing  a  solar  prominence  so  as  to  distinguish  its  form,  and  Mr.  Lockyer  finds  that 
no  absorptive  medium  is  needed.  Lockyer's  investigations  have  not  only  shown  tbtt 
the  red  prominences  are  due  to  incandescent  hydrogen,  but  that  the  whole  body  of  th« 
sun  is  enveloped  in  a  glowing  gaseous  medium  extendingfor  5000  miles  in  height  oi 
which  the  prominences  are  only  local  aggregations.*  This  envelope  he  terms  tbe 
Chromosphere^  to  distinguish  it  from  the  cool  absorbing  atmosphere  on  the  one  bav^ 
and  the  light-giving  photosphere  on  the  other.  Under  proper  instrumental  vi^ 
atmospheric  conditions  the  spectrum  of  the  chromosphere  is  always  visible  io  eveiT 
part  of  the  sun's  periphery.     The  bright  line  identical  in  position  with  Frannboftf'' 

*  The  existenoe  of  a  ooloniod  red  atmosphere  Bononnding  tbe  sun  appears  to  have  been  ft^ 
olworrod  by  Orosch  during  the  total  eclipse  of  Angost  39, 1867,  near  Santiago  iAsbrom.  Mmtkniit^ 
No.  1787,  Jan.  '28, 1869).    • 
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phospBorus  di-iodide,  pouring  the  miztuie  at  the  termination  of  the  reaction  into  water, 
agitodog  with  ether,  and  evaporating  the  ethereal  solution.  The  acid  then  remainn 
in  the  form  of  an  oil  nearly  insolable  in  water,  whereas  fi  iodopropionic  acid,  obtained 
by  the  action  of  hydriodie  aeid  or  of  phosphorus  iodide  on  glyceric  acid  (iy.  783), 
ayitAUiies  easily  and  well  (Wichelhans,  he,  cii.). 

fi  Iodopropionic  acid  boiled  with  silver  oxide  not  in  excess,  yields  a  silver  salt, 
oonvertible  by  double  decomposition  into  a  zinc  salt,  having  the  composition 
(C'H*0')'Zn,  and  the  properties  of  ordinary  zinc  b&ctate ;  but  the  mother-liquor  after 
a  while  deposits  crusts  easily  soluble  in  water  and  in  alcohol,  and  having  nearly  Uie 
composition  of  the  zinc  salt  of  pazalactic  or  saicolactic  add.  Wich^ava  regards 
tile  latter  as  the  primary  product  of  the  transformation  of  0  iodopropionic  acid,  and 
rappoees  that  it  is  afterwards  converted  into  ordinary  lactic  acid  by  prolonged  boiling 
with  the  silver  oxide ;  he  thence  infers  that  a  chloro-  and  a  iodo-propionic  acid  are 
ftoalflgous  in  constitution  to  ordinary  lactic  add ;  /3  chloro-  and  iodopropionic  acid  to 
paralactic  acid : 

CH«— CHI— CO'H  CH^I— CH«— CO«H 

« lodopropioiiio.  fi  Iodopropionic. 

CH»— CH(OH)  -CO»H  CH«(OH)— CH«— CO^H 

Lactic.  Putalactia 

Wislicenus  (ZeiUckr.  /.  Ciem.  [2]  iv.  683)  also  finds  that  fi  iodopropiom'c  acid  boiled 
with  recently  precipitated  silver  oxide,  yields  lactic  acid,  and  is  of  opinion  that  the 
acid  CH'^O",  called  hydracrylie  acid,  which  Beilstein  obtained  from  /3  iodopropionic 
acid  by  the  same  process,  was  in  all  probability  nothing  but  lactic  acid. 

Soooloff,  on  the  other  hand  (ibid.  v.  423),  has  obtained  by  similar  means  an  acid« 
CHH)^«  some  of  the  i>alta  o£  which  difier  in  character  from  thosa  of  either  of  the 
known  lactic  acids,  and  from  thoRe  of  the  isomeric  methyl-glvcoilic  acid.  This  acid 
he  designates  as  glyceraidehfdic  acid,  regarding  it  as  the  alaehvde  of  glyceric 
Beilstein's  hydracrylic  add  he  regards  as  an  anhydride  of  this  acid.  (See  I 
Acid,  p.  770.) 

fi  lodojxopionic  acid  heated  with  excess  of  Tnetallic  silver  is  converted  into  adipie 
add,  C>*H»0«  (WisUcraus,  t^.  660): 

aCCTPI— CH«— CO«H)  +  Ag«  -  2AgI  +  [CO«H— (CH»)«— CO-HJ. 

Vbmiyl-ipropioDlo  Aeid.  C*H>*0'  -  C«H*(C*HK)<WSyn.withHTDBociKif4Xio 
Acid.  See  CufXAMic  Acid  (p.  468).  Under  the  same  nead  are  also  described  tha 
chlorine^  bromine,  and  iodine  derivatives  of  phenyl-propionic  add,  also  of  oxyphenyl- 
propionic  or  phenyl  lactic  acid,  C*H'*0'. 

mtioplMiijl-propioiile    aold,  CH*(NO*)0*   «    C«hO^,^^„  is  formed  by 

treating  hydxocinnamic  add  with  fuming  nitric  acid  in  a  cooled  vessel ;  when  pmiified 
by  separation  from  its  sodium  salt  and  recrystallisation  from  hot  water,  it  forms 
fSMtkery  gionps  of  faintly  yellow  crystals,  very  slightly  soluble  in  cold,  more  easily  in 
warm  water,  moderatelv  soluble  in  alcohol  ana  ether.  It  softens  when  heated,  melts 
completely  at  153^,  ana  solidifies  to  a  radio-crystalline  mass  on  cooling.  Its  salta  are 
for  the  most  part  easily  soluble  and  difficult  to  crystallise ;  the  lead  and  silver  salta 
are  yellowiah  predpiiates.  The  acid  oxidised  with  chromic  acid  mixture  is  converted 
into  paraaitrobenaoie  acid :  hence  it  belongs  to  the  para  series. 

AmidopAenylpropianic  aeid,  CH*(NH*)0>  »  C«hO^^\^,  is  formed,  together  with 

hydrocarbostyxol  (p.  71&),  hy  treating  the  nitro-acid  with  tin  and  hydrochlone  acid, 

and  remaioB  in  the  mother-liquor  after  the  hydiocarbostyrol  has  been  separated.    It 

crystallises  in  groups  of  quadratic  prisms,  melting  at  131°  and  decomposing  at  higher 

teroperatnres.    It  unites  both  with  bases  and  with  acids ;  but  the  salts  which  it  forms 

with  bases  axe  onstaMe  and  difficult  to  crystallise.  Its  combinations  with  acids,  on  the 

other   hand,  crystollise  well:  the  hydrochloride  C^W^^O* ,1^C\,. m  groups  of  four- 

Aided  jprisms  ;  the  ndphate,  2C*H"N0*.H'S0^,  from  water,  in  Lirge  nodular  groups ; 

from  alcohol  it  is  precipitated  by  ether  in  silky  needles ;  the  nitrate  separates  from 

solution  in  -warm  ailute  nitric  acid  in  fine  crystals. 

CJUaHde  of  IHaMophenyipropiottic  «?«,  C»H*N»0»a  «  OH^j^^JJ^?,  is  produced 

by  passing  nitrous  add  vapour  to  saturation  into  a  solution  of  dry  hydrochloride  of 
Aixiidophenylpropionic  acid  in  absolute  alcohol,  and  crystallises  in  four-sided  needles 
which  detonate  when  heated.    Their  aqueous  solution  when  warmed  gives. off  Uigft 
Snp.  3  Q 


acid. 
Lactio  I 
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bright  line,  and  widened  oat  on  both  sides  two  or  three  times  in  the  rmrj  small  sr<  ti : 
becoming  bright  near  a  spot,  and  expanding  orer  it  on  both  sides  ;  rerr  manj  tizLis 
widened  out  near  a  spot,  sometimes  considerably,  on  the  less  re&angible  si<ie ;  ^~i 
finally  extended  as  a  bright  line  withont  any  thic^ning  orer  a  sidaII  spot  (Lfjckjcr 

Measnring  the  deviation  of  the  line  thus  noticed,  by  means  of  JLngstrum's  s^p.  -^ 
ten-millionths  of  a  millimetre,  Lockyer  has  frequently  noticed  a  dcTiAtion  eccr^ 
sponding  to  a  Telocity  of  20  miles  per  second.  On  one  occasion  the  P  line  «bs  £^3 
to  be  triple^  showing  that  the  hydrogen  on  the  snn's  snrfiioe  under  obsemt'^s  7.^ 
moving  with  very  different  velocities,  the  extreme  alterations  of  wave-length  o  re- 
sponding to  the  enormons  velocity  of  120  miles  per  second — ^if  the  expUnatioa  iin 
given  be  in  reality  the  correct  one. 

The  spectroscopic  changes  which  are  thns  seen  are  sometimes  oonnectad  v^i 
telescopic  ones.  Thus,  on  April  21,  at  7.30  ▲.v.,  a  tiemendons  action  wss  or^-^'i 
in  a  prominence,  fur  the  lines  C,  D,  and  F  were  magnificently  bright  in  the  orc-a  tt 
spectrum  itDelf  over  the  spot-spectrum.  The  i  injection  into  the  chromoephere  Mirrt-^^i 
everything  previously  seen,  as  there  was  a  magnesium  cloud  quite  separated  £n.^  tjL 
limb,  and  high  up  in  the  prominence  itself.  The  photographic  picture  of  the  »-' 
disc,  made  at  Kew  on  the  same  day  at  10.55  jl.m.,  showed  that  an  area  of  ?>-* 
disturbance  surrounded  the  spot,  and  a  subsequent  photograph,  at  4.1  fjl,  sbc^td 
the  limb  to  be  actually  broken  in  that  particular  place ;  the  photosphere  seemea  ti 
have  been  actually  torn  away  behind  the  spot,  e»ictly  when  the  spectitiecitpt'  i^*^ 
afforded  to  Lockyer  evidence  of  a  cyclone. 

F.  Zollner  (Poffg.  Ann,  cxxvii.  p.  624)  has  also  noted  some  very  interesting  t5-t» 
respecting  the  enormously  rapid  motion  of  the  protuberances,  and  acoompanjing  'J:s 
paper  are  a  series  of  drawings  showing  the  changes  which  the  red  flames  nnd^igii. 

For  the  description  of  the  phenomena  observed  in  a  total  eclipse,  especially  as  u? 
nature  of  the  corona,  works  on  spectroscopic  astronomy  may  be  consulted.  It  m^5 
here  be  stated  that  the  spectrum  of  the  corona  contains  one  bright  green  hn 
identical  in  refrangibility  with  an  iron  line  marked  1474  on  KirchhofiTs  scale. 

Further  Specirasoopic  Researches  on  the  8tar$^  Nebuia,  and  Comets  by  W,  Hmg^*i  — 
Dr.  Huggins  (PAi/.  Trans,  1868,  p.  529),  by  employing  a  much  more  pi>«c^. 
train  of  prisms  than  he  had  previously  used,  endeavoured  to  ascertain  whether  air 
deviation  in  the  position  of  the  nebular  or  stellar  lines  was  visible,  which  demCi.c^ 
if  it  existed,  would,  according  to  Doppler*s  theory,  indicate  motion  with  respeet  u> 
these  bodies  and  the  earth.  The  first  object  examined  was  the  great  nebula  in  One? ; 
the  brightest  line  of  the  nitrogen  spectrum  (which  can  be  so  reduced  in  lomisv^irr 
as  to  leuve  only  this  line  visible)  was  found  to  be  coincident  with  the  nebular  Ilim 
within  the  limits  of  obserrational  error,  so  that  Huggins  concludes  that  the  nebula  is 
not  receding  from  the  earth  with  a  velocity  greater  than  10  miles  per  second,  a:^ 
that  it  is  not  approaching  the  earth  with  a  velocity  greater  than  25  miles  per  seoiol 
The  position  of  the  F  line  in  the  Sinus-spectrum  was  next  carefully  examined ;  ^^ 
was  found  to  be  broader  than  the  corresponding  hydrogen  line,  and  also  broa^r 
than  the  dark  solar  line  F.  The  position  of  the  Sirius  F  line  is  slightly  lrs«i 
refrangible  than  the  hydrogen  line,  and  Huggins  believes  that  this  may  be  reoerrai 
as  representing  a  motion  of  recession  between  Sirius  and  the  earth,  amounting  to  41 4 
miles  per  second ;  or,  subtracting  the  earth's  proper  motion,  we  have  a  motion  ^ 
recession  of  29*4  miles  per  second,  which  we  appear  entitled  to  attribute  to  Sinus. 

The  spectrum  of  Comet  II.,  1868,  has  also  been  examined  by  I>r.  Huggins ;  this 
consisted  of  3  bands,  identical  in  position  with  the  bands  obtained  by  passing  tha 
sjpark  throught  olefiant  gas,  and  hence  it  appears  that  incandescent  carbon,  either  ia 
the  free  or  possibly  in  the  combined  state,  exists  in  cometary  matter.  The  spectran 
of  Comet  1.,  1871 1  has  also  been  examined  by  Huggins,  who  concludes  that  it 
possesses  a  constitution  similar  to  those  of  1868. 

Variable  Stars, — The  spectrum  of  7  Cassiopeis  appears  to  be  in  some  respects  st 
least  analogous  to  that  of  T  Coronse  (v.  895).  In  addition  to  the  bright  line  near  tlie 
boundary  of  the  green  and  blue  observed  bv  Piadre  Secchi,  there  is  a  line  of  eqiol 
brilliancy  in  the  red  and  dark  absorption  hues.  Huggins  has  shown  that  these 
bright  lines  are  coincident  with  the  lines  C  and  F,  showing  the  presence  in  this  star 
of  incandescent  hydrogen.  MM.  Wolf  and  Rayet  have  also  observed  bright  linee  in 
sever<il  other  small  stars.  Padre  Seoeht  (Astronomisehs  Naehriehitn,  Jan.  28,  1869) 
finds  it  possible  to  class  stars  into  four  groups,  each  characterised  by  a  spetiid 
form  of  spectrum.  Group  1  contains  the  white  stars  Sirius,  a  Lyrae,  Tega,  &c^ 
whose  spectrum  is  characterised  by  four  black  lines  coincident  with  those  of  hydro- 
gen. Group  2  contains  the  yellow  stars,  having  spectra  intersected  by  numerous  fine 
lines  resembling  those  of  our  sun ;  in  this  group  Secchi  reckons  Pollux,  Cs^lU 
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7  Aquilae,  and  onr  Sun.  The  3rd  group  contains  the  red  and  omnge  stars,  a  Orionis, 
a  Herculis,  fi  Pegasi,  &c.,  the  spectra  of  which  are  divided  into  8  or  10  parallel 
columnar  clusters  of  dark  and  bright  bands  increasing  in  intensity  towards  the  red. 
Group  4  is  made  up  of  the  small  red  stars,  whose  spectra  are  distinguished  by  a 
succession  of  three  bright  sones,  increasing  in  intensity  towards  the  violet.  Out  of 
316  stars  examined,  Secchi  found  that  164  belonged  to  the  first  group,  and  140  to 
the  second,  whilst  the  few  remaining  constituted  the  third  and  fourth  classes. 

Spectra  of  the  Aurora  Barealia  aind  of  the  Zodiacal  Light. — Ingstrom  {Spectre 
fiormal  du  Soieil)  and  0.  Stmve  have  observed  the  spectrum  of  the  aurora.  This  light 
is  found  to  be  monochromatic;  one  brilliant  band  situated  to  the  left  of  the  green 
calcium  lines  only  is  seen.  Angstrom  found  the  wave-length  of  this  ray  to  be  6567 
(ten  millionths  of  a  millimetre).  The  same  observer  also  succeeded  in  observing  the 
same  bright  band  in  the  spectrum  of  the  zodiacal  light,  and  during  a  star-light 
night,  when  the  sky  appeared  almost  phosphorescent,  traces  of  this  band  were  visible 
from  all  parts  of  the  heavens.  This  bright  band  does  not  coincide  with  the  known 
rays  of  any  simple  or  compound  body  yet  examined. 

Recttit  General  Literature  on  the  Subject, — Boscoe's  Lectures  on  Sjpectrum  Analysis, 
with  Lithographic  Copies  of  the  Maps  of  Kirchhoff^  Angstrom^  and  Huggins  (Mac- 
mi  llan),  2nd  edition,  1870.  Schellen,  Lie  Spectralana/vse,  Braunschweig  (Wester- 
mann),  1870 ;  English  translation,  1871.  Secchi,  Le  Soieil^  Paris,  1870.  Proctor,  2he 
Sun  (Longmans),  1871.  Delaunay,  Analyse  spectrale,  Annuaire  du  Bureau  des  Longi- 
tudes, 1869.  R.  P.  A.  Secchi,  Sugli  Spettri  dei  Corpi  Celesti,  Memorie,  Boma, 
1868  ;  Spettri  deUe  Stellefisse,  Mem.  1.  and  II.  Ingstrom,  Rechcrches  sur  le  Spectre 
normal  du  SoUil,  Upsala,  1868.  A  ftdl  list  of  memoirs  on  spectrum  analysis  is  given 
at  the  end  of  Roscoe's  Lectures,  H.  £.  R. 


L  An  hydrated  aluminium  phosphate  occurring  on  hsematite  at 
Zajecon,  north  of  St.  Benigna,  in  isolated  or  botyroidally  grouped  spherules  of  light 
grey  colour,  passing  more  or  less  into  red  and  blue.  Sp.  gr.  2*53.  Hardness  4.  Its 
analysis  gave : 

2Hy  A1"0»  HH)  MgO  OkO  BIO* 

28-68        42*36        2408        2*61         141         087     "     99*86 

leading  (after  deduction  of  the  lime  and  magnesia  as  phosphates)  to  the  formula 
6Al«O«.2P*0»  -I-  16H«0  (Zepharovich,  Jahresb.  1867,  p.  1001). 

S3PSSR08IBB&ZTB.  This  mineral,  occurring  in  the  Anamesite  district  of  the 
lower  Maintbal,  near  Steinheim,  mostly  in  spherical  or  botyroidal  masses,  was  found 
by  Homstein  (Jahresb.  1867>  p.  1006)  to  contain : 

FM>  CftO  KgO  KnO  00* 

61-25        002        0-61        trace        88-12     -     lOO. 


A  calcic  phosphate  mixed  with  carbonate,  fluoride,  &c.,  occur- 
ring as  an  incrustation  on  phosphorite  at  Staffel,  also  in  the  Jura  limestone  at 
£rzbexs»  ^^^  Amberg  (Stein,  Jahresb.  1866,  p.  947  ;  Petersen,  ibid.  1867i  p.  1002). 

STAJtOB.  Observations  on  the  occurrence  and  behaviour  of  starch,  or  an 
amylaceous  substance,  in  the  lacteal  vessela  of  various  Apocvanacea,  have  been  made  by 
Tr&ul  {CoTtmt.  rend.  Ixi.  166) ;  on  the  starch-granules  in  Floridacea  and  Corallinacea 
by  van  Ti^hem  {ibid.  612).  C.  Dareste  (ibid.  Ixiii.  1142)  found  in  egg-yolk  a  con- 
siderable number  of  microscopic  granules,  which  were  coloured  by  iodine,  and  wore  very 
much  like  starch  in  form  and  structure. 

Fliickiger  (Zeiischr.  anal.  Chem.  v.  302)  has  determined  the  sp.  gr.  of  starch  from 
arrowroot  and  potatoes  by  means  of  petroleum.    These  results  are : 

Arrowroot.  Potato-starch. 

f * \  t * \ 

Dried  Dried 

Air-dried         at  100»  Air-dried         at  100<> 

Sp.  gr.  at  17''-18''     .    .         1*6046        1*6684  1*6029        1*6330 

According  to  Payen  (Compt.  rend,  Ixi.  612;  Jahresb,  1866,  p.  696),  starch  immersed 
in  a  saturated  solution  of  potassium  bromide  or  iodide  swells  up  to  a  pasty  mass  of 
25  to  30  times  its  original  bulk,  which  dissolves  in  water,  leaving  a  verf  small  quantity 
of  membrane ;  iodine-water  added  to  the  solution  throws  down  iodide  of  starch  in 
ilocka.  Afi  cellulose  is  not  attacked  by  bromide  or  iodide  of  potassium,  Payen  regards 
these  salts  as  well  adapted  for  the  detection  of  starch  in  vegetable  tissues.  Iodide  of 
starch,  precipitated  from  its  aqueous  solution  by  potassium  chloride,  and  then  decolor- 
iaed  by  a  small  quantity  of  ammonia,  loses  in  the  course  of  an  hour  the  power  of 
recoveriog  its  colour  on  addition  of  acetic  add ;  when  precipitated  by  aodium  chloride 
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it  retains  this  power  longer.    On  tlie  deeoloratioD  of  iodide  of  flitarch,  see  also  M^--^ 
LBhens,  Bull,  Soe.  Ckim,  [2]  n.  79 ;  Jakresb.  1866,  p.  664. 

Convernon  of  Starch  into  Glucoae  and  Dextrin, — It  is  generally  anppoeed  that  i^  *>? 
action  of  acids  or  of  diastase  npon  starch,  the  starch  is  first  oonTerted  into  dexun:  ; 
a  mere  alteration  of  phjrsical  stmcture,  and  that  the  dextrin  is  then  oonrerted  W- 
glucose  by  taking  up  the  elements  of  water,  this  second  stage  of  the  process  oeeup.  :^ 
H  much  longer  time  than  the  first ;  but  from  the  expeiimente  of  Musoulus  i  <.  ■-^; ' 
rend.  1.  785;  liv.  194 ;  Ann,  Ch,  Pkya.  [3]  Ix.  208)  it  appears  that  both  dextrin  i^: 
glucose  are  produced  at  the  very  commencement  of  the  reaction,  and  always  o  '' 
proportion  of  1  mol.  glucose  to  2  moL  dextrin,  whence  it  maj  be  inferred  tL%:  ihc 
molecule  of  starch  contains  C*"H"*0'*,  and  that  it  is  resolred  into  g;lnooa«e  and  dexirji 
by  taking  up  1  mol.  water: 

C^«H*»0>»  +  H*0  =  C«H'«0«  +   2C«ff»»0» 
Btarch.  Glnoose.  Dextrin. 

When  the  conversion  is  efiected  by  a  dilute  acid,  the  dextrin  is,  after  sereral  k-o' 
boiling,  completely  converted  into  glucose ;  but  when  diasUise  is  nsed  as  the  oonrcrt  'z 
agent,  the  production  of  glucose  goes  on  only  so  long  as  there  is  any  unaltered  5tx-  i 
still  present,  the  dextrin  undergoing  no  further  alteration.  These  views  hare  Itr-: 
contested  by  Payen  (Compt,  rend.  liii.  1217;  Ann.  Ch.  Phys.  [4]  iv.  286;  J>a--* 
1861,  p.  717;  1865,  p.  697),  who  finds  that  diastase  really  possesses  the  pjw^r-: 
converting  deitrin  into  sugar,  but  that  the  conversion  ceases  as  soon  as  a  crr.- : 
quantity  of  sugar  has  been  produced ;  if  however  the  sugar  be  removed  as  fast  &?  :  ^ 
formed,  as  in  alcoholic  fermentation,  the  transformation  of  the  dextrin  into  ^w~- 
recommences,  and  goes  on  nearly  to  completion.  Under  favourable  circamstaDer>  ' 
the  action  of  diastase  on  dextrin,  a  product  may  be  obtained  containinif  more  thi* 
60  per  cent  of  sugar.  Musculus,  on  the  other  hand  (Ann.  Ch.  I*hys.  [4]  vi.  17;. 
adheres  to  his  view  of  the  unalterability  of  pure  dextrin  by  diastase,  and  endeuvx  z> 
to  show  that  the  formation  of  sugar  observed  by  Payen  was  due  to  the  pre^r  .*•  •  i 
amylaceous  substance  in  the  dextrin  submitted  to  experiment.  Acct>rding  to  O.  Fh-  .: 
{Bull.  Soe.  Chim.  [2]  viii.  863),  dextrin  and  glucose  are  not  formed  in  constant  pr- 
portions  in  the  action  of  dilute  sulphuric  acid  upon  starch,  ns  asserted  by  Mu^**^^  -^ 
but  the  proportion  of  glucose  increases  under  otherwise  equAl  circumstances  viih  i^- 
quantity  of  acid  employed.  This  however  is  quite  in  accordance  with  the  knovi;  fi*: 
— not  denied  by  Musculus — that  dextrin  is  gradually  converted  into  glucose  br  t-i 
action  of  dilute  acids. 


C"H»0«  (Overbeck,  J,  pr.  Ghent.  xcviL  159). — ^Piwhkvd 
by  heating  monobromoleic  acid  or  oleic  dibromide  to  100^  with  at  least  2  mxA.  yAaSr 
sium  hydrate  in  alcoholic  solution,  and  may  be  separated  from  the  dilute  decirtc-i 
solution  by  hydrochloric  acid.  It  crystallises  fitom  alcohol  in  silkj  needles  or  k>rj: 
prisms,  melts  at  48°,  and  distils  at  260°,  for  the  most  part  undeoomposed.  The  $sl:* 
are  mostly  well  crystallised  and  become  strongly  electric  by  friction.  The  bariam  vJt 
is  anhydious;  the  calcium  salt  contains  (C»"H"0«)K)a  +  H«0;  the  silver  sal% 
C"II**0'Ag,  is  a  crystalline  precipitate. 

Stearolic  acid  is  notafiected  by  nascent  hydrogen.  In  contact  with  bromine  it  f  ^r:^^ 
stearolic  dibromide  (or  dibromoleic  acid),  C^H^BrK)*,  which  when  pure  is  a  ne.  -:» 
colourless  heavy  oil,  soluble  in  alcohol  and  ether,  but  insoluble  in  water.  Stenf\-^' 
tetrabromOe  (or  tetrabromostearic  acid),  C"H"BrH)*,  produced  by  the  action  of  bmai^^ 
in  excess  on  stearolic  acid  in  sunshine,  crystallises  in  large  white  laminae,  which  bkI: 
at  about  70°,  and  soften  even  when  rubbed.  Both  these  bn)mine-compoand>  &re 
decomposed  by  prolonged  heating  with  alcoholic  potash,  forming  stearolic  acid,  and  % 
liquid  acid  not  vet  examined. 

Stearolic  acid  fused  with  excess  of  potash  at  a  rather  high  temperature  is  eonvert/ii 
into  myristic  acid,  C"fl*"0' ;  at  a  lower  temperature,  if  the  action  be  arrested  as  so'i 
as  gas  begins  to  escape,  it  yields  an  acid,  C>*H'*0^  isomeric  or  identical  with  hjpog^Eic 
acid  (Marasse,  ZeiUchr.f.  Chem.  [2]  v.  671). 


■SO  AOXBf  C"H'20^  is  formed,  together  with  acelaie  add  aisi 
aselaic  aldehyde,  by  dropping  fuming  nitric  acid  into  cooled  stearolic  acid,  and  remains 
in  the  residue  left  on  treating  the  semifluid  mass  with  water.  It  crystallises  frrjm 
alcohol  in  faintly  yellowish  oblique  rhombic  tables,  slightly  soluble  in  ctM  alcohi', 
easily  in  hot  alcohol  and  in  ether,  melting  at  86°,  and  scarcely  decomposing  at  ^O0~. 
It  is  monobasic  and  does  not  unite  directly  with  bromine.  Its  silver  sali^  C'*H'*0'.^. 
is  precipitated  on  mixing  the  acid  with  silver  nitrate  in  hot  alcoholic  solution,  as  a 
white  cxystalline  powder  which  does  not  decompose  at  100^.    The  ittHmm  mh. 
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^7  oonTerting  tbo  latter,-  first  into  ethyl  cyanide  or  propionitrile,  CH' — CH' — CN, 
then  into  propyhunine,  CH* — CH' — CH* — NH',  by  the  action  of  nascent  hydrogen, 
and  the  latter  into  propyl  alcohol  by  heating  the  aqueons  solution  of  its  nitrite  (p.  63). 
This  series  of  actions  might  rather  be  expected  to  yield  normal  propyl  alcohol, 
CH* — CH*— CH'OH ;  but  the  greater  part  of  the  alcoholic  liquid  obtained  was  found 
to  boil  at  83^-85^,  and  to  yield  acetone  by  oxidation :  it  was  therefore  isopropyl 
alcohol.  4  smaller  portion  boiled  at  93^-96°,  and  appeared  to  be  the  same  alcohol 
mixed  with  a  small  quantity  of  a  foreign  substance.  The  change  of  the  propyl  radicle 
from  normal  propyl,  CH'CH'CH",  into  isopropyl,  CH(CH')*,  probably  takes  place  in 
the  oonrersion  of  the  propionitrile  into  propylamine.  The  formation  of  the  alcohol  is 
accompanied  by  that  of  a  nitrogenous  substance,  C*H**N*0,  boiling  between  200°  and 
205°,  having  a  ro.  gr.  of  0*924  at  14°,  and  slightly  soluble  jn  water  (Siersdi,  Ann. 
CA,  Pharm,  cxliv.  137;  see  also  Linnemann,  ^id,  d.  370). — y.  Bichlorhydrio, 
CH*Cl— CH0H---CHK;1,  dissolved  in  ether  free  from  alcohol,  but  not  anhydrous,  is 
converted  by  sodium-amalgam  into  isopropyl  alcohol,  mixed  with  products  of  higher 
boiling  point  (Buff,  ZeiUchr./.  Chem.  [2]  iv.  124).— «.  Glycolic  iodhydrin,  C«H*1(0H), 

treated  with  sine-methyl,  yields  the  compound  /rrtra^  v  [  ^*  ^^'^  ^^^*  when  heated 

with  water  under  pressure,  is  oonverted  into  iso{»opyl  alcohol  (Butlerow  a.  Ossokin, 
p.  64).  Yssel  de  Schepper  a.  Tak  (ibid,  ir.  620)  liaTe  obtained  isopropyl  alcohol 
from  the  portion  of  gram  fusel-oil  boiling  at  93°-98^,  by  boiling  it  with  potash  in  a 
flask  with  upright  condenser  and  distillate.  The  distillate  dehydrated  with  sodium 
carbonate  yielded  a  propyl  alcohol  boiling  at  83^^-84°,  and  convertible  into  an  iodide 
boiling  at  72°-91°. 

Isopropyl  alcohol  subjected  to  a  series  of  processes  exactly  similar  to  that  by  which 
it  is  formeid  from  ethyl  alcohol,  yields  an  alcohol,  C^H**0,  probably  consisting  of 
isobutyl  alcohol  (Siersch,  Ann.  Ch,  Pkarm.  cxlviii.  261 ;  Jahretb.  1868,  p.  436). 

The  haloid  i»o]^ropyl  ethers,  formed  by  treating  the  alcohol  with  the  corresponding 
Jiydzacids,  exhibit  the  following  properties : 

Bdling  point.  Sp.  gr. 

Isoproj^l  chloride .     .    .     86^  to  38^  at  741  mm.  0*874  at  lO^* 

„        bromide.    .     .    60    „  63®  „  739    „  1*320  „  13<* 

„        iodide     ...    89    „  90<>  „  736    „  1*70    „  16® 

The  action  of  bromine  on  isopropyl  alcohol  gives  rise  (inasmuch  as  acetone  and 
hydrobromic  acid  are  formed  by  abstraction  of  water)  to  isopropyl  bromide,  pro- 
pylene bromide,  and  substitution-products  of  acetone,  from  which,  by  the  action  of 
potash,  bromoform  may  be  produced.  Isopropyl  chloride  is  but  little  attacked  by 
chlorine  or  bromine.  Isopropyl  iodide  is  converted,  by  the  action  of  chlorine  or  of 
hydrochloric  acid  and  potassium  chlorate,  into  a  product  boiling  between  90^  and  170®, 
from  whicli,  by  fractional  distiUation,  trichlorhydrin,  C*H*C1*  (b.  p.  164®-169® ; 
Bp.  gr.  1*4 17  at  16®),  may  be  separated.  Bromine  converts  isopropyl  iodide  into  the 
bromide.  When  equal  volumes  of  bromine  and  isoraopyl  bromiae  are  heated  with 
water  to  140®-160®,  monobromisopropyl  bromide,  C'H'Br',  is  formed,  together  with 
further  substitution-products.  This  compound  is  identical  with  propylene  bromide, 
boils  at  140®-143®,  and  has  a  sp.  gr.  of  1-964  at  160®.  By  silver  acetate  in  presence 
of  glacial  acetic  acid  it  is  oonyerted  into  propylene  diacetate  (b.  p.  180®-!  86®),  and  by 
aloobdic  potash  into  monobromopylene,  CH*Br  (b.  p.  66®-68®;  sn.  gr.  1*40  at  13®). 
This  last  compound  unites  with  bromine,  forming  the  compound  C'H^Br.Br'  (b.  p. 
194®-!  96®;  sp.  gr.  2*390  at  10®),  identical  with  that  previously  obtained  by  WurU 
(Jahreeb.  1867,  p.  462)  and  by  Cahours  (ibid,  1860,  p.  496).  Heated  with  silver 
acetate  and  glacial  acetic  acid  to  !10®-120®,  it  is  conveited,  as  shown  by  the 
eqiiation, 

C"H»Br»  +  C»H»AgO  =  C«H*Br»  +   C»HK)«  +  AgBr, 

into  dibnmopropylene,  CH«Br*  (b.  p.  127®-131®;  sp.  gr.  1*98  at  16®),  which  is 
identical  with  allylene  bromide,  inasmuch  as,  when  treated  with  sodium,  it  gires  off  a 
gas  eidiibiting  all  the  properties  of  allylene. 

When  isopropyl  bromide  and  water  are  heated  with  2  mol.  bromine  to  1 10®'120®,  a 
colourless  hquid  is  formed,  which  on  distillation  at  180®  yields  isopropyl  bromide 
and  propylene  bromide,  whilst  the  residue  contains  a  mixture  of  more  highly 
brominated  substitution-products.  After  prolonged  standing  in  the  cold,  it  deposits  a 
large  quantity  of  crystallised  tribromisopropyl  bromide,  CH^Br'.Br,  while  the  expressed 
CHly  mother-liquor  contains,,  in  the  portions  boiling  between  180®  and  200®, 
dibromisopropyl  bromide,  CH*Br*.Br.  This  compound  is  converted  by  silver  oxide 
into  aQ  easily  soluble  silver  salt,  an  oily  liquid  insoluble  in  water,  boiling  above  160®i 
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depositing  radiate  groups  of  needles.  The  mereury-compovnd  C"H*'S*0*.HI.ILr* 
is  produced  bj  agitating  a  hot  alcoholic  solution  of  the  tri-iodide  with  merroij.  I:  » 
insoluble  in  water,  veiy  slightly  soluble  in  hot  alcohol,  from  vhich  it  crnsuV.^n  ■'- 
li^ht  yellow  shining  tables.  Similar  ciystallised  double  salts  are  obtained  bj  bcni  -j 
the  solution  of  strychnine  tri-iodide  with  zinc  and  magneeium.  Mrtk^f-strpT*'.^  v 
tri-iodidf,  C«*H"N*0'.CH".I",  crystallises  from  an  alcoholic  solution  of  1  moL  in'riv- 
strychnino  hydriodide  and  I  mol.  iodine,  in  long  brown-jeliow  needles,  wh,c?  z 
p)hirised  light  appear  pile  yellow  or  purple-red.  EthylsirythniHe  tri-^x.'  ■ 
C-'H«N*0'.C*H*.P,  crystallises  from  alcohol  in  long  four-sided  needles  cxir;  *  J 
similar  appearances  in  polarised  lighL  The  same  is  true  of  the  am^i-o.'.-^}- '  v.' 
C»'H"N«O^C*H".P.  From  a  solution  of  the  latter  in  tincture  of  iodiD^,  .  • 
pentiodide,  C"H"N*0* .  C*H" .  P,  ciystallises  in  almost  black  needles  exhibitiiar  a:  -r 
the  microscope  by  reflected  light  the  lustre  of  polished  steel.  In  polarised  light  r!  < 
appear  opaque  wnen  their  axis  is  parallel  to  the  plane  of  polarisation,  dark  per.  -.- 
violet  in  the  perpendicular  position  (Joigensen,  Ann.  CK  Phys,  [4j  xi.  116;  J&k^-'i- 

1867,  p.  625). 

A  compound  of  strychnine  with  hydrogen  peraulphide,  C"H"N*0*.  H*S»,  is  olu  r  ■: 
by  mixing  a  cold-saturated  solution  of  strychnine  in  strong  alcohol  -with  an  alt^  :.•: 
solution  of  ammonium  sulphide  containing  firee  sulphur,  and  separatee  gradu^  7  ^ 
orange-red  needles,  which,  after  decantation  of  the  mother-liquor,  may  be  «%.->  -i 
with  cold  alcohol.  They  are  perfectly  insoluble  in  water,  alcohol,  ether,  and  c&r«  2 
bisulphide.  Strong  sulphuric  acid  decolorises  them,  and  on  adding  a  little  v  jr\ 
hydrogen  persulphide  separates  in  oily  drops,  while  the  solution  contains  strrcb.  i^ 
sulphate  (Hofmann,  Jkutseh.  chem.  GeteUach,  Berlin.  1868,  p.  81 ;  ZeiUckr.  f.  Li  ^• 
[2]  iv.  602).     See  also  H.  How  {Chem.  News,  xviii.  232). 

Methyl-atrychnine  is  much  less  poisonous  than  strychnine.  The  nitrate  {t*-  - 
in  doses  of  006  to  0*2  grm.  does  not  act  poisonously  on  dogs  or  rabbits  when  t^i^  1 
internally;  by  subcutaneous  ii\jection  it  produces  symptoms  of  paralysis  sim^lur  ' 
those  produced  by  curara  (Schroff,  Jahrew,  1866,  p.  474).  The  hydiriodide  of  t::r 
same  base  produces,  not  tetanus,  but  paralysis,  like  curara.  20  grains  admiDl^tr-»>. 
subcutaneously  killed  a  rabbit ;  30  grains  introduced  into  the  stomach  produce*!  ::-' 
effect.  The  sulphate  was  muoh  more  active,  but  did  not  cause  death  by  subcuucr-^ 
ii^ection  in  doses  of  less  than  a  grain  (Cmm  Brown  and  Eraser,  Edmd,  FkiL  ir^^- 
Tol.  XXV, ;  Jahresb.  1868,  p.  766). 

EO  AOZB.    Syn.  with  OxTncBic  AcxD  (p.  892), 
Syn.  with  CanxJoaan  (p.  466). 

avmaBIO  A&BBSTBBv  C*H**0*,  is  formed,  together  with  suberic  add  ui^ 

palmitoxylie  acid,  by  the  action  of  fuming  nitric  acid  on  palmitolie  acid  (p.  896)  : 

2C»«H»0«  +  0'  -  C"H»0*  +  C*H"0«  +  C«H"0» 

PslmltoUo  Falmltozylio        Bnberio  Sobsitlo 

add.  add.  add.  add. 

The  suberic  add  is  extracted  firom  the  vrodnct  by  boiling  water;  the  raidw  is 
dissolved  in  hot  alcohol ;  and  the  lower  dark-oolonred  oily  layer  which  separates  frvi 
the  filtrate  on  cooling,  and  consists  chiefly  of  suberic  aldehyde,  is  separated  fron  *hr 
supernatant  solution  of  palmitoxylie  acid,  gently  warmed  to  expel  the  alcohol,  th^= 
distilled  in  a  stream  of  aqueous  vapour.  The  oil  which  floats  on  the  watery  distil'.  -:« 
is  dissolved  in  alcohol,  and  the  solution  is  evaporated  in  a  vacuum,  whersnpoa  th-^ 
puberic  aldehyde  remains  as  an  oil  having  a  faint  odour.  It  boils  with  partial  deeoc' 
position  at  202^;  leaves  a  difficultly  combustible  cinder  when  quiddy  heated  oa 
platinum  foil ;  and  is  converted  by  oxidising  agents  (bromine  and  water)  into  a 
crystalline  acid  having  the  appearance  and  melting  point  of  suberic  acid  (Schroder, 
Jahresb,  1866,  p.  827). 

8VOOZVZO  AOIB.    C<H'0«.— This  add  exhibits  two  modifications  oorraBpoodi]^ 

to  those  of  chloiopiopionic  and  of  lactic  acid  (p.  969) ;  via., 

COOH  CH« 

CH«  CH 

^  /v. 

I  HOOC  COOH 

COOH 
Bttaylene-dicarbonlc  or  Bfehylldene-diosilxmic  or 


Ordmarr  Suodnio  add  uonaodnie  add 


yuden 
uonac 
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the  formflir  eonesponding  to  ^bloropopiome  snd  paralactTe  aenE,  the  latter  to 
a-chloropropionic  and  ordinaiy  lactic  acid. 

Ordinary  sucdnic  acid  is  formed  by  heating  phenaoonie  acid  to  150^  in  a  sealed 
tube  with  nydriodic  acid  of  60  p.  c. ;  slowly  also  by  the  action  of  dilute  bydriodic  acid 
orof8odimn-aniaIgiim:2C<H*0*  +  H«  -  3C«HH)«. 

The  ethylic  ether  of  ordinary  soecinio  acid  is  produced  by  the  action  of  ethyl 
monochloracetate  on  the  product  of  the  action  of  sodium  on  acetic  ether  (ethyUc 
sodaoetate,  CH*I!la .  GO*C*H*,  or  acetate  of  ethylene-sodium,  NaCH« .  CH*0') : 

COOCra*  COOC*H» 

CHKJl  CH« 

-     NaCl     +       r 

CH»Na  CH« 

COOC«H»  C0OC«H» 

(Noeldecke,  Ann,  Ck,  Phearm,  ocliz.  224). 

laosuecinic  or  a-9ueeini€  acid  is  prepared  from  a-cMoropropibnia  add  by 
distilling  the  ethylic  ether  of  the  latter  with  potassium  cyanide,  whereby  it  is  con- 
verted into  o-cyanopropionic  ether,  CH' — CHCy — COOCH*,  and  boiling  this  ether  with 
potash ;  jS-sucdnic  or  ordinary  succinic  acid  is  obtained  in  like  manner  from  3-chloro- 
propionfc  acid  (H.  Hixller,  Ann.  Ch,  Pkarm,  cxzzi.   108 ; — Wichelhaus,  Zeitsehr.  f, 
Chem,  [2]  iii.  247).    Ordinazy  succinic  acid  is  also  produced  by  heating  either  ethylic 
chloride  (▼.  464)  or  ethylidene  chloride  with  potassium  cyanide  to  160^-180^;  and 
boiling  the  product  with  potash ;  in  the  latter  case  it  ia  probable  that  the  ethylidene 
is  converted  into  ethylene  during  the  action  of  the  potassium  cyanide  on  the  chloride 
(MazweDr  Sim^n,  Comvt,  rend.  Ixv,  361 ;  see  also  Miihlhauser,  Zaidchr.f^  Ckem.  [2} 
iii.  693;  V.  Richter,  ibid.  iv.  461).    Other  modes  of  formation  of  ordinary  suooinio 
acid  aro :  a,  "Bj  oxidation  of  benaoic  acid  with  dilute  sulphuric  acid  and  lead  dioxide, 
and  in  the  animal  organism  (Meissner  a.  Shepard,  Jairub.  186^  p.  397).-^.  By 
oxidation  of  paraffin  with  strong  nitric  aeid  (Gill  a.  Meusel,  p.  708). — c-  By  the  action 
of  powerful  ndudng  agents^  e.g.  saturated  h^driodic  aeid  at  160^-180°,  or  tin  and 
hydrochloric  acid,  on  tridilorophenomalic  acid,  C*H'Cl'0*'(pr  917),  this  acid  being 
first  converted  into  ^henomalic  acid,  CH^'O*,  and  the  latter  resolved  into  succinic 
acid,  and  a  body  having  the  composition  of  acetic  aldehyde :  C*H'*0*  b  C^H'O*  + 
C«H*0  (Carius). 

laoanccinic  acid  melts  at  130^,  and  dissolves  in  6'4  pts.  of  cold  water,  whereas 
ordinary  succinic  acid  melts  at  1^0°-180^,  and  requires  more  than  20  pts.  of  cold 
water  to  dissolve  it  (Wichelhaus).  According  to  Carius  (Jahresb.  1866,  p.  664), 
100  pt8.  of  water  dissolve  3*62  pts.  of  ordinary  succinic  acid  at  16® ;  6*19  pts.  at  17^ ; 
6*15  pts.  at  18^.*  Isosucdnic  acid  in  the  form'  of  sodium  salt  does  not  form  a  preci- 
pitate with  feixio  chloride  (Wichelhaua),  whereaa  suodnic  add  gives  a  red-brown 
preeipitater  ^t'.  46$). 

laofluodnie  add  heated  to  160^  does  not  yield  an  anhydride,  lile  the  ordinary  acid, 

but  is  completely  resolved  into*  carbon  dioxide  and  propionic  add :  G^H*0*  i«  CO' 

+    CHH)'.    Heated  with  bromine  and  water,  it  is  converted  much  more  easily  than 

ordinaiy  snocinic  acid  into  a  niOnobrominated  add  which,  when  treated  with  ^mmnn^^ 

appears  to  yield  aspartie  acid. 

laasuccinaieB. — A  solution  of  the  acid  neutralised  with  an  alkali  is  not  pred- 
pitated  by  barium  or  caldum  chloride.  The  free  add  forms  with  lead  acetate  and 
silver  nitrate,  curdy  precipitates  which  dissolve  when  heated.  The  potassium  salt 
forms  a  mass  of  needle-shaped  crystals.  The  barium  salt,  C*H'0*Ba  +  2H*0,  the 
ealeium  sait,  C*H*Ca  +  H'O,  and  the  tine  sMt,  C^H^O^Zn  +  3HK),  produced  by 
boiling  the  add  with  the  respective  carbonates,  are  obtained  by  evaporation  as  indis- 
tinctly crystalline  masses,  which  give  off  their  water  with  deeompotition  when  heated, 
the  barium  and  calcium  salts  at  200®,  the  sine  salt  at  116®  (V.  v.  Bichter,  ZeUaehr.f. 
Chem.  [2}  IT.  462). 

A  solntion  containing  6  p.  e.  succinic  acid  and  1  p.  c  uranic  succinate  turns  green 
when  exposed  to  sunshine,  and  gradually  gives  off  carbon  dioxide,  leaving  propionic 
acid  in  solution  (Seekamp,  Ann.  Ch.  PJui'm.  cxxxiii.  263). 

Aqneons  suednic  add  slowly  reduces  potassium  permanganats  at  the  boiling  heat ; 
alsoln  presence  of  sulphuric  aeid.  Heated  to  100^  with  a  solution  of  the  perman- 
ganate containing  a  considerable  quantity  of  potash,  it  yields  oxalic  acid  (Berthelot^ 
BvU.  8oo.  Chim.\2'\  vui.  390). 

•  Tbe  dd  detanninatloD  \ij  Lecann  a.  Serbat  (v.  454)  most  be  regarded  m  orroaeoaSk 
Sup.       •  8  X 
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Sttcoinic  acid  heated  with  k^riodic  4cid  b  con¥ertad  into  bolaiia: 

C*H«0«   +    12HI  «  OH»»  +   4BW)   +   eP 

(Berthelot,  Jakretb.  1867,  p.  345). 

Isodibromosuccinic  acid  is  formed,  together  with  a  small  qnantitj of  ce£ss:t 
dibromosuccinic  acid,  and  other  products,  by  heating  phenaoonic  acid  in  nBied  uba 
with  excess  of  bromine  and  a  snu&ll  quantity  of  water  (Garius,  p.  905) : 

C«H«0«  +  Br«  -  C*H*Br«0*  +  C0«  +   CHBi»  +  HBr. 

Fbenaoonlo  Dibfromo-  BfomaCgna. 

•old.  soccinic  mdd. 

Thiosuccinie  Acid,  C«H*0<S*.— The  potassium  salt  oCthis  add,  C*H«0>61l>  » 
obtained  by  the  action  of  potassium  sulphydiate  on  suocinjI-pheDol  (p.  1042;  l«J 
dissolred  in  absolute  alcohoL  It  crystallises  in  tufls  of  pointed  needQes,  d»»'i^-« 
very  easily  in  water,  with  fall  of  temperature,  easily  also  in  alcohol  and  ether.  T'te. 
solutions,  especially  the  aqueous  solution,  deoompoae  by  spontaneous  erapanboc^^ 
contact  with  the  air,  leaving  gummy  residues  having  an  alliaceous  odour.  7:^ 
recently  prepared  solutions  act  on  metallic  salts,  like  the  e<^ationi  of  albJsi 
sulphides.  They  are  quickly  deoompoeed  by  acids,  with  evolution  of  fa^^ 
sulphide,  and  if  concentrated,  deposit  thiosuccinie  acid  in  oily  drops  wiiidi  sr« 
crystallise  (WoM^lsky,  Deut.  ekem.  Oes.  Ber.  ii.  518 ;  Zriitdkr.  /.  CSfesi.  [S]  v.  61). 

Tkiesuaeinyl,  C^H^O'S,  is  formed  b^  deeomponng  an  aqueou  sofaitica  t^ 
potassium  thiosuocinate  with  hydrochloric  acid : 

C«H*0'S«K«  +  2Ha  -  2Ka  +  8H«  +  C*HH>«. 

The  product  is  agitated  with  ether,  and  the  ethereal  extract  is  separated,  dn«f  vit!) 
calcium  chloride,  and  distilled.  There  then  remains  an  oily  residue,  wfaidivlKflle^ 
over  potash  under  the  air-pump,  solidifies  to  a  broadly  IsmiFur  czystalliiw  o^"^* 
which  remains  moist  for  a  long  time.  Thiosnocinyl  dissolves  easily  in  water,  ak-'- 
and  ether,  has  a  strong  acid  reaction,  a  veiy  sweet  taste,  with  an  after-tatfe  1^ 
that  of  succinic  acid,  and  melts  at  31°,    Its  solution  gives  with  lead  acetate  s  yell' 

Srecipitate  quickly  turning  brown,  black  when  heated,  and  settling  as  a  e^f^ 
eposit  on  the  sides  of  the  vessel.  fVom  solution  of  cupric  sulphate  it  xmam^'. 
precipitates  copper  sulphide.  With  silver  nitrate  it  forms  a  white  precipitate,*^-^ 
soon  turns  yellow  and  finally  black;  with  ferric  chloride  a  milky  turbidity, ^ -^ 
increases  to  a  white  precipitate,  turning  grey  when  heated,  and  black  on  additios  0^ 
ammonia  (Weselsky). 

ttVOOZWIMSBB.  C«H'NO*  a  (C«HK)*)*.NH.— The  melting  point  of  ttis 
compound  has  hitherto  been  given  at  210^  on  the  authority  of  Fehlingandof  TeoeH^ 
(v.  461).  Erlenmeyer  {Zeit9ckr,  f,  Chan,  [2]  v.  175)  has,  however,  diovs  tbt  :t 
melts  at  \ib°  to  126^  and  this  result  has  been  confirmed  by^a  SBhseqneofcototf- 
vation  of  Fehling.  _     ^ 

Succiniraide  is  isomeric  with  cyano-propionic  acid,  the  difTerenoe  of  eooftitotioB  » 
the  two  being  represented  by  Erlenmeyer  as  follows  : 

H«C CH«  H«0        CH* 

NO       COOH  00        CO 


V 


NH 

Oyanoproplonio  Sacdnlafdiv 

acid. 

The  formation  of  succinimide  from  anodnie  anhydride  and  ^miw^nin  mj  tbM  ^ 
represented  by  the  following  equation : 

H«0        CH»  H«0       CH» 

00        CO    +    NH«    -    HH)    +    00        QO 


V 


Succinimide  dissolves 
rhombic  octohedrons,  P^ 


in  acetone,  and  crystallises  therefhim  by  slow  evapantios  is 
*o^««.w  «^.««.,o«.^oo.  ^\  modified  by  the  ftces  fP,  JP.  OP,  and  J^oo.  Boiled ▼»* 
a  slight  excess  of  silver  oxide  and  water,  it  is  converted  into  silver-soodniiDJi^ 
C«H«0*.NAg,  which  separatee  in  crystals  from  the  hot  flltnte  (Bonge,  ino-  ^ 
P^irm.  5^;^.  vii.  128). 
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lotUmiceinnnide^  C^H^O*.NI,  is  fonned  bj  adding  silver-succinimide  in  fine 
powder  to  a  solution  of  iodine  in  alcohol  or  anhydrona  ether,  or  better  in  pure  and 
dry  acetone,  and  cxystallises  from  the  filtered  liquid  by  spontaneous  oTaporation  in 
quadratic  prisms,  ooP,  acuminated  at  one  end  by  P,  and  at  the  other  by  P  and  2P. 
Axes  a :  0  —  1  :  0*8733.  It  deoomposes  and  turns  yellow  at  100^,  and  at  136®  is 
conyerted  into  a  brown  liquid  with  sublimation  of  iodine.  It  dissolres  rery  easily  in 
acetx)ne  and  in  water,  less  easily  in  alcohol,  still  less  in  ether.  Treated  in  aqueous 
solution  with  hydrogen  sulphide,  it  yields  hydriodie  acid  and  suceinimide.  Boiled 
with  silver  oxide  it  yields  gilver^succinimide  and  silrer-iodide  (doubtless  also  iodate). 
It  is  also  conrerted  into  sueeinimide  by  the  action  of  silyer  nitrite  on  its  solution  in 
acetone  (Bunge). 


BirOOnnnb»VWnrO&,  OH«0*(0OH*)*,  is  produced  by  heating  4  pts.  sucdnyl 
chloride  and  6  pts.  phenol  to  100®  in  a  flask  provided  with  a  reyersea  condenser. 
The  crystalline  product  dissolves  easily  in  boiling  absolute  alcohol,  and  the  Altered 
solution  on  cooling  deposits  it  in  nacreous  laminae.  It  is  insoluble  in  water,  soluble 
in  ether,  carbon  bisulphide,  and  benzol,  melts  at  118®,  and  distils  without  decom- 
position at  380®.  Bromine  acts  violently  upon  it,  producing  tribromosuccinyl- 
phenol,  as  a  chalky  crystalline  powder,  which  dissolves  only  in  a  large  quantity  of 
boiling  alcohol,  and  separates  therefrom  in  soft  white  needles ;  it  is  decomposed  by 
boiling  alcoholic  potash,  yielding  succinic  acid  and  dibromophenol.  Succinyl-phenol 
is  not  attacked  by  acetyl  chloride  even  at  100®  (Weselsky,  Deut,  chem.  Ge*.  Ber.  ii. 
618  ;  ZeiUchr,  /.  Chem.  [2]  vi.  60). 


BVCMkXS.  1.  Cane-augar  or  Saceharote. — ^W.  Stein  (J,  pr,  Chem.  cvii. 
444 ;  Zeitschr,/.  Chem.  [2]  vi.  286)  has  obtained  from  madder-root  8  p.  c  of  crystallised 
cane-sugar,  and  is  of  opinion  that  the  totel  quantity  of  this  sugar  in  the  root  amounts 
to  14  to  16  p.  c,  but  tnat  part  of  it  is  unerystallisable  (?  inverted  sugar). 

On  the  optical  method  of  estimating  sugar,  see  R  Mulder,  Scheik.  Onderz.  iii.  [2] 
169  ;  Jahresb.  1863,  p.  709 ;— Teirich,  Zeitachr.  anal.  Chem.  iii.  601 ;— H.  Wild,  iiid. 
226,  498  ;— Scheibler,  ibid.  609  ;— Gerlach,  IHngl.  pd.  J.  dxxii.  31,  286 ;— Scheibler, 
ZeiUchr.  anal.  Chem.  v.  240  ;  vi.  466 ;— Anders,  Divgl.  clxxix.  71 ;  BuU.  Soc.  Chim. 
[21vi.  429; — ^Landolt,  JHngl.  dxxxvii.  261 ;  Zeitschr.  anal.  Chem.  vii.  1. 

bubrunfaut  (Dingl.  clxzzv.  231 ;  Jahresb,  1867,  p.  932)  determines  the  quantity  of 
crystallisable  sugar  in  beet-sugar  and  cane-sugar  by  means  of  the  polariscope,  and  the 
quantity  of  molasses  by  the  alkaHmetric  value  of  the  ash,  this  latter  method  being 
founded  on  the  observation  that  molasses  of  similar  origin  yield  by  incineration 
residues  containing  nearly  equal  quantities  of  carbonates.  A  modification  of  this 
method  adopted  in  su^-works  consiste  in  incinerating  the  molasses  with  addition  of 
suiphurie  acid,  and  weighing  the  sulphates  thus  obtained. 

A  table  for  the  rapid  approximate  determination  of  the  proportion  of  sugar  in  a 
solution  from  its  specific  gravity  is  given  by  R  Anthon  (JDingl.  oln^in:  126;  t/«AfV86. 
1868,  p.  967). 


8p.gr. 

Peroentage-composition  of  Solnticn 
satorated  at  17  &<> 

Sugar 

Other  SubBtenoes 

Water 

1-3300 
1*3322 
1*3384 
1*3446 
1*3609 
1*3672 
1*3636 
1*3700 
1-3764 
1*3829 
1-3894 
1*3969 
1*4026 
1*4092 
1*4069 

66-66 
64*86 
63*70 
62*66 
61*42 
60*28 
69*14 
68*00 
66-86 
66*70 
64*66 
63-42 
62*28 
61-14 
60-00 

0 

2-66 
6-29 
7-76 
1013 
12*48 
14-67 
16-82 

18-87 
20*77 
22*69 
24*30 
26  98 
27-66 
2900 

33-34 
32-49 
81-01 
29-68 
28-46 
27-24 
2619 
26-18 
24-28 
26-63 
22-86 
22-22 
21-74 
21*30 
.     2100 

3x2 
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Nearly  all  proteids  when  in  aqueous  Molution  or  suspension  are  found  to  diuge  m 
character,  especially  in  their  solubilities.  These  changes  are  reiy  msrked  al  a 
temperature  of  about  40^.  The  preparation  of  most  of  the  sobstances  is  lediGW, 
and  hence  the  results  of  the  examination  of  apparently  the  same  substanod  vary 
exceedingly. 

The  compounds  they  form  with  metallic  salts  and  other  bodies  areTszisble  in 
composition  (those  with  potassio-platinic  cyanide  no  less  than  otherB)  (Biakooov, 
Hoppe-Sqflet'M  Untertuck.  li.  p.  228). 

They  all  contain  nitrogen,  carbon,  hydrogen,  oxygen  (sulphur  and  pbospbons),  in 
the  proportions  given  below.  That  the  sulphur  in  proteids  is  unoxidisod  is  Aan  bj 
their  giring  off  sulphuretted  hydrogen  when  treated  with  strong  alkalis,  and  in 
various  other  decompositions.  The  phosphorus  is  probably  present  as  pho8{ihAt«, 
either  mechanically  attached  or  joined  in  some  peculiar  loose  combination. 

All  pzoteid  solutions  are  Iserorotatoiy. 

With  one  exception  (peptones),  all  proteids  diffuse  with  great  difficolty. 

Boiled  with  MiUon*s  reagent*  they  all  give  a  deposit  which  after  avbile  tuns 
rod,  the  supernatant  liquor  also  becoming  coloured  red.  Heated  with  strong  nitric 
acid  they  turn  yellow,  Uie  mixture  on  admtion  of  ammonia  becoming  a  deep  onoge 
(xantho-proteic  reaction). 

They  (mange  the  colour  of  the  cupro-potassic  test-liquid  for  sugar  from  blue  to  violet 

Proteids  are  rery  conveniently  divided  into  classes  as  is  done  by  Hoppo-Sejler 
{Handbuch  phyM.  chem.  Anal.), 

Class  I.    Albuxik b. — Soluble  in  water. 

1.  XKv-«lbiiiiilii«  At^pona^um. — The  white  of  hen*s  egg  is  diluted  with  as  eqol 
bulk  of  water,  well  stirred,  strained,  treated  with  dilute  acetic  acid  as  long  as  any 
predpitate  falls,  Altered,  carefully  neutralised,  and  concentnted  to  the  original  balk  st 
a  low  temperature. 

Characters, — A  neutral,  transparent,  generally  faintly  yellowish  fluid,  turning  the 
plane  of  poUrisation  to  the  left,  the  specific  rotation  being  35*5®  for  yellov  light 
(sodium  flame).  Heated  to  about  70^  the  whole  or  greater  part  of  the  subsbuice  u 
thrown  down  as  a  flocculent  or  curdy  precipitate.  The  supem&tant  liquid,  always  mmn 
alkaline  than  before,  is  generally  opalescent,  from  the  formation  of  alkali-albmnin  (soo 
below). 

By  careful  acidulation  aU  proteid  matter  is  thrown  down,  and  a  perfectly  deir 
filtrate  obtained. 

The  substance  thus  thrown  down  is  not  a  mere  precipitate.  It  differs  TadicallT  in 
its  characters  fh>m  soluble  albumin,  is  romarkable  by  its  great  insolubility,  and  is 
called  coagulated  albumin  (see  below.) 

The  exact  temperature  at  which  this  ooagulation  by  heat  tikes  place  is  miichalFeet»l 
by  various  circumstances,  notably  by  the  presence  of  neutral  aalines,  which  lower  ths 
point  of  coa^lation. 

Treated  with  excess  of  alcohol,  egg-albumin  is  wholly  precipitated  from  its  sdntions. 
If  the  alcohol  be  rapidly  filtered  off,  the  precipitate  may  be  wholly  or  in  great  part 
redissolved  in  water.  Within  a  short  time,  however,  it  is  found  that,  under  the  intBenr« 
of  the  alcohol,  the  precipitate  passes  into  the  coaguUitod  state ;  the  longer  the  aleohol  m 
allowed  to  act,  the  greater  is  the  proportion  of  the  material  coagulated. 

By  strong  mineral  acids,  especially  by  nitric  acid,  egg-aibumin  is  precipitated  asd 
coagulated. 

Metallic  salts,  such  as  mercuric  chloride,  silver  nitrate,  lead  acetate,  give  a  pndpitsts 
containing  variable  quantities  of  the  precipitant.  The  lead  precipitate  snspeodad  in 
water,  treated  with  sulphydric  acid  to  remove  the  lead,  and  neutiulised,  gives  a  soln- 
tion  of  albumin.  The  white  of  egg  always  contains  saline  matters,  which  are  ntaiwHl 
in  the  solution  of  albumin  prepared  as  above.  All  attempts  completely  to  reqtow 
these  salines  by  dialysis,  &c.,  have  failed,  and  it  is  still  an  open  question  whether  tliry 
in  part  are  in  some  way  intimately  assodated  with  the  albumin,  and  whether  thtir 
presence  is  not  essential  to  its  being  in  a  state  of  solution. 

2.  Semm-albumlB.  Tteparatum, — Serum  of  blood  is  diluted  with  water,  tmted 
with  dilute  acetic  acid  as  long  as  any  precipitate  appears,  filtered,  neutralised,  and 
reduced  to  its  original  bulk  at  a  low  temperature. 

CharaeUrt, — Thus  prepared,  serum-albumin  agrees  in  its  main  features  with  fft 
albumin.    They  differ  in  the  following  points : 

•  union**  JZM9«ii^.~Eqnal  qnantttles  of  mercnry  and  stroofr  oitrfc  arfd  are  nixfd  and  partly 
warmod  tlH  the  mercury  is  diasolved.  The  nolntion  In  diluted  with  t^icc  its  balk  ol  water,  aad  w 
ooploas  precipitate  allowed  to  settle.    The  daar  anperuatant  Uqnid  is  the  reagent. 
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The  specific  zotation  of  serum-albniniD  is  56^  for  yellow  light. 

£^-aIbumin  agitated  with  ether  is  coagulated.  If  the  solution  be  dilate,  the 
coagulnm  appears  on  standing  at  the  junction  of  the  two  liquids.  Serum-albumin  is 
Dot  ooagulated  by  ether. 

£gg-8(bamih  is  reiy  readily  coagulated  by  strong  hydrochloric  acid ;  the  coagulum 
redJssolTcs  with  very  great  difficulty.  Sorum-albumin  is  not  so  readily  coagulated  by 
the  same  acid ;  the  coagulum  redissoWes  readily. 

CiAsa  II.  Globulins. — Insoluble  in  water,  soluble  in  very  dilute  acids  and 
nlluiliB,  soluble  in  dilute  (1  p.  c.)  solutions  of  sodium  chloride  and  other  neutral 
lalts. 

1.  Myosin*  Preparation, — ^Fresh  muscle  finely  minced  is  rapidly  washed  with 
distilled  water  until  the  wash- water  gives  no  signs  of  containing  prriteids  or  of  being  acid, 
and  18  then  treated  with  a  10  or  6  p.  c.  solution  of  sodium  chloride.  The  resulting 
riscid  mass  is  strained  through  linen,  filtered  through  coarse  paper,  and  dropped 
little  by  little  into  a  lai^  quantity  of  distilled  water.  A  large  flaky  precipitate  is 
thus  produced  which  settles  on  standing.  The  liquid  is  removed  by  decantation  and 
filtriition,  the  precipitate  redissolved  in  the  saline  solution,  filtered,  and  again  precipi- 
tated with  water. 

Characters. — Insoluble  in  water.  Readily  soluble  in  sodium  chloride  solutions, 
of  *l  to  10  or  more  p.  c.  (also  in  other  neutral  saline  solutions).  From  these  solutions 
myosin  is  precipitated  either  by  extreme  dilution  or  by  saturation.  On  adding 
the  solid  salt  to  a  sodium  chloride  solution  of  myosin,  the  liquid  becomes  more 
and  more  nscid,  and  just  as  the  point  of  saturation  is  reached,  the  whole  of  the 
myostin  is  prccipiUted.  The  precipitate  may  then  be  separated  by  filtration,  and 
Wit»hefl  if  necessary  with  saturaterl  solution  of  the  salt.  The  amount  of  salt  still 
a^lhcring  to  it  is  sufficient  to  render  it  capable  of  being  dissolved  when  treated  with 
distilled  water. 

Treated  either  by  the  method  of  dilution  or  of  saturation,  the  myosin  remains 
unchanged  by  the  action  of  the  reagents. 

Kxposed,  however,  either  in  solution  or  suspension  for  any  length  of  time,  especially 
at  a  temperatoTo  of  20^-40^,  myosin  changes  in  solubility,  becoming  less  and  less 
solable  in  dilute  neutral  saline  solutions.  The  same  change  may  be  brought  about 
iDstantaneonsly  by  dilute  acids  or  alkalis.  Myosin  is  ezceedinglv  soluble  in  dilute 
acids.  The  solutions  are  uncoagulated  by  boiling,  indeed  apparently  unchanged.  On 
neutralisation  the  whole  of  the  proteid  is  thrown  down ;  the  acid  solution  is  also 
precipitated  by  the  addition  of  neutral  salines.  The  precipitate,  however,  is  no 
longer  myosin  ;  it  is  no  longer  soluble  in  dilute  neutral  saline  solution ;  it  has  passed 
into  Class  III.  In  like  manner  myosin  is  extremely  soluble  in  dilute  alkalis ;  the 
vbolo  of  the  dissolved  proteid  may  be  precipitated  on  neutralisation,  but  the  pre- 
cipitate is  no  longer  soluble  in  dilute  neutral  salines  ;  it  too  belongs  to  Class  III. 

Suspended  in  water  and  heated  to  70°,  myosin  enters  into  the  insoluble  or  coagulated 
condition.    The  neutral  saline  solutions  of  myosin  are  coagulated  by  heat. 

Just  as  fibrin  f  see  below)  does  not  exist  as  such  in  living  blood,  so  myosin  does  not 
exist  as  such  in  living  muscle.  It  makes  its  appearance  paripashU  with  the  condition 
of  muscle  known  as  rigor  mortis  (of  the  mechanical  phenomena  of  which  it  is  most 
probably  the  cause),  by  a  process  similar  to  the  coagulation  of  blood.  If  living, 
still  imfable  muscle,  freed  as  much  as  possible  from  blood  and  lymph  (the  muscle  of 
Uog  is  most  convenient  for  the  purpose),  be  frozen,  minced,  mixed  with  snow  containing 
1  per  cent  of  sodium  chloride,  and  powdered,  at  a  temperature  below  freezins  point, 
the  mixture  may  with  great  care  be  filtered  when  melting.  The  filtrate  speedi^  (at 
the  temperature  of  the  body  almost  immediately)  sets  into  a  gelatinous  mass,  which 
afterwaids  separates  by  contraction  into  a  clot  and  serum.  The  clot,  however,  has 
the  characters,  not  of  fibrin,  but  of  myosin. 

2.  Otobnlin.  (Paraglobulin.)  Preparation. — When  fresh  blood  serum  is  diluted 
tenfold  with  water,  and  a  brisk  stream  of  carbonic  acid  passed  through  it,  a  fine 
Rraoular  precipitate  is  formed,  which  may  be  separated  by  decantation  and  filtration, 
and  washed  with  water. 

It  may  also  be  prepared  by  saturating  blood-serum  with  sodium  chloride  (or 
magnesium  sulphate,  &c.),  as  in  the  case  of  myosin.  A  certain  amount  of  the  salt 
will  ding  to  the  precipitate. 

Ckaraetert. — Globulin  is  exceedingly  soluble  in  dilute  saline  soluti(»s  (from  which 
it  may  be  precipitated  unchanged  by  carbonic  acid  gas  or  excefdingly  dilute  adds). 
Insoluble  in  water,  it  U  dissolved  however  when  tiie  water  is  saturated  with  oxygen. 
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precipitate  with  hydrogen  sulphide.    By  boiling  with  dilate  acids  it  is  ics<:uT«d  b^ 
rhamnetin  and  glucose  (Schiitzenbeiger). 

S.  3La«w«l*se.   lawertsd  Smri^r.    This  kind  of  sugar  exists,  togethsri 

saccharose,  in  the  sngar-cane,  especially  in  the  upper  parts  of  the  stem  vtiKh  »  ^ 
enreloped  by  the  green  leares,  and  thereby  protected  from  light ;  in  tbwe  it  »:is^ 
times  amounts  to  {  of  the  quantity  of  saccharose.  As  the  leaves  diy  up,  is.i  t> 
upper  part  of  the  stem  becomes  exposed  to  light,  the  nnctystallisable  sugar  ^^'': 
becomes  converted  into  crystallisable  saccharose ;  in  the  lower  part  of  the  stes  > 
proportion  of  uncrystallisable  to  crystallisable  sugar  doea  not  exeeed  ^  to  ^  It  ^ 
probable  therefore  that  the  crystallisable  sugar  of  the  cane  is  only  a  seamdsTyp"'!-'^ 
formed  by  the  action  of  light  on  the  fruit-sugar  originally  existing  in  the  fltem  .K'; 
Ann.  Ch.  Phys,  [4]  y.  350 ;  Jakretib,  1866,  p.  819). 

Grager  {N,  Jakrb.  Pkarm.  xxix.  294)  has  made  a  series  of  experiments  od  tb*  ^ 
of  conversion  of  cane-sugar  into  grape-sugar  (more  correctly  inrerted  tngu)  H  ^^ ' 
tartaric  acid  in  presence  of  alcohol.  In  solutions  containing  from  6'8  to  10  p  j 
tartaric  acid  per  thousand,  the  transformation  takes  place  reiy  slowlv  at  optio^: 
more  quickly  at  higher  temperatures,  €.g.  at  45^.  In  an  alcoholic  mixture  of  ^\  F,^ 
alcohol,  10  pts.  cane^qgar,  1  pt.  tartaric  acid,  and  79  pts.  water,  93  p.  C'?'-^ 
sugar  was  transformed  into  inverted  sugar  in  14  weeks  (at  about  18®).  In»5S  ^ 
transformation  takes  place  much  more  quickly ;  nerertbeless  wine  loses  the  po*^  - 
rapidly  converting  cane-sugiir  into  inverted  sugar  when  heated  to  60°-70°- 

On  the  nature  of  inverted  sugar,  see  Maumeni  a.  Dubrunfaut  {Cot^.  read.  isi. 
1008,  1151,  1242,  1366 ;  Zeitschr.f.  Chem,  [2]  vi.  149). 

4.  aalaetoae.  Pasteur,  by  treating  milk-sugar  with  dilute  acids,  obU:s^i> 
sugar  thus  designated,  having  the  composition  C*H"0«  (iii.  1023).  AcooMisj: 
Fadakowski  {ZeUschr,  /.  Chem,  [2]  iii.  82 ;  BulL  Soe.  Chim.  [2]  vi.  288),  v^^f^ 
boiled  with  very  dilute  sulphuric  acid  yields  two  kinds  of  sv^gar,  one  of  ^;  -  "^ 
cr>*stallises  from  the  syrup  freed  from  the  acid  and  from  lime,  on  addition  of  ^^'^-■" 
while  the  other,  6,  separates  after  some  time  from  the  mother-liquor.  The  ss^-^ 
forms,  after  recrystallisation,  small  rectangular  prisms  with  two  end-feoes ;  the  f«^ 
h  crystallises  in  the  six-sided  tables  observed  by  Bfisteur.  Both  are  ferD«^>^>^ 
dextrogyrate,  moderately  soluble  in  water,  but  differ  by  their  solubility  m  ^^-^ 
the  tabular  sugar  h  being  much  the  more  soluble  of  the  two ;  it  appears  also  t£  '^' ^ 
a  sweeter  taste  and  to  be  more  easily  fiormentable.  The  specific  zotatoiy  p>*^  ** 
the  solutions  after  warming  or  long  standing  are  as  follows: 

0  D  B 

For  the  sugar  fl       .        .     78-660        92  83<»         11202® 
For  the  sugar  6       .        .     50-37*»        62*88®  8308*» 

Both  these  sugars,  like  grape-sugar  or  milk-sugar,  exhibit^  immediately  afuf 
tion  in  cold  water,  a  greater  rotatory  power  than  after  standing  or  wazming- 

5.  »eetlB«a«asajr  or  »«otlnose.  C«H»K)«,— See  Phcrors  ScbsaJ* 
(p.  903).  ^ . 

6.  Suyar  from  Carmlnlo  Aold.  This  snear,  obtained,  ^<^f^.C 
carmine-red,  by  boiling  carminic  acid  with  dilute  sulfmuric  acid  (p  *^v  ^T*" 
composition  C«H'*0»  when  dried  at  50°,  C«H»0*  at  100°.  It  is  a  honey;yelh>*.^ 
phous,  hygroscopic  mass,  having  a  faint  odour  of  caramel  and  a  bitteriso  ^^^ 
dissolves  very  slightly  in  alcohol ;  easily  reduces  cupric  oxide  in  alkahne  ^°'^. 
exhibits,  even  in  very  small  quantity,  Fettenkofer's  bile  reaction ;  is  unf«nMO 
and  optically  inactive  (Hlasiwetz  a.  Grabowski).  ^  ^ 

7.  SbaHinagln-anrar.    A  kind  of  sugar  isomeric  with  asooitSr y^ 
obtained,  together  with  rhamnetin,  by  boiling  rh^negin  with  dilute  sulphsnc 

C?«H«0"  +   8H«0  -  C«H»«0*  +  2C«H"0«. 

It  is  uncrystallisable  and  very  sweet,  dries  up  in  a  vacuum  to  a  soft,  *®^^J*t^vn 
hygroscopic,  deliquescent  mass,  turns  brown  at  100°,  and  gives  off  I  ^  ^^ 
leaving  a  residue  which  has  the  composition  C*H**0*.    It  is  dextrogyrate'  W* 
■«  26°  (Schiitaenberger,  Compt.  rend.  Ixvii.  176). 

8.  Bambonlte  and  Bamboae.    Dambonite,  G<H"0*,  isa  crystailin^^fif^i 
existing  ready-formed  in  Gaboon  caoutchouc;  and  dambose,  C*H*0*orC*fl    ' 
formed  from  it,  together  with  methyl  iodide,  by  the  action  of  hydriodic  t^  (P- 


U  Elaborate  investigations  on  the  sugar-cane,  tlie  o^^'^^^l^v. 
uie  juice  irom  it,  tne  composition  of  the  juice,  and  the  changes  to  which  it '« ''J"" 
have  been  made  by  leery  (Ann.  Ch.  Piys.  [4]  v.  850 ;  abstr.  Jakresb.  ISSS,  p-  »^^- 
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COOU '  ^  formed,  as  potassium  salt,  by  boiling 

nonochlanicetic  acid  with  a  solntion  of  potassium  sulphate  (Strecker,  Zeitschr.f.  Chem. 
[2]  iv.  214) : 

OH'Cl.COOK  +  KSO'K  =  KQ  +   CH*|^^^. 

OnVBUkCaroVa^  C*H*S,  or  xather  the  polymerie  compound  G•H"S^  is 
formed  by  the  action  of  I  mol.  phosphorus  trisulphide  on  6  mol.  acetone,  the  action 
beginning  at  ordinary  temperatures,  aod  being  completed  at  the  heat  of  the  water-bath. 
The  upper  layer  of  liquid  thereby  produced  yields  sulphacetone  by  fractional  distilla- 
tion, as  a  yellowish  oil  boiling  between  183^  and  185°  (corr.),  and  having  a  vapour' 
density  =  6*0787  (calculation  for  C*H'*S*  gives  6*114).  It  irritates  the  skin,  and 
its  vapour  attacks  the  eyes  very  strongly  (Wislicenus,  ZeiUehr.f,  Chem,  [2]  v.  324). 

amUBBJUfOMOMMO  JkCTpa  (Claus  a.  Koch,  Zeitachr.  J.  Chem.  ['2]  v.  684).— 
The  potassium  salts  of  these  acidjs  — Fr^my's  Bulphazotiaed  adds  (v.  482) — are  produced 
by  the  mutual  action  of  nitrite  and  sulphite  of  potassium.  When  neutral  solutions 
of  these  two  salts  are  mixed  together,  the  mixture  becomes  turbid  after  a  while,  and 
deposits  slender  needle-shaped  crystals,  the  liquid  at  the  same  time  acquiring  an 
alkaline  reaction.  The  crystals  sometimes  consist  of  a  single  salt,  sometimes  of  a 
mixture  of  several,  aecording  to  the  proportions  of  the  sulphate  and  nitrite  avdded  and 
the  concentration  of  the  solution.  When  the  sulphite  is  in  considerable  excess,  only 
one  salt  is  formed,  viz.  potas'sium  tetrasulphammoxkate,K*HNS^Q"  +  3H'0  : 

4K*S0*  +  KNO«  +   3H«0  =  6KH0  +  K«HNS*0«. 

This  salt  erystallises  in  needles.  It  is  very  unstable,  cannot  be  kept  long  even  in  the 
dry  state,  and  decomposes  in  a  few  minutes  when  washed  on  a  filter  with  water,  the 
water  acquiring  an  acid  reaction.  Under  an  alkaline  solution  it  is  more  permanent, 
but  even  then  it  decomposes  quickly  when  heated  even  to  temperatures  short  of  the 
boiling  point.  By  addition  of  acids  the  decomposition  is  still  further  accelerated ;  but 
complete  decomposition,  resulting  in  the  formation,  not  of  another  sulphazotised  acid, 
but  of  sulphuric  acid,  takes  place  only  after  prolonged  boiling  widh  dilute  acids,  or  after 
heating  with  a  concentrated  acid.  In  neither  of  these  cases  is  any  oxide  of  nitrogen 
reproduced,  but  the  whole  of  the  nitrogen  passes  into  the  form  of  ammonia.  The 
hydrated  salt,  when  quickly  heated,  suffers  complete  decomposition,  leaving  potassium 
sulphate;  the  anhydrous  salt  heated  above  200^  gives  off  ammonium  sulphate, 
nitrogen,  and  sulphurous  oxide ;  by  dry  distillation  with  soda-lime  all  the  nitrogen  is 
eliminated  as  ammonia. 

In  the  eases  above  noentioDed  of  spontaneous  decomposition  of  the  dried  substance, 
decomposition  by  prolonged  contact  with  water,  or  by  boiling  with  dilute  potash, 
1  mol.  of  the  tetrasulphammonate  is  always  resolved  into  1  mol.  of  acid  potassium 
sulphate,  and  1  mol.  of  potassium  trisulphammonate,  K'H'NS'O*  (B'r^my's 
sulphammonate).    In  the  decomposition  by  water  the  reaction  is 

K*HNS*0"  +  H«0  «  KHSO*  +   K'H^NS'O*; 

in  boiling  with  potash,  neutral  potassium  sulphate  is  of  course  obtained  instead  of 
the  acid  sulphate.  The  best  way  of  preparing  this  salt  is  to  mix  3  eq.  of  ptjtassium 
sulphite  with  1  eq.  of  the  nitrite,  and  after  about  an  hour,  when  the  tetrtisulphammo- 
nate  has  separated,  and  the  alkaline  reaction  has  become  strong,  tn  warm  the  mixture 
in  the  water-bath.  The  whole  of  the  crystals  then  generally  dissolre ;  if  not,  a  litHe 
water  must  be  added  till  a  clear  solution  is  formed,  and  from  this  the  trisulphammo- 
nate separates  in  fine  crystals  on  cooling.  Pure  potassium  trisulphammonate,  when 
decomposed  at  a  high  temperature,  yields  (contrary  to  Fr^my's  statement)  not  a  trace 
of  any  oxide  of  nitrogen,  the  products  of  its  decomposition  being  potassium  sulphate, 
sulphuric  acid,  ammonium  sulphate,  and  sulphurous  acid.  Strong  sulphuric  arid  and 
nitric  add  act  on  it  but  slowly  in  the  cola,  and  when  hwited  dissolve  it  without 
evolution  of  gas,  forming  the  sulphates  of  potassium  and  ammonium.  A  solution  of 
the  trisulphammonate  nn  water  at  d0°-40^  forms  with  basic  lead  acetate  a  thick 
white  precipitate,  which,  however,  is  not  of  constant  composition.  It  does  not  appear 
to  form  an  insoluble  salt  by  double  decomposition  with  any  other  metallic  salt. 

The  trisulphammonate  boiled  with  pure,  or,  better,  with  slightly  acidulated  water, 
splits  up  into  acid  sulphate  and  di sulphammonate  of  potassium  : 

•     K«H«NS»0*  +  H«0  =  KHBO*  +  K^H'NS-0*. 
This  last  salt,  identical  with  Fr^m/s  sulphamidate,  separates  on  cooling  from  a 
hot  aqueous  solution  in  very  characteristic  forms  ;  a  drop  of  the  hot  solution  left  to 
cool  under  the  microscope  exTiibits  at  first  regular  six-sided  tables,  changing  after- 
wards to  six-sided  prisms  having  the  character  of  augite  crystals.    They  are  anhydrous. 
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and  may  ba  heated  to  150^  without  alteiatioii.  It  is  acazeely  attaeked  hjr  fltnof 
salphnnc  add  in  the  eold,  bat  dissolyee  in  it  when  heated,  and  is  eoofeztad  into  t2il 
enlphatee  of  potaaeinm  and  ammoniiim.  It  it  wvtj  mpaainglj  soliible  in  eold  nts. 
and  instantly  ciystalliees  from  a  hot  aqueous  eolation  on  the  addition  of  a  fev  drop 
of  potash.  From  eonoentiated,  hot-satoiated  eolations,  JMnlnl  lead  aeetats  tbon 
down  a  white  predpitate ;  basiclead  acetate  also  from  revy  dilate  solatioDs. 

The  other  salphasotieed  salts,  designated  hj  Fr&mj  aa  ^n/ytargfig,  ja/phiu<^"i 
^M  haye  not  hMn  obtained  pose,  bat  they  appear  to  oilier  oasentiaHy  in  eooslztstsa 
from  the  jwil pham wona>4W,  inasmuch  as  when  boiled  with  water,  or  heated  m  the  uz, 
or  with  solphuric  or  nitcic  acid,  they  give  off  nitrogen  dioxide,  and  when  healBi  v^ 
■oda-lim^  giye  off  only  part  of  their  nitrogen  as  aaunonimy  or  in  aoit  cases  do  oft 
yield  any  ammonia. 

See  farther  Claus  (iteu/.  cAsjr.  Qes,Ber.W.  186,504;  Ckem,  8M!,J.li]hLW,^\ 

sv&ra0axranra  or  smt^Himnma.   See  Bexoksk,  BBuziTms  a 

(p.  27«). 

which  Stenhouse  obtained  by  heating  amrnoniam  phenylanlphite  to  200^  (y.  ^>  ^ 
siso  prodaced  by  the  action  of  ammonia  on  eolphobenaol-bromide  or  phenylsoIplniT!» 
bromide,  C*H*90<Br.  it  is  nearly  insoluble  in  oold  water,  more  mluhle  is  ^ 
ammoniacal  water,  easily  soluble  in  hot  alcohdl  and  in  ether,  and  ^lystallisfls  in  1^ 
nacreous  lamina  melting  at  149^*  (Otto  a.  Ostrop,  Ann,  Ch,  Pkarm,  exlL  S65;  /«M. 
1866,p.  67t>). 

smbFBOBBMXIMUO  AOIB.    See  BmrBifB,  Disit^titbb  of  (p.  V^y 

SmurXOOAmBAXZO  AOZS.    CH'NS*  «   CsIq^     <]liilder    a.  Wefeo 

Bettindc,  J.  pt.  Okem,  dn.  178 ;  Zeitsekr.  f.  Ckenu  [2 


SS 
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mode  of  preparing  ammonfam  sulphoearbamate  (y.  490),  the  snlj^hocsibonte  ^ 
hhewiee  formed  more  or  less  abundantly  at  the  beginning  of  the  reaction ;  but  if  ^ 
ammonia-gas  from  160  pts.  of  sal-ammoniac  be  passed  into  600  pta  of  akfAd  » 
96  p.  c,  96  pta.  of  bisulphide  then  added,  and  the  solution  left  to  cratallis0« » 
erystals  deposited  consist  whoUy  of  sulphocarbamate.  On  gradnally  adding  ^J^ 
ehloric  acid  to  a  concentrated  solution  of  ammonium  sulphocarbamate,  jnlphoeu^t^ 
acid  is  sometimes  deposited  in  colourless  needle-shaped  ciystala,  especiaUy  i^^ 
solution  be  «Aight)y  cooled. 

Sulphocarbamic  acid  is  eolid  at  ordinary  temperatures,  Teiy  eolahle  Is  y^^ 
alcohol,  and  ether ;  the  solutions  haye  an  add  reaction.  The  add  is  rather  uniawe; 
its  alcoholic  solution  gradaally  deposits  crystals  of  ammonium  aalphocarbamata, »» 
on  heating  it,  «aibon  bisulphide  is  giyen  dS,  and  amrnoniam  jmlphocaiiMB^ 
(insoluble  in  aledhol)  is  immediately  formed: 


^«!ffl'  -  «•  *  «1&Y 


The  same  decomposition  takes  place  when  the  aqueous  solution  in  heated;  an  ^^ 
rating  it,  a  large  quantity  of  ammonium  sulphocyanate  is  formed; 

^|s(NH*)  -  H«3  +  SJj^g,. 

On  StdpkoegrhmmUe  of  Ae^onme^  see  AmroinKB  (p.  29). 

AeHou  of  lodim  <m  MpAooai^amaie». — l^en  a  strong  alcoholic  solntaoa  of  u^ 
fs  soared  into  an  alcoholic  eolution  of  ammonium  sulphocarbamate,  the  colour  of  ^ 
Sodi&e  disappears,  eulpliur  is  deposited,  and  ethyl-sulj&ocarbimide  is  £)nned,  tog^ 
with  ethylamine : 

CSJ^^,  +  iOTIHJH  +  n  -  NJ^g.  +  NJ<^  +  «H>0  ♦  «HI 
Ammoninm  AtoohoC  BUiyi-«alpbo-  Stbjlamiiie. 


(Hofmann,  Zeitsehr.  /.  CSbm.  [2]  y.  671). 

Actum  of  Aldehfdes. — When  an  alcoholic  or  aqueous  solution  of  acetic  aldehjd^ 
agitated  with  ammoninm  sulphocarbamate,  carbothialdine  Is  pitMiuee4  '^ 
therefore,  has  the  composition  of  dtethylidmamnumium  nUphocarhmmaU : 

Aldehyde.       Anunooiiun*  Garbotmaldliie. 

snlphocar- 
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In  tlici  deoompoaition  of  carbothialdine,  aldehyde  is  always  reproduced.    The  homo- 

Q»/Q)TT|,Nt,  is  obtained 

by  agitating  ammonium  sulphocarbamate  with  Taleral  in  alcoholic  solution,  and 
pouring  the  filtered  liquid  into  water,  as  a  colourless  flocculent  precipitate,  which 
after  washing  with  water,  pressing  between  paper,  and  drying  in  a  Tacuum,  forms  a 
shining  crystalline  mass.    HeatM  with  feme  chloride  it  giyes  the  sulphocyanogen 

SN^C*H*^^  obtained  by  agita- 
ting acrolein  with  ammonium  sulphocarbamate  in  aqueous  solution  in  a  cooled  vessel, 
is  colourless,  apparently  amorphous,  insoluble  in  water  and  alcohol ;  gives  the  snlpho- 
cyanogen  reaction  when  heated  with  ferric  chloride  (Mulder  a.  Bettinck). 

( NTT* 
Ethf^  tulphocarbamatej  ^locjimt  is  formed  by  the  action  of  hydrogen  sulphide  on 

ethyl  snlphocyanate.  It  is  converted  by  the  fixed  alkalis  into  ethyl  sulphide  and 
metallic  snlphocyanate ;  by  ammonia  into  ethyl  sulphide  and  sulphocarbamide,  isomeric 
with  ammonium  snlphocyanate.  A  mixture  of  ethyl  sulphocarbamate  and  ethyl 
iodide  solidifies  to  a  crystalline  mass,  apparently  consisting  of  a  compound  of  the  two 
in  equivalent  proportions.  The  iodides  of  methyl  and  amyl,  as  well  as  the  bromides 
of  the  same  radicles,  react  in  the  same  manner  with  the  sulphocarbamates  of  ethyl 
and  its  homologues  (Jeanjean,  Jakrttb.  1866,  p.  501). 

Ethyl-9ulphoearham%e   Acid,    CH'NS*    -   CSJg^(^^*l  — An  alcoholic 

solution  of  ethylamine  mixed  with  carbon  bisulphide  becomes  hot,  loses  its  alkaline 
reaction,  and,  if  snfi&ciently  concentrated,  deposits  six-sided  tables  of  ethylsulpho- 
earbamate  of  ethyl-ammonium : 


2N(C?H')H«  +  CS*  -  CS{^((^.J^ 


This  salt  melts  at  103°,  and  partly  sublimes  without  decomposition  when  gentlj 
heated.  It  is  soluble  in  water  and  easily  soluble  in  alcohol.  With  caustic  soda  it 
gives  ofiT  ethylamine,  and  is  converted  into  sodium  ethylsulphocarbamate,  which,  on 
addition  of  hydrochloric  acid,  yields  ethylsnlphocarbamic  acid  in  oily  drops  floating 
on  the  sur&ce,  and  solidifying  after  a  while  to  fatty  ciystals,  On  adding  more 
hydrochloric  acid,  the  oily  drops  dissolve,  with  evolution  of  carbon  bisulphide,  and 
nothing  but  ethylamine  hydrocnloride  remains  in  solution.  Ethyl-ammonium  ethyl- 
sulphocarbamate  is  decomposed  when  heated  to  100°,  and  more  easily  when  its 
alcoholic  solution  is  heated  under  pressure  to  110^-120°,  giving  off  hydrogen  sulphide, 
and  leaving  diethylsulphocarbimide,  in  the  form  of  an  oily  liquid,  which  soon 
flolidiflea  to  crystals : 

Ethylsnlphocarbamic  acid  in  the  free  state  resolves  itself  into  its  components, 
ethylamine  and  carbon  bisulphide;  but  its  metallic  salts,  especially  in  presence  of 
exceaa  of  another  metallic  salt  {e.g,  silver  nitrate  or  mercuric  chloride),  are  easily 
resolved  into  ethyl-sulphocarbamide  and  a  metallic  sulphydrate  (p.  1050) : 


C8!^(^>  =  N|^.  .  HMS. 


The  corresponding  meiktfl'  and  amyt-compounds  are  obtained  by  similar  processes, 
and  exhibit  similar  reactions  (Hofmann,  Zeitschr,  f,  Chem,  [2]  iv.  686;  JoAretb, 
1868,  p.  663). 

Eihylio    Eihyl-oxyiulpkooarhamate,    Etkyl'xanihamide,    or    Semi- 

sulphuretted  Ethyl-urethane,  CSj  nntH*  *  ^s  produced  by  direct  com- 
bination of  ethyl-snlphocarbimide,  N(CS)(C^*),  and  ethyl-alcohol,  HO(C*H*),  when 
the  two  are  heated  together  to  110°  in  a  sealed  tube  for  several  hours,  and  is  pre- 
cipitated on  mixing  the  resulting  liquid  with  water,  as  an  oil  having  a  somewhat 
nnpleanant  alliaceous  odour,  and  Imiling,  after  purification,  at  204°-208°.  Under  the 
influence  of  water,  and  especially  in  presence  of  acids  or  alkalis,  it  is  resolved  into 
alcohol,  carbon  dioxide,  hjdrogen  sulphide,  and  ethylamine.  With  strong  sulphurio 
acid,  carbon  oxysulphide  is  formed  instead  of  carbon  dioxide  and  hydrogen  sulphide. 
The  above-described  compound  is  likewise  produced  by  the  action  of  alcoholic  soda- 
solution  on  ethyl-snlphocarbimide;  but  the  corresponding  sodium  salt  is  always 
produced  at  the  same  time  by  the  action  of  the  sodium  hydrate,  and  ultimately  part 
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ef  the  ethylralphocarbimide  is  completely  decomposed,  with  fonnation  of  so^t: 
carbonate,  iwdium  sulphide,  and  ethjlamine. 

A  compound  isomeric  with  the  preco<ling,  and  differing  from  it  only  in  tbe  nbr^ 
position  of  the  sulphur  and  oxygen  atoms,  is  produced  by  heating  ethjlie  flKxe&:ui 

with  ethyl  cyanate  to  120°.     This  body,  CO  j^^^^gt\  "  heaTier  UianwUir> 

the  same  odour  as  the  preceding,  and  likewise  boils  at  204^—208°.  Bj  the  soke  i 
water,  especially  in  presence  of  acids  or  alkalis,  it  is  resolred  into  menspUn,  o.'tti] 
dioxide,  and  ethylamine. 

Etkylie    Ethylsulphocarhamatey    Diethyl-xanthamidty  or   Ss/pl^'- 

etted  Ethyl'Urethane^  CS|       SCH*  *  **  produced  by  digesting  meraptaa ^' 

ethyl-sulphocarbimide  to  120°  for  several  hours.  It  is  heavier  than  water,  an-^  -  »* 
not  exhibit  the  odour  of  either  of  its  constituents.  Il  is  decomposed  bj  disdix.^ 
(Hofmann,  Zeitschr,  /.  Chem.  [2]  v.  268). 

Eihylic  Allyl-oxysulphoearbamaie,  CSJ^^^^*\  obtained  by  iSgtst^: 

an  alcoholic  solution  of  mustard-oil  for  some  hours  to  a  temperature  a  little  abt^'- 
boiling  point  of  water,  and  precipitating  with  water,  is  an  oil  having  an  aUiscecoi  o:  r 
somewhat  heavier  than  water,  and  boiling  at  210^-215^.  It  is  the  same euop'-- 
that  Will  a.  Korner  obtained  (v.  518)  by  treating  mustard-oil  with  alcoholic  ?»^ 
and  to  which  they  assigned  the  formula  C'*H**N'S'0*  (Hofmann). 

.  Ethylio  Phenyloxysulphocarhamate^C^y^^^^^),  is  piodnced  ii  1> 

manner  by  heating  phenyl sulphocarbimide  with  alcohol  to  110^-115**.  The  r^-^'*' 
solution  poured  into  water  solidifies  to  a  crystalline  mass,  which  may  be  p&nf^'-  ": 
waHhiiig  with  water  and  recrystallisation  from  alcohol.  It  is  resolved  by  dist:--  - 
into  itu  constituents.  The  same  compound  may  be  obtained,  though  less  essilj-  '"'^ 
diphenyUulphocarbamide,  which  is  the  starting  point  for  the  preparation  of  i^'V 
sulphocarbimide  (p.  1056). 

Ethylie  Phenylsulphocarbamate  or   Sulphuretted  Pkeuyl-uretisi'' 

CS  j "     sr«ii» » ^s  produced  by  the  combination  of  mercaptan  with  phenyl-wlp^^'*"'' 

bimide.  It  is  a  finely  crystallised  compound,  insoluble  in  water,  soluble  in  ako^'-^ 
ether,  melting  at  56**  (Hofmann). 


mtn^wmoOJkMMJkXXOMB  (Hofmann,  Zeitackr,  f.  Chem.  [2]  iv.  201,686;^ 

/  rig  - 

157).— Ethyl'sulphoearbamide,  N*-  C«H»,    is    formed    by   direct   additioo  rf 

ammonia  in  alcoholic  soI\ition  to  ethyl-sulphocarbimide,  N(CS)(C*H*)  (p.  1055 1. 1-- 
solidifies  to  a  ciystalline  ma.*$s  which  by  recrystallisation  from  hot  water  is  eoaTrr"'- 
into  beautiful  needles.  It  melts  at  100°,  is  moderately  soluble  in  water  and  vf^""- 
easily  in  alcohol,  dissolves  also  in  hydrochloric  acid,  and  forms  a  yellow  piwp^^'' 
with  platinic  chloride.  It  is  easily  desulphurised,  either  in  aqueous  or  in  alcc'u  " 
solution,  by  lead  oxide  or  mercuric  oxide  ;  and  on  evaporating  the  resulting  st^'^^  ' 
over  the  water- bath,  there  remains  a  syrupy  liquid  whi^  solidifies  after  some  time  ^^ 
network  of  crystals  having  a  strong  alkaline  reaction.  It  is  probable,  however,  it* 
an  intermediate  product  is  first  formed,  as  the  liquid,  especially  if  diluted,  do«  3>' 
exhibit  alkaline '  reaction  immediately  after  desulphuration.  The  white  crj^ 
although  very  soluble,  must  be  recrystallised  either  from  water  or  from  alcohol  TbP^ 
solution  in  the  smallest  possible  quantity  of  hydrochloric  acid  gives  with  pl*^'' 
chloride  a  crystalline  platinum  salt  consisting  of  C*H'(C*H*)«N«.2HCI.PtCI*.  ^ 
ably  the  first  product  of  the  desulphuration  is  ethylcyanamide :  N*(GS)H'(<^fl*^ 
H-S  =  N(CN)(C«H*)H  ;  and  three  molecules  of  this  compound  then  unite  to  fonntl* 

biiicid  base :  3N(CN)(C«H»)H  =  C«H«(C^H*)>N«,  which  may  be  regaided  as  meto* 
C'il-N«,  having  3  at.  hydrogen  replaced  by  ethyl  (p.  808). 

Diethyl'sulphocarbamide,  N«(CS)''(C?H»)«H*,  is  produced  by  addition  of  ^¥* 
amine  to  ethylsulphocarbimide.  also  with  evolution  of  hydrogen  sulphide,  by  the  dc-c^* 
position  of  ethylammonium  ethyl-sulphocarbaraate  (p.  1 049).  It  forms  crystals  m^^ 
at  77*^,  soluble  in  alcohol,  less  soluble  in  water ;  dissolves  also  in  hydrochloric  ac«i  f** 
gives  a  yellow  crystalline  precipitate  with  platinic  chloride.  By  phosphoric  anhTdm' 
or  anhydrous  hydrochloric  acid  it  is  resolved  into  ethylamine  and  ethylsulphoctf^'* 
jAide.  It  is  not  decomposed  in  aqueous  or  alcoholic  solution  by  lead' oxide,  \fOirte^ 


PYRIDINE.  977 


See  SriFHOCYANATKS. 

A  mineral  occurring  in  the  Brerig  Sound  in  Norway,  together 
▼ith  pitch-black  mica,  astrophyllite,  wohlerite,  and  segirin.  It  ia  massiTe  and 
composed  of  numerous  lameUifi,  grouped  like  the  beard  of  a  feather  and  partly 
curved.  Hardness  »  2*5  to  3.  Sp.  gr.  3063  to  3-666.  Colour  oUve-green  and 
liver-brown ;  lustre  nacreous.  Translucent  only  at  the  edges.  An  analysis  by 
B.  Mnller  gave 

8I0»      Al"0^      CaO      MgO      K»0     Ka^       PoO       FbK)»       H»0 
39*38     6*65     5-47     056     7'86     2  81     16*43     19'89     1*39  »   100*44 

(Breithaupt,  Jahrh.  Min.  1865,  p.  858 ;  Jahresb.  1865,  p.  887). 


According  to  the  recent  investigations  of  Strecker  {Zeitsckr.  /. 
Chem.  [2]  iv.  265),  and  of  Graebe  a.  Liebermann  (ibid.  508),  this  substance  has  the 
composition  of  oxyalizarin,  CH"0\  For  Bolley's  experiments  on  the  composition  of 
purporin  and  other  madder  colours,  see  Dingl.  pol,  J.  clxxxii.  351 ;  Jahresb.  1866, 
p.  643.  For  R  Kopp*s  method  of  preparing  purpurin,  &c.,  from  madder,  see  BttU. 
Soe,  mdustr.  de  MMouse,  xxxvii.  437  ;  Jahrekf.  1867,  p.  955. 

TOSPUSOCkflLX&nr.  C<*H*"0"  (A.  Girard,  Qmpt.  rend.  Izix.  865 ;  ZeiUehr. 
/,  Chem.  [2]  vi.  86). — A  red  colouring  matter  produced  by  oxidation  of  pyiogallic 
Acid  with  silver  nitrate  in  alcoholic  solution,  or  more  conveniently  with  permanganic 
acid.  60  grams  of  potassium  permanganate  are  dissolved  in  a  litre  of  water  mixed 
with  55  grams  of  hydrogen  sulplmte,  and  this  solution  is  gradually  poured  into  a  strong 
aqueous  solution  containing  40  grams  of  pyrogallic  acid.  Purpurogallin  then  separates 
in  orange-red  flocks,  which  may  be  purified  by  washing  with  a  little  water  and  crystal- 
lisation irom  alcohol,  or  by  sublimation.  It  sublimes  at  about  200^  in  garnet-red 
needles,  having  a  finer  colour  and  stronger  lustre  than  alizarin.  It  dissolves  sparingly 
in  water,  mpre  easily  in  alcohol,  also  in  ether  and  in  bensol,  forming  yellow  solutions. 
Sulphuric  acid  dissolves  it,  forming  a  compound  which  crystallises  in  crimson  needles 
decomposed  by  water.  Most  other  acids  dissolve  it  without  alteration.  Nitric  acid 
attacks  it  eneigetically ;  the  very  concentrated  acid  may  even  set  it  on  fire ;  ordinary 
nitric  acid  converts  it  into  picric  acid.  Alkalis  impart  to  the  solutions  of  pyrogallin 
a  transient  blue  colour ;  aluminium  sulphate,  on  addition  of  ammonia,  throws  down 
a  violet-blue  lake,  which  gradually  turns  brown.  Lead  acetate  forms  a  red-brown 
precipitate.  Silver  nitrate  colours  the  solutions  violet-blue,  then  brown,  with  separa- 
tion of  metallic  silver.  Auric  chloride  forms  a  bright  carmine-red  solution,  which 
however  also  turns  brown  and  deposits  metallic  gold.  Purpurogallin  dyes  mordanted 
fabrics  quickly  and  completely,  but  the  colours  are  not  very  good. 

nVBm.  OH*N. — According  to  Chapman  a.  Smith  (Ann.  Ch.  Pharm. 
Supjpl.  vi.  329 ',  Jahresb.  1868,  682),  this  base  is  formed  by  dehydration  of  amyl 
nitnte,  e.g.  when  that  compound  is  heated  with  phosphoric  anhydride,  C^H"NO'  — 
3H»0  «  C»H*N. 

IMpyridine.  Ci*Hi«N<  (Anderson,  Chem.  Soc.  J.  [2]  vii.  406).— This  base, 
polymeric  with  p^idine,  is  formed,  together  with  other  products,  by  the  action  of 
sodium  on  p^dine.  When  dry  pyridine  is  heated  to  its  boiling  point  with  snudl 
pieces  of  soainm  amounting  to  about  one-fifth  of  its  weight,  in  a  fiask  furnished  with 
A  long  condensing-tube,  the  whole  is  graduallv  converted  into  a  dark  brown  or  black 
mass,  which  solidifies  on  cooling  to  a  hard  brittle  resin ;  and  on  scpaxuting  thia 
lesin  as  completely  as  possible  from  unaltered  sodium,  and  throwing  it  by  small 
pieces  into  water,  it  is  slowly  converted  into  a  thick  brown  oil,  which  collects  at  the 
bottom  of  the  vessel,  and  when  washed  with  water,  dried  wiUi  calcium  chloride,  and 
«li«tilled  in  a  current  of  hydrogen,  vields  at  first  a  light  oil  consisting  of  several 
bases,  then  a  thick  heavy  oil  which  deposits  crystals  of  dipyridine.  On  redistilling 
thia  product,  dipyridine  crystallises  in  the  neck  of  the  retort,  and  the  fluid  portions 
of  the  distillate  yield  a  further  quantity  of  it  when  cooled  by  a  freezing  mixture. 
The  formation  of  dipyridine  by  the  action  of  sodium  on  pyridine  takes  plaice  also  in 
the  cold.  In  this  case,  the  sodium  becomes  covered,  in  the  course  of  a  few  days,  with 
a  black  brittle  crust,  which  when  washed  with  pyridine  to  remove  an  oil  formed  at 
the  aame  time,  then  detached  as  completely  as  possible  from  the  sodium,  and  thrown 
itito  water,  yields  a  dark  grey  powder,  which  fiills  to  the  bottom.  This  powder 
vAshed  till  f^ee  fh>m  soda,  and  then  spread  out  in  contact  with  the  air,  is  entirely 
conrerted  into  a  snow-white  mass  of  interlaced  acicular  crystals,  consisting  of 
dipyridine. 

Dipyridine  melts  at  108^ ;  solidifles  to  a  ciystalline  mass  on  cooling ;  volatilises 
•lowly  at  100^ ;  and  sublimes  unchanged  at  a  high  temperature,  in  long  needle-shaped 
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SraVMOOTiyVXO  AOZB.  CHNa— On  the  preparation  of  this  add.  Bee  Hen^ 
{J,  fr.  Ckem.  zcTii.  465). 

Sulphocyanic  acid  is  reduced  by  Einc  and  exeees  of  dilate  snlphnnc  add,  pel^z 
hjdr^gen  sulphide  and  methylamine  (Mers  a.  Weith,  ZeittAr.f,  iJhem,  [2]  ir.  %\\)\ 

CSNH  +  6H  -  H«S  +   CiPNH«. 

According  to  Hofmann  {^hid,  689),  the  products  are  ammonisL,  formic  milpha]delii4. 
en's,  hydrocyanic  add,  hydrogen  sulphide,  and  methylamina,  prodneed  in  the  falkv> 
ing  order: 

I.  CSNH  +   2H«  «  H«N  +   CH»S 
IL  CSNH  +     H»  -  CNH  +   H*S 
III,  CNH     +  4H    -  CH»NH« 
(Hofmann,  HM,  688). 

Xctallle  SolpboojaiiAtaa.  Many  metallic  sulphocyanates  are  soloble  in  etb?. 
and  this  property  may  be  made  arailable  for  their  preparation.  Whon  the  tMvs 
liquid  produced  by  mixing  potassium  sulphocyanate  with  a  cobalt  salt  is  ehikeg  ^: 
with  ether,  the  ether  immediately  becomes  blue,  and  deposits  on  eT^aporatioo  ct^-a 
of  cobalt  sulphocyanate.  The  blue  colour,  whidi  is  also  produced  with  alcoioL  it 
destroyed  by  mercuric  chloride  and  by  sodium  acetate  and  hyposulphite.  ELhrr-oI 
solutions  of  the  sulphocyuiates  of  iron,  uranium,  molybdenum,  tungsten,  gol>i  ai'i 
copper  may  be  obtained  in  the  same  manner.  The  iron  salt  dissolves  so  easilj  tk: 
it  may  be  completely  extracted  by  ether  from  its  aqueous  solution  (Skey,  Ckm^^ietK 
xri.  201). 

Ammonium  sulpkoeyanate,  CSN^NH*),  is  often  present  in  coauBeitntl 
ammonium  sulphate.  An  alcoholic  solution  of  this  salt  exhibits  in  a  Tviy  hi^ 
degree  the  phenomenon  of  supersaturation.  Its  concentrated  aqueous  solutioo  d^s 
not  dissolve  sulphur,  but  takes  up  a  considerable  quantity  of  iodine,  and  oo  heati^ 
the  resulting  liquid,  a  considerable  quantity  of  persulphocyanogen  is  depoeti<i 
Bromine  acts  in  a  similar  manner.  Chlorine  forms  no  predpitate  in  the  dilr^ 
solution,  but  throws  down  from  the  concentrated  solution  a  thick  yellow  predpitate  d 
persulphocyanogen,  agreeing  in  composition  with  Volckers  analyses  (iv.  380)  (Phipa^ 
Chem.  NtwSt  xviii.  109).  Ammonium  sulphocyanate  melts  at  169^  (not  at  14r^ti& 
generally  stated),  and  if  kept  for  some  time  at  the  temperature  of  1 70^,  is  conreiuc 
into  sulphur-urea,  CHAN'S  (J.  £.  Reynolds,  Chem.  Soe.  J.  [2)  vii.  1). 

Chromie  Sulphocyanates  (Boesler,  Ann.  Ch,  Pharm.  cxli.  185;  Zeiitch'.  f. 
Chem.  \2]  ii.  616).—Pota98io^hromie  eulphocyanaU,  (CNS)««Cr^K«  +  8H*0,  *i« 
obtained  by  heating  the  moderately  concentrated  solutions  of  6  pts.  potassium  sulpho- 
cyanate and  6  pts.  chrome-alum  nearly  to  the  boiling  point  for  about  two  b'.Min. 
mixing  the  cooled  liquid  with  alcohol  to  precipitate  sulphates,  eyaporating  the  filtrate, 
and  reciystallising  the  salt  thereby  separated  ftom  aloohoL  It  forms  neariy  black 
crystals  belonging  to  the  quadratic  system,  ruby-red  by  transmitted  light.  It  ii 
permanent  in  Uie  air,  ^res  off  its  water  at  100^,  becomes  dark-coloured  when  heated, 
ruby-red  again  on  cooling;  dissolves  in  0  72  pts.  water,  and  in  0*94  pts.  alcohol.  It 
is  not  altered  by  alkaline  carbonates  or  ammonium  sulphide  even  at  the  boiUi^  httt : 
"but  on  warming  it  with  soda-ley,  or  boiling  it  with  ammonia,  chromic  oxide  ."s 
separated.  Dilute  hydrochloric  acid  decomposes  it  at  the  boiling  heat ;  strong  hydi«>- 
chioric  add  throws  down,  together  with  potassium  chloride,  a  yellow  8ulpharett<:d 
powder,  which  ciystallises  from  alcohol  in  needles.  By  evaporation  with  hyvuochlc^ 
acid,  the  salt  is  completely  decomposed,  with  formation  of  chromic  chloride  and  potas- 
sium chloride.  Nitric  acid  oxidises  it  with  facility.  The  salts  of  the  alkaline  earth- 
metals,  and  those  of  cadmium,  cobalt,  nickel,  sine,  manganese,  and  iron,  are  precipitatAi 
by  potassio-chromic  sulphocyanate.  Cupric  sulphate  changes  its  wine-red  colour  to 
yiolet-blue,  and  on  standing  or  warming  forms  a  brown  precipitate  containing  copper. 
Mercuric  chloride  forms  a  red  precipitate  which  agglomerates  at  the  boiling  heat ; 
mercuroQS  salts  form  a  yellow  precipitate  gradually  turning  green ;  tin-salts  a  white 
precipitate.— The  ammonium  salt,  (CNS)"Cr*>(NH«)"  +  8H'.0,  is  formed,  with 
evolution  of  ammonia,  when  recently  precipitated  chromic  hydrate  is  heated  with 
ammonium  sulphocyanate,  but  is  more  advantageously  prepared  like  the  potasdum 
salt,  namely  by  mixing  a  solution  of  1  pt  ammonium  dichromate,  reduced  by  alcohol 
with  addition  of  sulphuric  acid  and  neutralised  with  ammonia,  with  3  pts.  of  ammo- 
nium sulphocyanate,  and  heating  the  liquid  to  the  boiling  point. — The  Modimms  jmi//. 
(CNS)''Cr^'Na*,  prepared  by  boiling  a  neutralised  solution  of  chromic  sulphate  with 
sodium  sulphocyanate,  evaporating  and  treating  the  residue  with  alcohol,  ciyatallisee 
in  Uiin,  deliquescent  laminae,  having  a  lighter  colour  than  the  other  double  chromic 

sulphocyanates. — The  barium  salt,  (CNS)MCr*>Ba',  prepared  by  mixing  a  neotial 
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Bolution  of  chromic  chloride  with  barium  sulphocyanate,  crystallifles  in  deliqnescent, 
ruby-coloured,  short,  four-sided  prisms. — ^The  nlver  saltf  (CNS)"Cr'*Ag*,  is  a  brown^ 
red,  bulky  precipitate,  retaining,  when  dried  orer  oil  of  vitriol,  53*9  p.  c.  water,  which 
it  giTes  on  at  100^,  the  salt  assuming  a  pale  red  colour.  It  is  but  imperfectly 
oxidised  even  by  fuming  nitric  acid,  is  insoluble  in  ammonia,  but  dissolves  with  deep 
cherry-red  colour  in  potassium  ^anide.    When  suspended  in  water,  it  is  decomposed 

by  caustic  soda  and  by  hydrogen  sulphide.— The  lead  salt,  (CNS)»H:;r'*Pb«.4PbH«0« 
+  8H'0,  obtained  by  precipitation  with  lead  acetate,  has  a  ro^e-red  colour,  and 
when    washed    with  water   gives    up    lead    sulphocyauate    and  is  converted    into 

(CNS)"Cr'«Pb«.4PbH»0«  +  6H«0.  By  boiling  with  water  it  is  completely  resolved 
into  lead  sulphocyauate,  which  dissolves,  and  a  mixture  of  chromic  oxide  and  lead 
oxide^—Ilydrockromic  Sulpkocyanate  or  Chromi-mdphocyanic  acid,  (CNS)"Cr^H*,  is 
obtained,  b^  decomposing  the  lead  salt  with  hydrogen  sulphide,  as  a  deep  wine-red, 
strongly  acid  liquid,  which,  when  evaporated,  gives  off  sulphocyanic  acid,  and  leaves 
green,  deliquescent  chromic  sulphocyanate,  (C^)*Cr**  (v.  606). 

Lithium  Sulphocyanatet  obtained  by  saturating  the  acid  with  lithium  car- 
bonate, crystallises  over  oil  of  vitriol^  in  very  deliquescent  laminae.  The  glucinum 
salt  crystallises  lees  easily,  and,  like  the  preceding  salt,  is  soluble  in  alcohol  (Hermes, 
J.  pr.  Chem,  xcvii.  465 ;  Jahresb,  1866,  p.  294). 

Mercury  Sulphocyanaiea  (J.  Philipp,  Po^g.  Ann,  cxzxi.  86;  Jahreeb.  1867, 
p.  876 ; —  Hermes,  loc,  cit.),  —  The  white  precipitate  of  mercuric  eulphocyanate, 
(CNS)*Hg,  formed  by  adding  potassium  sulphocyauate  to  mercuric  nitrate,  is  soluble  in 
excess  of  either  salt.  From  boiling  water  or  from  a  hot  solution  of  mercuric  oxide  in 
sulphocyanic  acid,  it  crystallises  in  nacreous  laminae  (Philipp).  It  dissolves  in  cold 
hydrochloric  acid  and  aqueous  metallic  chlorides,  less  easily  in  hot  water,  alcohol,  and 
ether;  decomposes  at  165°,  and  explodes  violently  when  triturated  with  potassium 
chlorate.  Boiled  with  hydrochloric  acid,  it  forms  a  yellow  amorphous  body,  which 
is  decomposed  by  boiling  water  into  mercuric  sulphide  and  hydrochloric  acid.  A 
solution  of  mercuric  sulphocyauate  in  sulphocyanic  acid  deposits  on  evaporation 
yellow  needle-shaped  crystals  of  hydromercuric  sulpkocyanate,  (CNS)'Hg .  2CNSH 
(Hermeff).  Pctaseio-mercuric  tulphocyanate,  (CNS)"HgK,  is  obtained  by  adding 
mercuric  nitrate  to  potassium  sulphocyauate  till  the  white  precipitate  formed  at  first 
is  converted  into  a  yellow,  ciystalline  mass,  and  then  warming;  or  by  directly 
dissolving  mercuric  sulphocyanate  in  potassium  sulphocyauate.  It  is  moderately  soluble 
in  warm  water,  but  is  decomposed  by  a  large  quantity  of  cold  water,  with  separation 
of. mercuric  sulphocyanate.  The  compound  (CN)*Hg.CNSK  +  2H*0,  originally 
obtained  by  Bockmann  {Ann,  Ch.  Pharm.  xxii.  153),  separates  on  mixing  the  concen- 
trated solutions  of  its  component  salts,  as  a  crystalline  pulp ;  from  dilute  solutions  in 
nacreous  laminae  or  slender  prisms ;  the  solution  is  not  precipitated  by  potash  or 
ammonia.  The  compound  HgP.2CNSE  -i-  2H'0  crystallises  from  a  saturated 
solution  of  mercuric  iodide  in  potassium  sulphocyanate,  as  a  yellowish,  deliquescent 
salt,  which,  as  well  as  the  saturated  solution,  is  decomposed  by  water,  with  separation 
of  yellow  mercuric  oxide,  which  gradually  changes  to  the  red  modification.  Menmrio 
iodide  dissolves,  however,  in  a  very  dilute  solution  of  potassium  sulphocyanate.  A 
solution  containing  mercuric  chloride  or  bromide,  together  with  excess  of  potassium 
sulphocyanate,  first  deposits  chloride  or  bromide  of  potassium,  and  afterwards  the 
double  sulphocyanate  of  potassium  and  mercury.  Concentrated  solutions  of  mercurie 
chloride  and  potassium  sulphocyanate  gradually  deposit  mercuric  sulphocyanate ;  but, 
on  the  other  hand,  mercuric  chloride  is  formed  when  mercuric  sulphocyanate  acts  upon 
potassium  chloride  (Philipp).  The  yellow  precipitate  formed  by  ammonia  in  a  solu- 
tion of  potassio-mercuric  sulphocvanate,  and  regarded  by  Claus  as  a  mercuric  oxrjrsulpho- 
cyanate  (v.  508),  consists,  according  to  Philipp,  of  mercuramnumium  oxysufphocyanate, 
NH^Hg'.CNS.HgO.  This  body  detonates  when  heated,  turns  grey  when  exposed  to 
light,  liud  is  coloured  brown  by  potassium  iodide. 

Mercuroua  Sulphocyanate^  (CNS)'Hg',  the  existence  of  which  is  doubted  by  Hermes, 
is  formed  on  adding  potassium  sulphocyanate  to  a  large  excess  of  dilute  amd  some- 
what acid  mercurous  nitrate.  Small  quantities  of  mercuric  sulphocyanate  and  metallic 
mercury  appear  to  be  formed  at  first,  but  if  the  liquid  is  sufficiently  acid,  the  grey  or 
black  precipitate  becomes  white  after  standing  for  some  time,  in  consequence  of  the 
mercuric  sulphocyanate  uniting  with  the  mercury  to  form  the  mercurous  salt. 
Mercurous  sulphocyanate  is  white,  insoluble  in  water,  blackened  by  alkalis ;  dissolves 
in  hot  hydrochloric  acid,  and  in  potassium  sulphocyanate  with  separation  of  mercury, 
and  behaves,  when  heated,  like  mercuric  sulphocyanate,  but  aoes  not  swell  up  so 
much  (Philipp). 
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Brom9pyrorac€mie  aeidi  (mono-  and  di-)  are  formed  by  heating  pyroneemic 
acid  to  100°  in  a  aealed  tube  witli  1  or  2  moL  bromine  and  water.  The  dibrotmaied 
add  is  more  easily  otained  pure  than  the  monobrominated  acid,  and  may  be  exUaeted 
ftom  the  water  by  ether.  It  crystallises  from  aqneoos  solution  in  huge  xhombie 
tables,  which  contain  CH'Br'O'  +  HK),  and  give  off  their  1  moL  water  even  on 
exposure  to  the  air,  more  qmckly  in  a  yacuum.  The  effloresced  acid  crystailiBes  from 
anhydrous  solvents  in  long  needles  melting  at  89^-01''.  If  the  acid  during  its 
prpparation  be  exposed  for  a  long  time  to  a  high  temperatore,  it  is  decomposed,  with 
formation  of  pentabromaoetone,  C'HBrH) : 

CHBr«— 00— CO«H  +  3HBr  «  2H«0  +  CHBr«— 00— CBi». 

Dibromopyroraoemie  acid  is  decomposed  by  silver  oxide,  giving  up  all  its  bromioe, 
and  being  converted  in  the  cold,  chi^y  into  mesoxalic  aci{  0*H*0* ;  at  a  gentle  hest 
silver  is  sepazated,  and  carbon  diosude  Is  evolved.  It  is  carbonised  by  akoholie 
ammonia,  but  aqneoos  anunonia  converts  it  into  imtdo^pyroraeemie  and, 
CH(NH)— 00 — 00*H.  This  compound  possesses  but  slightly  acid  propeitaes,  and 
crystallises  indistinctly;  it  unites  directly  with  nitric  acid,  and  gives  with  silver 
nitrate  a  white  curdy  precipitete,  containing  0*HAg(KH^'.AgNO*.  Mombromo- 
p^fruraeemic  add  has  been  obteined  only  as  a  syrupy  liquia,  wfaidi  when  treated  vith 
silver  oxide,  gives  off  carbon  dioxide,  as  soon  as  the  liquid  becomes  nentxal,  even  ni 
low  temperaturea.    At  a  gentle  heat  silver  aoeta|»  is  produced  (Wichelhaus,  kc.  eU.). 

WmunAMTAMEO  ACIB,  0*HH)*,  is  produced  by  heating  pulverised  tsitane 
acid  to  180**  in  sraled  tubes  with  hydrochloric  acid  (G«uther  a.  Riemann,  2etteAr./. 
Cbem.  [2]  V.  318) ;  also,  as  above  observed,  by  heating  pyroracemates  with  aoetstes 
(Wichelhaus);  also,  together  with  several  other  producte,  by  fusing  gambogs  with 
potash  (Hlasiwets  a.  Berth,  p.  628). 

The  ddoro-t  hramo',  and  iodo-  derivatives  of  pyrotartaric  acid  are  formed,  not 
from  that  add  itself,  but  by  direct  addition  of  Er*,  01*,  P,  or  of  HBr,  HO^  HI,  to 
the  pyrocitric  acids,  0*H'0*,  and  they  exhibit  different  modifications,  aooordinglj  as 
they  are  formed  ftom  citraoonie,  itaconic,  or  mesaconic  acid.  (See  Acids,  Obgaxic, 
p.  49.)  The  dibromo-oompounds,  obteined  by  addition  of  bromine  to  these  scids, 
were  discovered  by  Kekule,juid  are  described  in  vol.  iv.  pp.  778,  774.  The  okhm- 
chlorinated,  monobrominated,  and  monoiodated  derivatives  have  been  stndied  b^ 
Swarte  (BuU.  Acad,  Bdg.  [2]  xvii.  xix.;  InstU.  1865,  p.  23;  1866,  pp.  323,  358; 
Jakreah.  1865,  p.  392 ;  1866,  p.  404) ;  they  are  formed  by  addition  of  HO,  HSr,  and 
HI,  to  itaconic,  citmoonic,  and  mesaconic  acid  respectively. 

Ciiramonoehloropyrotariaric  aeid^  C*H'C10\  formed  by  heating  citrseonie 
anhydride  to  120^  for  two  or  three  hours  with  an  equal  volume  of  strong  hydzochlorie 
acid,  ciystallises  from  ether  in  nacreous  laminae  unctuous  to  the  touch.  Both  in  tlw 
dry  stete  and  in  solution  it  is  decomposed  by  the  slightest  elevation  of  temperature 
into  hydrochloric  and  mesaconic  acids.  Heated  with  bases,  it  is  resolved,  like  dtn* 
dibromopyrotartaric  acid,  into  carbon  dioxide  and  crotonic  acid  : 

C*H'C10*  «  C<H«0«  +  Ha  +  C0«. 

In  cold  water  it  dissolves  without  decomposition,  and  the  solution  is  not  precipitated 
by  silver  nitrate ;  but  on  gently  heating  it,  a  precipitete  of  silver  chloride  is  formed. 
Itamonoehloropyrotartarie  aeid  is  formed  by  heating  pulverised  itaeooie 
acid  to  about  180^  for  three  hours  with  2  pte.  of  very  strong  hydrochloric  acid, 
wushing  the  product  with  cold  water,  and  recrystellising  from  water  or  alcohol  It 
forms  white  lustreless  nodulos  or  crystels,  like  those  of  pjrrotaitaric  acid,  inodorous, 
and  having  an  agreeable  sour  taste.  It  molte  at  140^-145°,  remaining  liquid  for  a 
long  time,  and  boils  at  225^-230®,  forming  water,  hydrochloric  acid,  and  an  oily 
anhydride  which  crystellises  after  a  while,  and  is  reconverted  into  the  or^nal  acid. 
Hoated  to  150°  in  a  stream  of  dry  air,  it  gives  off  water,  and  leaves  the  anhjdride, 
which,  however,  cannot  be  obtained  pure,  in  consequence  of  simultaneous  loss  of 
hydrochloric  acid.    Hot  water  convcrte  it  into  itamalic  acid  (p.  761): 

C»H'C10«  -».  H«0  =  HCl  +  C*H«0*. 

The  same  decomposition  is  produced  by  strong  bases ;  but  the  solution  saturated  vitk 
ammonia  deposite  sal-ammoniac  on  evaporation,  and  the  mother-liquor  contaias 
mesaconic  acid.  Treated  with  silver  oxide,  it  yields,  together  with  silver  chloride, 
the  silver  salt  of  paraconic  acid,  isomeric  with  itaconic  acid,  but  monobMic 
(p.  760).  Biii^lw  itaehloropj/rotartrate,  C«H'01(C«H»)K)«,  is  obtained,  by  satmadBg 
the  alcoholic  solution  of  the  acid  with  hydrochloric  acid  gas,  and  veetiffing  the  UqQrd 
precipiteted  by  water,  as  a  colourless  bitter  liquid,  which  boils  at  250*'-252^  with 
formation  of  a  smftU  quantity  of  hydrochloric  acid. 


PYROTRITARTARIC   ACID— PYRROL.  981 

MeBamonochloropyrotartaric  aet^^is  formed  by  repeatedly  heating mesacoDic 
acid  to  160*^  with  very  strong  hydrochloric  acid.  The  solution  of  the  product 
deposits  on  evaporation,  first  lustreless  nodules  of  unaltered  mesaconic  acid,  then 
small  shining  crystals  of  the  much  more  soluble  chlorinated  acid.  The  latter  melts 
at  129°-130°,  and  is  resolved  by  boiling  with  water  into  hydrochloric  and  mesaconic 
acids.     It  is  converted  by  bases  into  crotonic  acid. 

Itadichloropyrotartaric  aeid^  C*H*C1*0*,  formed  by  addition  of  chlorine  to 
itaconic  acid,  is  very  soluble,  forms  large  crystals,  and  is  decomposed  by  boiling  its 
solution. 

Itamonobromopyrotartaric'  acid,  C'H'BrO*,  is  prepared,  like  the  chlorinated 
acid,  by  heating  itaconic  acid  for  half  an  hour  to  160°  with  concentrated  hydrobromic 
acid ;  also,  though  less  advantageously,  by  the  action  of  bromine  on  pyrotartaric  acid 
at  120^ ;  also  by  the  action  of  faming  hydrobromic  acid  on  itamalic  acid :  C^H^O*  + 
HBr  -  H«0  +  C5*H'BrO\  It  melts  at  I30O-134°,  remaining  liquid  for  a  lonff 
time,  and  boils  without  decomposition  at  about  250^.  It  is  less  easily  decomposed 
by  boiling  water  than  the  chlorinated  acids,  and  reacts  exactly  like  the  latter  with 
bases,  ^hyl  Uahromopyrotartrate  is  obtained  by  heating  the  acid  with  alcohol  to  1 10^ ; 
the  product  precipitated  by  water  boils,  with  partial  decomposition,  at  270^-275°. 

Itamoniodopyrotartaric  acid,  C^H'IOS  is  prepared  by  heating  itaconic  acid 
somewhat  in  excess  with  hydriodic  acid  to  160^  in  an  atmosphere  of  carbon  dioxide :  if 
an  excess  of  hydriodic  acid  be  used,  pyrotartaric  acid  will  be  likewise  formed.  The 
liquid  purified  ftom  free  iodine  by  treatment  with  mercury,  deposits,  on  evaporation 
over  si^phuric  acid,  dull  nodular  groups  of  crystals  of  the  iodated  add  (mixed  with  a 
little  itaconic  acid),  which  become  colourless  by  repeated  ciystallisation  from  water. 
Thev  melt  at  135  ,  and  decompose  at  185'',  with  evolution  of  iodine.  Boiling  water 
produces  only  slow  decomposition.  The  acid  heated  with  hydriodic  acid  is  reduced  to 
pyrotartaric  acid,  with  separation  of  iodine.  Heated  with  alcohol  containing  hydro- 
chloric add,  it  yields  ethylic  itamono-iodopyrotartrate. 

Citra-iodopyrotartarie  acid  cannot  be  isolated.  When  dtraconic  anhy- 
dride is  heatea  with  fuming  hydriodic  add,  a  brown  crystalline  mass  separates  on 
cooling,  which  when  submitted  to  purification,  is  resolved  into  hydriodic  and  mesaconic 
adds.  Since  however  pyrotartaric  acid  is  obtained  by  continued  heating  of  citraoonie 
anhydride  with  fuming  hydriodic  acid,  it  may  be  supposed  that  dtra-iodopyrotartario 
add  is  formed  as  an  intermediate  product* 

^T«t6ilfftl«A&«AUd  JL6U^.  £^a*0«  (Wislicenus  a.  ^adnickt,  Ann.  (U. 
Pharm.  cxlvi.  306). — A  crystalline  acid  formed,  together  with  pyrotartaric  add,  by 
the  dry  distillation  of  tartaric  acid :  Z0UK>*  -  C'flH)»  +  6C0»  +  6H«0.  It  is 
obtained  most  abundantly  by  somewhat  rapid  distillation,  but  alwavs  in  very  small 
quantity,  not  exceeding  0*02  p.  c  To  separate  it,  the  products  distilling  between 
120^  and  180°  are  subjected  to  repeated  fractional  distillation.  Nearly  pure  pyrotar- 
taric acid  is  then  obtained  between  160°  and  170°,  and  between  180°  and  210°,  a  series 
ot  gradually  diminishing  fractions,  which  as  the^  cool  partly  deposit  the  pyrotritar- 
taric  add  in  needle-shaped  crystals.  On  dissolving  these  products  in  boiling  water, 
whereby  the  admixed  pyrotartaric  anhydride  is  converted  into  pyrotartaric  acid,  and 
filtering  at  the  boiling  heat  through  wetted  filters,  the  pyrotritartaric  acid  separates 
on  cooUng  in  yellowish  needles,  which  may  be  purified  hj  recrvstallisation  ftom 
boiling  water  with  addition  of  animal  charcoal.  Pyrotartafic  add  crystallises  from 
the  mother-liquors. 

Pyrotritartaric  add  forms  colourless  shining  needles^  soluble  in  about  400  pts.  of 
boiling  water,  less  soluble  in  cold  water,  eadly  soluble  in  alcohol  and  ether,  and 
oyiAfmising  f^om  the  latter  in  short  thick  prisms.  The  solutions  have  a  dedded  acid 
reaction.  The  add  melts  at  134*5°,  sublimes  even  below  this  temperature,  in  amaU 
needles,  and  easily  jxuses  over  with  vapour  of  watef.  The  pyrotritartrates  of  the 
alkali-metals  are  easily  soluble  in  water ;  probably  also  those  of  the  alkaline-earth 
metals.  The  lead  and  nlver  salts  are  wnite  precipitates,  insoluble  in  water,  and 
becoming  crystalline  when  immersed  therein. 

The  add  treated  with  phosphorus  pentachloride  is  converted  into  the  chloride 
CnsrOKji,  whidi,  however,  is  immediately  reconverted  by  water  into  pyrotritartaric 
add.  Wislicenus  and  Stadnicki  regard  this  acid  as  a  ketonic  add,  C*H' — GO — GOOH, 
although  no  hydrogen  can  be  introduced  into  it  by  the  action  of  sodium-amalgam.,. 
From  its  properties  it  might  rather  be  supposed  to  belong  to  the  aromatic  group. 

See  AuoiTB. 


G*H'N.    This  compound  may  be  prepared  by  heating  ammoniimi 
mucate  with  glycerin  in  a  retort  to  1$0°~200°,  the  resolution  of.  the  ammooiuBL  aaU 
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MettjlHralplio€«rblmi4e,  ^|^  boils  at  119<>,  melts  ti  S4^ttd  s^^ 

at  26^.   Alter  distillation  with  aqueous  Tapoor,  it  solidifiee  to  a  beavtifvllyayaalia^ 
mass.    VapoaiKleiisity  obs.  »  2*42 ;  calc  2*53. 

AmjlHiiilplio€«rbliBlde  is  best  prepared  by  deeompontioa  oftlM  wRora: 
of  amyl-sulphocarbamic  acid ;  but,  instead  of  at  onc6  diatilliogofftbtiitidicL  in 
better  to  cause  the  eTolyed  Tapoors  to  condense  and  run  badL  into  Uw  13si»|  ^ 
a  eoosiderable  time.  When  the  reaction  is  oompleta  the  mercuric  ittl|Siu  i 
filtered  off,  and  the  amyl-sulphocarbimide  is  precipitated  with  wstcf,  dnedra 
calcium  chloride,  and  distilled.  It  is  a  liquid  b(»liner  at  18S'>-lM^slldhftT1^|u 
odour  like  that  of  the  ethyl  compound,  but  less  powerfiiL  Vapour  denn^,  ota*^. 
(cal.  4-48)  (Hofinann).  According  to  Buff  it  boils  at  182^,  «id  has  a  l^  P  a 
0-V67688  at  0°,  0*94189  at  17^  and  078749  at  182o. 

BatjKavl9bpe«rbiBdd«»  N  j  ^^  constitutes  the  essential  oil  of  floams  iff^ 

grass  or  spoon-wort  (Cocklearia  officmalu\  which  is  often  eonftondfld  vitk  ^•<£ 
mustard.  It  boils  at  169''-160®,  and  combines  with  ammonia,  forming  ^^fFj^;; 
crvstallised  compound  hutyl^ulpkocarbamide  or  huij^ic  tkiomuamime,  N^CS/(C*n  ii 
which  melts  at  186®.  .      j^ 

Isobutylamine  (prepared  from  butyl  alcohol  of  fermentation)  treated  win  ana 
bisulphide  and  mercuric  chloride  yields  a  butyl-sulphocarbimide  of  the  aiMeoc:<> 
sition  and  nearly  the  same  boiling  point  as  the  preceding,  but  diffisring  in  ^"^^^[^ 
forming  with  ammonia  a  thiosinamine  which  melts  at   90^ ;   doabtlsv  uatKR 

isobtUyl^suipkocarbimide,  ^  \cB.t(CR)(CH'y. 

Watercress  yields  a  similar  oil,  apparently  containing  a  radida  of  tcst  ^  ^'^ 
(Hofiuann,  ZeiUckr,/.  Ckem,  [2]  y.  400). 

Flft«njU«iaplioea«blmide.  nJ^».— The  aromatic  snlphoeaxbiBidM  >"  ^ 

formed  by  decomposition  of  the  metallic  salts  of  phenyl-carbamie  f'^^'v^ 
homologues.  Phenyl-sulphocarbimide  was  originally  obtained  by  the  sdioD ^r*^ 
phoric  anhydride  on  monophenyl-sulphocarbamide:  N'(CSXC*H*)H'  •  -^^ 
N(CS)(0»H»)  (Hoftnann,  i.  766).  It  is  also  formed,  together  with  ^J^i^"^^^ 
by  the  action  of  alcoholic  iodine  on  a  boiling  alcoholic  solution  <»  ^P^T!'*^ 
carbamide  (Hoftnann),  and  by  heating  the  same  compound  to  ltfO^-170^  ^  *ji 
hydrochloric  acid  (Men  a.  Weith).   (See  GuairiDnim,  p.  666.)    Hsated  ^^^  ' 

a  little  aboye  100®,  it  forms  semi-mdpkurettsd  pkemyl-itretkane,  GSJ     oc^' 

with  mercaptan  it  forms  sulphuretted  phmyl-urethane,  GSJ^^^^^J  (Ho£v» 
p.  1060). 

Tol3rl-ralpboMtfMalde»  CH^S  •  jc^vCH*)'  ^  pnp*^  ^  ^^ 
ditolyl-sulphocarbamide  with  phosphoric  anhydride.  Aromatic  yaponiv  f  ^ 
eyolyed,  which  condense  to  a  yellow,  quickly  crystallising  oiL  An^  '^"'^^^l- 
ditolyl-sulphocarbamide  may  be  remoyed  b^  ciystaUisation  from  ether,  in  whiM^^ 
sulphocarbimide  is  extremely  soluble.  This  compound  crystallises  in  idiittf  ^'^^^ 
centimetre  long,  haying  an  odour  yery  much  like  that  of  anise  oil.  It  dissoltM  <^ 
in  alcohol,  sparingly  in  water,  boils  at  237®,  melts  at  26®,  and  resolidiilM  *^/V 
Heated  with  toluidine,  it  forms  ditolyl-sulphocarbamide ;  with  ammonia  \^ 
monotolyl-sulphocarbamide ;  with  anuine,  phenyl-tolylsulphocarbamide,  vfix^ 
easily  obtained  in  fine  crystals. 

BeaBjUaulpboMrblmtde^  C^'KS  «  ^j^f/etHty  »>meric  witJi  tbel^ 

ceding,  is  produced,  like  the  sulphocarbimides  of  the  £itty  series,  by  the  ac^. 
mercuric  chloride  on  bensyl-sulpnocarbamate  of  bensylamine,  inasmuch  as  beffi7[^*'T 
C•H^CH*(NH*),  is  constituted  like  the  amines  of  the  fatty  series,  ^^1. 
ammonia-residue  NH*  in  the  methyl  group.    On  adding  water  to  the  distillt^^J^ 
bensyl-sulphocarbimide  separates  in  clear,  heayy  drops.      It  boils  at  i^i 
possesses  in  a  high  degree  the  odour  of  watereresses. 

Menaphthylamine,  treated  with  carbon  bisulphide  and  meicurie  chloride^  like** 
yields  a  sulphocarbamide.  . . 

All  these  compounds  react  like  ethylic  and  allylic  sulphoeaibamides,  espidaPT^ 
ammonia  and  amines  (Hoftnann). 
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or  VotaiiUoil  of  Mustard,  ^j^f^-It  10  remark- 

able  that  this  oompoimd,  iHiieh  exhibits  aU  the  essential  characters  of  the  sulpho- 
carbimides  above  described,  has  not  hitherto  been  produced  artificially  by  analogous 
processes,  but  Is  obtained  try  a  reaction  which  might  rather  be  expected  to  yield  allyl 

rrroht  ▼^  ^7  distilling  potassium  sulphocyanata  with  allyl  iodide- 

(v.  516),  or  with  allyl  bromide^  or  with  the  potassium  salt  of  allyl-sulphuric  acid. 
The  product  obtained  by  either  of  these  processes  is  identical  in  every  respect  with 
natural  oil  of  mustard  (Tollens,  Zeitdckr,/,  Chem.  [2]  v.  90). 
Mustiucd-oil  heated  with  alcohU  a  little  above  100^  unites  with  it,  forming  semi- 

sulphuretted   allyl-urethane,  CSj      nntirt)  (Hofmann,  p.  1050).    According  to  L. 

Henry  {Jakrmb.  1867,  p<  879),  it  unites  directly  with  dry  hfdrcbromic  add,  forming  a 
crystalline  compound,  nom  which  it  is  separated  by  water.  With  dry  hydriodie  iuid 
it  forms  a  pitchy  mass.  Heated  in  alcoholic  solution  with  sine  and  hjfdroehlorio  acid^ 
it  is  converted  into  allylamine,  hydrqgen  sulphide,  and  carbon  dioxide : 

^|c?H»     +     ^^^     "     ^1^'h«     +     ^'^     •*•     ^* 
(Oeser,  Ann.  Ch.  Pharm,  cxxziv.  7). 

The  following  normal  sulphocyanic  ethers  have  been  prepared  by  L.  Henry 
(DetU.  chem.  Ge9,  Ber.  it.  207 ;  Zeitschr,/.  Ch^m.  [2]  v.  206). 

Benzyl  SulphocyanaU^C'lS!', C!S^  01  BIq^-q-,',    is    produced   by   heating   benayl 

chloride  with  potassium  cyanate  in  a  water-bath,  and  crystallises  Irom  alcohol  in 
large  transparent  prisms,  insoluble  in  water,  slightly  soluble  in  cold  alcohol,  easily  m 
hot  alcohol,  also  in  ether  and  in  carbon  bisulphide.  It  has  a  sharp  smell  and  tast^*, 
melts  at  36^--38^,  and  boils  with  partial  decomposition  at  256*^.  It  unites  readily 
with  dry  gaseous  hydrogen  bromide,  forming  a  crystallised  compound,  insoluble  in 
ether,  immediately  decomposed  by  water.  Fuming  nitric  acid  converts  it  into  nitrO' 
benzyl  sulphncyanate,  G'H*(NO') .  CNS,  which  is  also  produced  from,  nitrobenzyl 
chloride,  C'H*(N0')C1,  and  potassium  sulphocyanate,  ana  crystallises  from  alcoholic 
solution  in  small  brittle  needles,  volatilising  at  about  70°,  and  decomposing  before  it 

distils. 

Glyceryl  Sulphocyanate,  C'H'CCNS)',  is  prepared  by  the  action  of  potassium  sulpho- 
cyanate in  alcoholic  solution  at  100°  on  isotnbromhydrin  (produced  by  the  action  of 
bromine  on  allyl  iodide) ;  ordinsry  trichlorhydrin  does  not  yield  it.  The  compound 
separates  from  the  alcoholic  liquid  in  the  crystalline  form,  and  when  reciystallised 
trom  alcohol  forms  small,  white,  shining,  hard,  brittle  needles,  having  neither  taste 
nor  smelL  It  melts  at  126°,  and  soon  afterwards  decomposes,  giving  off  hydrogen 
cyanide  and  leaving  a  civbonaceous  residue.  It  is  quite  insoluble  in  water,  very 
slightly  soluble  in  cold  alcohol,  much  more  soluble  in  boiling  alcohol  (Henry). 

General  Beaotiona  qf  the  Sulphoearbimides  and  dulphoeyanie  Ethers, — The  bodies 
of  both  these  groups  (taking  tiie  methyl-compounds  for  example)  are  ultimately 
produced  from  methyl-alcohol,  carbon  bisulphide,  and  ammonia,  with  elimination  of 
1  mol.  water  and  1  moL  hydrogen  sulphide : 

CH<0  +  CS»  +  NH»  -  H»0   +  H«S  +  C«H«NS, 

the  nature  of  the  resulting  compound  depending  only  on  the  order  in  which  the 
reactioiM  take  place.    In  the  case  of  methyl-sulphocarbimide  we  have : 


(1)    .    .    CH«0     +     NH"     - 

mo 

+ 

NlJ 

(2)    .    .NJ^'g;    +     CS«      - 

uid  in  that  of  methyl-sulphocyanate  (see  v.  504) : 

(1)    .    .   NH»        +     CS»     - 

H<S 
H«S 

+ 
+ 

aJCN 

(2)    .    ,  S|^^      +  CH-0  - 

HH) 

+ 

^)0H»- 

These  considerations  are  supported  by  the  following  reactions:  When  an  alcoholic 
(olution  of  ethyl-sulphocarbimide  is  mixed  with  sine  and  hydroehlorie  acid,  hydrogen 
mlphide  ia  ffiTen  off  for  several  days  in  continually  decreasing  quantity,  but  no  carbon 
liozide  wbust  the  liquid  becomes  filled  with  white  needles  of  formic  sulphaldehyde, 

Sup.*  3^ 
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CH*8 ;  and  on  mixing  the  liqoid  filtered  from  theee  crjtiUdB  with  elzoiig  ndft-^  '^ 
the  precipitated  nne  oxide  rediseolTeB,  and  then  adding  alcohol,  an  oily  layer  of  ccj.* 
amine  and  methyl-ethylamme  ziaea  to  the  surfiMa.    ThA  principal  naefeioa is: 

NJ^g,     +     2HH     -     CTPS     +       »j^ 
and  at  the  same  time  there  ia  a  aeoondaiy  leaofcion,  lepraacnted  by  the  tqmtam 

When  the  iaomerie  oompoond,  ethyl-«nl|:^yanatek  ia  traatad  vith  liae  tad  Ij^ 
chlortc  acid,  hydrogen  sulphide  is  likewise  erolTod  without  carbon  diosidB,  br.  2  s 
laigely  mixed  with  hydrogen  cyanide,  ethyl  enlphydxate,  ethjl  ralphide,  tad  ^a^- 
gaa,  ajod  on  distillation  a  certain  quantity  of  ethyl  bisnlphida  ia  likevise  obcaiwi- 
The  residue  heated  with  soda-ley  yields  ammonia  aod  metLjlamina.  In  thia  cik  ue 
principal  deoomposition  is  represented  by  tHe  equation : 

8J^     +     HH     -     CHH     +     b\^ 

and  the  seoondaiy  reaction  by 

2S|^|^,     +     8HH     -    SJ^H*     *     *^^^^     *     *^^*     *     ^* 

The  hydrogen  cyanide  ie  partly  converted  into  methylamine :  CNH  -f  SH*  - 
N(CH«)H«. 

The  action  of  nascent  hydrogen  on  allyl-«ulphoearbimide  ia  analogous  to  th^  ^ 
ethyl'sulphocarbimide  (contrary  to  the  obserrations  of  Oeaer,  p.  1067)f  the  pri^'?' 
products  Doing  formic  snlphaldehyde  and  aUylamine : 

while  hydrogen  sulphide,  allylamine  (no  methyl-allylamine),  and  marsh  ^  '''* 
obtained  as  secondary  producta : 

NJ^.     -    4HH    -     NJ^     +     CH«     +     ffa 

In  the  action  of  nascent  hydrogen  on  sulphoc^ie  acid  (sine,  hydxoehkdeaod,  i^^ 
potassium  sulphooyanate)  the  reaction  goes  on  m  both  ways ;  thna : 

n|2^     +     2HH     «     CH«S     +     NH« 
and 

SJ^    +       HH     -     H«      +     CNH. 


The  hydrogen  cyanide,  however,  appears  only  as  methylamine. 

Etbyl-snlphooarbimide  heated  with  waUr  m  a  sealed  tube  to  iOOP  ibr  sereiel  v^ 
is  resolyed  into  ethyUmine,  carbon  dioxide,  and  hydiogen  sulpUde : 

NJ^H*     +    H*0     -    n|*T     +     ^^ 
and 

CSO     +     H«0     -     C0«     +     H«S. 

The  same  reaction  takes  place  when  ooacentxated  hydrochloric  add  is  used  in^  ^ 
water,  but  it  is  then  complete  after  an  bourns  heating  to  100^.  Ethyl  sulpboertf^^' 
is  but  slowly  decomposed  by  water  even  at  high  temperatures,  conaideiable  qtttotio^ 
remaining  unaffected  even  after  heating  to  200^  for  several  daya.  '^ith  ^ 
hydrochloric  acid,  the  decomposition  is  easier,  the  producte  being  ethyl  m^P^' 
ammonia,  eaibon  dioxide,  and  hydrogen  sulphide: 

®lc^     +     HK)     -     SJ^*     +     CNOH 
CNOH     +     H»0     «    NH«     +     CW 
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Allyl-sulphocarbimide  is  decomposed  by  water  at  high  temperatozos,  espedil^'* 
presence  of  nydrochloric  acid,  according  to  the  equation : 
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At  the  nine  time,  howerer,  another  leaction  tekes  place,  whereby  a  second  liquid  base 
is  fonned,  boiling  at  a  yeij  high  temperatuze  and  forming  an  amorphous  platinam 
salt. 

On  ethjrl-snlphoearbimide,  dilute  sulpkmrio  acid  acts  in  the  same  manner  as  water 
and  hydrochloric  acid.  With  strong  sulphnric  acid,  on  the  contrary,  it  mixes,  pro- 
ducing great  rise  of  tempezatnre,  and  alter  a  few  minutes  extremely  rapid  evolution  of 
carbon  oxysulphide ;  the  residue  contains  ethylamine  sulphate : 

^!^H»     +     ^'^     =     CSO     +     NJ^JI. 

In  contact  with  water,  and  especially  in  presence  of  an  alkali,  the  carbon  oxysulphide 
is  resolved  into  c%rbon  dioxide  and  hydrogen  sulphide. 

Ethyl  sulphocyanate  is  also  but  slowly  acted  upon  by  dilute  sulphuric  acid,  rapidly 
by  the  concentrated  acid,  with  considerable  rise  of  temperature,  and  evolution  of  carbon 
dioxide  and  sulphur  dioxide.  On  adding  water  and  distilling,  sulphuretted  ethereal 
products  pass  over,  and  the  brown  residue  heated  with  potash  gives  off  considerable 
quantities  of  ammonia.  The  reaction  appears  therefore  to  be  similar  to  that  which 
takes  place  with  water  and  hydrochloric  acid,  the  sulphur  being  separated  in  connec- 
tion with  the  ethyl  group  (Hofinann).  Sohmitt  a.  Gluts  (Zettsc»r.  /.  Chem,  [2]  iv. 
723)  by  treating  ethyl  sulphocyanate  with  strong  sulphuric  acid,  obtained  carbonyl- 

disulphodiethyl,  (^o|g(^ij»i  isomeric  with  xanthic  ether,  ^loc*?**  ^^*^^''^' 
ing  to  the  equation: 

2S|^,  +  3H«0  +    2H«S0*    -    COJ^^^I  +  00«  +  2(NH«.HS0*). 

Methyl  sulphocyanate  and  amyl  sulphocyanate  yield  homologous  compounds. 

On  allyl-sulphocarbimide,  sulphuric  acid  acts  in  the  same  manner  as  on  the  ethyl 
compound : 

n|^?jj,   +   h»o   =   cso   +    n|^*||. 

This  reaction  is  well  adapted  for  the  preparation  of  allylamine. 

Phenyl-  and  tolyl-sulphocarbimioe,  treated  with  sulphuric  acid,  yield  carbon 
oxysulphide  and  the  corresponding  sulphuric  acid :  f  ^., 

NJ^,     +     BPSO*     -     CSO     +     NH(C«H»).S0«H. 

With  nitrie  aeid,  ethyl-sulphocarbimide  forms  ethylamine,  carbon  dioxide,  and 
sulphuric  acid,  whereas  ethyl-sulphocyanate,  as  shown  by  Muspratt,  yields  ethyl- 
sulphurouB  acid,  C*H*SO*H.  The  nomologous  sulphocarbimides  and  allyl-sulphocarbi- 
mide act  in  the  same  manner. 

Under  the  influence  of  sodium,  ethyl  sulphocyanate  is  completely  zesolyed  into 
cyanogen  and  ethyl  bisulphide  (Hofmann) : 

2S|^,     +     Na«    -     2CNNa     +     S«(C»H»)«. 

flinbVKOiaiTRIblO    A&BBBTBB.      OB'S.— Sjm.  with  Fobmio  Svlph- 

ALDXHTDB(p.  622). 


L    C«*H»SO«a.— Syn.  with  Nafh- 

THTL8T7I.PBUR0U8  ChiXIRIDB  (p.   860). 

mtnJfXOiMJLWWnm/kSaa  AJOn^n  C>«H^BO*.— Syn.withNAFBTHTLBirLraT7Bov8 
Aero  (p.  860). 

mtnmWMOWHMM0%KO  ACZB.    C*H*SO*. — Syn.  with  PHBirTLSiTi.FBUBiG  Acid 
(p.  923). 

svxiMonnnrTuora-Bnnrunn.   c«H*so*  »  C>H«so*.c*H«  (Otto, 

Ann,  Ch.  Pkarm.  cxliii.  206). — ^This  compound,  originally  observed  by  Kalle  (Jahresb. 
1861,  p*  628)  to  be  produced  in  the  action  of  sine-ethyl  on  phenylsulphurous  diloride, 
and  in  the  prepantion  of  phenylsulphurous  hydride  by  the  action  of  sodium-amalgam 
on  phenylsulphurous  chlmnde  (v.  664),  may  be  prepared  by  treating  the  product  of 
the  action  of  sodium-amalgam  on  an  ethereal  solution  of  the  chloride,  after  mnoval 
of  the  ether,  with  water  and  hprdrochloric  add,  washing  the  oil  thereby  separated  witli 
flodinm  carbonate^  and  dissolving  it  in  ether,  which  leaves  it  behind  on  evaporation. 
It  is  an  cnly  liquid,  having  a  faint  yellowish  colour,  and  a  peculiar  unpleasant  sweetish 
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odour,  hearier  than  water,  and  inaolnble  therein,  miacible  in  all  piupjtkes  th 
alcohol,  ether,  and  benzol.  In  hot  water  it  duBoWee  slightlj,  faanaing  a  Ikjtijd  ^.d 
becomes  milky  on  cooling.  When  heated  alone,  it  is  reeolT«l  into  c^iod,  Rlphinq* 
oxide,  and  an  oil  having  an  odour  of  radishes.  It  dissolTee  with  Tiolft-nd  eok^  :i 
warm  Aiming  sulphuric  add ;  does  not  unite  with  alkaline  biBnlf^tes.  'BjsKoi 
sulphuric  acid,  it  is  resolved  into  phenyl-sulphydrate  mm!  cdoohol : 

cra«o«.c«H*  +  6H  -  c^-s  +  cmn  +  h?o. 

With  Aiming  nitric  acid  it  yields  nitrophenyUnlphuzous  acid,  tognther  with  taoa  i 
nitiobensene  and  picric  acid. 


smbFHOTO&VO&Aamia,  (TH'.SO'NH',  sepazatea  firam  a  sidstix  i 
snlphotoluolie  bromide,  C^H'SO^r,  in  concentnted  aqueous  ammonia,  on  cTspoisr''^ 
in  large  nacreous  lamina.  It  is  moderately  soluble  in  hot  alcohol  and  water,  ami  cr  3 
at  139<'-140<'  (Otto  a.  von  Oruber,  Jnn.  Ck,  Pkarm,  czlii.  92 ;  Jakreab.  1866,  p. 


fe"-. 


•U&PBOTOXiVO&ZO  ACIB.    Syn.  with  ToLtrKMs-suxPHURic  or  Tcoiur*^ 
rauBovs  AcTD  (p.  286). 

SVliPHOTOZiT&nra-BTKTXJnra.  C*H>*SO>  -  CH"SO>  C«E*  Or^ 
Ann.  Ch,  Pharm.  cxliii.  205). — This  compound,  obtained  as  a  aeoondaiy  prodset  -^^  ^ 
preparation  of  toluene-sulphurous  acid,  forms,  after  repeated  cxystallisatioQ  froia  i"; 
lute  alcohol,  small,  shining,  oblique,  rhombic  prisms,  insoluble  in  wat^r,  f^--' 
soluble  in  cold,  easily  in  hot  alcohol,  ether,  and  benzol.  It  melts  at  76°-76'  ^' 
behaves  in  other  respects  like  the  ^Doscesponding  phenylene-compoimd.  With  r . 
and  dilute  sulphuric  acid  it  ^elds  alcohc^  and  nitzobemrrlsulphydiatie,  (^H> 
identical  with  uist  which  is  obtained  from  snlphotoluolie  chloride  or  from  t:^!sctr 
sulphurous  acid.  With  fuming  nitric  add,  it  yields  nitzotoloane-snlphime  v^ 
C'H'(NO^)SO',  together  with  seoondaxy  products.  .  With  bromine  in  etheieal  sd^--- 
it  forms  the  compound  Ci*H'*Br^*0\  which  crystallises  from  eUterecil  solntioa  ib  1  :.^ 
needles,  melting  at  95°,  and  converted  by  heating  with  absolute  alcohol  into  eu- 
toluene-sulphate,  C*H'SO*.C*H*.  This  ether  is  likewise  formed  by  the  sc&cc  i 
bromine  on  an  alcoholic  solution  of  sulphotolylene-ethylene. 

When  sulphotolylene-ethylene,  dissolved  in  pure  amylic  ether  or  in  a  mixts*'- 
amylic  ether  and  toluene,  is  treated  with  sodium-amalgam,  there  is  formed,  not  i^ifj* 
tolylene^mylene,  but — ^together  with  metabenzyl  bisulphide  and  a  merenry-coBip'^': 
which  crystallises  in  needles — either  a  body,  G"H"SK>*,  melting  at  35*^  u*  C< 
or  a  compound,  C"H**SH)^  crystallising  in  four-sided  prisms  and  ineltia|3^ 
78«-79«. 


smbFSOanrBaVXOIO  AOXB.    See  OxTSBmoio  Acid  (p^  890). 


_  Mod^icaiumi, — ^A  sofi^  amorphous,  vellow,  opaque  sulphur  of  spx- 
1*82-1 '87,  sparingly  soluble  in  carbon  bisulphide,  is  obtained,  aocording  to  W.  Mai* 
(iVMj^.  Jnn,  czxvii.  404 ;  czxziii.  847),  by  passing  dry  hydrogen  sulphide  over  b^^- 
ozalic  add,  or  by  passing  sulphur-vapour  evolved  in  a  stream  of  carbon  dioxide  <• 
hydrochloric  add  into  water.  It  does  not  lose  its  sofhiess  by  pressure,  aotl  i«  '« 
slightly  soluble  in  carbon  bisulphide.  According  to  Sestini  {Bull.  Soe,  Ckim.  [2]  rr. 
195),  Uie  supposed  modification  described  by  Muller  is  nothing  but  sulphur  ib  ^ 
utricular  form,  which  it  assumes  on  rapid  condensation  in  contact  with  tbe  ^ 
According  to  Berthelot,  on  the  other  hand  {ilnd.  197),  sulphur  condensed  in  wtttf  ^ 
identical  with  that  which  is  condensed  in  the  air,  only  while  in  the  soft  elastic  sttf^ 
when  hardened  it  contains  a  different  amount  of  insoluble  sulphur.  According  to  I** 
Luca  and  Ubnldini  (Oompt.  rend.  Ixiv.  1200),  sulphur  separated  from  aqn^'^ 
sulphurous  acid  (with  simiUtaneous  formation  of  pentathionic  acid)  by  the  aeri(*B  ii 
hydrogen  sulphide,  consists  partly  of  the  insoluble  modification,  the  propoccioa  x%ir'i 
with  the  duration  of  the  contact  and  other  conditions  of  the  experimentw  When  ^ 
sulphurous  acid  is  in  excess  the  insoluble  modification  predominates. ' 

Sulphur  may  be  crystallised  from  fusion  in  the  rhombic  form  (v.  530),  bv  filling  > 
long-necked  flask,  having  a  capacity  of  L60-200  eentrimetres,  with  pure  enilphur,  dnv- 
ing  out  the  neck  to  a  capillary  orifice  with  two  or  three  bends,  meltiw  the  snlpbsr  ^ 
an  oil-bath  at  120^,  and  then  immersing  the  flask  in  water  at  90^.  Ae  sulphur  tiv: 
remains  liquid  for  a  long  time,  and  crystals  gradually  form,  both  on  the  snrfMe  t^ 
within  the  mass,  and  may  be  at  least  partially  isolated  by  inverting  the  flask,  90  tim 
the  still  fluid  portion  may  run  into  the  neck.  These  crystals  are  transparent,  a|!T^ 
in  form  and  in  their  angles  with  native  sulphur,  and  may  be  kept  without  alterattca^ 
Their  formation  is  fiidlitated  by  adding  a  few  drops  of  oaribon  tHSulphide  to  the  salpliif 
before  fusion. 
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The  flolubilitj  of  fQlpluir  in  earbon  bitulpkid§vid  other  liquidf  hae  been  deteimiiied 
by  Coflsa: 

BnlphiirlB 

100pte.Ga* 

4606 

94-67 

.       146-21 

.       181-84 

The  dieeolntion  is  attended  with  abeorption  of  heat:  when  20  pte.  snlphnr  are 
dieeolved  in  60  pta.  of  the  bienlphide  at  22^,  the  iULl  of  temperatme  amounta  to  about 
6^.    The  eatozated  eolation  boils  at  66^  (pore  carbon  bienlphide  at  46-8^). 

100  pta.  ben«ne  diaaolTO    \^j^^^  ^^"^ ^  ^\l\ 

100  pta.  toluene  „  1*479  |,'  28^. 

100  pU.  ethyl  oxide  „  0*972  „  23-6^ 

100  pte.  ehloTofonn  „  1*206  „           22^ 

100  pto.  phenol  „  16*86  „  174^ 

100  pte.  aniline  „  86*96  „  180<^. 

jpoal-naphtka  diesolveR  about  2  p.  c,  enlphuv  at  oidinazT  temperatuies,  nearly  half 
ite  weignt  at  temperaturea  near  the  boiling  point.  The  eolvent  power  of  ooal-naphtha 
for  eulphor  increases  with  its  specific  gravity ;  certain  hea^jr  coal-tar  oils  dissolve  as 
much  as  116  p.  c.  sulphur  at  110^,  and  an  almost'  unlimited  quantity  at  120^  (K 
Pelouae,  Oompt.  rend,  Ixyiii.  1179;  IzvL  66). 

Reaction*, — ^When  a  series  of  electric  sparks  is  passed  through  a  mixture  of  sulphur- 
Tapoor  and  oxygen^  combination  takes  place,  sometimes  wiu  slight  explosion,  and 
eulphurous  oxide  is  produced.  Hydrogen  and  sulphur  unite  easily  under  similar 
circumstances,  forming  H^  With  niiroaen  no  reaction  takes  place.  With  monoxide 
and  dioaide  of  nitrogen^  sulphurous  oxide  and  nitrogen  are  fotmed,  and  on  passing 
the  producte  into  a  dfjr  glass  vessel  cooled  with  water,  splendid  leaden-chamber  crystals 
are  obtained.  Carbon  monoxide  unites  easily  with  sulphur,  under  the  same  circum- 
etancee,  forming  carbon  ojysulphide ;  earhon  dioxide^  which  is  resolved  by  the  electric 
spark  into  the  monoxide  and  oxygen,  yields  carbon  oxysulphide  and  sulphurous  oxide 
(Chevrier,  Comjpt,  rend,  Ixix.  186). 

When  hydrpgen  gas  is  passed  through  boiling  sulphur,  hydrogen  sulphide  is  abun- 
dantly produced.  Sulphur  likewise  acts  on  boiling  anUtne^  giving  rise  to  rapid 
evolution  of  hydrogen  sulphide  and  formation  of  a  sulphuretted  base.  Other  oKanic 
bodies,  as  acetanilide,  glycerin,  naphthalene,  &c,  are  likewise  attacked  by  su^hur 
(MerE  a.  Weith,  ZeiUekr,  f,  Chem,  [2]  v.  603). 

DeUdion  hg  the  Spectroeeope, — ^The  flame  of  sulphur  burning  in  the  air  gives  a 
continuous  spectrum ;  so  likewise  does  that  of  hydrojgen  burning  in  oxygen.  But  when 
sulphur-vapour  is  passed  into  a  hydrogen-flame,  a  vezy  beautiful  and  complicated 
spectrum  is  formed,  which  was  first  observed  by  Mulder  in  1864.  This  spectrum  is 
not  seen  in  the  hot  part  of  the  flame,  where  the  oxygen  enters,  but  only  in  the  inner 
part,  consisting  of  nearly  pure  hydrogen  heated  to  a  comparatively  low  temperature ; 
this  part  of  the  flame  may  also  be  distinguished  with  the  naked  eye^  by  its  fine  blue 
colour.  On  cooling  the  sulphuretted  flame,  the  same  colour  appears  at  the  cooled  part. 
The  spectrum  of  sulphur  consists  of  a  number  of  bright  and  nearly  equidistant  fines 
in  the  green  and  the  blue.  Towards  the  violet  these  lines  unite  in  bands.  When  a 
flame  of  pure  hydrogen  burning  from  a  platinum  jet  is  directed  over  the  surfiice  of 
sulphuric  acid,  the  cooled  part  of  the  flame  acquires  a  splendid  blue  colour  with  a 
tinge  of  violet,  and  exhibits  the  spectrum  above  described,  whence  it  may  be  inferred 
that  the  sulphur  is  separated  in  the  free  state  in  the  reducing  flame.  On  passing 
vapour  of  sulphuric  or  sulphurous  acid  into  the  flame,  the  axis  becomee  colourea  in  the 
same  manner  as  in  the  experiment  with  sulphur-vapour.  The  same  characteristic 
colour  is  observed  when  a  hydrogen  flame  is  directed  upon  a  crystal  of  sodium  sulphate, 
ammonium  sulphate,  alum,  gypsum,  &c.,  or  of  a  sulphite  or  hyposulphite ;  with  barium 
sulphate  however  it  is  not  produced.  The  flame  of  hydrogen  burning  under  a  bell-jar 
frequently  exhibits  a  blue  colour  at  the  edges,  and  the  same  blue  tint  is  almost  always 
observed  when  the  flame  of  hydrogen  is  passed  over  the  surface  of  a  glass  vessel. 
This  blue  flame  exhibits  the  spectrum  of  sulphur,  and  the  presence  of  that  element  in 
the  flame  is  due  to  reduction  of  sulphates  in  the  glass  or  to  sulphuric  add  in  the 
air  (Salet,  Compt,  rend,  Ixviii.  404 ;  ZeiUehr,  f,  Chem,  [2]  v.  228).  W.  F.  Baini 
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alflo  hat  oUtied  thai  wlien  a  pan  hjdrogaii-llamo  ia  dimelid  oa  Ike  bb^  i 
TarioDS  solid  bodies,  metallie  or  non-matidlie,  and  on  sanmal  liqaida,  a  ling  of  d^  ■  • 
light  it  piodiioed,  due  alao  to  aolphnr,  derired  from  the  air  {PUL  Mag.  [i]  xxl  tl. 
Jakreab.  1866,  p.  189).     On  the  apectmm  of  eolphnr  see  alao  Sncnii.  As^ir^ 

.  1032) ;  ibzthftr,  Salet  (Oompi.  remd.  ham.  668),  and  Ditte  {ibid.  632);  ibs '.» 

tf.  Jim  is.  1146, 1146. 

On  the  eetimation  of  folphur  in  iioo,  aee  I^ggarta  {Ckem,  Jfin,  1869,  f^- 
in  organic  bodies,  Axaltbis,  Oboixio  (pw  148). 

B§o(mry  ofSMpkmfrom  Jlkaliwaate  (y.  629).— A  hiatorieal  notice  of  t]ie  s^ 
prooesses  daTised  for  this  porpose  has  bsMi  giTsn  bj  A.  Sehemer-EBStacr  (M  if- 
uidu$tr.  da  Midkouaa,  ft^Tzier  1868;  BvU,  Sac.  (Mm.  [2]  iz.  419).  Tb*  bs^^ 
proposed  down  to  the  year  1866  had  for  their  olgect  to  vtiJise  these  nodvt  fo  ^ 
preparation  of  hyposiuphites,  or  to  erolTe  hTdragen  anlpfaide  from  llion,  u^  ^ 
this  to  separate  the  snlphnr  or  prspaza  snlphnrons  add.  The  snhseqant  mj!<^ 
meats  relate :  1.  To  the  ojddation  of  the  residues  by  air  in  sneh  a  mua»  t^  ^ 
soluble  ozidation-prodnet  ma^  be  deeomposed  br  adda  without  erolotiao  d  g3&  &  < 
that  only  one  equivalent  d  add  m^  be  required  for  the  aepaxation  of  ima^  ^i^^ 
lents  of  sulphur. — 2.  The  use  of  erode  manganese  solatioB  (ehlorine-renlBn) = l-^ 
of  hydrodiloric  aeid. — S.  The  extraction  of  the  pure  fused  ndphnr.  ^ 

The  first  problem  has  been  solved  by  Guckelbezger  and  by  Schaiber.  0«^^  - 
in  1868  began  experiments,  which  were  carried  on  fnm.  1859  to  1861  an^^****^. 
tion  by  L.  Mond,  and  had  fbr  their  otject  to  determine  the  doxBtion  of  oasdaikm^'^ 
layers  which  would  yield  the  maximum  quantity  of  hyposnlphites.    The  qitf^ ' 
sulphur  preaent  in  toe  form  of  hyposnlphites  was  fboiid  to  be  aa  ibUowt : 


For  100  pts.  of  the  moist  residue 
For  100  pts.  of  the  diy  residue  , 
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Ouckelbeiger  also  found  that  the  oxidation  takes  place  more  eaaily,  and  with  rm^' 
of  heat,  when  the  residues  are  exposed  to  the  air  in  heaps  of  ooiisi<lerabIfl  la^^ 
that  then  also  theftirther  rapid  oxidation  of  the  caldum  sulphides  may  be  i^ 
In  this  manner  (1862)  he  obtained  solutions  fkom  which  the  sulphur  wts  wp^^ 
by  adds  without  evolution  of  gas,  but  it  was  only  in  1864  that  he  Ff^P^^ 
regenerated  sulphur  on  the  manufacturing  scale.  Intents  for  the  oxidatioo  <»  ^ 
residues  were  taken  out  by  Mond  in  1861  and  1863.  His  last  process  i^^'^u 
follows :  The  residues,  wiuiout  removal  from  the  lixiviating  tanks,  are  t'"*^^ 
to  24  hours  with  a  current  of  air  driven  by  a  ventilator  till  they  assume  a  7*^^°*|^, 
colour,  after  which  they  are  subjected  to  methodical  lixiviation,  and  this  ^''**'^' 
repeated  several  times.  The  oxidation  must  be  so  regulated  that  the  liqwr  v^ 
tain  2  mol.  sulphide  to  1  mol.  hyposulphite  (if  it  is  oareleealy  conducted  f^J-j 
sulphite  is  converted  into  sulphite  and  sulphydrate  of  caldum).  The  ffl^^'^.  i^ 
required  to  nearly  saturate  the  lime  (present  as  sulphide  and  ^77^^^^]^^^^ 
added,  taking  care  to  leave  the  liquid  slightly  alkaline,  and  the  whole  >*  "''T  % 
by  a  current  of  steam.  The  nearly  pure  sulphur  thus  separated  is  washed  tnd^^ 
The  yield  amounts  to  about  |  of  the  total  quantitv  of  sulphur  in  the  Alksli-«v&  ^ 
other  I  being  left  behind  as  sulphite  and  sulphate  of  caldum.  To  ^^^^^T^, 
quantities  of  hyposulphite,  &c.,  in  the  liquors: — 1.  The  quantity  of  hypovQlp\^ 
titrated  with  iodine,  after  the  sulphides  and  sulphydrates  have  been  <&cafflp^ ' 

*  _; ti :j«        a      a J i_    :_   7 j  ;^v    i_j?         J   a««nOl  i^  ' 


iodine  gives  the  total  quantity  of  hyposulphite,  sulphids,  and  sulphydrate;  ^^ 
tion  with  soda  gives  the  amount  of  sulphydric  add  (Mond,  Chem»  ASnw,  xv.  i^«  ' 
27,  41 ;  JakntS.  1867,  p.  901).  See  also  Schafiher  {Zeitackr.  /.  Ckm.  Pl  ^*  ^ 
IHimI.  foL  Jl  cxcii.  308 ;  Jahreih.  1868.  p.  926).  ^^ 

iThe  use  of  crude  man^nese  solution  instead  of  hydrochloric  add  vaf  ^^' 
Townshend  and  Walker  m  1860,  and  afterwards  suocessfuUv  carried  ou^  ^?  pu 
Hofmann  {Chem.  New,  xri.  168 ;  Jakreab,  1866,  p.  867) ;  by  £.  Kopp  (Jaa.  Ch.jr 
[4]  vii.  6,  63;  BuU.  Soo.  Chim.  [2]  836,  440;  Gkem,  Ifatoa,  xii.  264,  290;^^r 
40,  Ul,  140;  Jahreab,  1866,  p.  779;  f^irther:  La  dSnaturation  at  ^UHi^^^Z 
risidua  de  la  fabrication  de  la  aoude  at  du  eklorura  de  eAaux^  Paris,  l^^l  l!!^ 
Jakreab,  1868,  p.  923);  ^ee  also  P.  W.  Hoftaiann  (Chem,  Newa,  zvi.  169;  ^^ 
1866,  p.  867),  and  Bosenstiehl  (BnU,  8oc,  Ckim.  [2]  ix.  339 ;  Jakreab.  1868,  P-*^^^ 
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OXTOBX-COKPOVRDS  OF  SuiPBUB. 

1.  ■yposolplinroui  Aold,  H*SO*   »   ^IsO^.^^/drosuiphurousAeid  (Schut- 

zenberger,  Zeitickr,  /.  Ch§m.  [21t.  646). — ^This  add  is  produoed  by  the  action  of  liiie 
on  aqueous  SQlphuTons  add.  The  metal  dissolres  withoat  evolatioii  of  hydrogen, 
forming  a  yeUow  solution  which  possesses  a  decolorising  power  much  greater  than 
that  of  sulphurous  acid  itself,  throws  down  from  eapic  solphate  a  precipitate  of 
copper  hydride,  Cu'H',  mixed,  if  the  copper  solution  is  in  excess,  with  metallic  copper, 
and  immediately  reduces  the  metals  from  silyer  and  mercory  salts.  The  solution  thus 
obtained  is,  howcTsr,  ver^  unstable ;  its  decolorising  power  attains  a  nHt^tntmi  in  a 
few  minutes,  then  dimimshes,  while  at  the  same  time  it  loses  its  yellow  colour  and 
becomes  milky  from  senaration  of  snlnhur ;  it  then  contains  thiosulphuricadd,  H^O*. 

A  more  definite  proauct  is  obtainea  by  immersing  dippings  of  sine  in  a  concentrated 
solution  of  add  sodium  sulphite  contained  in  a  dosed  resseL  The  sine  then  dissolTss 
AS  before  without  erdution  of  hydrogen,  the  reaction  being  completed  in  about  half  an 
hour,  and  an  abundant  oystaUisation  of  zinc-sodium  sulphite  is  produced.  The 
decanted  liquid,  which  possesses  very  great  decolorising  power,  becomes  very  hot  on 
exposure  to  the  air,  losing  at  the  same  time  its  characteristic  properties,  and  aftw- 
wards  containing  nothing  but  the  double  salt  just  mentioned,  together  with  acid 
sodium  sulphite.  To  isolate  a  definite  compound,  the  solution  (about  half  a  litre)  is 
poured  into  a  fiask  holding  about  two  litres,  and  three-fourths  filled  with  strong  alcohol, 
and  the  flask  is  hermetically  sealed.  A  crystalline  precipitate  is  then  immediately 
formed,  consisting  for  the  most  part  of  einc-sodium  sulphite,  while  nearly  all  the 
bleaching  compound  remains  dissolred  in  the  alcohol.  This  solution  decanted  into  a 
fi}\sk  quite  filled  with  it,  well  dosed,  and  left  to  stand  in  a  cool  place,  solidifies 
in  a  few  hours  to  a  mass  of  dender  colourless  needles,  which  must  be  pressed  as 
quickly  as  possible  between  folds  of  linen,  and  dried  in  a  Tacnum,  as  it  becomes  yery 
hot  if  exposed  to  the  air  in  the  moist  state ;  when  dry,  however,  it  is  not  affected  by 
oxygen.  This  salt  contains  but  a  small  quantity  of  sine,  from  which  it  may  be  freed 
by  solution  in  water  andreprecipitation  with  alcohol.  It  then  consists  of  Bodium  hywh 
sulpkitet  NaHSO*.  It  is  yery  soluble  in  water,  soluble  also  in  dilute  alcohol,  insoluble 
in  strong  alcohol.  Its  solution  possesses  all  the  deoolorimng  and  reducing  powen 
above  mentioned.  The  crystals  when  exposed  to  the  air  axe  completelyoonyerted  into 
acid  sodium  sulphite,  NaHSO*,  without  formation  of  other  products,  when  heated  in 
a  tube,  they  give  off  sulphur  and  sulphurous  acid,  together  with  a  little  water,  and 
leave  a  residue  of  sodium  sulphate  ana  sulphide. 

Hyposulphurous  add,  whidi  is  much  moro  unstable  than  its  sodium  salt,  may  be 
separated  therefrom  by  treating  the  crystals  with  oxalic  acid.  A  deep  orange-yellow 
solution  is  then  formed,  possessing  great  decoloridnp  power,  and  quickly  becoming 
colourless,  with  deposition  of  sulphur.  The  formation  of  the  add  by  the  action  ^ 
sine  on  sulphurous  add  is  represented  by  the  equation : 

H»SO«  +  Zn  -  ZnO  +  H«SO«. 

The  same  reaction  takes  place  with  other  metals,  as  iron  or  manganese.  The  forma- 
tion of  thiosulphates  in  all  these  cases  is  onl^  a  secondary  reaction  due  to  the  slow  and 
spontaneous  decompodtion  of  the  hyposulphite. 

When  a  porous  earthenware  cell  filled  with  add  sodium  sulphite  is  immersed  in 
weak  sulphuric  add,  and  the  liquid  subjected  to  electrolysis,  the  negative  pole  dipping 
into  the  add  sulphite,  oxygen  is  evolved  at  the  positive  pole,  while  at  the  negative 
pole  no  gas  is  evolved,  but  the  sulphite  is  converts  into  hyposulphite.  By  zepladng 
the.  nitric  add  in  a  Bunsen's  cell  with  add  sodium  sulphite,  a  combination  is  obtained, 
which  ia  very  little  inferior  in  intensity  to  the  ordinazy  Bunsen's  tfttteiy,  and  remains 
constant  for  a  considerable  time  (Schutsenbezger). 

Ethyl-hypo»ulphurou9  Acid.    C?H«SO«  -  ^^*[sO•    (Wischin,  Ann.  Ch. 

Pharm.  rm\x.  864).— This  add,  called  by  its  discoverer  etkpUBuiphmrmt^  acid,  is 
produced  as  a  ainc-salt  by  the  action  of  dne-ethyl  on  sulphune  anl^rdride,  280*  -f 
Zn(G«H»)«  «  80«  +  ZnSO*  +  C*H" ;  and  2SO»  +  Zn(C«HM«  m  Zn(C»H»80«)«. 
When  nnc-ethyl  is  carefhlly  mixed  with  an  equivalent  qnantity  of  sulphuric  anhydride 
in  a  strong  tube  sealed  and  filled  with  dry  oarbon  dioxide,  a  violent  reaction  takes 
place,  very  apt  to  give  rise  to  explodon,  and  nnc  eth^l-hyposulphite  is  formed, 
together  with  combustible  gases,  sulphnrous  anhydride,  nnc  sulphate,  nnc  sulphide, 
and  metallic  nnc     Ethj^-hyposulphurous   add  is  also  formed  (contiary  to  Um 


990  QUINONEL 

aepnxBUs  in  colourless  needles,  insoluble  in  water,  sUghtiy  soluble  in  edid  skoliQl  sad 
ether,  more  easily  in  boiling  aloohol.  It  soblimes  wiUioat  decomposition  in  kog 
needles*  melts  at  285^,  and  is  very  stable,  not  being  attacked  by  veak  ozidiaDg 
agents,  or  by  cold  potash-ley.  Boiling  potash  slowly  conTots  it  into  chloTanilato  sod 
acetate  of  potassium.  Kocui's  hvdrodiloranilie  chloride  is  regarded  by  (haebe  is  a 
tetrachlorinated  substitution-product  of  pyrocatechin  or  resorein. 

TUraekhroistroxypMthydrotUt  C'<C1^U*0",  is  formed  by  the  ineompUtoistetioD  of 
ehloranilie  acid  by  sulphurous  acid,  or  when  hydrochloranilic  add  is  ozidiaed  bj 
exposure  to  the  air.  It  aystallises  in  slender  black  needle* ;  k  eoorerted  by  ozids- 
tion  into  ehloranilie  acid,  and  by  tother  treatment  with  fldphnrous  add  into  liydr&> 
ehloranilie  add  (Oraebe). 


Sulpko-adds  derived  from  the  CUotimaied  Quinones  and 

The  salt  described  by  Hesse  (t.  22)  as  potassium  disulphodichlorosalicjlata  is, 
according  to  Gniebe's  analysis,  the  potassium  salt  of  dieUorkpdroquimme-dMpJMrie 
acid,  OCl'S'H'EK)*.  It  is  produced  by  adding  tetrachloroquinone  to  a  warm  dilate 
solution  of  acid  potaadum  sulphite : 

f(OH)« 
0K31H)«  +  8H(S0«K)  -  C«  m«  +  2Ha  +  KHSOS 

l(SO«K)« 

Tkioekronie  Acid,    OH^S^O^' The  potassium  salt  of  this  add,  which  Hens 

obtained  by  the  action  of  acid  potasdum  sulphite  on  tetrachloroquinone,  is  eooreni* 
ently  prepared,  according  to  Graebe,  by  saturating  a  slightly  wanned  dilute  sofaitioa 
of  neutral  potassium  sulphite  with  tetrachloroquinone,  separating  the  yellow  eryrtsls 
which  are  deposited  on  cooling,  from  the  lighter  white  crystals  of  the  preceding  nit 
formed  at  the  same  time,  finally  reerystallising  it  from  water,  and  boiling  it  with 
aloohol  to  remove  the  last  portions  of  the  white  salt.  The  airndried  thioehroaate  fasa 
the  composition  OHS'K'O*'  +  4H<0,  and  gives  off  3  mol.  water,  at  130°.  Id  it< 
formation,  the  chlorine  of  the  tetrachloroquinone  is  replaced  by  the  group  SO*K,  and 

the  resulting  compound,  ^]/qqs£^«'  ^°^^b  ^^^  ^  ™^^<  ^<^  potasdum  sulphite, 

fOH 
forming  the  thiochronate,  CO  0(SO"K).    Heated  with  water  in  a  sealed  tabe,  it  ii 

l(SO«KV 
resolved  into  kydroquinone-diaiuiphate  and  acid  sulphate  of  potasdum,  aoeoidiBg  to 
the  equation : 

(OH  f{OH)« 

C«^0(SO»K)   +   3H«0  =  C«Jh«  +   3KHS0*. 

USO-K)*  ((SO»K)« 

The  crystallised  salt  undergoes  the  same  decomposition  when  quickly  heated  to  100^. 
and  in  dilute  hydrochloric  solution  even  at  100^.  The  hydroquinone-disnlpkata  it 
also  produced  from  the  thiochronate,  together  with  add  sulphite,  by  the  action  of 
reducing  agents,  as  by  boiling  the  solution  with  dnc-dust,  or  treating  it  with  sodium- 
amalgam  and  hydrochloric  acid.  The  attempt  to  prepare  other  salts  of  thiochronie 
acid  was  not  successful. 

Euthioehronie  acid,  produced  by  the  action  of  alkalis  on  thiochronie  add,  and 
regarded  by  Hesse  (Ann.  Ch,  Pharm,  cxiv.  292)  as  C^H*S*0*,  by  Grdff  (Jakmb.  1863, 
p.   392)  as   C*H«S*0<«,    is,    according    to    Graebe,    dioxwuimme^iMMwic  eeH 

fO« 
(^E*SrO^*  a  CUOH)*    ,    The  formation  of  the  potasdum  salt  by  the  setioo  of 

l(SO»H)* 
potash  on  the  thiochronate,  or  on  the  didilorhydroquinone-disulphate  (in  the  latter 
case  with  aid  of  atmospheric  oxygen),  is  represented  by  the  following  equations: 

fOH  f(OT 

•  0(SO»K)  +  2K0H  =  C«J(OK)«      4-  8KHS0» 
(SO»K)*  ((SOTC)« 

Thiochronate.  Bathiochronate.     Add  mlphlte. 

Ef(OT 
+  2K0H  +  0  «  C«](OK)«      +  2Ha  +  EH), 
ly  [  (so«k)» 

Dichlorhydroqnlnone*  Bnthiochrooate. 

(Usolpbate. 
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BulpharouB  acid  in  aqneoTifl  golation  is  reduced  by  ^it^  to  hypoanlplmrous 
kc  id,  SHH)',  the  snlphiiT-an&logiie  of  formic  add  (Schutaenbeiger,  p.  1068). 

Solphuroufl  acid  acts  upon  stannous  chloride  acoozding  to  the  following  equations : 

48na«  +   4Ha  +     80«  «  2SnCl*  +  SnS    +   2H«0 
6SnCl*  +   8HC1   •«-   2S0'  -  6SnCl«  -f  8nS>  +   4H'0. 

Horeover,  on  adding  a  eupric  solution  to  a  mixture  of  sulphurous  acid  with  a  large 
excess  of  stannous  chloride,  a  black-brown  precipitate  is  formed.  Sulphurous  acid 
reacts  in  the  same  manner  with  stannous  chloride  in  presence  of  nearly  all  metals  that 
ire  precipitable  by  hydrogen  sulphide.  Thus  on  passing  -gaseous  sulphurous  oiide 
:.hrough  the  hydrochloric  acid  solution  of  stannous  chlonde  and  antimoniouB  ehhnde 
xt  ordinary  temperatures,  a  yellow  precipitate  is  formed  which  gradually  turns  red. 
A.t  about  70^  the  reaction  is  quicker,  and  a  d^rk  red  precipitate  is  immediately 
formed,  free  from  tin,  and  consisting  of  a  mixture  of  antimonious  oxide  and  sulphide: 

9SC1«  +  2Sba«  +  8S0«  +   12HC1  «  Sb«S»  +  9Sna*  +   6H«0. 

In  like  manner,  sulphurous  acid  throws  down  from  mixtures  of  stannous  chloride  with 
platinie  chioride,  artenioua  aeid,  copper  salU,  or  biamuth  saltSf  the  sulphides  of 
platinum,  arsenic,  copper,  or  bismuth,  the  whole  of  the  tin  remaining  in  solution  as 
atannic  chloride.  From  a  mixture  of  stannous  chloride  and  cadmium  eulphate  the 
whole  of  the  tin  is  precipitated  as  stannic  sulphide,  and  from  a  mixture  of  stannous 
chloride  and  lead  aoetatCf  sulphurous  acid  throws  down  sometimes  a  tin  sulphide, 
Bometimes  a  yellow  precipitate,  which  blackens  with  potash  and  oonsists  of  sulphide 
and  chloride  of  lead  (Federow,  Zeitechr.  /.  Chem,  [21  v.  16). 

Sulphurous  Chloride  or  Thiouvl  Chloride,  S0C1\  which  SchifF  obtained 
by  the  action  of  phosphorus  pentachloride  on  sulphurous  add  (y.  642),  is  also  produced 
by  the  action  of  hypochlorous  anhydride  upon  sulphur  chloride,  SCP,  cooled  to  10^, 
which  contains  sulphur  in  suspension.  Separated  by  distillation  from  the  sulphur 
chloride  (which  boils  at  189^),  it  is  a  colourless,  pungent  liquid,  haying  a  sp.  gr.  of 
1-675  at  O'^,  and  boiling  at  78''  (Wurtz,  Compt  rend.  Ixil  460). 

Mbtallic  Svi.TniT^B.—Jmmonio-€uprou8 sulphite,  (CvL*y(SB*y(SO'y  +  2H«0, 
is  obtained  in  six-sided  colourless  plates  by  passing  sulphurous  oxide  into  an  ammo- 
niacal  solution  of  eupric  sulphate,  or  by  digesting  ammoniacal  eupric  acetate  with 
Tnotallic  copper  till  it  is  decolorised,  and  then  saturating  with  sulphurous  add.  The 
sodio-cuprous  salt,  (Cu*)''Na*(SO')*  +  2H*0,  is  produced  b^  adding  sodium  sulphite  to 
concentrated  eupric  acetate  till  a  permanent  precipitate  is  formed ;  the  liquid  when 
left  at  rest  deposits  the  double  salt  in  colourless  microscopic  crystals  mixed  with  an 
oninge-yellow  compound.  By  prolonged  contact  with  the  mother-liquor  these  crystab 
change  into  microscopic  quadratic  tablets,  apparently  consisting  of  Cu*Na'(SO')'  + 
llHO  (Commaille,  J.  Pharm.  [4]  vi.  107). 

Gold  Sulphites. — ^A  double  salt  approximating  in  composition  to  the  formula 
(NH«)'S0".3(NU*Au)>S0*  +  3HH)  is  formed  by  gradually  adding  a  nearly  neutral 
Bolution  of  auric  chloride  to  a  gently  warmed  solution  of  '  ammon  sulphite '  (?  sul- 
phimic  acid,  NH'SO')  in  strong  ammonia.    A  precipitate  of  fulminating  gold  is  formed 
at  first,  which  afterwards  dissolyes,  and  the  solution  after  some  time  deposits  the 
double  salt  in  six-sided  laminae.    The  mother-liquor  contains  an  ammonio-aurous 
sulphite.    When  acid  sodium  sulphite  is  added  by  small  portions  to  a  strongly  alkaline 
and  nearly  boiling  solution  of  sodium  aurate,  a  yellow  precipitate  is  formed,  which  dis- 
appears on  further  addition  of  ammonium  sulphite,  the  solution  then  containing  a 
sodio-aurous  sulphite  analogous  to  the  potassio-aurous  salt  described  by  Fr^my  (y. 
645).     A  drop  of  the  solution  left  to  eyaporate  under  the  microscope  leayes  the  double 
salt  in  purple-red  crystals,  but  it  cannot  be  purified  by  reciystallisation.   The  solution 
yields  with  barium  chloride,  first  a  white  precipitate  of  barium  sulphite  and  sulphate, 
and  afterwards  a  purple-red  precipitate  of  bario-aurous  sulphite,  Au'SO'.SBaSO'  + 
xll^O.     From  this  barium  salt  the  crirresponding  potassium  and  sodium  salts  may  be 
obtained  by  double  decomposition  with  alkaline  carbonates.    The  sodium  salt  contains 
Au'^SO'.aNa^SO*  •*-  3H*0.    The  solution  of  this  salt  giyes  white  precipitates  with 
lead  and  silyer  salts,  no  precipitate  with  salts  of  calcium,  strontium,  magnesium, 
aluminium,  zinc,  copper,  cobalt,  or  nickel  (A.  Haase,  Zeitsohr.  f.  Chem.  [2]  y.  686). 

Pi  a  tin  um  Sulphit  es. — Double  platinum  sulphites  are  obtained  by  passing  sulphu- 
rous oxide  into  water  in  which  platinic  hydrate  is  suspended,  till  the  hydrate  begins  to 
dissulye  rapidly,  mixing  the  filtered  solution  with  an  alkaline  sulphite,  and  then  with 
the  corresponding  carbonate  in  suffident  quantity  to  produce  an  alkaline  reaction.  The 
double  salts  then  separate  as  red-brown  crystalhne  predpitates.    The  potassium  saUt 
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K«SO«.(PtO)'SO«  +  HH)  w  (PtO)''[0*  +  H»0,  i«  •omawliat tolrfiB  m wte  la 

■epazstat  ftom  Um  eolation  bj  slow  ermpontioii  in  Um  palT8ni]«oi  fom ;  ^  p^ 
pazt  howarer  ib  nduoed  and  crjatalliaaa  oat  as   poUario-|daftiDoas  nlpbr^  ^ 
iodmmsaU,  2Na«SO>.(PtO)180*  +  2H«Oor  SCSOr.NaXPtOf.O*  +  2ffO,i*p=- 
OTStallina^  and  aomewhat  li^^tar  in  ooloor  than  tlM  pofcunvm  alt    T^  'i^ 
aolablaMMHonso-pfolsMMi  jott  ia  daoompoaed  by  aiv;i^MeatioD.  laaTiag  thi  pl£^> 
doabla  salk   All  theaa  platinum  doable  aolphitaa  an  deoomposad  by  hy^tvi^  ^ 
with  fonnation  of  platanooa  and  platinie  ehloridew     Their  aolutiona  an  tt^vfi  ^ 
hjdrogen  aidphide,  bat  the  platinnm  ia  not  precipitated  bj  ^diogce  m&i^-i  ''■ 
ammoniam  aolphide  ezeept  on  addition  of  hydrochloric  acid,     with  liainB  th*- ' 
they  fonn  a  yellow  precipitate  aolnble  in  adda,  and  containing  all  the  i^^^  | 
(Bimbanm,  Jsm,  Ck  Pktinm.  ezzxiz.  164 ;  Jahrmb.  18M,  p.  S60).  , 

ToUuno-fUHnouM  nt/|»iWte.  8K»80*.PtT90"   +    2H>0  «  ^i^'{<^  ♦  ^  ' 

obtained  by  paaaing  anlphimnia  oodde  in  exoeaa  thvoogh  a  solution  of  potamn  ^r  ^ 
in  which  pl^ie  hydn^  ia  aoapended.    The  onlonrleBB  aolntion  yieldi  the  dee-  t^ 
on  eraporation  in  stellate  grcmpa  of  needlea  modirately  aolnble  in  watv.  '^*j^' 
added  to  aodiom  aalta  throwa  oown  the  sodio-platinoaa  aolphite  deacribed  by  L-^- •  ^ 
Schnedermann  (▼.  649),  the  amount  of  water  in  which  waa  fbimd  by  Bini»uz 
correspond   to   the   formula     8Na«S0«.PtS0«    +     8H«0.       The   amMms^  -^ 
«(NH*)«0» .  PtfiO*  +  8H*0,  is  prepared  like  the  potaaainm  salt,  which  it  v^  ^^ 
form  and  solubility ;  it  is  precipitated  from  ita  aqneoaa  Bolnti<Hi  by  alcohol,  »n  *--^ 
warda  dissolyes  bat  slowly  in  water.  Its  hydrochloric  acid  aolntion  mixed  mM^y 
and  ammonia  yields  a  precipitate  of  the  aalt  described  by  liebig  (tfyfa^^^' )" 
▼i.  298),  with  an  amount  of  water  corresponding  to  the  formula  (NH*)™j^"* . ' 
H'O.    The  aqueous  aolutione  of  all  these  salts  ^re  with  bsrinm  chkndet^^ 
precipitate  soluble  in  hydrochloric  acid,  and  containing  the  whole  of  the  p'^*' 
(Bimbaum,  loe.  eit,). 

Fiatinom)e]aon>ttd]^kmm9  Acid.    Vt"  |  ^^  .—This  compoond  is  obtained,  in  R^ 

nation  with  sal-ammoniac,  by  adding  ammonium  platinochloride  to  ooncentzated^^ 
sulphurous  acid,  warming  the  mixture  on  the  water-bath,  and  replacing  the  wlp*^ 
acid  as  it  eTaporates.  On  CTaporating  the  resulting  solution  to  the  erytfti^i'^  7"^ 
again  mixing  it  with  a  slight  excess  of  sulphurous  acid,  and  learing  ^^^^f?L^ 
over  oil  of  yitriol  and  quick  lime,  a  few  crystals  of  anunoninm  P^'^''"'^^ 
2NH«Cl.FtCl*,  first  separate,  and  then  long  oiange-yellow  needles  of  the  ccnp^ 

Ft  j  ^ig  .  2NH«CL    By  nentralising  the  solution  with  potassom  carbonate,  the  fi!=* 

sponding  potassium  salt,  Pt|Bv,^.2NH«Cl,  is  obtained  in    weU-defined  i)k^< 

crystals.    The  formation  of  the  chloropladnosulphuious  add  ia  reproseotei  i? 
equation : 

Pta«  +  H«SO«  -  HCl  +  PtjsotH- 

The  compound  PtClS0*H.2NH«Cl  is  likewise  formed,  and  eren  with  g'^^^J^l 
by  directly  dissolying  ammonium  platinosochloride  in  aqueous  sulphnroo'  'f^^ 
like  manner,  by  dissolying  the  same  salt  in  a  concentrated  solution  of  ^^^J^^ 
ninm  sulphite,  a  compound  of  ammonium  platinoeochlorosulphite  with  ainiD''^'^ 

sulphite,  I*t|^,jj24.(NH«)«80«   +    8HH),  is   obUined    in  light    yellow  tfj*** 

apparently  belonging  to  the  monodinie  ratem.  When  potassium  pl^'^^^^^.tr 
treated  with  excess  of  sulphurous  acid,  the  yellow  solution  first  deposste  ^'Jf^J^ 
potassium  sulphate ;  and  on  mixing  the  remaining  liquid,  which  does  not  w^^ 
yield  any  crystallisable  compound,  with    potassium  chloride,  well-defined  iv* 

crystals  are  obtained,  consisting  of  the  0altPt|^^.2KCL    LaaUy,  hj  tx^^- 

ammonium  platinosochloride,  2NH*Cl.PtC]',  with  acid  ammonium  sulphite, both i^ 
of  chlorine  in  the  platinous  chloride  may  be  replaced  by  the  nniyalent  nsidii'^^ 

and  the  compound  Ptj|^^.2NH«Cl  -i-  HH)  is  obtained  in  large  colouileei ^T^ 

which  give  off  their  water  at  lOO^*,  and  half  their  sulphuroos  add  aa  H^SO*  »>  |^ 
The  compound  Pt(SO'H)*  ia  doabtleea  a  bibaaic  acid,  bat  ita  aahs  haye  not  jr<^  ^ 
examined  (Bimbaum,  Zeitsckr.  f.  Ckem,  [2]  y.  604). 


JO") 


SULPHUR  1067 

Uranie  Double  Sulphites  are  obtained  by  pfusing  sulphmoiiB  oxide  into  water 
in  which  uranie  hydrate  is  suspended  till  a  clear  solution  is  obtained ;  concentrating 
this  solution  (which  deposits  uranie  sulphite  when  heated), and  mixing  the  filtrate  with 
1  strongly  acid  solution  of  potassium,  sodium,  or  ammonium  sulphite.  The  double 
ialts  then  separate  for  the  most  part,  and  completely  at  a  gentle  heat,  as  yellow 
crystalline  precipitates,  which  must  oe  quickly  collected  on  a  filter,  pressed,  and  dried 
jver  sulphuric  acid  and  quick  lime.  When  thus  dried,  they  contain  1  or  2  moL  water, 
which  they  do  not  give  up  below  the  temperature  at  whicn  they  decompose.    In  the 

SO" 
bypothetically  aahydrous  state  they  have  the  composition  U'MHSO*  or  (U*0^ 

[M  «  K,  Na,  or  NH*].  The  sodium  salt  is  the  only  one  that  is  moderately  soluble  in 
water ;  in  aoueous  sulphurous  acid  they  dissolve  more  freely,  the  sodium  salt  being 
the  most,  and  the  potassium  salt  the  leaist  soluble.  The  precipitate,  commonly  regarded 
%s  uranie  sulphite,  which  is  thrown  down  from  uranie  salts  by  ammonium  sulphite  at 
the  boiling  heat,  appears  to  consist  of  ammonio-uianic  sulphite  (Scheller,  Jcnii.  Ck, 
Pharm.  cxliv.  238). 

Etkyleulpkuroue  and  Etherosulphurous  Aoids.  C^*SO".^Ethyl- 
suiphurous  acid  is  the  aeid  produced  by  oxidising  mercaptan  or  eihyl  svlphomnata 
with  nitric  acid  (y.  553);  etherosulphurous  acid  by  the  action  of  potash-ley  on 
neutral  ethyl  sulphite  at  a  low  temperature.  The  constitution  of  these  two  acids  and 
their  derivation  from  snlphnious  acid  are  represented  by  Wurtz  (Ann,  Ck,  !%«.  [4] 
xii.  494)  as  follows : 

HO— &-0— OH  C»H»0-6— O— 0C7H« 

Balidmrolu  add.  Bthyl  salptittsb 

CHK)— 5— 0— OH  HO— 5— O— OC«H» 

Bthytonlphiiroas  Btherosolphorons 

acid.  add. 

To  prepare  etheroenlphurons  acid,  Warlits  (Ann,  Ch,  Pharm,  cxltiL  72)  adds  pot&ssioa 
hydrate  di89oWed  in  6  pts.  of  water,  in  suceessiye  quantities,  to  an  equivalent  quantity 
of  neutral  ethyl  sulphite ;  leaves  the  mixture  to  itself  for  several  days  till  the  super- 
natant layer  of  ethyl  sulphite  has  disappeared ;  then  saturates  -the  liquid  with  carbonic 
ncid  ;  evaporates  it  to-drynesa  in  a  vacuum ;  and  treats  the  residue  while  warm  with 
alcohol  of  90  p.  c  The  potassium  salt  of  ethemsnlphnrous  acid  which  remains  after 
evaporating  toe  alcoholic  solution  is  pure  after  rsc^rstallisation  from  absolute  alcohoL 
It  dissolves  easily  in  water  and  in  hot  alcohol  of  90  p.  c,  rather  slowly  in  boiling 
absolute  alcohol,  and  crystallises  therefrom  in  soft  scales* having  a  satiny  lustre.  When 
recently  prepared  it  is  inodorous,  but  after  some  time  it  gives  off  the  odour  of  ethyl 
sulphide,  and  the  aqueous  solution  then  contains  a  sulpluite.  When  heated  it  carbo- 
niees  more  etuily  than  the  isomeric  potassium  ethylsulphite,  giving  off  vapours  of 
volatile  sulphur-compounds  having  a  peculiar  odour.  Heated  with  strong  sulphuric 
acid,  it  decomposes  at  a  temperature  at  which  the  ethyl  sulphite  remains  unaltered, 
depositing  drops  of  oil  and  emitting  the  odour  of  mercaptan.  The  vapours  turn  iodised 
starch-paper  blue.  Mixed  with  potassium  cjranide  it  gives  off  the  odour  of  ethyl  cyanide, 
which  is  not  the  case  with  the  ethyl  sulphite  (Warlits). 

According  to  Graebe  (Ann,  Ch.  Pharm,  cxlvi.  37),  the  potassium  salt  of  ethyl- 
sulphurous  add  is  produced  by  the  action  of  ethyl  iodide  on  potassium  sulphite. 
This  reaction — ^which  is  general  with  the  chlorides  and  iodides  of  the  alcohol-radicdet 
— is  represented  by  the  equation*: 

(?H»I  +  K«SO«  =  KI  +  C»H»SO«K. 


3.  Bnlpliiiiio  Compounda. 

SuLPHUBio  Acid  and  Amhtdbids.  Sulphuric  anhydride  heated  to  100^ 
with  carbon  tetrachloride  forms  pyrosulphuric  chloride,  S'O'Cl*  (p.  1070).  With 
chloroform  it  reacts  at  ordinary  temperatures,  yielding  carbon  monoxide,  pyroeulphurio 
chloride^  and  sulphuric  chlorhydrate ;  similarly  with  bromine.  When  sulphuric 
anhydride  and  carbon  bisulphide  in  nearly  equivalent  quantities  are  heated  toeether 
on  the  water-bath,  gas  is  given  off,  which,  when  freed  from  sulphurous  anhydride  and 
carbon  bisulphide,  consists  of  carbon  oxysulphide  (p.  406) ;  the  residue  consists  of 
pure  sulphur  (Armstrong,  Deut.  chem.  Gee,  Ber,  ii.  712 ;  Zeitechr,  /.  Chem,  [2]  vi. 
247). 
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The  oomponnd  2S0«.N*0«  (r.  570)  is  Ibnned  dineOj  hj  fMMing  a  mms  of  rndx- 
tion-sparkB  thioogh  a  dry  mixture  uf  oxygen,  nitzngen,  and  ralpiivFoas  oxide,  aai 
collecte  on  the  stdes  of  the  veeeel  as  a  snowy  ayrtallina  maaa  (Manen,  Jmm,  ii. 
Pkya.  [4]  IT.  800);  also  by  passing  a  mixture  of  snlphiizoiia  axida  and  nitiinc^a 
tetroxide  through  a  strongly  heated  glass  tube,  or  by  rassing  sulplniioiia  oxide  \ff^ 
strongly  heated  lead  nitrate  (Weber,  Pogg.  Amm.  cxxriL  548). 

The  formation  of  snlphoric  acid  in  the  ordinary  leadeo-dianiber  fMnnw  ia  efleeted 
according  to  Weber,  chieilT  by  the  oxidising  action  of  nHrooa  acid  (prodaeed  \^ 
oxidation  of  nitrogen  dioxide  or  by  decomposition  of  tha  tetxoadde).  Pore  nitnc  irti 
does  not  oxidise  solphorons  acid,  excepting  in  preaeiioe  of  a  ecMisadcKahle  qfaaotitT  d 
snlphnric  acid  (Weber,  loe.  cU, ;  also  Jakretb.  1866,  p.  127). 

Vertraet  (Dmgl.  pol.  J.  clxxix.  68)  proposes  to  replace  the  leaden  duBabetB  br  a 
series  of  bottomless  stone-ware  resseu  filled  with  coke  and  placed  one  above  *ti^ 
other.  Tardani  a.  Sosini  (BmU,  8oc.  Okim.  \2]  TiiL  295)  hare  pittented  a  ]■««■  i= 
which  the  burning  of  the  sulphnr  and  the  oxidation  of  the  sulf^itrcMia  acid  tak^  jp^^a 
in  condensed  sir,  and  small  leaden  chambers  are  used  haTiz^g  a  eapacitj  of  ibu& 
8  cnbic  metres. 

Sprengel  (Chem,  8oe.  J.  [2]  iy.  455)  has  inrented  an  appaiata%  eooaiatiqg  of  i 
graaoat^  glass  tube  with  a  caontchooc  piston,  for  ganging  the  depth  of  liqnd  oe  t^ 
floor  of  the  leaden  chambers,  and  for  withdrawing  a  sam^  of  aJl  the  hetnogeneoES 
layers  of  liquid  for  determining  the  mean  specific  graTity. 

The  presence  of  solphuxous  acid  and  of  the  lower  oaddea  of  nitrogen  m  ordifBirT 
'  iralpharic  acid  may  be  detected  by  half-filling  a  stopparsd  flaak  with  it,  and  iatrr^ 
ducing  into  the  upper  part  of  the  vessel  a  strip  of  paper  impK^qgnated  with  iodi-sf 
and  starch,  which  will  be  bleached  if  sulphurous  acid  is  prsaenty  or  a  strj 
impregnated  with  potassium  iodide  and  starch,  which  will  be  tuned  blue  if  the  liquid 
contains  any  of  the  lower  oxides  of  nitro^n.  Both  these  imporitiea  maj  be  dtUxied 
together,  unless  the  sulphurous  acid  is  in  great  excess  (R.  Warington,  niiw  Jl^ 
xrii.  75). 

The  neat^^apacities  of  sulphuric  acid  and  its  hydrates  haye  been    faaad  br 
L.  PfflAindler  (J,  pr,  Chem,  ci.  507)  to  be  as  follows: 


BHH)*       . 
»»  • 

SH«0*.H«6 

BH»0«.2HK) 
ft 


between  77^  and  18<' 
„  98«  „  16« 
„  187**  „  15* 
..        750    „    14<> 

„        70»    „    140 
..        «8»    „    16« 


0-8413 
0-3542 
0-3740 
0-4478 
0-4527 
0-4703 
0-4703 


Hence  it  appears :  1.  That  the  heat-capacity  increases  with  the  proportion  of 
and  with  the  temperature. — 2.  That  the  change  of  capacity  with  the  tempefatoie  is 
great««Bt  in  pure  hydrogen  sulphate,  and  diminishes  reiy  quickly  in  the  hydrates. 

Marignac  showed  some  years  ago  (Ann.  Ck.  Pkya.  [3]  xxxix.  184)  that  selphune 
acid  of  any  strength  (U'SO«  +  drHK)  as  well  as  H<SO*  ■¥  tfSO*)  leaTes  when  boiled 
down,  not  pure  hydrogen  sulphate,  H*SO*,  but  a  liquid  having  the  composition 
H*SO* .  ^U*0  or  SO* .  l^H'O ;  and  that  the  only  way  of  obtaining  the  pure  compoond 
^* — besides  direct  combination  of  SO*  and  H'O — is  to  expose  oil  01  vitriol  Imvinc 


H'SO* — besides  direct  combination  of  SO*  and  H'O — is  to  expose 
as  nearly  as  possible  this  composition  to  a  very  low  temperature,  whereapoo  the 
pure  compound  H'SO*  separates  in  crystals,  the  small  excess  of  SO*  or  WO 
remaining  in  the  mother-liquor.  The  cijrstals  melt  at  10*5°,  the  liquid  heated  to 
80°-40*'  gives  off  vapours  of  80»,  and  when  boiled  is  soon  reduced  to  H«SO*..^H). 
In  accordance  with  these  results,  it  has  been  lately  shown  by  IKttmar  {Chem.  80c.  J. 
[2J  vii.  446)  that  when  sulphuric  acid,  containing  09-5  p.  c  of  H'SO*  (prepaied  hj 
mixing  pure  distilled  oil  of  vitriol  with  the  anhydride),  is  distilled  under 


pressures  ranging  from  3  to  814  centimetres  of  mercury,  the  residues  are  almoet 
identical  in  composition  with  Marignac's  hydrate,  H'SO*.^H'0;  in  other  woidi, 
sulphuric  acid,  when  boiled  down  under  any  pressure  between  these  limits,  behaves 
almost  like  a  mixture  of  this  stable  hydrate  with  sulphuric  anhydride.  To  account 
for  this  phenomenon,  it  is  not,  however,  necessary  to  assume  the  existence  of  a  stabls 
molecule  having  the  composition  12S0'.  13H*0.  It  is  known  that  hydrogen  snlphate, 
H*SO^,  in  the  state  of  vapour,  consists  chiefly,  and  above  certain  temperatons 
entirely,  of  isolated  molecules  of  SO'  and  H'O  (ii.  817).  Now  it  may  be  assumed 
that  in  liquid  sulphuric  acid,  even  at  low  temperatures,  some  of  the  molecules  have 
already  assumed  the  state  of  motion  corresponding  to  a  temperature  beyond  that  of 
dissociation  (i.  866;  iii.  133).    The  higher  the  temperature,  the  greater  will  be  the 
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ratio  of  the  number  of  the  diwoeiated  moleeolei  to  that  .of  the  unchaDged  ones.  The 
liberate  molecules  of  HH)  and  80*,  being  formed  in  the  midst  of  a  mass  of  molecnlee 
of  H^SOS  will*probab]y  mostly  unite  with  oomparatiyelv  oold  molecules  of  H*SO\ 
forming  compounds  represented  by  H^O^.aH'O  and  H*SO*.«SO'  respectively. 
Assuming  now  that  the  latter  compounds  are  less  stable  than  the  former,  it  is  easy  to 
understand  that  in  the  distillation  of  sulphuric  acid,  the  anhydride  SO'  (compared  with 
SO'.H'O)  will  predominate  in  the  vapour,  and  in  a  greater  degree,  the  higher  the 
temperature,  t.e.  the  greater  the  pressure  under  which  the  liquid  boUa  (Bittmar).  See 
also  Pfaundler  (Zdtsckr,/,  Ckem.  [2]  vi.  66). 

SvLPHUBic    Ghobhtdbatb.      HCISO*  a  SO* I ^. ^Williamson   obtained 

this  compound  hj  distilling  strong  sulphuric  acid  with  phosphorus  pentachloride 
(v.  676).  According  to  S.  Williams  (C%m.  Soe.  J.  [2]  vii.  304),  if  an  excees  of  sul- 
phuric acid  is  used  in  this  process,  only  a  small  quantity  of  the  chlorhydrate  is 
obtained.  As  soon  as  this  is  distilled  off,  sulphuric  anhydride  passes  over,  and  after- 
wards, at  a  higher  temperature,  tabular  crystals  collect  in  the  neck  of  the  retort, 
probably  consisting  of  a  definite  hydrate  of  sulphuric  acid.  Afterwards  sulphuric 
acid  distils  over,  and  metaphosphoric  acid  remains  behind.  In  neither  of  these 
distillates  was  phosphoric  acid  found  after  addition  of  water.  Hence  it  follows  that 
the  phosphoms  oxychloride  formed  in  the  first  instance  (v.  576)  acts  further  on  the 
sulphuric  acid  in  a  manner  which  may  be  represented  by  the  equations : 

POa«  +  H«SO*  «  P0«C1  +  HCl  +  HC1S0« 
and 

POKa  +  H«SO«  -  HPO»  +  HCISO*. 

The  greatest  amount  of  sulphuric  chlorhydrate  is  obtained  when  8  moL  sulphuric 
acid  are  used  to  1  mol.  of  the  pentachloride,  so  as  to  ensure  complete  decompoaition 
of  the  oxychloride.    In  this  case  the  entire  reaction  is : 

8H*S0*  +  PCI*  =  2Ha  +  PHO*  +  8HC1S0*. 

If  a  very  large  excess  of  sulphuric  acid  is  used,  no  sulphuric  chlorhydrate  is  obtained, 
but  hydrochloric  add  in  laige  quantity,  and  sulphuric  anhydride,  because  Nordhausen 
sulphuric  add  is  formed  by  the  action  of  the  chlorhydrate  on  the  sulphuric  acid : 

HCISO*  +  H»SO«  -  HCl  +   H«SO*.SO*. 

The  vapour^ensity  of  the  chlorhydrate,  referred  to  hydrogen,  was  found  by  Pumas' 
method  at  216^  to  be  32*857,  which  corresponds  to  a  condensation  to  3^  volumes. 
Hence  it  appears  probable  that  the  compound  when  vaporised  is  resolved  into  HCl 
and  SO*. 

Dewar  a.  Cranston  (Chem.  News,  xx.  174)  prepare  sulphuric  chlorhydrate  by 
the  direct  action  of  hydrochloric  acid  gas  on  sulphiiric  acid  containing  a  laige  quantity 
of  anhydride  in  solution  ;  the  action  is  very  rapid  and  the  temperature  rises  to  120''. 
The  chlorhydrate  heated  to  100^  in  a  sealed  tube  with  carbon  bisulphide,  forms  carbon 
oxysulphide,  hydrochloric  add,  and  sulphurous  anhydride : 

CS*  +  HCISO*  -  HCl  +  SO*  +  CSO. 

Sulphuric  chlorhydrate  acts  violently  on  many  organic  compounds.  With  1  mol. 
etJ^l  alcohol  it  forms  a  black  tany  mass,  which  becomes  very  hot  in  contact  with 
water,  and  gives  off  a  gas  which  attacks  the  mucous  membranes.  With  2  mol. 
alcohol,  the  residue  is  a  thickish  liquid,  from  which  water  dissolves  ethyl-sulphuric 
acid  and  separates  oily  neutral  ethyl  sulphate.  With  pure  ethyl  oxide,  it  likewise 
forms  neutral  ethyl  sulphate.  Heated  to  140^  with  \h  mol.  acetic  add,  it  forms 
glycolsulphurous  add,  CH*SO*.  With  butyric  acid  it  yields  disulphopropiolic  acid, 
C*H*S*0*.  One  moL  acetic  anhydride  And  2  mol.  sulphuric  chlorhydrate,  heated  to  160^ 
in  a  stream  of  carbon  dioxide,  yield  an  add,  C*H*SO',  which,  when  separated  from- 
ita  lead  salt  and  evaporated  in  a  vacuum,  remains  as  a  deliquescent  crystalline  mass 
insoluble  in  alcohol  and  ether.  The  lead  salt,  C*H*PbSO',  crystaJlises  in  white 
prisms  (Baumstark,  ^nn.  Ch.  Pharm,  cxl.  75;  Jahreeb,  1866,  p.  284).  The  chlor- 
hydrate acts  very  strongly  on  ethyl  iodide,  forming  ethylsulphurous  add.  With 
fthylene  bromide  it  forms  an  add  having  the  composition  CH*Br.SO*H  (Wroblevsky, 
ZeUechr,  /.  Chem,  [2]  y.  280).  With  benzene  it  forms  sulphobencene,  together  wiUi 
phenyl-sulphurous  add  and  phenyl-sulphurous  chloride  (Knapp,  ibid.  41) : 

SO'.HO.a  +  C*H*  -  C*H».SO*.OH  +  HQ  or  C*H».80*.a  +  H*0 

Fhenyl-SQlphtixoai  Phcnyl-sul^nroas 

■old.  chlodde. 

80«.HO.a  +  2C*H*  -  C*H»— SO«—C*H*  +  H*0  +  HCL 

Snlpbobenaene. 
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The  eoRMponding  eompofimd  stMmne  eUorttigflaU,  aOHJi{OC^B*\  pwduoed  ^ 

direct  combination  of  SO*  and  CPa*Ck,  was  discoverBd  by  B.  WillwDiaaB  ia  l^'C 
(▼.  676),  and  haa  lately  been  fnzther  emnined  bj  Pmgold  {Oompi.  rtmd.  Ixrii.  4il : 
Ann^  Ck,  Pkarm,  cxliz.  124),  who  setnur  to  be  quite  nnacquainted  vith  ll?iUiaaa»-  =  9 
experimenta.  It  is  a  pungent,  oily,  starongly  refracting  liquid,  haring  a  ^  er.  kz 
1-8790  at  0^;  1'8566  at  27"^;  1*8240  at  61°.  Ezpanaioii-ooeAcient  »-  O-^X^^^ 
between  O^"  and  27"",  and  0007155  between  27*'  and  Gl^.  Hmted  to  100^  vt-k 
water  in  a  eealed  tube,  it  yielda  ralphnzic  add,  bydxochlaiie  acid,  etfajl  io^dc^  vol  % 
little  ethyl  chloride ;  with  alcohol,  a  similar  reaction,  bat  the  hydzoehlonc  aod  as: 
the  alcohol  reproduce  ethyl  chloride.  With  a  concentrated  watotion  of  aodinm  aeeU'^ 
it  yields  ethyl  acetate,  sodium  sulphate,  and  fipse  acetic  add : 

SOKJIOC^*  +  20«H«0{0Na)  +  H»0  -  C«H«0(O0»H»)  +  SO«Na*  ♦ 

HCl  +  CH»0(OH). 

When  liqnid  ethyl  chloride  is  agitated  with  snlphorie  anhydride  in  a  sealed  tiiV«. 
and  the  product  is  tieated  with  water,  an  acid,  C*H'(OHXOHXSO*)',  is  faed,  tb* 
potassinm  salt  of  which  crystallises  in  beautiM  white  needles  (Pnx^gold). 

CikloroMmlphurie  Anhydride  or  Pyroaulphurie  Chloride.  S*OK^.— Tsis 
oompoond,  which  Boee  obtained  by  the  action  of  snlphnrie  anhydride  on  sslpfci? 
chloride,  SHJi*  (▼.671),  is  likewise  produced,  together  with  phosgene,  bj  diflsolvis^  tH' 
anhydride  in  excess  of  carbon  tetrachloiide,  and  heating  the  solntian  in  the  vst^ 
bath: 

2S0»  +  cci*  -  s»o*a«  +  ca«o. 

If  the  mixture  of  sulphuric  anhvdride  and  carbon  tetrachloride  be  heated  to  100^  v^th 
betuene,  and  the  product  treated  with  water,  it  yields  hydrochloric  acid,  salphobeoze» 
phenyUulphuious  add,  and  benaoic  acid  (Schutzenbeiger,  Zdts^kr.  yi  Chem,  [2]  t. 
631). 

Pyrosolphuric  chloride  is  also  formed,  together  with  sulphuric  chlorhydnLe  ^':^ 
carbon  monoxide,  by  the  action  of  sulphuric  anhydride  on  chlarofonn.  It  boiU  s: 
144^-148^.  The  corresponding  bromide  is  obtained  in  like  manner  with  bmnufura 
(Armstrong,  ZaUchr,  /.  Ckem,  [2]  ri.  247). 

Mbtallio  SuLFHATns.    Aluminium  Sulphate, — On  the  pr^puatieo  arf 


p.  010). 

Barium  Sulphates. — ^The  normal  salt  dissolxes  abundantly  in  hydragn 
sulphate,  H'SO*,  at  the  boiling  heat,  especially  when  recently  precipitated  (iO()  {^ 
of  Uie  acid  dissolve  11  to  12  pts.  barium  carbonate) ;  the  saturated  aolntion  do€«  na 
deposit  anything  on  cooling,  but  on  evaporation  yields  the  normal  salt  in  cijEUlliae 
granules.  At  100^,  normal  barium  sulphate  dissolyes  still  more  easily  in  the  strvt^ 
acid,  the  solution  becoming  turbid  at  a  higher  temperature  and  depositing  a  vbice 
powder.  On  digesting  the  acid  at  a  somewhat  higher  temperature  with  excess  of  the 
normal  salt,  ai»J^rau«a0M2^riifmn<2pAa/s,BaH'(SO*)*orBaSO^2H'8O«,cryBtalItsee 
out  in  delicate  shining  prisms.  When  the  solution  of  the  nonnal  salt  in  stnnf 
sulphuric  acid  is  exposM  to  moist  air,  it  deposits  the  hydrated  aeid  ealt,  BaS^SO^f 
•f-  2H'0,  in  slender  soft  asbestos-like  needles  (Schults). 

Bismuth  Sulphates.— Biantuth-ammonium  Sulphate,  Bi'^(NH«XSO«}<  +  4H^, 
is  prepared  by  addiDg  a  strong  solution  of  acid  ammonium  sulphate  to  a  solution  of 
109  pts.  bismuth  in  100  pts.  nitric  acid  (8  mol.  of  the  add  ammonium  sulphate  to 
1  mol.  bismuth  nitrate),  and  separating  the  crystalline  predpitate  from  the  mother^ 
liquor  by  nressure  between  filter-paper.    It  ciystallises  in  six-sided  tables,  diasoirei 
easily  in  nydrochloric  and  in  nitric  acid,  less  easily  in  stiong  sulphuric  aeid  and 
in  hot  dilute  adds.    By  prolonged  digestion  with  cold  acetic  or  dilute  sulphuric 
acid  it  is  resolved  into  acid  ammonium  sulphate  and  bismuth-hidroaensulphiae  or  add 
bismuth  sulphate,  Bi"'H(SO<)*  +  HK),  which  hitter  partly  £s8olves  and  separates 
from  the  solution  on  warming  in  microscopic  needles,  partly  remains  as  an  inaolable 
residue.    Both  this  salt  and  the  anmionium  double  salt  are  decomposed  by  proloqged 
boiling  with  water,  leaving  the  monoadd  salt  SO*.Bi'.  OS  or  bismuth  oxjfsn^heie. 

Bismuth-sodium  sulphate,  prepared  like  the  ammonium  salt,  sepaiates  immediately 
as  a  crystalline  predpitate  miade  up  of  groups  of  microscopic  needles.  Its  composi- 
tion, neglecting  a  small  and  variable  amount  of  water,  is  approximately  represeotad 
by  the  formula  Bi^Na*(SO*)*,  and  differs  therefore  both  from  that  of  the  ammoDiuB 
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iaIt,andftomt]iai  of  the  potassium  salt,  BiK*(S6')*  (Liiddecke,  Ann.  Ch,  Pharm. 

277). 

A tetrammimuhcadimmm sulpkat^t  80^Gd.4NH',  is  obtained  by  mixing  cadmium 
nilphate  with  a  quantity  of  strong  ammonia  sufficient  to  redissolye  the  precipitate 
Int  pioducedf  then  adding  a  double  Yolume  of  absolute  alcohol  containing  ammonia, 
md  agitatiDg.  A  thick  liquid  then  separates,  which,  after  being  shaken  with  the 
upematant  solution,  solidifies  in  a  few  days  to  a  crystalline  powder.  On  separating 
his  powder  from  the  liquid,  redissolving  it  in  strong  aqueous  ammonia,  and  ooyering 
he  solution  with  ammoniacal  alcohol,  the  salt  S0*Cd.4NH'  -f  6H*0  is  depoeited 
D  a  few  days  in  short  hexagonal  prisms  with  predominant  perpendicular  end-face, 
ometimes  also  with  a  di-hexahe<uon  of  another  order ;  deavable  parallel  to  the 
erpendicuUr  end-face.  They  give  off  ammonia,  and  crumble  to  a  white  powder  on 
KpoBuie  to  the  air,  dissolre  easily  in  ammonia  and  in  hydrochloric  acid,  and  are 
ecomposed  by  water,  with  separation  of  a  flocculent  gelatinous  precipitate,  while 
Dunonium  sulphate  passes  into  solution  (G-.  MuUer,  Ann,  Ch.  Pharm.  cxlix.  70). 

Calcium  Sulphates. — ^Pulverised  gypsum  heated  with  water  in  sealed  tubes  to 
iO^-160^  is  converted  into  a  coherent  cxystalline  mass  of  the  salt  2CaS0*.HH>, 
hich  is  not  altered  by  prolonged  heating,  but  is  reconverted  into  gypsum  in  the  cold. 
'  the  water  be  replaced  by  a  saturated  solution  of  sodium  chloride  (by  enclosing 
eces  of  rock-salt  in  the  tube)  the  gypsum  crystals  are  converted  at  125^-130^  into 
milk-white  porcelain-like  mass,  consisting  of  interlaced  crystals  of  anhydrite,  which 
also  reconverted  into  gypsum  in  the  cold.    At  comparatively  high  temperatures, 
erefoie,  solution  of  so£um  chloride  (and  calcium  chloride  more  sh>wly)  withdraws 
iter  from  gypsum,  but  at  ordinary  temperatures  anhydrite  takes  water  from  a  solu- 
}n  of  sodium  chloride.    Consequently  gypsum  denydrated  at  126^  hardens  in 
ntact  with  solution  of  sodium  diloride.    This  reaction  may  perhaps  explain  the 
cuzrence  of  masses  of  anhydrite  in  beds  of  rock-salt  (Hoppe-Seyler,  J^.  Ann. 
xvii.  161).    When  an  aqueous  solution  of  gypsum  and  magnesium  bicarbonate  is 
aporated,  the  calcium  sulphate,  in  consequence  of  the  decomposition  of  the  latter,  is 
ewise  decomposed,  forming  calcium  carbonate  and  magnesium  sulphate.    If,  how- 
3r,  the  evapoiation  takes  place  at  ordinary  temperatures  in  an  atmosphere  containing 
*bonic  acidC  tiie  calcium  sulphate  crystalUsefl  from  such  solutions  without  alteration, 
is  may  account  for  the  association  of  gypsum  with  dolomite  (T.  S.  Hunt,  Bull.  Soe. 
im.  [2]  viii.  181).    From  experiments  with  pure  native  gypsum,  Churdi  {Und.  ix. 
3)  finds  that  1  pt  of  CaS0<.2H*0  dissolves  in  443  pts.  water  at  137'',  in  447  pts. 
]4'2^  in  421  pts.  at  20;2^,  in  419  pts.  at  21*2^  and  at  18*7^  in  445  pts.  water 
arated  with  carbonic  acid. — Boiling  concentrated  sulphuric  acid  dissolves  about  ten 
les  its  weight  of  normal  calcium  sulphate,  and  the  solution  when  evaporated,  first 
Ids  granular  anhydrous  crystals  of  the  normal  salt,  and  afterwards  solidifies  to  a 
ss  of  flat  silky  prisms  of  the  salt  CaH'(SO«)<  or  CaSO« .  8H*S0«.    This  salt  melta 
i  little  aboTe  100^  to  a  white  pasty  magma,  probably  with  formation  of  the  acid 
,  described  by  Berzelius  (Schultz,  Pogg.  Ann,  cxxxiii.  137). 

Job  alt  Sulphate. — ^When  a  concentrated  solution  of  this  salt  is  gradually  poured 
»  ordinary  sulphuric  acid,  a  peach-blossom-colonred  pulverulent  precipitate  soon 
irates,  having  the  composition  CoS0^4HK)  (Erohde,  J,  pr,  Chem,  xcix.  63). 

'opper  Sulphates, — On  the  solubility  of  normal  cuprie  sulphate  in  water,  see 
x>n  {Jakresb.  1866,  p.  63) ;  Gerlaeh  (ibid,  129).  On  its  efllorescence:  Pape  (ibid. 
7,  p.  2).  On  the  refracting  power  of  its  solution :  Fouqu^  (ibid,  97). 
ormal  eapric  sulphate  dissolves  but  sparingly  in  boiling  concentrated  sulphurie 
,  and  cr^tallises  out  again  on  evaporation  or  on  cooling,  as  anhydrous  salt, 
n  a  solution  not  saturated  at  the  boiling  heat,  an  acid  salt  appears  to  separate  on 
ng  (Schultz). 

jsie  Salts. — ^According  to  Beindel  (J,  pr,  Chem,  «.  1),  the  pale  green  basic  salt 
ipitated  by  the  potash  from  excess  of  cuprie  sulphate  at  the  boiling  heat  or  at 
^0^,  has  the  composition  70u0.2SO'  +  7H*0  or  20uSO«.60uO  -i-  7H*0. 
same  salt  is  formed  when  potassio-cupric  sulphate  is  repeatedly  waahed  with  hot 
r ;  alao  by  digesting  cuprie  oxide  preeipitatea  at  the  boiling  heat  with  a  solution 
pric  eolpbate :  the  oxide  prepared  by  igniting  the  nitrate  remains  unaltMed  when 
treated.  The  blue-green  precipitate  is  not  attacked  by  boiling  water  or  by  boiling 
tons  of  cnprie  sulphate ;  but  it  dissolres  easily  in  acids  and  is  converted  by 
h  into  the  black  hydrate  30qO.H*0.  It  does  not  lose  water  at  100^  but  is 
irted  at  160^  mto  the  pentahjdrate  2CuSO*.60uO  +  6HK>,  and  decomposes  at 
her  temperature,  leaving  a  residue  from  which  boiling  water  extracts  the  normal 
The  blue-green  precipitate  thrown  down  from  excess  of  cuprie  sulphate  by 
>nia  at  the  boiling  heat  has,  according  to  Beindel,  the  composition  6Cu0.2SO' 
I'O  or  2(CuS0«.2Cu0).6H'O.    It  remains  unaltered  at  260°,  but  decomposes 
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at  a  lug^  tempantaK,  like  the preeeding  mil.  Sodium  eazlKMiaie  vaAuih^wm 
ciicumstaiioea  thiows  down  a  pale  grean  anlphaie  oonsioting  of  SCaO .  80*  -¥  SH^  >  t 
CuSO^.SCaO  +  2HH).  ThiB  eompoimd,  wfaich  remains  unaltered  ap  to  T,t. 
appears  to  be  likewise  produced  by  prolonged  boiling  of  sine  oxide  with  a  s(dcti<^  *: 
cuprie  snlphate.  None  of  these  Dame  salts  give  up  tba  whole  of  thair  salpkaiie  aeii 
eren  on  prolonged  ignition. 

Indium  8ulphate.^8e»  Ismnm  (p.  732). 

Iron  Sulphates. — On  the  specific  gravity  of  A>latioiia  of  ferrous  salphsic,  ^ 
Oeriach  {Jakreib.  1866,  p.  126).  F.  Muck  (J,  pr,  Ckem.  xeix.  103 ;  Jakntk  \^. 
p.  241)  has  examined  the  altsratioDS  which  take  place  in  aolutiozis  of  ferroas  s&l:>:^  > 
on  exposoie  to  the  air.  He  finds  that  in  the  earlier  stages  of  the  oxidatk-c  -Ji* 
Bolntion  contains  normal  ferric  sulphate,  Fe'O'.SSO*,  and  even  tr&e  snlpfaiizie  ar  I 
but  ulUmatelj  the  basic  salt  Fe*0'.2S0*,  distinguished  bjr  its  deep  brown-red  calo^t 
At  the  9ame  time  the  deposit  becomes  progressiTely  richer  in  acid,  without,  hovc*-' '. 
attaining  the  composition  2FeH)'.3SO',  assigned  to  it  by  Wittstein  (t.  Sda).  Tr^ 
products  of  the  oxidation  yary  with  the  continually  changing  ooaipositicm  cf  ':-i 
solution,  and  cannot  therefore  be  reduced  to  any  simple  expreasion.  "nie  Ism^ 
ferric  siUphates  occurring  as  nataxsl  products  are  partly  ptrecipitates  of  this  Lui, 
partly  dned-up  mother-bquors. 

Lead  Sulpkates, — ^According  to  Bonssingault  (Cbiap^.  rend.  Ixir.  1159)  vjrs.-ii 
lead  sulphate  is  completely  resolved  at  a  white  heat  into  PbO  and  SO*.  Aecordins  u 
Bodwell  (Ckem,  ifewi,  xv.  137),  the  same  salt  heated  to  redness  in  a  cnneiit  of  crj 
ammonia  gas  is  decomposed  in  the  manner  represented  by  the  equation  : 

7FbS0«  +  20NH«  -  8PbS  +  2Pb«S  +  22H«0  +   2(NH*>«SO«  +  8S«. 

100  pts.  of  strong  sulphuric  acid  dissolve^  about  6  pts.  of  normal  lead  salfdiatie.  ssd  a 
hot-saturated  solution  left  to  cool  deposits  the  same  salt  in  shining  1^— iM> ;  ber  tj 
slow  evaporation  in  moist  air  a  hydrated  acid  salt,  FbH*(SO*)*  •^  HH),  is  chuxsc-. 
(Schults). 

Lithium  Sulphatee. — On  the  crystalline  forms  of  normal  lithimn  itolpb'i^ 
lithio-potassic  and  lithio-sodic  sulphate,  see  LiTHnrx  (p.  792).  ^caicf  iidkiwn  jB/^i£>. 
LiHSO^,  crystallises  in  prisms  from  a  solution  of  the  normal  salt  in  sulphark  sr . 
of  sp.  gr.  1*6  to  1*7  (from  more  dilute  acid,  the  normal  salt  separates  again).  Tct 
acid  salt  melts  at  160<'  (Schults). 

Magnesium  Sulphates, — The  extraction  of  the  normal  salt  from  the  aKit^> 
liquors  of  the  salt-gaxdens  at  Camargue  is  described  by  Balard  (Bull.  8ae,  d'&eomrs^ 
meni,  1666,  xii. ;  J,  Pharm,  [4]  iii.  179 ;  Jahresb,  1866,  p.  847).  On  the  pc«parar».a 
of  this  salt,  see  also  Minis  (N.  Jahrb.  Pkarm,  xxvii.  92)  and  Swindells- (CA^m.  5>n. 
XV.  178).  It  dissolves  but  slightly  in  boiling  hydrogen  sulphate,  H^SO*  (2  pes.  a 
100  pts.  of  the  acid),  more  abundantly  in  add  of  sp.  gr.  1^7.  and  this  solntioa  wbcs 
cooled  or  further  evaporated  at  the  boiling  heat,  deposits  the  add  salt,  JligH^SO')'  <« 
MgSO*.H*SO\  in  pnsms  differing  by  their  inftisibility  from  the  following  aaJt.  Tb« 
triaeid  salt,  MgH*(SO«)«  or  1^S0^8H*S0^  crystallises  on  cooling  from  a  solntioB  of 
the  normal  salt  in  boiling  hydrogen  sulphate,  in  small  shining  tables  which  partly 
melt  and  decompose  when  heated  (Schults). 

Manganous  Sulphates. — ^The  normal  salt  dissolves  in  about  20  pts.  of  boili^ 
hydrogen  sulphate^  and  the  solution  on  beginning  to  cool  deposits  the  acid  ess. 
MnH'(SO^)*,  in  asbestiform  prisms,  which  do  not  melt  when  heated;  they  tn 
genenuly,  however,  mixed  with  the  hexhydromanganous  salt,  MnH*(80^)*,  which 
separates  from  the  same  solution  below  100°  in  small  crystalline  lamina*  mdtic^ 
with  decomposition  when  heated.  Sulphuric  add  of  sp.  gr.  1*6  dissolves  the  mwmal 
salt  more  readily  when  heated,  and  the  solution  on  cookng  deposits  the  hydrated  aai 
salt,  MnH'(S0«)*  +  HK),  in  nacreous  laminia 

Po^assttffli  Sulphates. — On  the  solubiU^  of  the  normal  salt^  see  JahreA.  I86£, 
pp.  69,  67.  The  trihydropotassio  or  hyperacid  salt,  KE\SO*y  or  KHaO*.B*SO\  a 
formed  by  ftising  the  normal  salt  wito  less  than  8  moL  nydrogen  snlphate:  ti» 
mixture  solidifies  after  a  while  to  a  cr^nstalline  cake,  consisting  for  the  most  part  of 
this  hvperadd  salt.  It  is  obtained  m  isolated  ciystals  ^en  the  solution  of  the 
normal  salt  in  less  than  5  mol.  hydrogen  sulphate  is  made  to  crystallise  b^introdndag 
into  it  a  granule  of  the  solidified  mass,  it  d^tallises  in  long^ning  pnama  meltiag 
at  about  96°.  It  does  not  solidify  from  fusion  even  when  cooled  to  a  low  tempera- 
ture, but  it  solidifies,  with  considerable  rise  of  temperature,  when  brought  in  contart 
with  a  crystal  of  the  solid  hyperadd  salt,  but  not  by  contact  with  a  ezyatal  of  the 
normal  or  add  salt  (Sohulta). 
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Silver  Sulphates^ — The  acid  soli,  or  hydro-OfgwUe  sulpkate,  AgHSO*,erjstalU8ea 

in  faintly  yellowish  prisms  from  a  solution  of  the  normal  salt  in  less  than  three  parta 

of  hydrogen  sulphate.    A  solution  of  the  normal  salt  in  8  or  10  pts.  acid  of  sp.  gr. 

16  to  yi  yklds  trihydnhargentic  nUphate,  AgH*(SO«)«  +   H*0,  in  prisms.    Larger 

cryBtAfs  of  this  salt  are  obtained  by  dissolving  the  normal  salt  m  6  to  10  pts. 

hydiogon  sulphate,  and  leaving  the  solution  to  become  diluted  by  exposure  to  moist 

air.    The  salt  begins  to  melt  at  100°,  becomes  perfectly  fluid  at  150^,  and  solidifies  on 

cooling  to  a  broadly  laminar  crystalline  mass,  gradually  changing  into  small,  flat, 

shining  prisms.    A  warm  solution  of  the  normal  salt  in  only  4  to  6  pts.  of  acid  of 

sp.  gr.  1'75  deposits  on  cooling  the  hexhydro-ietrargentio  salt,  Ag'R^SO*)*  +   2H*0, 

in  nacreous  laminae.    Other  silver  sulphates  appear  also  to  separate  from  variously 

concentrated  solutions  in  sulpliuric  acia,  but  their  preparation  does  not  always  succeed. 

The  normal  talt,  Ag'SO^,  likewise  crystallises  in  yellowish  rhombic  octohedrons  from 

a  cooled  solution  in  somewhat  diluted  sulphuric  acid,  or  in  the  more  concentrated  acid 

when  the  liquid  is  left  to  absorb  water  gradually  from  the  air  (Schultz). 

Trikydro-aodio  Sulphate,  NaH*(SO*)',  crystallises  on  cooling  from  a  hot- 
prepared  solution  of  the  normal  sodium  salt  in  less  than  7  pts.  of  hydrogen  sulphate ; 
It  resembles  the  corresponding  potassium  salt,  and  melts  at  about  100^. 

Strontium  S^ulphates. — According  to  Boussingault  {Jakretb.  1867,  p.  161)  the 
lormal  salt  is  decomposed  at  a  full  white  heat  into  SrO  and  SO*.  According  to  I>arm' 
itadt  (t^.  152)  it  is  partially  decomposed  at  lower  temperatures.  An  earthy  mineral 
rontaining  86  p.  c  of  this  salt  (together  with  lime,  magnesia,  clay,  &c.)  occurs  in 
Ipper  Silesia,  where  it  is  used  as  a  manure,  like  gypsum  (Lunge,  Chem.  News,  xv. 
!18).  The  anhydrous  acid  salt  and  the  Mfdrated  acid  salt,  SrH'(SO')'  +  H^O,  are 
prepared  like  the  corresponding  barium  saKs  (Schultz). 

Thallium  Sulphates.— The  normal  thtUlious  salt,  T1*S0S  may  be  fused  without 
Iteration  in  a  covered  crucible  at  the  volatilising  temperature  of  common  salt ;  heated 
1  an  open  vessel,  or  by  the  blowpipe-flame,  it  is  decomposed,  with  evolution  of  sul- 
hurous  oxide  and  formation  of  thallic  oxide,  Tl'O*.  Ignited  in  a  current  of  hydrogen, 
I  melts,  blackens,  gives  off  sulphur,  and  finally  leaves  a  mixture  of  metallic  thallium, 
lallium  sulphide,  and  thallious  sulphate.  An  add  salt  is  precipitated  by  water  from 
solution  of  thallium  in  strong  sulphuric  acid,  as  an  amorphous  powder,  the  aqueous 
ilution  of  which  first  yields  crystals  of  the  nonnal  salt,  and  afterwards  thick  short 
•isms  of  the  acid  salt  (Carstanjen,  Jahresb.  1867>  p.  27&). 
Titanium  Sulphates. — See  Titanium. 

Zinc  Sulphates. — According  to  Keindel  (ZeOschr.  f,  Chem.  [2]  v.  508)  the  pre- 
>itate  formed  by  boiling  zinc  solphate  with  ammonia  has,  when  washed  with  water 
d  dried  over  oil  of  vitriol,  the  composition  8Zn0.16H*O.SO*;  at  110**, 
;nO .  7H«0.  S0» ;  at  200*»,  8ZnO . 6H«0 . SO' ;  at  260°,  8ZnO . H«0 . SO*.  This  last 
t  yielded  to  cold  water  considerable  quantities  of  the  normal  sulphate,  ZnO .  80'. 
does  not  appear,  however,  to  be  a  mixture  of  normal  sulphate  and  zinc  hydrate ; 
•  even  after  washing  for  six  weeks  with  hot  water  it  did  not  yield  a  residue  free 
m  sulphuric  acid.  The  basic  salt  remaining  after  this  treatment  had  when  dried 
100°  the  composition  9Zn0.12H*O.SO*. 

In  axnmoniacial  zinc  sulphate,  80*Zn.4KH"  +  2H'0,  prepared  like  the  corre- 
•ndiog  cadmium  salt  (p.  1071).  separates  as  a  syrup  which  gradually  changes  to  a 
stall ine  powder.  At  a  winter  temperature  the  solution  yields  crystals  of  another 
[rat«,  SO*Zn.4NH*  +  4H*0,  which  e£Boresce  in  the  cold  to  a  white  powder,  with 
tinnal  evolution  of  ammonia,  and  deliquesce  on  the  slightest  rise  of  temperature 
Miiller,  Zeitschr.  /.  Chem,  [2]  v.  200 ;  vi.  96). 

.  Vlftiosiilpliiirlo  Aetd.  H^S^O*  »  ^q  |  SO*.— This  is  the  acid  commonly  called 

osnlphurous  acid,  produced  by  sulphuration  of  sulphurous  acid,  just  as  sulphuric 
!  is  i^nned  by  oxidation  of  the  latter.  By  some  chemists,  however,  as  already 
cd  (v.  630),  it  has  been  represented  by  the  simpler  formula  H'SO*.  and  regarded 
.  menobasic  acid  analogous  to  formic  acid,  H'CO*,  this  view  being  based  partly  on 
tuppoaed  formation  by  the  reducing  action  of  zinc,  sodium,  and  other  metals  on 
hurous  acid,  partly  on  a  statement  of  Rose  that  all  hyposulphites  contain  water, 
>h  appears  to  be  essential  to  their  constitution,  since  it  cannot  be  driven  off  without 
lor  decomposition ;  and,  such  being  the  case,  the  ordinary  formula  of  a  hypo- 
[lit^  **dmits  of  being  halved:  e.y.  Na«S'0«.H*0  »  Na"H«SO«  =  2NaHS0«. 
»,  hosrever,  showed  in  1864  that  the  lead  salt  of  this  acid  contains  no  water  of 
aJlisAtion,  and  when  dried  at  100°  has  tho  composition  PbS'O*;  moreover  that 
isiuxn,  sodium,  and  barium  salts  give  off  their  water  at  about  215°,  and  docom- 
-with  separation  of  sulphur  between  220°  and  226°.  These  experiments  of  Pap^ 
/>.  3  Z 
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potash  (Wagner,  Ckem.  Cenir,  IMl,  p.  47).    Bj  fnaon  with  potadi  it  is  eosrated 
into  ozToninone.  C^H)*  (Malin,  p.  893). 

Aoeoidingto  Lowe  (J.  pr.  Ckem,  erii.  896;  Zmt$ehr.f,  Ckem.  [2]  ti.  128), th» 
formula  of  mfigallie  acid  ia  Gi'HH)*,  and  ita  fmnadon  from  gaUie  add  ii  attaoded 
with  the  fonnation  of  a  prodnet  of  cnddation,  the  oxyfBa  being  aopplied  at  the 
espenae  of  the  aalphnrie  aad :  other  debvdnting  agenta,  sine  chloride  for  example,  do 
not  eonrert  gallic  into  mfigallic  add.  Bj  atzong  polaah  aolntion,  and  eepedaily  by 
alooholic  potoah,  it  ia  oonTerted  into  a  blue-black  nlL 

mUTf ,  Aoooiding  to  Spieea  a.  Soatmann  (Jakrab.  1866,  p.  587}.  thia  sobdaatt, 
C**H*K)*'  (or  C**H^**  2HH)),  ia  easily  obUuned  from  oommerdal  Chineee  y^ov 
beirice  in  graina  (the  nndereloped  flower-bnda  of  Sopkora  japomiea,  known  ae  Waifa), 
wbezeaa  Chineee  yeUow  berriea  in  pods  (the  friut  of  Gonlmia  niJir»iM  aad  G. /pride) 
contain,  not  mtin,  but  maanite. 


s 

CiiTatalliaed  ethyl  aaodiarate  gently  heated  vidi  4  flwL 

acetyl  chloride,  ia  oonTerted  into  a  oyatalline  onnponnd,  C'H'H)*,  mixed  with  an  oil 
insoluble  in  water.  The  ciystalline  body  ia  perhaps  formed  in  the  manner  sbova  }fj 
the  equation : 

C^»*0«  +   4C«HK)a  -  C««H»H)«  +  2C«H*0«  +  4Ha 
BMChulo  AoBtjl  Oiyitalline  AoeUo 

add.  ehkaJda. 


When  the  czyvtalline  compoand  of  ethyl  saceharate  and  caldnrn  chloride  is  heeted  to 
100^  with  somewhat  more  than  an  eqnal  weight  of  acetyl  chloride,  a  gnnmy  miM  it 
formed  which  girea  np  to  anhydroos  ether  an  oil  easily  solnble  in  water  and  aleohol, 
and  aolidifying  for  the  most  part  in  the  crystalline  form  orer  snlphnrie  add.  The 
crystals  consist  of  etMie  tetraeeiyisacckarate,  C*HXC*HH))H>«.(C*H»)s.  This  ethtf 
crystallises  from  alcohol  in  monoclinic  prisms,  melting  at  61*^,  inaolnble  in  witer, 
aolnble  in  alcohol  and  ether,  and  vesinised  by  alcohoUe  potash  (Baltaer,  BA  Btc 
CAtm.  [2]  JL  263). 

MArwrnom  (B.  Weiss,  J,  pr.  Ckem,  d.  65).— When  dried  saAron,  after  exhaaetioB 
with  ether,  which  remoTes  a  small  quantity  of  a  yellowish  oil,  is  digested  with  water, 
gum,  Tegetable  mucilage,  inorganic  salts,  and  sugar  are  dissolved,  togrther  with  the 
unalterea  colouring  matter  of  the  saffron  ;  from  this  solution,  the  gum,  mudlage,  tsd 
inorganic  salts  may  be  precipitated  by  absolute  alcohol ;  and  the  filtrate  mixed  vith 
ether  deposits  the  oelonring  matter  mixed  with  small  quantities  of  sugar  and  mitf. 
This  colouring  matter,  polychroite,  O*H**0**  (?),  forms  an  ormnge-yellov  prwi- 
pitate  which  dries  up  over  sulphuric  add  to  a  friable,  ruby-coloured,  deliquesoent  mas. 
It  is  inodorous,  has  a  faint,  sweetish  taste,  dissolTus  eadly  in  water  and  in  dilnte 
alcohol,  but  is  nearly  insoluble  in  absolute  alcohol.  The  aqueotis  solution  ia  tamed 
brown  by  hydrogen  sulphide,  and  is  decolorised  by  nitrous  add  or  chlorine.  By 
dilute  acida  it  is  resolTed  into  a  red  secondary  ocdouring  matter  (crodn),  sogar,  aad  as 
aromatic  oil  haTing  the  characteristic  odour  of  sa&on.  On  heating  ita  sqeeooa 
solution  with  dilute  sulphuric  acid  (not  in  excess)  in  a  retort  through  idiich  a  atrean 
of  hydrogen  is  passed,  crodn  separates  as  a  red  powder,  while  the  oil  distils  over. 

Croein  has  the  composition  C*'H'*0*;  an  orange-yellow  lead  nit  predpitated  ft<ao 
its  alooholic  solution  by  lead  acetate  contains  (C**H''0*)'Fb ;  a  red  substance  TBiy 
much  like  croein,  left  undissolTsd  by  ether  in  the  preparation  of  polvchioike,  eoosi«U 
of  2C*«H"0*.8HK).  Croein  dissolves  Yery  singly  in  water,  easily  in  alcohol  and 
in  dilute  alkalis.  From  the  alcoholic  solution  it  is  precipitated  by  ether,  from  aolntion 
in  alkalis  b^  acids,  in  purple-red  flocks.  Heated  with  strong  potash-ley,  it  detompo$»t 
with  erulution  of  pungent  vapours.  With  strong  sulphuric  acid  it  aoqnirea  a  deep 
blue  colour,  gradually  changing  to  violet  and  brown ;  nitric  acid  colours  it  gnfl^f 
changing  to  yellow-brown.  Croein  suspended  in  water  dissolves  in  nitric  sad  to  a 
oolourless  liquid,  without  formation  of  oxalic  add ;  it  is  decolorised  by  chlorine ;  aoi 
affected  by  sulphurous  add. 
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rhombie  aystaJs  are  formed,  a  fturtlier  quantity  of  wliieh  is  obtained  on  adding 
ftmmonia  to  tbe  mother-liquor.  The^  are  nearly  insolnble  in  cold  water,  and  are 
deoompofled  by  bot  water,  with  erolution  of  ammonia  and  separation  of  brown  floeke 
find  a  ipeealar  depoeifc  on  the  glaa ;  the  cooled  filtrate  mixed  with  ammonia  again 
Tields  blue  crystale.  These  crystale  hare  the  composition  N*H"Na*Cn*S*0". 
Heated  witb  potash-ley  they  yield  a  precipitate  consisting  of  a  coproeo-cnpne 
hydrate,  consisting  when  air^bied  of  Cu'0'.2H'0,  and  after  drying  in  aTacuum 
ofCu»0«.H«0: 

K«H»«Na«Cu«S«0"  +  4KH0  -  4NaKS*0»  +  4NH»  +   Cu«H*0« 

Bltw  salt  SocUo-potaflBio 

thiosnlphat* 

(Siewert,  BvU.  8oe,  Ckm.  [2]  Tii.  242 ;  Jahresb.  1866,  p.  206).    Compare  r.  683. 

Sodiihplatintm  TkiotulphaU,   Na*Pt''(S*0*)«    +    lOUH),  is  obtained  by  adding 

pulverised  crystals  of  ammonium  platinosochloride  to  a  concentrated  solution  of 

Bodium  thiosulphate,  mixing  the  yellow  liquid  with  twice  or  three  times  its  Tolume  of 

absolute  alcohol,  separating  the  heavy  oily  layer,  which  gradually  solidifies  to  a 

czystAlline  mass,  from  the  colourless  liquid,  dissolving  it  in  a  small  quantity  of  water, 

and  nprecipitating  with  alcohol,  taking  care  to  leare  a  portion  of  the  salt  in  solution. 

By  a  third  precipitation  ftom  the  aqueous  solution,  and  waehin|f  with  absolute  alcohol, 

the  salt  is  obtained  nearly  pure.    After  drying  orer  oil  of  vitnol»  it  forms  a  compact, 

yellow,  partly  brownish  mass,  which  does  not  exhibit  distinct  crystals  under  the 

microscope.    It  ^ssolres  easily  in  water.    The  solution  is  not  altered  by  caustie 

potash  or  soda  even  at  the  boiling  heat,  slowly  b^  hydrochlorie  aeid  in  the  oold, 

quickly  when  heated,  with  evolution  of  sulphurous  oxide  and  precipitation  of  platinum 

sulphide.    Hydrogen  sulphide  does  not  precipitate  the  platinum,  either  from  the 

neutral  or  finom  the  cold  acidulated  solution.    The  same  double  salt  a]^)ear8  to  be 

formed  by  dissolving  ammonium  platinochloride  in  sodium  thiosulphate,  but  it  cannot 

be  isolated  in  this  manner  on  account  of  the  great  instability  of  the  resulting  solution 

(Schottlander,  Ann,  Ch,  Pharm,  cxl.  200).      Its  composition  affords  farther  and 

decisive  confirmation  of  the  bibasic  character  of  thiosulphuric  aeid. 

5.  8«toBioa«]plMii1e  Aeid.  H'SeSO*  ^  ^(S0>.    SOeHioksfp^mapkurmts  Aeid, 

Sklemodithum&u*  Acid, — ^This  acid,  formed  by  addition  of  selenium  to  sulphurous  acid, 
iras  first  oUained  as  a  potassium  salt  bv  Cloez  (BuU.  8oc,  Chim.  Dec.  13,  1861),  and 
further  examined  by  Bathke  (J.  ^.  Chem.  xcv.  i. ;  Jahresb.  1865,  p.  144).  When 
telenium  is  digested  with  a  solution  of  neutral  potassium  sulphite,  and  the  easily 
ieoompoeible  liquid,  after  being  filtered  from  the  selenium  which  separates  on  cooling 
ind  dilution  with  water,  is  left  to  evaporate  at  ordinary  temperatures,  there  crystal- 
isee  out,  first  a  sparingly  soluble  seleniferous  salt  in  small  shining  prisms,  afterwards 

much  more  soluole  s^t,  which  is  the  chief  product  of  the  reaction,  while  the  excess  of 
ulphite  remains  in  the  mother^quor. 

The  more  soluble  seleniferous  salt  is  potassium  seleniosniphate,  K*SeSO*.  It  is  like- 
ise  formed,  together  with  thiosulphate,  when  a  solution  of  potassium  selenide  is  mixed 
ith  sulphnrons  acid.  It  crystallises  readily,  even  from  small  quantities  of  solution, 
1  ]ai;p|e  Tory  thin  six-sided  tables  belonging  to  the  rhombic  system,  which  deliquesce 

moist  air,  and  effloresce  with  partial  loss  of  water  over  oil  of  vitriol.  When  heated 
ley  turn  brown  and  yield  a  polysulphide  of  potassium.  Water  separates  selenium 
om  them,  and  the  filtered  solution  yields  by  evaporation  crystals  wnich  again  react 

the  aame  way  with  water,  so  that  by  repeated  crystallisation  the  whole  of  the  selenio* 
Iphate  may  be  decomposed ;  the  liquid  then  contains  seleniotrithionate.  Actds^  even 
ipfaurous  acid,  throw  down  the  whole  of  the  selenium  from  the  aqueous  solution  ; 
Hum  eklorid€  and  haryta-'WaUr  precipitate  barium  sulphite  and  selenium  ;  eaicium 
i  inai§ffane96  talU  give  rise  to  a  similar  decomposition.  With  atnmoniacal  silver 
tUion  the  seleniosulphate  forms  a  precipitate  of  silver  selenide  together  with  potas* 
m  sulphate : 

K«SeSO«  +  Ag«0  -  Ag»Se  +  K«SO*. 

lentral  silTer  solution  decomposes  part  of  the  acid  at  the  same  time  into  selenium 
suiphiirona  acid.  Nercurie  cyanide  at  the  boiling  heat  forms  merourio  selenide 
potaasimn  sulphate;  neutral  eadmium  solutions  throw  down  white  sparingly 
ble  cadminm  seleniosulphate,  which  is  resolved  by  heat  into  cadmium  selenide  and 
hiiiic  acid.  By  digestion  with  recently  precipitated  silver  sulphide,  the  selenio- 
hate  18  easily  and  completely  resolved  into  silver  selenide  and  potassium  thiosulphate. 
*ie  thxowTB  down  selenium,  which  is  oxidised  by  the  excess  of  iodine.  Ferric  chloride 
WH  down  selenium,  together  with  a  brown  precipitate  containing  iron. 
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*   The  snlphitM  of  aodinm,  ammoniiun,  and  magnesium  veaet  with  •deninm  is  the 
manner  at  the  potawinm  salt,  the  magnesinm  salt  howsrer  rewj  aHawij.    The  sdcaio- 
•nlphatea  of  aooinm  and  ammonium  an  Toiy  nnstable  (Bathke). 

6.  BltlilaBte  A«ld.  H*S'0*.— Axsoording  to  Otto  (Anm,  CJL  Pkmrvi.  odrn.  187)  tlm 
acid  is  reduced  by  nascent  hydrogen  (either  by  prolonged  eoastact  of  the  aofaxdoii  ci  iss» 
barium  ealt  with  sodium-amalgam,  or  by  the  action  of  ainc  and  hydroehloiie  add)  :e 
sulphurous  acid,  even  when  the  mixture  is  cooled  to  0^.  On  tha  cfTstaUine  fioiB  of 
liihmm  ditkianaU,  see  Lithium  Salts  (p.  792). 

7.  TlrllliittBlo  A«ia.  H*SH)*  (t.  6S9).^Acoocding  to  6auit{nai«  {StA  8&e,  dim. 
[2]  T.  245)  the  formation  of  this  add  by  Langlois'  method  (digeatiiig  add 
sulphite  with  sulphur)  depends,  not  on  the  action  of  the  free  aiuphiir  and  of  ..^  ^ 
of  the  air,  but  upon  the  resolution  of  the  sulphurous  aeid  into  flolphnr,  mipfcw>i» 
and  trithionic  acid : 

lOKHSO*  »  6K«S0«  +  H^8K)«  +  S»  +   4H«0. 

A  dilute  solution  of  acid  potassium  sulphite  enclosed  in  a  sealed  tabe  and  ftoA  beiie'* 
in  ihe  water-bath,  then  left  to  itself  for  four  years,  was  found  to  have  depoeh^ 
sulphur  and  to  contain  sulphuric  and  trithionic  acids,  but  no  anlphiixovie  aeid  or  aa, 
other  oxygen-acid  of  sulphur.  Langlois,  on  the  other  hand,  without  qneetiooi^  tbi 
results  obtained  by  Saintpierre  with  dilute  solutions,  calls  attention  to  the  &et  thatis 
his  own  mode  of  preparation,  which  supposes  the  use  of  a  saturated  sdlntioa  of  potu- 
sium  sulphite  containing  crystals  in  excess,  the  sulphur  certainly  takes  part  is  the 
reaction,  inasmuch  as  the  liquid  soon  acquires  a  yellowirii  colour,  which  it  does  not  kw 
tiU  the  acid  sulphite  is  wholly  converted  into  trithionate ;  sulphuric  acid  ia  not  fofsied 
in  any  considerable  quantity.  Langlois  regards  it  as  most  probable  that  the  salpbw 
AT9t  oonyerts  the  sulphite  into  thiosulphate,  and  that  this  a^t  is  then  eonreited  iat? 
trithionate,  according  to  the  equation : 

2K«S«0*  +   3S0«  -  2K«K)«   +  S. 

SeUniotrithionie  Aeid,  H*S'SeO<  (Rathke,  J.pr.  CAem.  zer.  1 ;  Jakre$L  18$S, 
p.  146). — ^The  potassium  salt  of  this  acid  is  the  less  soluble  of  the  two  aalta,  Asbm^ 
ae  already  mentioned  (p^  1076),  by  digesting  selenium  with  neatral  potaaaium  salplute. 
It  is  obtained  in  greatest  quantity,  but  contaminated  with  6  to  II  p.  e.  jintawriT* 
sulphate,  when  the  solution  contains  a  certain  quantity  of  add  potassiani  aniphita.  It 
is  also  formed  (like  the  trithionate)  by  digesting  selenium  with  a  aoluiioB  of  sod 
potassium  sulphite  at  AO^  to  60^,  but  only  in  small  quantity,  as  it  is  eaaily  de 
by  heat  into  selenium,  sulphurous  acid,  and  neutral  potassium  sulphite.  It  ia 

produced  by  evaporating  a  solution  of  seleniosulphate  and  acid  suli^ite  of  {. 

(the  thiosulphate  formed  at  the  same  time  may  giro  rise  to  trithionateX  ^^  ^^^ 
crystallises  in  small  quantity  from  neutral  or  alkaline  solutions  of  seleaiani  in  salpfcitaik 
inasmuch  as  a  certain  quantity  of  acid  sulphite  is  produced  by  the  action  of  atmo^hetie 
carbonic  acid.    On  the  other  hand,  it  is  not  formed  by  the  action  of  free  salpknroai 
acid  on  potassium  seleniosulphate,  or  of  selenious  acid  on  the  thiosulphate  (in  thekuw 
case  selenium  and  sulphur  are  separated,  and   potassium  trithionate  ia  fonned  as 
eraporation).    The   seleniotrithionate  is  obtained  in  greatest   purity  by  mixi^  a 
solution  of  the  thiosulphate  containing  excess  of  neutral  sulphite  with  a  eoneeotnted 
solution  of  selenious  acid.    The  liquid  then  becomes  warm,  and  immediately  yicidB  s 
precipitate  consisting  of  slender  needles,  which  increases  on  cooling,  and  may  be  fntd 
by  washing  with  cold  water  from  all  but  traces  «f  foreign  salts. 
;    The    seleniotrithionate   obtained   by  the   first  process   forms  Tery  thin   prisns 
having  a  vitreous  lustre  and  permanent  in  the  air.     It  is  anhydrous,  forms  a  desr 
solution  in  water,  but  decomposes  in  solution  in  course  of  time,  partly  into  potassiua 
dithionatfi  and  free  selenium  (which  explains  the  mode  of  formation  of  the  dithiooate 
mentioned  in  vol.  v.  p.  637),  partly  into  selenium,  potassium  sulphate,  and  fiee  sal- 
phurous  acid,  the  latter  mode  of  decomposition  taking  place  chiefly  when  heat  is  applied, 
or  on  evaporation  in  a  Vacuum  over  oil  of  vitriol.  Actds  do  not  precipitate  the  soluticB 
in  the  cola ;  but  at  the  boiling  heat  they  precipitate  selenium  and  eliminate  snlphvroai 
acid.     The  pure  seleniotrithionate  does  not  vield  a  precipitate  with  eulpkuiroui  aeid  or 
barium  ehlorids,  whereby  it  is  distinguished  from  the  seleniosulphate.    Heatsd  vitb 
ammomaetd  iilver  solution  it  is  decomposed  in  the  manner  shown  by  the  equation : 

K«S'SeO«  +  Ag»0  »  Ag»Se  +  K«SO*  +  S0». 

With   merewio  cyanide  under  similar  circumstances   it  yields  mercuric  selsiiiih 
(Bathke). 
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BV&FBmt  BA&TS.  The  following  doable  sulphidoa^  have  been  obtained  by 
fusing  1  pt.  of  a  heayy  metal  with  6  pta.  of  potassinm  or  sodium  carbonate,  and  6  pU. 
of  salphnr,  and  lixiviating  the  fused  mass  with  water  (R.  Schneider,  Togg.  Jnn.  cxzxvi. 
460 ;  cxxxviii.  299,  604  ;  ZeiUckr.f,  Chem.j2]  v.  629  ;  vi.  270). 

Pottttnum-biamuth  Suipkide,  K'Bi*S«  «  K'S.Bi'S*,  crystaUises  in  light  steel-grey 
Bhining  needles ;  the  sodiitm  talt^  of  similar  composition,  is  obtained  as  a  steel-grey 
mA88  made  up  of  small  crystals. 

Poiasauheuprow-eu^  Sulphide^  K'Cu*S*  »  K*S.3(Cu*)''S.2CuS,  forms  shining 
steel-blue  lamine,  which,  when  heated  in  a  stream  of  hydrogen,  give  off  one-sixth  of 
their  sulphnr,  the  cupric  sulphide  being  reduced  to  cuprous  sulptude.  Sodio-cuprosO' 
cuprie  Sulpkide,  Na<Gu*S'  -  Na*S .  (Cu'^SCuS,  forms  grey-blue  needles,  quickly  decom- 
posed by  moist  air,  reacting  with  hydrogen  like  the  potassium  salt. 

PotoBnum-iron  Sulphide,  K'Fe'S*,  forms  purple-brown,  flexible,  shining^  needles, 
permanent  in  the  air  at  ordinary  temperatures,  bearing  a  red  heat  in  a  close  vessel 
without  alteration,  but  oxidising  to  ferric  oxide  and  potassium  sulphate  when  heated  in 
contact  with  the  air.  Dilute  acids  decompose  it,  wiUi  evolution  of  hydrogen  sulphide 
and  separation  of  sulphur.  By  ignition  in  hydrogen  it  is  reduced  to  K'Fe'8'  oc 
K'S .  2FeS,  which  dissolves  in  hydrm;hloric  acid  without  separation  of  sulphur.  Sodium' 
iron  Svlphide  is  a  dark  copper-coloured  compound  which  when  dried  over  sulphuric 
add  has  the  composition  Na'Fe'S*  +  4H'0.  On  suspending  it  {ot  the  potassium  salt) 
in  water  and  adding  solution  of  silver  nitrate,  a  precipitate  of  silver-iron  sulphide, 
Ag^FeS^,  is  formed,  and  ferrous  nitrate  passes  into  the  solution,  together  with  sodium- 
nitrate.  Hence  Schneider  concludes  that  the  two  atoms  of  iron  in  the  sodium  (or 
potassium)  salt  have  different  equivalent  values,  and  that  the  reaction  just  mentioned 
takes  place  as  represented  by  the  equation : 

Na«FeTe»'S*  +  4AgN0«  «  Ag*Fe"S«  +  Fe'(NO»)«  +   2NaN0«. 

The  silver  salt,  Ag^Fe^'SV  is  black  and  crystalline,  is  attacked  only  by  concentrated 
hydrochloric  acid,  and  when  ignited  yields  a  sublimate  of  sulphur- and  a  repidue  con- 
sisting  of  ferrous  sulphide  and  metallic  silver. 

I^tasn(hferroa<h€U^ro8<H!uprie  Sulphide,  K*Fe''(CuYCu''S\  obUined  by  fusing  10*25 
to  10*5'pts.  copper  with  3  pts.  iron,  72  pts.  potassium  carbonate,  and  72  ptp.  sulphur, 
and  lixiviating,  forms  blue  and  red  crystalline  lamellae,  which  give  off  )  of  their 
sulphur  when  ignited  in  hydrogen.  A  corresponding  sodium  salt  is  obtained  in  like 
mftnner. 

Potaano-platinoaO'eulphoplatinate,  K>Pt*R(*S',  is  obtained  by  fusing  I  to  2  pts. 
platiniun-Bponge  with  6  pts.  potassium  carbonate  and  6  pts.  sul|^ur,  and  lixiviating,  in 
laxge  reddish  crystals,  having  a  sp.  gr.  of  6*44  (at  16^) ;  permanent  in  the  air  at  wdi- 
aary  temperatures;  decomnosed  by  gaseous  hydrogen  chloride,  with  evolution  of 
hydzoges  sulphide ;  dissolved  by  aqueous  hydrochloric  add,  with  formation  of  potassium 
:hlori3e  and  without  evolution  of  hydrogen  sulphide,  evidently  producing  the  compound 

3'Pt'Pt^^S'.  The  hydrogen  is  however  quickly  expelled,  and  an  atom  of  sulphur  unites 
with,  a  portion  of  the  platinons  sulphide,  forming  the  compound  PtS  .PtS*.  This  oom- 
K>und  retains  water  till  heated  to  120^  ;  it  is  steel-grey,  crystalline,  and  has  a  sp.  gr. 
>f  6'62.  Potassio-platinoso-sulphoplatinate  heated  in  a  stream  of  hydrogen  eives  off 
of  its  sulphur,  leating  a  mixture  of  E*S.PtS  with  metalb'c  platinum..    Sodio-plati- 

\090'9ulj9h€pUUinaie,  Na4^'Pt**S*,  is  exactly  analogous  to  the  potassium  salt. 

I^fUismo-plaHt^oue  Sulphostannate,  K*#t"Sn<*S',  is  obtained,  by  Aising  2  pts.  platinum 
rith  1  pt.  stannic  sulphide,  8  pts.  potassium  carbonate,  and  3  pts.  sulphur,  and  lixivi- 
ting  with  water,  as  a  cbchineal-red  crystalline  powder  appearing  under  the  microscope 
tf  a  xnasB  of  six-sided  tables.  It  ffives  off  |  of  its  sulphur  when  heated  in  a  stream  of 
ydrogen,  and  when  treated  with  dilute  hydrochloric  or  acetic  add  gives  up  all  its 

otassimn,  and  is  converted  into  H*Ft'Sn<*S*.    This  latter  compound  oxidises  in  the 

r.  the  hydrogen  going  off  as  wafer,  and  the  compound  Ft'Ft**Sn''^*  being  left 
Sodio-pUUimme  eulphoetannate  is  obtained  by  fhsing  1  pt.  .platinum  and  ^  pt.  stannia 
iphide  with  8  pts.  potassium  carbonate,  ^  pt.  sodium  carbonate,  and  3  pts.  sulphur. 
y  fiiaioK  1  pt.  platinum  with  6  pts.  sodium  carbonate  and  6  pts.  sulphur,  a  mast 
aiversea   by  red  czystals  is  obtained,  which  cannot  be  washed  with  water  containing 

r  without  decomposing  the  crystals ;  these  crystals  consist  of  Na^Ft*Sn*^'.  When 
bjected  to  prolonged  washing  with  water,  they  leave  a  black-brown  residue  of  platinic 
fphide,  PtS*.    When  washed  with  de-a<$rated  water  and  treated  with  silver  nitrate 
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thej  yield  a  giey  masfl  oonsiatiiig  of  argaUo-platmouM  siUpko&tamaiaU^  AffPVQBf^, 
which  if  permanent  in  the  air,  is  not  deoompoeed  by  hydzochloric  aod,  but  etslj  If 
nitric  or  nitromnriatic  acid.    The  red  aodinm  salt  treated  with  thaUioiu  solf^ 

yields  tkaHto-phUnomi  nUpkottannaU,  Tl«]f^*Sn*^.  Tha  sodium  may  alao  }» 
replaced  by  Taziona  bivalent  metals,  aa  iron,  manganeae*  cadmiimi,  copper.  Iced, 
and  mncnry. 

SIJUHTB.  For  analyses  of  this  rock  from  Tarions  localities,  seo  Mkntb.  18S7. 
pp.  1020,  1028. 

nxnrOA.  Analyses  of  the  ash  of  the  leaves  and  flowers  of  the  lilac  {Sgrngt 
tw^aru)haTe  been  published  byWittstein  (Vierte{f€tkrstckr»  pr,  JPiarm.  zfi81): 
A  Leaves  of  the  white-flowered  variety:  amount  of  ash  after  diyini^  et  110^  »  4*^ 

8.  c. ;— B.  Leaves  of  the  violet-flowered  VKriety :  ash  at  110<'  a  4-922  p.  c  ;— G.  Wliiti 
owers  (without  calyx) :  ash  at  110^  -■  5*76  p.  c. ;— D.  Violet  flowers  (without  e^Tx): 
ash  at  110^  -  4*286  p.  c. : 
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11428 
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TABXRCUTB.    This  mineral,  from  Tabeig  in  Wefmeland,  Sweden,  has  hem 
analysed  by  C.  W.  Fuchs  (i7aAr5.  Jtftn.  1867,  p.  822),  who  finds  it  to  contain : 

BIO*        APO*       IW>      MnO      ICgO      GM>        K        Na        H^        F 

32-95     13*08     13*72    0*07    26*83    0*95    0*83     1*25     11*84    0*97  -    101*49 

leading  to  the  formiOa  3[7(2Mi^.SiO^  +  2rAl'0*.SiO*)  +  10H*0]  +  2(K;Va^. 
The  mineral,  which  is  inteiinediate  between  chlorite  and  magnesia  mica,  is  faioad^ 
laminar,  perfectly  deavable,  with  nacreous  to  fatty  lustre  on  the  cleavage-fiMes.  Fte- 
dominant  colour  bluish-green,  with  silver-white  to  blackish  8pot&  Hardness  2  to  2'5i 
8p.  gr.  2*813.    Streak  greenish-white. 

TA&TA&IT&  The  mineral  from  Atacama  so  called  by  Bomeyko  (v.  657)  i> 
according  to  Ulez  (J.  pr,  Ckern,  xcvi.  37)  a  mixture  of  atacamite,  malachite,  red 
haematite,  and  limestone,  traversed  by  c^stals  of  turmalin,  or  according  to  Pisaai  (SilL 
Am,  J.  [2]  zliii.  37)  a  mixture  of  turmalm  and  cupric  oxide. 

TAVITB.  Laminar  nickel-iron  containing  13*2  p.  e.  niekel,  oocniring  in  meteor' 
ites  (O.  Bose,  Jakreab.  1865,  p.  945). 

TAWTA&AiTBS.  On  the  classification  and  analysis  of  natural  tantalates,  see 
Blomstzand  (Jahtab.  1865,  p.  895;  1866,  p.  944). 
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Ts  »  182. — The  specific  gravity  of  ptire  tantalie  oxide  or 
HDhydride,  )?a*0*,  precipitated  from  tantalie  dilonde  by  ammoniaeal  water,  and  gently 
ignited,  bu  been  found  by  Deville  a.  TrooBt  (Compt,  find,  Ixiv.  294)  to  b$  7*36. 

The  same  chemiBts  have  redetermined  the  vapour-density  of  tantalie  chloride,  TaCl*, 
and  found  it  to  be  12*8  at  860^,  IS'Q  at  440;  calc  »  12*5.  The  pure  chloride  is  pale 
yellow  and  erystallisable,  melts  at  211*3^,  and  boils  at  241*6*'  under  a  pressure  of 
763  mm.  Its  vapour  passed  over  ignited  tantalie  oxide  does  not  form  an 
oxycbloride. 

An  allo^  of  tantalum  and  aluminium,  TaAl*,  is  obtained  by  fusing  potassiotantalie 
fluoride  with  aluminium-foil  in  a  crucible  lined  with  charcoal,  and  treating  the  result- 
ing regains  with  hydrochloric  add  to  dissolve  the  excess  of  aluminium.  The  alloy 
then  remains  as  a  crystalline  powder,  having  a  sp.  gr.  of  7'02.  It  is  but  slightly 
nttadud  by  strong  boiling  hydrochloric  acid,  not  at  all  by  nitric,  nitromuriatic,  or 
dilute  sulphuric  acid ;  but  it  is  dissolved  by  hydrofluoric  acid  at  ordinary  temperatures, 
by  strong  sulphuric  add  at  the  boiling  heat,  and  by  fused  acid  potassium  sulphate 
(Marignac,  BvU.  8oe.  Ckhn,  [2]  ix.  465). 

Baspeeting  Hermann's  entidsms  on  Marignac's  views  of  the  constitution  of  the 
tantalum  compounds,  see  J,pr.  Chem.  e.  385;  Bull.  8oc,  Chim.  [2]  viii.  171; — for 
Marignac's  reply:  J.  pr,  Chim,  ei.  459;  ZeiUehr.  /.  Chem,  [2]  iv.  91 ;  Jahresb.  1867, 
p.  209.  • 

TASCM>1I  U  ■•  A  product  of  the  decomposition  of  narcotine  tri-iodide 
(p.  865). 

VAMVMMXO  AOTDU,    Paratartaric  or  racemic  add  (at  inactive  tartaric  acid)  is 
formed  by  boiling  glyoxal  with  dilute  hydrocyanic  acid  ano^a  small  quantity  of  hydro- 
chloric add  in  a  retort  with  upright  condenser,  adding  hydrochloric  add  from  time  to 
time.    The  liquid  neutralised  with  milk  of  lime   yields  a  caldum  salt  oonnsting 
essentially  of  caldum  racemate  (or  inactive  tartrate).    The  add  separated  from  it 
exhibits  all  the  characters  of  ordinary  racemic  acid,  Irat  it  is  donbtM  whether  it  is 
resolvable  into  dextro-  and  laevo-tartaric  add.    The  mode  of  formation  may  be  repre- 
sented by  the  equation : 

COH  CH(0H)(CO0H) 

I         +   2CNK  +  4H»0  -  2NH«  +     | 
COH  CH(OH)(COOH) 

OlyozsL  Booemic  add. 

This  mode  of  formation  establishes  the  constitutional  formula  of  the  adds  of  the 
artaric  add  group.  The  add  obtained  as  above  is  quite  distinct  from  Schoyen's 
^lycotartane  add  (p.  650)  (Strecker,  Zeiisehr,  /.  Chem.  [2]  iv.  216).  Ftoatartaric 
«id  is  also  formed,  together  with  dibromosuccinic  acid,  by  the  action  of  bromine  and 
rater  on  phenaoonie  add  ^Carius,  p.  905).  The|>aratartaric  add  thus  obtained  agrees 
rith  natural  racemic  add  m  crystalline  form  and  in  the  form  and  oompodtion  of  its 
alciam  salt  (v.  37). 

When  tartaric  acid  is  snljeeted  to  dry  ditiittatumf  an  oily  distillate  of  pyrotartario 
nd  is  obtained  between  170^  and  210^,  mixed  with  needles  of  pyrotritartarifl  add, 

8C*H»0«  =  CH»0«  +   5C0«  +   5H«0 

Vislicenns  a.  Stadnidd,  p.  981). 

Tartaric  acid  subjected  to  deetrofysis  yields  at  the  positive  pole  carbon  dioxide  and 
onoxide,  together  with  oxygen  ;  the  solution  contains  acetic  add.  A  solution  of  68 
8.  neutral  potassium  tartrate  in  32  pts.  water  yields  chiefly  carbon  dioxide,  with 
tail  quantities  of  carbon  monoude  and  oxygen,  and  deposits  add  tartrate.  A  solu- 
»n  containing  4  mol.  neutral  potassium  hydrate  yields  we  same  ffues,  together  with 
i^race  of  ethane,  and  potassium  acetate  is  formed  in  the  liquid  (Bourgoin,  Ann,  Ch, 
it/s.  [4]  xiY.  157 ;  Jakretb.  1867,  p.  885). 

Tartaric  add  is  decomposed  bv  heating  with  wxUr  to  180^  in  a  sealed  tube,  the 
Bt  product  formed  bdng  probably  pyrotartaric  acid,  but  it  undergoes  further  altera- 
on  (Jforkownihoff  a.  i^rgold,  Zeitsehr.f.  Chem.  [21  iii.  264). 
Wlien  tartaric  add  is  heated  with  h^droehiorie  acid  in  sealed  tubes,  decomposition 
^ins  at  126^,  and  at  180^  the  tartaric  add  is  completely  resolved  into  carbon  dioxide, 
l>on  monoxide,  pyrotartaric  acid,  and  a  carbonaceous  residue.  Paratartaric  acid 
lilarly  treated  also  yields  pyrotartaric  add,  the  decomposition  beginning  at  130^  and 
n^  completed  at  160^  (Geutbor  a.  Riemann,  Zeiteehr.  f.  Chem.  [2]  v.  318). 
iVIiexi  tartaric  add  mixed  with  a  solution  of  letUeooobaltie  chloride  (1  pL  of  the  salt 
1 5  pts.  water)  is  boiled  with  potash  or  soda,  the  yellow  solution  becomes  first  green, 
n    t^luiBli-violet.    This  reaction  may  serve  for  the  dete<stion  of  tartaric  add  in 


1080  TARTARIC  ACIDS. 

prenonce  of  some  of  tho  more  oidinarilj  oecnrring  oz^nic  acids.  Italie,  lbri&k< 
benzoic,  succinic,  citric,  a<»tic,  and  oxalic  acids  treated  in  like  manner  yield  a  pred^^' 
late  of  cobaltouB  hydrate,  the  acid  being  simply  transferred  to  the  potash.  To  spp.j 
this  reaction,  the  tartaric  acid,  and  any  ozahc  acid  that  may  be  present,  axe  paredp- 
tated  by  calcium  chloride  and  ammonia,  the  washed  precipitate  is  boiled  vith  a  strrisff 
solution  of  sodiuni  carbonate,  and  the  filtrate,  fieed  from  carbonic  acid  by  mesas  d 
hydrochloric  acid,  is  mixed  with  caustic  soda  and  boiled  with  tlie  Inteocobaltic  solauce. 
A  blue- violet  coloration  indicates  the  presence  of  tartaric  acid.  Tannic  acid  and  pazft- 
tartaric  acid  likewise  yield  a  solution  containing  cobalt,  but  at  the  same  time  fcna  » 
cream-coloured  precipitate  (C.  J).  Braun,  ZeiUckr,  anal.  Chem,  1868,  p.  349). 

On  the  distinction  of  tartaric  from  citric  acid  by  means  of  permai^ganate  aolBCkas 
see  Citric  Acm  (p.  472). 

Martenson  (Zeit9ckr/f.  Chem.  [2]  y.  444)  estimates  tartaric  aeid  as  calehmi  taitzstf, 
which  he  finds  to  be  soluble  in  2388  pts.  of  water,  nearly  insoluble  in  aleofaol  of  85  p^  &. 
more  soluble  in  aqueous  sal-ammoniac  or  calcium  chloride.  Tlie  salt  dried  at  100^  a 
dissolved  in  a  small  quantity  of  water  in  a  perfectly  glased  ponselain  capeole,  neotnl 
solution  of  calcium  chloride  is  added  and  a  few  drops  of  lime-water,  taking  csre  td 
avoid  an  excess,  after  which  the  liquid  is  stirred  without  touching  the  sides  of  th* 
vessel,  and  left  to  itself  for  some  hours.  The  liquid  is  then  passed  through  a  weigbod 
filter,  and  afttr  it  has  all  run  off,  the  precipitate  is  placed  on  the  filter*  tcgetbo*  withs 
little  alcohol,  tho  liquid  again  allowed  to  run  through,  and  the  precipitate  washed  witii 
alcohol,  dried  at  100°,  and  weighed  as  C'H*CaO«  ^  4HK>. 

aietaUto  Tartrates.  Tartaric  acid,  as  already  observed  (v.  675),  is  mcst^y 
bibasic,  but  it  sometimes  also  exhibits  the  characters  of  a  quadribosic  acid,  tht 
alcoholic  as  well  as  the  usually  basic  hydrogen-atoms  being  replaced  by  metals.    Ti» 

quadrihasic  lead  salt,  OH'^b'O*,  which  Eidmann  obtained  by  boiling  the  monoplanb^ 
salt  with  aqueous  ammonia,  likewise  separates  as  a  crystalline  powder,  when  neorrvl 
lead  acetate  is  boiled  for  8  to  12  hours  with  cream  of  tartar.  It  is  quite  insoFuMe  la 
water,  acetic  acid,  ammonium  tartrate,  and  other  ammoniacal  salts,  but  dissLiIrt^ 
easily  in  potash  and  in  nitric  add.  If  tiie  boiling  be  continued  for  3  or  4  hours  oolr. 
tho  tripluwhie  salt,  (C*Il'0")'Pb',  which  is  likewise  insoluble,  is  obtained.     A  gaafn 

basic  zinc  salty  2OH'Zn^0*  -i-  H^O,  is  obtained  by  boiling  tartaric  acid  with  esse 
and  potash-solution  and  neutralising  with  nitric  acid,  as  a  powder  insoluble  in  wat^:}-, 
tartaric  acid,  and  ammoniacal  salts.  When  tartaric  acid  is  boiled  with  sine  aldce, 
the  ordinary  bibasic  salt,  C^fi^Zn^O*,  separates  out.  The  potasswm-hismuik  salt, 
C^H'Bi'^KO*,  prepared  by  Schwarzenberg  (v.  686),  is  decomposed  by  water,  witk 
formation  of  a  white,  insoluble  basic  salt^  which,  when  dried  at  200^,  Ims  the  oompo- 
sition  OH«Bi'TCO«.C*H«Bi"'(BiO)'0«.  Potassio-uranio  tartrate,  C«H*K(UO)'0«  (at 
200°),  is  obtained  as  an  amorphous  powder  by  boiling  recently  precipitated  vraxiie 
hydrate  with  cream  of  tartar  and  evaporating  the  filtrate  (Frisch,  J.  pr.  Cksm.  zcrii. 
278  ;  Jahresb,  1866,  p.  401). 

According  to  Fleury  (Cempt.  rend.  Ixvii.  957)  the  double  tartrates  analogous  ta 
tartar-emetic  are  always  produced  when  a  salt  of  a  trioxide  or  sesquioxide  and  a  aah 
nf  a  monoxide  are  brought  in  contact  with  tartaric  acid  in  add  or  in  alkaline  solution. 
Thus  when  bismuth  nitrate  is  dissolved  by  agitation  in  a  solution  of  tartaric  acid 
supersaturated  with  soda,  a^  liquid  is  obtained,  which,  when  largely  dilated  with  water, 
is  precipitated  by  salts  of  barium,  calcium,  magnesium,  &c.  The  compounds  thus 
formed  are  very  slightly  soluble  in  water,  soluble  in  adds  and  in  caustic  soda. 
Analogous  double  salts  are  formed  by  malic  and  citric  add. 

The  optical  and  crystallographic  characters  of  tho  add  tartrates  of  ammonium, 

thallium,  rubidium,  and  caesium  have  been  examined  by  v.  Lang  (Zeitsckr,  /  Ckem.  [2] 

iii.  450).    The  last  three  form  crystals  belonging  to  the  rhombic  system,  isomorpiioas 

with  the  add  tartiates  of  ammonium  and  potassium.    The  proportions  of  the  a 

are  as  follows : 

Brachf-      ItscrodiSfleosl    Prindpsl 
diagonal  axia. 

ForC*H»T10« 0-6911        :      1  :  07186 

„    C«H»RbO« 0-687S  1  :  07010 

C^H^CsO* nearly  the  same. 

C*H*KO«  (according  to  Schabus)         .07116        :      1  :  07372 

C»H*(NH*)0«  (ace.  to  De  la  Plx)voBtaye)    0-6983        :      1  :  07086 


If 
ft 


Potassium  Tartrates. — According  to  £.  Kissel  {Zeitsckr.  anal.  €3kem.  1869,  469) 
1  pt.  of  acid  potassium  tartrate  dissolves  in  280*1  pts.  water  at  10**,  in  203*1  pts.  at 
15^  and  in  162*1  pts.  at  22^^ ;  1  pt.  dissolTBs  at  12"*  in  818*5  pta.  spirit  of  6  p.  c,  is 


TARTRONIC  ACID— TEA.  1081 

360  pts.  spirit  of  8  p.  e.»  in  878  pts.  of  9  p.  c,  in  402  pU.  of  10  p.  c.,  and  m  441  pts. 
of  12  p.  e.  After  addition  of  0*2  p.  c  glacial  acetic  acid,  spirit  of  10  p.  c.  dissolyes 
only  2*424  grm.  of  cream  of  tartar  in  a  litre,  the  spirit  alone  dissolving  2*487  grm. 
After  addition  of  0*1  p.  c.  tartaric  acid,  a  litre  of  the  same  spirit  dissolves  only 
1-920  gnn. 

Buasy  a.  Buignet  (Compt  rend,  Ix.  976)  have  examined  the  reaction  between  acid 
potassium  tartrate  and  gypsum,  with  reference  to  the  addition  of  gypsum  to  wines, 
practised  in  the  south  of  France.  When  a  solution  of  2  grms.  cream  of  tartar  in  600 
CO.  water  containing  O'l  p.  c.  alcohol  is  digested  with  0*916  grm.  gypsum  (equivalent 
proportions  of  the  two  salts),  a  reaction  takes  place  represented  by  the  equation  : 

CftS0«.2HK)   +  2C*H»K0«  «  C*H«CaO«  +   C*H»KO«  +  KHSO«  +  2H«0, 

the  calcium  appearing  in  the  product  as  neutral  tartrate,  while  the  potassium  remains 
in  solution,  half  as  acid  tartrate,  half  as  acid  sulphate.  Any  further  addition  of 
calcium  sulphate  remains  nndecomposed,  partly  in  the  liquid,  partly  in  the  precipitate. 
Analogous  transformations  take  place  when  gypsum  is  added  to  wine.  Chancel,  on 
the  other  hand  (Compt,  rend.  Ix.  408),  supposes  that  neutral  potassium  sulphate  and 
free  tartaric  acta  are  formed,  together  with  the  neutral  calcium  tartrate.  He  also 
obsenres  that  the  action  of  the  gypsum  goes  farther,  if,  instead  of  being  added  to  the 
wine,  it  is  added,  according  to  general  custom,  to  the  must  together  with  the  lees. 
The  quantities  of  acid  potassium  tartrate  dissolved  in  1000  pts.  of  pure  water  (I.),  and 
of  water  containing  10*6  p.  c.  alcohol  (II. )i  <u*e,  according  to  Chancel,  as  follows : 


0» 

5« 

10» 

U° 

20° 

250 

8O0 

85« 

40° 

I. 

2-44 

800 

3*70 

4*63 

663 

6-70 

805 

9-60 

11-30 

II. 

1*41 

1-76 

2*12 

2*63 

3-05 

3*72 

4-60 

6*70 

7-10 

The  solubility  diminishes  as  the  proportion  of  alcohol  in  the  water  increases ;  the 

presence  of  glucose,  on  the  other  hand,  has  no  perceptible  influence  on  it.     The 

young  and  unplastered  wine  prepared  in  the  south  of  France  contains  therefore  from 

2*5  to  3*6  grm.  of  cream  of  tartar  in  the  litre ;  and  as  the  corresponding  quantity  of 

grapes  contains  from  9  to  10  grm.,  it  follows  that  the  greater  part  of  the  acid  tartrate 

remains  in  the  lees.    By  addition  of  gypsum  to  the  must,  this  undissolved  tartar  is 

decomposed.     A  saturated  solution  of  acid  potassium  tartrate  in  water  contains,  after 

three  days'  digestion  at  36*'  with  excess  of  gypsum,  0*97  grm.  tartaric  add  in  the 

litre,  but  when  an  undissolved  excess  of  the  acid  tartrate  is  present,  it  contains  2*11 

grm.  tartaric  acid  in  the  litre.      In  wine  thus  plastered   Chancel  found  2*17  grm. 

potash  in  the  litre;  in  wine  fermented  without  gypsum,  onlv  0*586  grm.     The 

plastering  of  the  must  brings  therefore  half  the  tartaric  acid  in  the  must  and  the 

^rreater  part  of  the  potash  into  the  wine,  and,  besides  its  clarifying  action,  has  an 

important  influence  on  the  colour  and  durability  of  the  wine  by  increasing  the  amount 

of  acid  in  it.    For  Bussy  a.  Buignet's  criticisms  on  Chancel's  results,  see  J.  Pharm, 

[4]  i.  361 ;  ii.  6. 

Crude  tartar  containing  a  considerable  quantity  of  yeast  is  apt  to  undergo  fermenta- 
tioD,  which  diminishes  the  proportion  of  tartaric  acid.  A  tartar  containing  originally 
44*8  p.  c  of  the  pure  acid  tartrate  was  found  by  J.  Haerlin  (Dingl,  pol.  J.  clxxxv. 
218)  to  contain,  after  8  days'  fermentation  30  p.  c,  after  14  days  24  p.  c,  and  after 
I  weeka  only  14*8  p.  c.  of  pure  cream  of  tartar.  Many  crude  tartars  contain,  aa 
3roduct8  of  decomposition,  easily  soluble  potassium  salts  difficult  to  crystallise. 

Calcium  tartrate,  .C'H^CaO*.  4H^0,  requires  for  solution  6266  pU.  of  water  at  16^, 
md  352  pts.  at  the  boiling  heat  (F.  Mohr,  Vierteljahre.  pr.  Pharm,  xiv.  428). 

TJkMVMOMXa  AGZD.  CH^O*. — This  acid  heated  with  saturated  aqueous 
ydriodic  acid  yields  ethane  and  carbon  dioxide,  being  first  converted  into  malonio 
cid,  C'HK>^  which  is  then  resolved  into  acetic  acid  and  carbon  dioxide,  C'H^O*  + 
a    C«H*0»  +  C0«  (Berthelot). 

YSA.  Tea-leaves  contain,  according  to  Hlasiwetz  a.  Malin  (J.  pr,  Chem.  cL 
09),  besides  the  constituents  hitherto  observed  (theine,  quercitannic  acid,  boheie 
Tid)^  also  gallic  add,  oxalic  acid,  and  quercetin,  the  latter  most  probably  existing 
ri^nallj,  for  the  greater  part  at  least,  as  quercitrin.  The  precipitate  formed  in  an 
ifusion  of  tea  by  neutral  lead  acetate  contains  chiefly  quercitannic,  gallic,  and  oxalic 
rrds  ;  the  precipitate  thrown  down  from  the  filtrate  by  basic  lead  acetate  contains, 
tsides  the  acids  just  mentioned,  a  yellow  lead-compound,  which,  by  decomposition 
ith  h.jdrogen  sulphide  and  boiling  of  the  filtrate  with  sulphuric  acid,  yields  quercetin, 
^H^>"0",  together  with  sugar.  The  presence  of  quercetin  (or  of  quercitrin)  in  tea 
plAins  the  fiict  that  when  the  substances  precipitable  by  basic  lead  acetate  are 
idised  -with  potassium  hydrate,  protocatechmc  acid  and  pbdoroglucin  are  produced* 
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C"H'*0'. — A  product  of  the  deoomposition  of  — ""»»  add  's; 
acids.    (See  HoBSB-CHXsnnrr,  iii.  172.) 


Tellurium  ores  (gold  and  silver  tellurides)  occur  in  masses  -^ 
the  Calaveras  range  between  the  river  Stanislas  and  the  Albany  mountains  in  C-il- 
fomia  (Mathewson,  Jahrb.  Min.  1 866,  p.  93).  On  the  preparation  of  tellnrhuB  see 
H.  Schwartz  (Dinffl  pd.  J.  dzxzTi.  29 ;  Jahresb.  1867,  p.  2d7). 


On  the  crystalline  form  and  optical  characters  of  this  mis^rC 
■ee  Maskelyne  (Bep,  86,  Br,  Absoc,  IfoHcet  and  Abstracts,  p.  33 ;  JaJktssk  1S67. 
p.  979). 

CO  JkOXDm    See  Psthauc  Aged  (p.  942). 

See  TuRFBmm  Ou.. 

A  variety  of  diorite  occurring  at  Teschen  and  other  localities 
inHungaiy  (Tschermak,  Wien.  Akad.  Ber.  liii.  [1]  26;  JoAresd.  IS&6^  p.976;— 
Fellener,  Jahrb,  Min.  1868,  p.  207  ;  Jakresb,  1867,  p.  1028). 

TSAUbKUM.  Nordenskiold  (Ann.  Ck,  Pharm.  cxliv.  127)  has  found  from  16  2:e 
18'5  p.  c.  thallium  in  a  selenide  of  copper  and  silver  firom  Sktikemin  in  SvedA, 
which  he  designates  as  CrookesUs. 

For  the  preparation  of  thallium  from  the  flue-dust  of  pyrites  buners,  W^ler  (iW. 
cxlii.  263)  recommends  the  following  process.    The  dust  is  repeatedlj  boiled  vit^ 
water  acidulated  with  sulphuric  acid ;  the  filtered  extract,  not  preriouslj  eoaoeotr&tcd 
(otherwise  arsenic  would  he  precipitated  at  the  same  time),  is  mixed  with  hjdrochl-  ro 
acid,  which  throws  down  thiulinm  chloride,  and  this  compound,  after  washing  w:t± 
water,  is  converted  into  neutral  sulphate,  from  the  solution  of  which,  to  avoid  Km- 
tamination  with  other  metals,  the  thallium  is  precipitated  by  eleciioljsis.     For  rji  < 
pur|K)se,  a  wide  glass  tube,  tied  round  with  bladder  at  the  bottom,  is  suspended  in  ihs 
ligmd,  and  filled  up  to  the  height  of  the  thallium  solution  with  acidulated  water,  aad 
within  it  is  fixed  a  plate  of  sine,  connected  at  its  upper  end  with  a  platinum  or  cop^ 
wire  immersed  in  the  thallium  solution.    The  thallium,  which  in  the  course  of  a  irv 
days  is  completely  precipitated  on  the  wire,  is  washed,  with  as  little  contact  of  air  as  pee- 
sible,  then  pressed  between  paper,  dried,  and  fused  to  a  regulus  with  potassium  cyaitiis. 
Carstamen  {J,  pr,  Chem,  cii.  65)  considers  it  better  to  knead  the  {wecipitated  thalLcm 
to  a  solid  mass  under  water,  then  hammer  it  into  dense  cubes,  fuse  Uiess,  previooslT 
well  dried,  in  a  porcelain  crucible  without  the  addition  of  any  flux,  and  cast  the  meii^ 
into  ingots.    The  small  quantitv  of  thallious  oxide  formed  in  the  fusion  serres  ta 
remove  any  metallio  impurities  that  may  be  present. 

Gunning  {Arrives  nterlandaisest  iii.  86^  prepares  thallium  from  a  flue-dnst  con- 
sisting chiefly  of  arsenious  and  arsenic  acia,  together  with  oxides  of  lead  and  iron,  bv 
means  of  phosphoric  acid.  The  dust  is  heated  with  a  mixture  of  bone-ash,  sulphuric 
acid,  and  water ;  the  mass  is  strained ;  the  residue  again  treated  in  the  same  raanaer, 
and  the  united,  extracts  precipitated  by  hydrochloric  acid.  The  filtrate  containi^ 
thallium,  partly  as  thallious  chloride,  partly  in  the  form  of  thallic  salts,  is  mixed  with 
sodium  sulphite ;  partially  neutralised  with  sodium  carbonate,  and  the  »^**'l?*if^  » 
precipitatea  as  iodide.  To  prepare  pure  thallium  salts  from  the  crude  chloride  (which 
contains  arsenic),  it  is  best,  according  to  Gunning,  first  to  convert  it  into  thallic  oxide, 
by  suspending  it  in  a  solution  of  sodium  carbonate  and  passing  chlorine  into  th» 
liquid,  taking  care  to  keep  it  alkaline  by  adding  fresh  lumps  of  sodium  carbonate  if 
necessary.  The  conversion  is  rapid  and  complete.  The  trioxide  is  carefully  washed, 
suspended  in  water,  and  reduced  to  thallious  sulphate  by  passing  sulphurous  acid  gu 
into  the  liquid.  The  residting  solution  slowly  evaporated  in  the  air  or  over  sulplrazie 
add  yields  pure  crystals. 

Oxidation. — ^Thallium  is  oxidised  at  oidinarv  temperatures  by  solution  of  potassium 
permanganate  (Oiookes,  Btdl.  9oe.  Ckim.  [2J  vii.  894).  When  made  to  form  the 
positive  pole  of  a  battery  of  two  Bunsen's  elements  in  water  acidulated  with  sulphuric 
add,  it  IS  converted  into  the  black  trioxide  (Wohler,  ZeitoeAr.  /.  Ckem,  [2]  v.  386). 
Bbper  impregnated  with  a  thallious  salt  is  turned  brown  by  osone,  and  was  reoom- 
me^ed  by  &honbein  as  a  delicate  test  for  osone.  According  to  Laing  (ibid,  v.  416) 
thallium-paper  may  be  turned  brown  without  the  action  of  osone,  and  cannot  thereby 
be  regarded  as  a  sure  test  for  the  latter,  unless  its  indiciitions  are  corroborated  by  the 
blueing  of  giiaiacum-paper.  With  this  limitation,  it  is  a  more  delicate  test  than  iodised 
stuvh-paper,  and  wiU  aetect  ozone  even  in  an  atmosphere  containing  a  considerable 
quantity  of  nitrous  add ;  it  cannot  however  be  trusted  as  a  quantitative  indicator. 

Thaninin   Alloys*    Several  of  these  alloys  have  been  stadied  by  Gantai\ieB 
(J.  pr.  Chem.  di.  65  ;  Zeitsckr.f.  Chem.  [2]  iv.  69),  with  the  following  resnlU: 
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AlkqroC: 

PlOPOlilODS 

SoiidlfyiQg 
Point 

Ooloar ;  HordneM 

Thalliam  and  Zine 

Equivalent     propor- 
-  tions 

above  860® 

Soft  like  thallium. 
Cast  bars  crackle 
when  bent 

Thallium   and    Cad- 

» 

X84° 

Silver-white ;  fine- 
grained; crystal- 
line; harder  than 
the  zinc  alloy 

Thallium    and   Bia- 
muth 

II 

170O 

Beddish-grey ;  crys- 
talline, but  soft 

Thallium,  Oadmium, 

6  pts.  Tl,  6  pt8.  Bi, 
lpt.Gd 

184<> 

Hard,  brittle;  recent 
fracture  bright 
grey;  finely  gra- 
nulo-crystaUine 

Thallium  and  Lead 

EquiTalent     propor- 
tions 

above  260<' 

Soft,  non-crystalline; 
lead-coloured 

Thallium,          Lead, 
Bismuth 

1   pt  Tl,  6   pts.  Bi, 
6  pts.  Fb 

ISO® 

Somewhat  crystalline; 
hard,  shining 

Thallium  and  Tin 

Equiyalent     propor- 
tions 

— 

Difficult  to  fuse,  soft, 
slightly  ductile ; 
does  not  tarnish 

Thallium,    Tin,  Bis- 
muth 

1   pt.  Tl,  2   pts.  Bi, 
1  pt.  Sn 

116® 

Hard,  fine-grained, 
light  grey  to  white 

Xhf^ll*"™  *»d  OappfkT 

Equivalent     propor- 
tions 

Fusible 
only  un- 
der bor- 
ax at  a 
white 
heat 

Brass-yellow ;  may  be 
cut  with  a  knife, 
tamishing  on  the 
cut  surface 

rhallinm   and    Alu- 
minium 

Equivalent     propor- 
tions 

Do. 

Tough,  but  softer  than 
thallium ;  oxidises 
without  burning 
when  heated  in 
the  air 

Tiallium  and  Magne- 
Binm 

Equal  parts 

-Easily  alterable ; 
bums  with  mag- 
nesium flame 
when  heated  in 
the  air 

LZl  these  alloys,  except  that  of  tin,  tarnish  in  the  air ;  they  are  more  or  less  attacked 
diluta  ffulphurio  add,  with  evolution  of  hydrogen. 

Ln  alloy  of  equal  parts  of  thallium  and  araenie  is  blackish-grey  and  crystalline,  but 
;  enoug^h  to  be  cut  with  a  knife.  The  silver-white  cut  surfaces  acquire  a  blue  and 
ovr  tarnish  on  exposure  to  the  air.  With  dilute  sulphuric  acid,  the' alloy  gives  off 
re  quantities  of  trihydrio  arsenide,  and  deposits  a  brown  powder.  The  alloy  of 
iiam  and  antimony  in  equal  parts  is  very  hard,  brittle,  erystallii^e,  and  has  a  grey 
ture  ;  "with  dilute  sulphuric  acid,  it  gives  off  trihydric  antimonide.  The  alloys  of 
lium  "with  poiasrium  and  $odmm  in  equivalent  proportions  are  soft  and  crystalline, 
[^neeoe  in  tne  air,  and  decompose  water  with  violence.  The  sodium  alloy  may  be 
;  nnder  petroleum;  the  potassium  alloy  is  altered  thereby,  acquiring  a  brown 
ur.     T^Aomtcm  amafffam  containing  equivalent  proportions  of  thallium  and  mercury 
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hfts  the  coiuutenoe  of  butter  and  is  alterable  in  the  air  (Oarstaiijen).  Aficcrlju  :3 
Nickl^  {J.  Pkarm,  [4]  It.  27)  thalliam  u  eaailj  wetted  and  peoetiitited  br  mrjzir. 
AooordiDg  to  J.  Re^auld  {Compt,  rend.  hdv.  611)  the  ^w»*ig*-»^tiim  of  thftJxn  :f 
attended  with  evolation  of  heat,  and  therefore,  in  aoooidanoe  with  a  lav  pferr.ci./ 
eetablifhed  by  Begnaold,  the  amalgam  is  electronegative  towaxds  tlie  pure  bcc&L 

Otalttride.  A  compoond  of  thallioua  chloride  with  fevric  chloride,  CTlG.Fr^r? 
is  formed  when  recently  precipitated  thallioos  chloride  is  added  to  a  eooee&3i:si 
■olntion  of  ferric  chloride  mixed  with  a  laige  exceee  of  fnming  hydrochloric  ftciJ.  ? 
when  thallions  chloride  is  heated  to  fnsion  in  Tsponr  of  ferric  chloride.  The  Lrr- 
cinnabar-red  compound  is  soluble  in  hot  concentrated  hydzodilcric  add,  and  emii. 
Uses  from  the  cooling  solution  in  small  translucent  prisma  pem&anent  in  the  air.  I:  i 
immediately  deoomnosed  by  water  into  thallioua  and  ferric  chlorides,  <^»<i  can  tli£R:^^ 
be  obtainea  in  the  dry  state  only  by  washing  with  strong  hydrochloric  and,  Uat^z  : 
oyer  slaked  lime,  and  finally  wazmins  it  in  a  current  of  dry  carbon  dioxide.  The  jcn: 
compound  is  separated  as  a  heayy  red  precipitate  on  ^^?t^  a  large  qnantity  of  hji^j- 
chloric  acid  to  the  liquid  obtained  by  lixiriating  the  floa-dnat  of  thaUifemi  1:3 
pyrites  (Wohler.  Jnm.  Ch.  Pkarm.  exliv.  250). 

Oztdea.  The  trioxide,  or  thallie  oxide,  is  formed  by  the  action  of  hydrogsB  d^a^ 
on  metallic  thallium.  The  raedpitate  dried  orer  sulphuric  acid  has  the  camv^^-'^ 
of  the  monohydrate  T1H)*.HH)  or  Tl'^0',  and  becomes  anhjdzoos  whes  <&i«ii  i^ 
100<»  (Bimbaum,  Amn.  Ch,  Pkarm,  cxriii.  133). 

Thallie  oride  detonates  when  triturated  with  flowers  of  sulphur,  and  sIovIt  taU 
lire  when  triturated  with  8  pts.  of  gold  sulphide  (Bottger,  ZeiUckr.f.  Ckemk.  [2]  Ir.  ^:. 

When  a  rapid  stream  of  chlorine  is  passed  through  potash-ley  in  which  thallie 'i.!:^ 
is  suspended,  the  liquid  acquires  a  deep  riolet-red  colour,  in  consequence  of  the  Itm- 
tion  of  potassium  thalliate.  The  solution  of  this  salt  ma^  be  oTaporated,  dihiteii.  s^i 
filtered  through  paper  without  decomposition ;  but  it  is  reduced  bj  oxarids  tc  » 
thallioua  salt  with  rapid  oTolution  of  oxygen,  by  hydrochloric  acid  with  eiolsax  ^ 
chlorine  and  precipitation  of  thallions  ch  wide  (Gantazyen). 

Qxy^m-soto. — Sereral  of  these  salts  nave  been  farther  examined  fay  Ckniar^ 
(J. pr,  Chem,  cii.  66,  129 ;  Jakrtab,  1867,  p.  275) ;  by  Flemming  {BwUL  Soe.  Ck«. '.'] 
z.  85 ;  Jakrttb,  1868,  p.  360)  ;  and  by  Lang  a.  Desdoizeaux  (Ann,  CJL  i%«.  [4]  irl 
310 ;  Jakrtab,  1868,  p.  352).    See  the  several  Acids. 

yhoayhtde  ^?).  Thallium  and  phosphorus  do  not  unite  when  fosed  together 
neither  is  thallium  phosphide  formed  by  igniting  the  phosphate  with  chaitoal  x 
hydrogen  (CarBtai\]en).  Solutions  of  thallioua  salts  do  not  act  upon  phospboriB ;  .£ 
the  solution  of  th^lious  hydrate,  phosphorus  becomes  covered  with  a  black  depoct. 
becoming  metallically  lustrous  when  heated,  dissolring  slowly  in  dilute  hydrochlcrK 
ficid  rth^lium  ?)•  When  phosphorus  is  heated  with  a  solution  of  thallions  hydn£'  3 
sealea  tubes,  a  small  quantity  of  hydrogen  pho^hide  is  eyolyed,  and  a  bla^  waa 
separates,  whilst  small  whitish  crystals  are  deposited  in  the  tube,  and  phosphorassaoi 
remains  in  solution  (Flemming,  Jdkretb.  1868,  p.  260). 

■elanlda*  Thallium  and  selenium  heated  together  in  equivalent  proportioos  oaite 
readily  without  incandescence.  The  resulting  compound,  Tl*Se,  is  black,  easily  fiisibk; 
in  the  solid  state  it  is  scoriaceous  and  yesicnlar,  oard,  brittle,  and  changes  eoker  as 
exposure  to  the  air.  It  is  not  attacked  b^  water,  and  dilute  sulphuric  acid  attacks  ii 
only  when  heated,  dissolving  it  slowly  with  evolution  of  hydrogen  selenide.  Wba 
the  quantity  of  selenide  used  is  between  1  and  3  eq.  the  product  crystallises  on  eooiiag 
in  radiating  prisms  which  are  permanent  in  the  air,  resist  the  action  of  dilute  sulphsrie 
acid,  and  are  attacked  by  the  ooncentrated  acid  only  when  heated,  sulphurous  oxxie 
being  then  evolved.  A  definite  tziselenide  does  not  appear  to  be  producible  in  the  diy 
way  (Carstaqjen). 

Sqlpbld— ■  Thallium  forms  a  monosulphide,  a  trisulphide,  and  intennediate  sal- 
phides.  The  mumoBulphide,  T1*S,  is  formed  by  proeipitation  of  neutral  thallions  salts 
with  hydrogen  sulphide  or  ammonium  sulphiae  (v.  766),  also  by  fusing  204  pca. 
♦Jwtilinwt  with  16  pts.  sulphur  at  the  heat  of  a  blast  fornaoe.  It  is  then  obtained  ss  a 
black,  shining,  bnttle  mass  having  a  crystalline  structure.  The  triamljpJuie,  Tl^. 
obtained  by  Aising  2  at.  thallium  with  more  than  3  at.  sulphur,  and  volatilisiqg  tbe 
excess  of  sulphur  without  contact  of  air,  is  black,  easily  fusible,  soft,  and  ropy  at  wamaa 
temperature;  brittle,  with  vitreous  fracture,  below  12^.  It  is  attacked  by  dilnu  ml- 
phuric  acid  when  heated,  and  dissolved  without  separation  of  sulphur  ;  neither  does  it 
give  up  sulphur  to  carbon  bisulphide.  Fused  with  the  monosulphide,  it  yields  aa 
intermediate  sulphide  czystallising  in  grey-black  prisms.  Intermediate  ciyi^lisabls 
thidlium  sulphides  of  variable  composition  are  likewise  produced  by  precipitating  the 
so-caUed  sesquichloride  (v.  747)  with  ammonium  sulphiae,  or  by  fiuing  2  aL  thiJlim 
with  more  than  one  and  less  than  three  atoms  of  sulphur;    two  such  solphida 
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Khibited  the  compon  tion  T1*S .  T1*S'  and  5T1*S .  3X1^.  They  do  not  yield  any  snlphnr 
>  carbon  bimlphide,  but  give  up  part  of  their  snlphnr  (as  also  does  the  trisnlphide) 
hen  heated  in  an  open  glass  tube.  All  the  sulphides  of  thallium  are  decomposed  by 
^nition  in  a  stream  of  hydrogen  (Carstai^en). 

Thallium  aulpkaraenate  is  formed  as  a  reddish-yellow  precipitate  when  hydrogen 
ilphide  is  passed  into  a  neutral  or  acid  solution  of  a  thalbons  salt  mixed  with 
rsenious  acid,  or  when  an  ammoniacal  solution  of  azsenious  sulphide  is  mixed  with 
le  ammoniacal  solution  of  a  thallious  salt.  When  precipitated  &om  acid  solutions 
tntaining  excess  of  thallium,  it  has  the  composition  Tl'S.As'S*.  A  similar  precipi- 
te  is  formed  when  hydrogen  sulphide  is  passed  into  crude  thallium  chloride  prepand 
om  arsenic  flue-dust,  or  into  the  crude  aqueous  extract  of  such  fiue^lust.  When  a 
lution  containing  arsenious  acid  and  thallious  sulphate  in  the  proportion  to  form  the 
ipharsenite  is  treated  with  hydrogen  sulphide,  the  whole  of  the  arsenic  is  precipi- 
ted,  but  not  all  the  thallium,  a  portion  of  that  metal  remaining  in  solution  even  when 
e  arsenic  is  in  considerable  excess.  On  adding  more  arsenious  acid  a  fresh  precipi- 
te  containing  thallium  is  formed,  and  by  continuing  this  treatment  the  whole  of  tne 
allium  may  ultimately  be  precipitated.  All  the  precipitates  formed  as  above  have 
e  same  colour  (Ounning,  Archives  fUerlatidaites,  lii.  86 ;  JakreA.  1868,  p.  249). 

« 

TBBOBXOMira.  A  solution  of  this  base  in  strong  hydrochloric  acid  mixed 
th  potassium  iodide  andjleft  to  itself,  deposits  large  nearly  black  prisms  consistina  of 
e  periodide  C'H'N^O'HI' ;  this  compound  is  decomposed  even  by  neating  with  alcohol 
orgensen,  SieiUekr,/.  Chem,  [2]  ▼.  676). 

TBXKXO-CJBBBIISTKT.  Further  determinations  of  the  heat  of  neutralisa- 
m  of  acids  and  basts  have  lately  been  published  by  Thomson  (i^^.  Ann,  cxliii. 
4-396  and  497-634 ;  Deut,  chem.  Ges,  Ber.  It.  686). 

The  following  tables  gire  the  numbers  of  thermal  units  (gramme-degrees)  evolyed 
len  one  molecule  of  hydrogen  sulphate,  H'SO*,  or  an  equivalent  quantity  of  another 
id,  diluted  with  400  molecules  of  water,  is  neutralised  oy  an  equivalent  quantity  of 
so  in  the  same  state  of  dilution  : 

Tablb  I. 


R 

Bnlphnrio  aoUl 

Uydrochloric 

acid 
(B.3HCl.Aa) 

Nitric  oold 

Acetic  add 

(R.H*SO«.Aq) 

(B.2HN0'.Aq) 

(B.2C"H*0*.Aq) 

2LiHO.Aq 

31290 

27700 

^^ 

2NaHO.Aq 

31380 

27490 

27360 

26370 

2KHO.Aq 

31290 

27600 

27640 

26430 

2T1HO .  Aq 

31130 

44340* 

— 

~— 

2N(C«H»)VAq 

31010 

— 

— 

-^ 

BaH'O'.Aq 

36900* 

27780 

28260 

26900 

3rH«0«.Aq 

30710 

27630 

— 

._ 

CaH«0«.Aq 

31140 

27900 

— 

— 

MgH«0« 

31220 

27690 

27620 

— 

2(NH«.H0) 

28160 

24640 

24640 

— 

2rN(C«H»)»M.H0] 
MlnH»0« 

28340 

26040 

— 

— 

26480 

22960 

— 

— 

SiH«0» 

26110 

22680 

— 

^- 

>H«0« 

24670 

21140 

— 

^— 

FeH«0« 

24920 

21390 

•~- 

... 

MH«0« 

23820 

20290 

20320 

_ 

^nTPO« 

23410 

19880 

— 

18030 

>iH»0« 

18440 

14910 

14890 

12820 

PbIPO« 

21060» 

14360* 

15340 

13120 

TuO 

18800 

15270 

16260 

13180 

^gO 

— 

19420 

— 

— 

?bO 

23600* 

16790* 

17770 

16460 

ig^O 

14490 

42380* 

10880 

rAiH«o» 

20990 

18640 

— 

— 

BeH«0« 

16100 

13640 

• 

— 

CrH'O" 

16440 

13730 

^^^ 

— 

AnH«C» 

— 

13680 

— 

_ 

Fen»0» 

11250 

11150 

11200 

7990 

In  tlie  caMs  marked  br  the  osteriak,  the  «alt  fonned  is  Inadable,  or  almost  insolnble,  so  thai 
zr  the  whole  or  part  of  the  heat  of  ncntraUsation  has  to  bo  added  to  the  beat  of  proclpttatlon. 


1010  SALICYLOL. 

#Ator-batli.    Aeetosalicrvlol  thon  remaiiui  in  the  fbnn  of  an  oil  which  soon  wlidiiH  to 
a  OTitalline  mass ;  its  formation  is  zepreeented  by  the  equation : 

^^ioOH  +  (C*H«0)«0  »   (?H»0(ONa)  +  Cra^jc^*^. 

AiOetyl-Balicylol  melts  at  87^,  and  resolidiflee  to  a  satiny  ezystalline  tueis;  boils  at 
about  263^,  and  distils  with  slight  deoomposition.  It  diseolyes  easily  in  ether  and  in 
alcohol,  and  crystallises  therefrom  in  silky  needles ;  the  solutions  do  not  colour  ferric 
chloride  pnrpJe.  By  potash  it  is  resolTed  into  potassium  acetate  and  potassiua 
telicylol : 

^^ioOH*^    +  2H0K  -  C«HK)(OK)  +  C^*|oOH  "^  ^^' 

whereas  ooumarie  add  similarly  tzwted  yields  acetate  and  salieylata  of  potMnon, 
with  eTolntion  of  hydrogen : 

Aeetyl-flaliQrl<A  is  decomposed  by  boiling  with  water.  It  onites  with  oeiHc  a9J^Tiie 
when  the  two  are  heated  together  to  160®,  forming  a  erystalline  eompnmdi 
C"H'0*.C«H«0',  analogous  to  that  of  salieylol  (p.  1000).  This  compoond  nelto at 
100^-101®,  decomposes  when  distilled,  and  separates  from  solution  in  acetic  anhjdiide 
in  oblique  four-sided  tables.  It  ii  soluble  in  ether,  carbon  tetrachloride,  and  beuoli 
easily  sol&ble  in  hot,  sparingly  in  cold  aloohoL  By  water  at  150®  it  is  complfltoly 
resolved  into  acetic  add  and  salieylol. 

If  instead  of  adding  aoetio  anhydride  to  sodium  salieylol  suspended  in  ether,  and 
decanting  from  the  sodium  acetate  as  above  described,  the  sodium  salicyld  be  dioolTed 
in  acetic  anhydride,  the  solution  boiled  for  a  few  minutes,  and  then  poured  into  wator, 
an  oily  body  separates,  while  sodium  acetate  remains  in  solution.  On  distilling 
this  oil,  acetic  anhydride  passes  over  first,  then  salieylol,  and  finally  at  290° 
eoumarin,  CHH)',  which  crystallises  in  the  receiver.  This  compound  reeolts  fioa 
dehydration  of  acetyl-salicylol  formed  in  the  first  instance :  CHH)«  -  HK)  «  CHK)*; 
and  its  formation  appears  to  depend  upon  the  presence  of  sodium  acetate,  inasmvch  as 
acetic  anhydride  alone  produces  only  acetyl-salii^lol.  Perhaps  the  anhydrchaeetate, 
C>HK>'Ka.  OHH)*  (which  Perkin  has  obtained  in  needle-shaped  crystals  by  dusolnDg 
sodiimi  acetate  in  aeetic  anhydride),  plays  some  unexplained  part  in  this  reaction. 

Butyrie  comnarm,  C"H**0*,  and  valeric  cowmaHfi,  C"H"0*,  are  obtained  in  lib 
manner  by  the  action  of  butyric  and  valeric  anhydrides  on  sodium-salicyloL  (p.  600). 

SvUVTUMltajlol.    C"H*K>*  »  (^H«|^^'^  (PteUn,  Cktm.  Soe.  /.  [3]  ti. 

472). — ^Prepared  by  leaving  an  ethereal  solution  of  butyric  anhydride  in  contact  with 
Bodium-sabcylol  for  two  or  three  days,  then  decanting  from  the  sodium-batynte,  and 
proceeding  as  in  the  preparation  of  the  preceding  compound.  It  distils  ^^^'^'^^^^ 
and  270®,  as  an  oil  smelling  like  butyric  acid  and  salieylol.  It  is  quickly  decompeead 
by  strong  potaah-soltttum,  vielding  potassium  butyrate  and  potassium  salicybd.  On 
heating  it  to  140®-160®  with  acetic  anhydride,  and  leaving  the  slightly  brown  bma  in 
contact  with  water  for  two  days,  crystals  are  obtained  having  the  oompoeitioo 
C^H^W,  and  identical  with  the  above-described  compound  of  acetosalicylol  vita 
acetic  anhydride ;  an  interchange  of  the  radicles  acetyl  and  butyryl  must  therefon 
have  taken  place. 

When  a  mixture  of  butyrosalicylol,  butyric  anhydride,  and  sodium  bntyiste  is 
heated  to  boiling  for  a  short  time  m  an  open  vessel,  then  washed  with  water  and 
distilled,  the  last  third  of  the  distillate  solidifies  on  cooling,  and  when  reoystal' 
Used  from  alcohol,  yields  pure  butyric  eoumarin,  C"H>»0»  -  C"H»«O»-H«0; 
and  this  compound  boiled  with  potash  is  converted  into  butyro-eoumarie  seid, 

C*H«Jq^^,  isomerio  with  butyrosalicylol.    (See  CouxAuor  and  Coxnuax  hcoh 

pp.  500,  601.) 

BeBsoyl^MOleyloL     C><H>«0*  «  C*H«j^^^'^    (Perkin,    Labaraicry,  I  51; 

ZeUechr.f.  Chem,  1867,  p.  346).— Produced  by  the  action  of  bensoyl  chloride  on 
Sodiym-salicylol,  and  separatee  on  treating  the  product  with  water,  as  a  thidi  w, 
which  distils  at  a  temperature  above  the  range  of  the  mercurial  thennometer.  » 
forms  a  white  pulverulent  compound  with  add  sodium  sulphite,  and  ^'7''^^ 
compounds  with  the  acid  sulphites  of  potassium  and  sodium.  Heated  with  aleohouc 
potash  it  yields  benzoic  acid  and  salieylol ;  with  alcoholic  ammonia  it  forms  a  brown 
viscid  product,  together  with  a  crystalline  body. 
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U    See  QuiNONBS  (p  990). 

TBZ0n8aA&.  CH'^S. — This  compound,  disooTered  by  Laurent,  who  ftssigned 
to  it  the  formula  CH'^S  (t.  779),  has  been  further  examined  by  Fleischer  (Ann.  Ch. 
Pharm.  cxlir.  192),  and  by  Doru  (Zeiisckr,  f,  Chem.  [2]  t.  697).  It  is  produced  by 
dry  disUUation  of  thiobenzene,  benzyl  sulphide,  benzyl  disulphide,  or  sutphobenzide. 
When  benzyl  sulphide,  (C^H')'S,  is  distilled,  toluene  and  benzyl  sulphydrate  pass 
over  at  first,  then  toluylene  (stilbene),  and  lastly,  at  a  very  high  temperature, 
tolallyl  sulphide  and  thionessal.  The  distillate  may  be  freed  £rom  a  yellow  oil  and 
tolallyl  sulphide,  by  treatment  with  a  large  quantity  of  ether,  and  the  thionessal* 
trhich  remains  undiesolved,  crystallised  from  boiling  alcohol.  Thionessal  crystallises 
In  small  white  needles  meltine  at  180° ;  it  is  not  altered  either  by  melting  potassium 
[lydrate  or  by  heating  with  sodium  (Fleischer). 

Ihbromotkumeasal,  CH"Br"S,  is  formed  on  adding  bromine  to  thionessal  sus- 
pended in  water,  as  a  yellowish  granular  powder,  which,  after  washing  with  hot 
ilcohol  and  ether,  crystallises  from  petroleum  of  high  boiling  point  in  hard  micro- 
icopic  needles.  It  melts  at  265^-270°,  is  not  attacked  by  alcoholic  potash  or  by 
benzene  and  sodium  at  the  boiling  heat,  but  is  decomposed  by  fusion  with  sodium. 
3y  furtlior  treatment  with  bromine  it  is  converted  into  tetrabromothioneaaai, 
3"H'*Br*S,  which  is  quite  insoluble  in  alcohol,  ether,  and  petroleum  (Fleischer). 

Thionessal  heated  to  130^-1 40°  with  2  mol.  phosphorus  pentachloride,  is  aecom- 
^sed  according  to  the  equation  : 

C*«H«^  +  2PC1»  -  PSCl»  +  PC1»  +  4C'H»C1, 
3rming  an  oily  compound  which  solidifies  with  water,  dissolres  sparingly  in  alcohol, 
asily  in  hot  ether  or  benzol,  and  separates  therefrom  in  needles  melting  at  180^-132°. 
'his  body,  CH^Cl,  or  a  multiple  thereof,  is  not  altered  by  heating  with  water  or 
Icoholic  ammonia  to  180°,  or  by  heating  with  benzol  and  sodium  (Fleischer), 
iccording  to  Dorn,  on  the  other  hand,  thionessal  is  not  desulphurised  by  phosphorus 
entachloride.  When  the  two  are  heated  together  in  an  open  vessel,  dichhrothionessal, 
|2»2ii»ci*S,  is  formed  in  white  crystals  melting  at  219° ;  in  sealed  tubes,  4  at  hydro* 
en  are  replaced  by  chlorine,  but  the  sulphur  remains  in  the  molecule.  Dorn  also 
nds  that  thionessal  may  be  passed  over  finely  divided  iron  at  a  low  red  heat  without 
Iteration ;  over  copper  at  the  same  temperature  the  greater  portion  passes  unaltered, 
nly  a  small  quantity  of  a  compound  melting  at  60°  being  formed,  probably  tolane. 
hionessal  treated  with  hydrochloric  acid  and  potassium  chlorate  is  cohverted  into 
cjlepidene,  and  dichlorothionessal  in  like  manner  into  dichlorozylepidene  (Dorn). 
Fuming  nitric  acid  acts  strongly  on  thionessal,  producing,  in  the  first  instance, 
rht  yellow,  amorphous  nitrothionessal,  C"H"(NO')*S,  then  a  nitro-oompound 
oe  f^m  sulphur,  C>*H'*(NO')*0',  and  lastly  paranitro benzoic  acid  together 
ith  sulphuric  acid.  TnbroTnothUmeual  treat^  with  nitric  acid  yields  a  yellow 
►wder,  C»H»^r»(NO«)<0«,  slightly  soluble  in  hot  alcohol,  and  an  acid, 
»H"(Br»)(NO«)«0«,  which  dissolves  easily  in  alcohol  and  ether,  melts  at  180°,  and 
rmfl  a  barium  salt,  C»H"Ba»Br«(NO«)*0*  +  8H«0,  crystallising  in  yellowish 
fdules.  Thionessal  dissolves  in  fuming  sulphuric  acid  at  ordinary  temperatures, 
d  in  ordinary  sulphuric  acid  when  heated,  forming  a  deliquescent  acid,  C^H*SO^, 
lich  crystallises  from  alcohol  in  laminse  or  tufts  of  needles,  and  yields  a  barium 
It,  (C'H»S0*)2Ba+  4H*0,  crystallising  in  hard  crusts,  and  a  zinc  salt,  (C'H»SO*)«Zn 
rfital Using  in  deliquescent  needles  or  laminae.  When  vapour  of  thionessal  is  passec 
er  red-hot  soda-lime,  tolallyl  sulphide  collects  in  the  receiver  in  the  form  of  a  yellow 
wder  (Fleischer). 

Thionessal  and  tolallyl  sulphide  are  the  sulphur-compounds  analogous  to  lepidec 
i  oxylepideno  (p.  780). 
Doro  represents  these  four  compounds  by  the  following  constitutional  formulie : 


A 


(C«H»)C C(C«H»)  (C«n»)C C(C«H») 

II  II 

C«H»C^:^C(C«H»)  ((>H»)C=^C(C«H») 

Thionoflsal.  Lepldene. 

s — s  o      o 

(C«H»)C C(C«H»)  (C«H»)C C(C»H*) 

I         I  I 

(C«H*)0-=:C(C«H»)  (C«H*)C:=C(C«H«) 

Tolallyl  Ru'phidc.  Ozylcpldinc. 
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(▼.  781). — Sevenl  new  deriTatiyes  of  tliis  oomponnd  have  been  obtaufid  bjiyy 
IZeiisckr.f:  Ckem.  [2]  v.  268). 

Tkiosinamine  Iodide,  C«H*N*SI*,  is  formed,  like  tlie  biomida  (t.  783V  h 
direct  combination  of  iodine  with  thioainamine  in  alcoholic  solatioB.    It  is  sob^  a 
water  and  in  alcohol,  and  separates  from  tha  latter  in   brittle,  nearly  oakiclsa 
gxoups'of  crystals ;  begins  to  melt  and  decompose  at  90® ;  and  at  a  hig^  to&psa&R 
gives  off  violet  vapours,  afterwards  products  having  the  odour  of  allyl  eompooads,  nd 
at  a  higher  temperature  volatilises  completely.    Strong  snlphuric  add  eobm  ^ 
solution   violet    and    eliminates  hydriodic  acid ;    strong   nitric  acid  sepanta  tb 
iodine  as  a  black  powder.    Silver  nitrate  removes  all  the  iodine,  bat  rnestlj  pn- 
cipitated  silver  chloride  takes  away  only  1  at.  iodine,  replacing  it  bj  chkiise,  ud 
forming  tkiosinamine  iodoehloride,  C^H"N*SIC1,  which  separates   tem  tkiAd  3 
colourless  crystals,  easily  soluble  in  water  and  alcohol,  melting  to  a  yellow  liqniiiaad 
decomposing  at  a  higher  temperature.  By  treating  the  aqueous  eolation  of  the  di-ioi^ 
with  silver  cyanide,  and  evaporating  the  filtered  liquid,  a  eompoond  of  fftiwaiji*''^ 
iodocyamide  with  sUver  cyanide  is  obtained,  as  a  heavy  whitiah-yellow  powder,  v^ 
when  once  separated  from  the  liquid   is  insoluble  in  water,    alccdiol,  cthff,  ui 
ammonia.    It  is  decomposed  by  strong  sulphuric  add,  and  when  beated,  sw^isp  3 
snake-like  forms,  like  toe  sulphocyanates  of  mercury. 

Thioiinamine  Eihyliodide,  C«H*N*S.C*H«I,  is  obtained  by  dieedLviog «]««*' 
lent  quantities  of  thiosinamine  and  ethyl  iodide,  and  leaving  the  solution  to  evspcsssi 
till  it  becomes  syrupy.  It  then  separates  in  lazge,  colourless,  transparent,  well-dc£aid 
dTstals,  which  dissolve  in  all  proportions  of  water,  very  easily  in  alcohol  aad  eibff. 
and  decompose  at  72®.  Silver  solution  removes  all  the  iodine.  Hie  cutresya^^ 
amyUeennpotind,  (>H*N^.OH"I,  forms  large,  colourless,  deUqneaeent  o^su. 
Benzoyl  cnloride  appears  to  form  a  similar  compound  with  thiosinamine. 

Thioeinamine  Dicyantde,  C*H*N<S . (CN)',  prepared  by  passing  ^anoflfia ftf 
into  an  alcoholic  solution  of  thiosinamine,  and  purified  by  repeated  crystallis^ 
firom  hot  alcohol,  forms  a  loose  network  of  shining,  golden-yellow,  crystalline  lasisa 
moderately  soluble  in  boiling  alcohol,  vexy  slightly  in  benaol  and  ether,  insohib^^ 
water.  The  yellow  alcoholic  solution  does  not  yield  silver  cyanide  when  boiled  r-^ 
silver  oxide.  The  compound  dissolves  easily  in  potash,  giving  off  am"**"**^  *^ 
heated,  and  forming  a  faintly  yellowish  solution,  with  light  green  flnoroDcepcii 

Oz^l-tkaosiaaiiilae,  C*H*N*80'  -  N«(CS)''(CK)*)''(CH»)H,  is  famed  ^ 
dissolving  thiosinamine  dicyanide  in  warm  dilute  sulphuric  acid,  and  sepantt*,* 
eooling  in  laige  groups  of  lemon-yellow  needles,  the  mother-liquor  zetainii^  a  pofcitf 

of  it,  together  with  ammonium-sulphate : 

C*H»N»S(CN)»  +  H*SO«  +  2H«0  -  (NH*)«SO«  +  C»H«2!PS0*. 
Oxalyl-thiosinamine  is  moderately  soluble  in  cold,  easily  in  hot  water,  very  solsb^^ 
alcohol  and  ether.  It  melts  at  80^-90°,  and  bums  with  flame  on  platinnm  fsSL  1^ 
aqueous  solution  has  a  distinct  acid  reaction,  is  not  douded  by  barium  chlonde,  b^ 
gives  with  silver  nitrate,  lead  acetate,  and  baryta-water,  precipitates  which  qsid^*! 
decompose.  The  solution  is  decolorised  by  strong  nitric  add,  and  then  gi^^  ^ 
reaction  of  that  acid.  With  rinc  and  dilute  sulphuric  acid  it  becomes  deoolonsed  >b| 
gives  off  hydroffen  sulphide.  Strong  sulphuric  acid  dissolves  it  witli  arsag^'" 
colour;  potash  does  not  perceptibly  alter  it.  By  baryta- water  it  is  resolved is^ 
thiosinamine  and  oxalic  acid :  OHWSO*  +  BaH»0«  »  BaC*0*  +  C^fl^ 
With  silver  nitrate  in  aqueous  solution  it  yields  silver  sulphide  and  a  silver  eompo^ 
of  oxalyl-allyl  urea.  N*(CO)(C*0')(€*H*)H,  which  crystallises  in  groups  of  ^^ 
silky  needles.  If  the  oxalyl-thiosinamine  bo  boiled  with  excess  of  silver  nitrate,  nlf* 
oxalate  and  allyl  urea  are  produced. 

Phenyl-tUoslnamlne,  C«H'(C*H*)N'S  (v.  783),  unites  with  iodine  like  tliio- 
sinamine,  but  the  compound  does  not  crystallise.  Bromine,  on  the  other  bss^ 
decomposes  phenyl-thiosinamine.  Phenyl-thiosinamiM  dict/anide,  C>*H"N^.(CN)'f ' 
formfKi  by  passing  cyanogen  gas  into  an  alcoholic  solution  of  j^henyl-thioeinsiBio'* 
and  may  be  obtained,  by  precipitation  with  water  and  recrystalliaation  firom  aleohfll* 
as  a  mass  of  crystals  grouped  in  stellate  forms ;  but  it  is  not  easily  purified  fro* 
adhering  phenyl-thiosinamine.  When  its  alcoholic  solution  is  heated  with  dilvt* 
sulphuric  acid,  the  entiro  liquid  solidifies  to  a  mass  of  long,  very  slender  needls*  ^ 
oxalyl-phenyl-thiosinamine : 

JJ«(CS)(C»H»){C«H')H«.(CN)«  +  H«SO^  +   2H«0  =  (NH*)»SO*  + 
Pheoyl'thtoBlnamlne  dioysnide. 

N«(CS)(C»0»)(C»H»X(>H») 
Ozalyi-pheDyM" 


THOMSONITE— THYMOL.  1083 

This  compound  is  insoluble  in  vater,  slightly  soluble  in  cold  alcohol,  very  easily  in 
hot  alcohol  and  benzol,  soluble  also  in  ether  and  in  amyl  alcohol.  It  is  decobrisiKl 
by  hot  nitric  add,  but  without  formation  of  sulphuric  acid ;  dissolves  readily  in  strong 
snlphurio  acid,  and  is  precipitated  by  water,  apparentlfr  unaltered.  It  melts  at  161^ 
to  a  clear  yellow  liquid,  and  solidifies  on  cooling  to  a  ladio-crystalline  mass.  Treated 
in  hot  alcoholic  solution  with  baryta-water,  it  is  resolved  into  oxalic  acid  and 
phenyl-thiosinamine.  The  warm  alcoholic  solution  forms  with  silver  nitrate  a 
precipitate  of  silver  sulphide  and  a  solution  of  oxalyl-phenyUaUyl-earbamide, 
N'f  CO)(CO'X^^*)(^^*)>  ^®  reaction  consisting  in  a  simple  interchange  of  sulphur 
ana  oxygen.  Oxalyl-phenyl-allyl-carbamide  is  insoluble,  but  dissolves  easily  in  strong 
alcohol,  benzol,  carbon  bisulphide,  and  warm  amyl  alcohol ;  melts  at  108^ ;  is  not 
precipitated  by  metallic  salts ;  dissolves  in  strong  sulphuric  and  in  strong  nitric  acid, 
and  is  reprecipitated  by  water.  By  baryta-water  it  is  resolved  into  ox^ic  acid  and 
phenyl-aUyl-carbamide,  N*(CO)(CH*)(C*H*)H*,  which  crystallises  in  shining  white 
needles  molting  at  96^-97^. 

Tolyl^^mosiiiamlna,  C"H>«N'S  »  OH'(CH')N*S,  first  obtained  by  Jaillard 
(v.  874),  is  more  easily  prepared  by  mixing  an  alcoholic  solution  of  toluidine  with  oil 
of  mustard.  The  liquid  jwlidifies  after  a  while  to  a  crystalline  pulp  containing  tolyl- 
thiosinamine  and  another  compound,  which  may  be  easily  separated  by  hot  alcohol, 
in  which  the  former  dissolves  verv  easily,  the  latter  with  difficulty.  Tolyl-thiosinamine 
separates  from  the  alcoholic  solution,  on  cooling,  in  soft  white  crystalline  masses, 
consisting  when  dried  of  unctuous  laminse.  It  melts  at  ^7°  (at  112°  according  to 
Jaill&rd). 

OxalyUtolyUthioamamiine,  C"H»«N«SO«  =  K«(CS)';((?0«nC»H»)(C'HO,  is  produced 
by  saturating  an  alcoholic  solution  of  tolyl-thiosinamine  with  cyanogen  gas,  and  heating 
itafter  a  while  with  dilute  sulphuric  acid.  The  liquid  on  cooling  solidifies  to  a  mass  of 
yellow  needles,  which  when  washed  with  alcohol  and  water,  and  recrystallised  from 
lot  alcohol,  yields  oxalyl-tolyl-thiosinamine  in  long  golden-yellow,  rather  narrow,  and 
rery  flat  needles,  having  a  metallic  lustre.  It  dissolves  easily  in  hot,  slightly  in  cold 
ilcohol,  forming  a  neutral  solution ;  is  insoluble  in  water,  but  soluble  in  ether,  benzol, 
nethyl  alcohol,  amyl  alcohol,  and  carbon  bisulphide.  It  melts  at  157°  to  a  deep 
tUow  liquid,  which  soon  solidifita  to  a  crystalline  mass ;  may  be  sublimed  com- 
>letely  and  without  decomposition  in  a  glass  tube.  Strong  sulphuric  acid  dissolves 
t  to  a  yellow  liquid,  from  which  it  appears  to  be  precipitated  by  water  in  its  original 
tate.  Silver  nitrate  forms  in  the  alcoholic  solution  a  precipitate  of  silver  sulphide ; 
uric  chloride  forms  a  precipitate  having  the  colour  of  ferric  oxide ;  platinic  chloride 
>rms  no  precipitate.  Hot  strong  nitric  acid  dissolves  oxalyl-lolyl-thiosinamine 
'ithont  alteration.  Baiyta-water  decomposes  it  into  oxalic  acid  and  tolyl-thiosinamine 
Maly). 

TBOMSOVmL  A  mineral  from  Iceland  having  the  optical  properties  of 
lomsonite  (faroelite)  was  found  by  F.  v.  Eobell  (cT*.  pr.  Chem,  xcviii.  134;  Jakresb, 
866,  p.  940)  to  contain  41  00  p.  c.  SiO*,  31*66  Al'O',  4*50  Na'O,  and  12*11  water, 
ading  to  the  formula  2Na*0.38iO«  +  3(2CaO.SiO»)  +  6(2Al»0«.3SiO«)  +  lOHH). 

TBTMO&.  C**Hi*0.  Cymylie  Phenol,— Of  this  homologue  of  phenol  there  ire 
vo  modifications,  vis.  a  thymol,  existing  in  the  volatile  oils  of  thyme,  horse-mint, 
id  Ptychotia  Ajowan  (v.  793) ;  and  /3  th^ol,  produced  by  fusing  the  potassium  salt 
'  cymyl-sulphurous  or  sulphocymolic  acid  with  sodium  hydrate,  dissolving  the  fVised 
ass  in  water,  acidulating  with  sulphuric  acid,  and  distilling  in  a  current  of  steam ; 

then  passes  over  as  a  yellowish  viscid  oil,  lighter  than  water,  which  cannot  be 
lidified  either  by  cooling  or  by  contact  with  a  crystal  of  a  Uiymol  (R.  Pott,  ZeUschr, 

Chem.  [2]  v.  201  ;—VL.  Muller,  ibid,  284).-^  Thymol  dissolves  easily  and  com- 
otely  in  strong  sulphuric  acid  at  40°-60°,  and  the  solution  does  not  become  turbid 

dimtion  with  water,  because  the  thymol  has  been  converted  into  an  easily  soluble 
Ipho-acid.  /3  Thymol  likewise  dissolves  easily  in  strong  sulphuric  acid,  but  only  a 
lall  portion  of  it  is  thereby  converted  into  a  sulpho-acid  even  at  100°,  and  on 
dition  of  water,  the  greater  part  of  the  oil  separates  out  unaltered.  The  aqueous 
lution  neutralised  with  barium  carbonate  yields  a  barium  salt,  (C"H'*SO»)'Ba, 
lich  crystallises  in  anhydrous  needles.  i3  Thymol  dissolves  easily  in  alkalis,  and  is 
3cipitated  therefrom  by  acids  (Pott). 

X  Thymol  heated  with  phosphoric  anhydride  is  veiy  easily  and  completely  resolved 
o  propylene  and  y  cresol  (p.  607),  the  latter  remaining  in  combination  with  phos- 
->t\c  acid,   a  Thymol  is  therefore  propyl-cresol,  that  is  to  say,  propyl-methyl-phenola 

I\OH)  j2*51  (Engelhardt  a.  Latschinoff,  Zeitschr.  /.  Chem.  [2]  v.  616) ;  and  aa 

lene  is  propyl-methyl-beozene,  it  follows  also  that  fi  thymol  has  the  constitution 
?wp.  4  A 
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of  propjl-methyl-phenol  (FOU).    Probablj  one  modification  eontaias  nanialp^-. 
luid  the  oth«r  iiopxopyl. 

Dbbiyativbs  of  a  Ththol  (Ebgelhaxdt  a.  Lataehinofi^  Zdtmit.f.  On, 
y.  4S). 

thyl-thymoh  C'*H>*0(CH'),  is  obtained  bj  heating  an  aleobolie  whtka  i 
equal  quantities  of  thymol  and  potassium  hydrate  with  ozceas  of  methyl  iodide: 

C»H»K)H  +  KHO  +  CH'I  «  EI  +  HK>  -i-  C»«H»«0(CH«). 

Precipitated  iirom  the  alcoholic  solution  by  water,  treated  with  potash,  and  ittdH 
it  forms  an  oily  liquid  having  an  aromatic  odour  and  burning  taste,  boilii^  »t  ^ 
insoluble  in  water,  easily  soluble  in  alcohol  and  ether.    Sp.  gr.  »  0*941  at  18°. 

Ethyl'tkymol,  C>*HiK)(C*H«),  is  obtained  by  heating  sodinm-thymol  in  a  ssU 
tube  with  eUiyl  iodide  (JungHeisch,  £uU.  Soe.  Ckim.  [2]  iv.  17X  ^  ^7  ^^,^ 
alcoholic  solution  of  thymol  and  potassium  hydrate  with  ethyl  iodide  (EngeUarii 
Latschinoff).  It  is  a  colourless  mobile  liquid  having  an  aromatic  odoqr,  Iiie  *^.  - 
carrots,  and  an  extremely  buDiing  taste ;  insoluble  in  water,  easily  soluble  is  ti^^'-;- 
and  ether ;  boils  without  decomposition  at  222^ ;  oxidises  slowly  in  the  air.  P^'^ 
does  not  attack  it  eren  when.heated.  With  strong  sulphuric  add  it  forms  a  k  s^^ 
compound,  probably  analogous  to  that  which  is  formed  under  "™^^**'  aresBS^^si 
from  anisol  ( Jungfleisch). 

Amyl'thymol,  C**H*K>(OH").  obtained  b'ke  the  preceding,  is  an  oOj  I^a 
insoluble  in  water,  boiling  with  partial  decomposition  at  238^—243*^ 

Beneoyl-thymol,  C»H>H)(C'H»0),  is  formed  by  heaUng  thymol  with  beatf 
chloride.  After  wasUng  with  soda-ley,  &c.,  it  forms  an  oil  which  distils  ird:^- 
decomposition,  does  not  become  solid  in  a  freeang  mixture,  but  after  keepir^  i? 
some  time  solidifies  to  a  crystalline  mass  which  melts  at  the  heat  of  the  hand.  I-^ 
soluble  in  ether,  and  when  heated  with  ordimuy  sulphuric  acid,  is  lesoM  '^ 
bensoie  acid  and  a  stdphothymolic  acid. 

CymyUne-thymol.  (C'«H»»0)*(0»«H>«)''.  C^swl-Mysiol.— -When  2  moL thTTJ 
are  heated  with  2  mol.  potassium  hydrate  and  1  mol.  cymylene  chloride,  C'fl'^ ' 
(prepared  by  the  action  of  phosphorus  pentachloride  on  cuminic  aldehyde),  pnt»!^ 
chloride  separates,  and  the  alcoholic  solution  mixed  with  water  yields  an  oO.  "^^ 
is  insoluble  in  potash,  and  solidifies  after  a  while  to  a  crystalline  mass.  C^J^ 
thymol  crystallises  in  rhombic  tables  melting  at  157^. 

When  an  alcoholic  solution  of  8  mol.  thymol  and  8  mol.  potassimn  hjdn^^ 
boiled  with  1  moL  ehioroformt  potassium  chloride  is  formed,  and  the  alcohols  iiic%'' 
mixed  with  water  deposits  a  brown  oil.  Benrotrichloride,  C'H*C1*,  Seated  is  ^^ 
manner  with  potash  and  thymol,  yields  analogous  products.  The  brown  oil  s^sn^- 
by  water  is  resoWed  by  heating  with  sulphuric  acid  into  benaoic  acid  and  a  wi^ 
thymolic  aoid. 

Thymol  Pkoapkate,  (C>*H"0)'(POr,  is  fomed  by  heating  thymol  with  {^ 
phonis  oxychloride:  8C"H>«0H  +  POa»  m  8HC1  +  (e'»H»H))»PO,  and  msf^ 
separated — b^  tieating  the  product  with  potash,  dissolving  in  ether,  drying  ^ 
ciucium  dilonde,  eTaporating  the  ether,  and  heating  the  residual  liquid  to  200°--^  ^ 
brownish  oil  which  soli(Ufles  after  some  time  to  a  crystalline  mass.  Thymol  p^ 
phate  is  likewise  produced  by  heating  4  mol.  thymol  with  1  moL  phoBf^'-^^ 
pentachloride.  It  is  insoluble  in  water,  easily  soluble  in  ether  and  alcohol,  a^ 
separates  firom  solution  in  absolute  alcohol  by  slow  evaporation,  in  large  tnosli^* 
pnsms  having  a  fiitty  lustre.  From  an  ethereal  solution  it  czyst^lises  in  ^ 
needles*    It  melts  at  69^. 

•mi^luyaiTmoUo   Aetdik     C'-H'^SO*  -  C^H^jg^g.     SfXyv^te^Xsrtf  « 

lOymyhvlphurio  Acids. — By  treating  thymol  with  sulphuric  acid,  Lallemand  obtaiiK^ 
a  sulphothymolic  acid  which  yielded  soluble  and  wellrcrystallised  barium  ^ 
lead  salts.  Engelhardt  a.  Latschinoff  have  further  examined  the  products  of  tb'^ 
reaction,  and  have  obtained  three  isomeric  sulphotJiymolic  acids,  which  they  distU- 
guish  by  the  prefixes  a,  /3,  y ;  also  a  disulphothymolic  acid,  C**H*>(SO'H)'. 

a  Sulphothymolic  acid  is  the  chief  product  of  the  action  of  ordinary  salpli^ 
acid  on  thymol  at  comparatively  low  temperatures,  and  is  obtained  quite  pure,  witlwc^ 
the  slightest  admixture  of  the  0  and  y  acids,  by  gradually  adding  sulphuric  fhl}^ 
hydrate,  SO'HCl,  to  thymol.  Hydrochloric  aoid  is  then  evolved,  and  the  liquid  oa 
cooling  solidifies  to  a  crystalline  mass  of  pure  a  sulphothymolic  acid.  A  mixtmv  g: 
60  grms.  thymol  and  40  grms.  ordinary  sulphuric  acid,  if  left  in  a  warm  place  (j^ 
about  60^),  gradually  becomes  solid ;  and  on  dissolving  the  crystalline  muss  ui  vs^< 
filtering  from  unaltered  thymol,  agitating  with  ether,  neutialising  with  baritia 
carbonate,  and  evaporating,  a  large  quantity  of  l>arium  a  sulphothymolate  separate*  ia 
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fine  ciystals.  The  last  mother-liquors  yield,  together  with  oystals  of  the  «  salt, 
sparingly  soluble  laminai  of  totally  aifferent  character ;  and  by  dissolving  these  crystals 
together  with  the  mother-liqiior  in  water,  eonverting  the  dissolved  barium  salt  into  * 
potassium  salt,  and  concentrating  the  aqneons  solution,  sparingly  soluble  lamintt  ar6 
obtainedi  consisting  of  the  potassium  salt  of  /3  sulphothymolic  acid.  On  eyaporating 
the  mother-liquor  of  the  fint  crystallisation  to  dryness,  and  dissolring  the  dry  mass 
in  boiling  alcohol  of  90  p.  e.,  the  alcoholic  solution  first  yields  on  oooling,  needles  of 
the  potassium  salt  of  disulphothymolio  acid,  'vriiich  is  sparingly  soluble  in  alcohol, 
and  the  mother-liquor  of  these  needles  yields  by  evaporation  the  easily  soluble 
potassium  salt  of  a  sulphothymolio  add.  The  principal  product  of  the  reaction  is 
a  sulphothymolic  acid,  Uie  fi  acid  and  disulphotbymolic  acid  being  obtained  only  in 
veiy  small  quantities. 

The  a  tuhhatkymolaies  are  easily  soluble  in  water,  and  are  coloured  dark  violet  by 
ferric  chlonde.  The  potastmm  salt,  C>«Hi*(OH)(SO*K)  +  2^H*0,  crystallises  from 
very  concentrated  aqueous  solutions  in  beauUful  transparent  rhombic  tables,  or  large 
prisms ;  from  boiling  alcohol,  in  which  it  is  also  very  soluble,  in  large  rhombic  tables ; 
the  crystals  effloresce  in  the  air.  The  barium  salt,  (C>*H"SO«)'Ba  -»-  4H>0,  crystal- 
lises in  flat  transparent  prisms  decomposing  at  100\  The  Uad  salt,  (G**H"SO«)*Fb 
+  4H*0,  crystallises  from  very  strong  aqueous  solutions  in  stellate  groups  of  needles; 
it  is  very  soluble  in  boiling  alcohol,  and  the  solution  solidifies  on  cooling  to  a  mass  of 
slenfler  needles;  the  salt  decomposes  at  110®.  The  copper  salt  separates  from 
alcoholic  soHition  in  indistitict  o^stalline  drusts. 

$  Sulphothymolic  acid  is  especially  characterised  by  the  sparing  solubility  of 
its  potassium  salt,  C"H>*SO^K  -f  H*0,  which  crystallises  from  boiling  aqueous 
solution  in  thin  plates,  and  decomposes  when  heated  above  116^.  Its  solution  i^ 
coloured  violet-blue  by  ferric  ehloride. 

y  8%lphotkymciie  acid,  G**H>^SO*,  is  produced,  together  with  disulphothymolio 
acid,  by  heating  thymd.  with  a  mixtore  of  ordinary  and  Aiming  sulphuric  acids, 
neutralising  wit£  barium  carbonate,  converting  the  resulting  barium  salts  into  potas** 
si  am  salts,  and  separating  those  salts  by  crystallisatioB  from  boiling  alcohol,  the  disul- 
phothymolate  crystallising  out  first  as  the  solution  cools,  and  the  mother-liquor  yield- 
ing by  evaporation  granular  masses  of  the  7  sulphothymolate.  This  salt,  C'"H**SO*K 
+  H*0,  is  very  soluble  in  water  and  alcohol ;  does  not  decompose  at  136°.  The 
barium  salt,  (C**H"SO^)*Ba  +  3H*0,  is  more  soluble  in  water  than  the  a-sulphothy- 
nolate,  and  crystallises  there&om  in  tufts  of  needles;  does  not  decompose  at 
136^ 

Potassium  Disulphoih^molate,  Ci«H"(OH)(SO*K)'  +  UH'O,  is  very  soluble  in 
vater,  sparingly  soluble  m  cold,  moro  easily  in  boiling  alcohol,  and  crystallises  from  the 
>oiIinfi;  alcoholic  solution  in  long  slender  shining  needles  which  on  exposure  to  the  air 
mmcdiately  crumble  to  a  white  powder. 

Methyl-sulphoihjfmolic  actc^,  C»H»SO« »  C>«H»|^^^*,  is  obtained  by  the 

ddon  of  sulphuric  add  on  methyl-thymol.  Its  barium  salt,  (CiiH>*SO«;i*Ba  +  3HK), 
s  very  soluble  in  boiling  water,  and  crystallises  in  small  nodules  on  eooung. 

EthyUsulphothymolie  Acid.    C"H»SO«  »  G>*H»|^^\— Of  this  add  there 

re  two  modificationsi  a  and  7,  obtained  by  tJxe  ^tetton  of  ethyl  iodide  on  the  salts  of 
lie  corresponding  sulphothymolic  adds.  The  potassium  salts  of  the  two  acids  have 
le  same  composition,  C**H"(OC'H*)(SO'K).  The  a  salt  crystallises  in  thin  tables, 
le  y  salt  in  fiat  needles ;  boui  dissolve  sparingly  in  cold,  easily  in  boiling  water,  and 
»emble  each  other  dosely  in  other  respects ;  so  likewise  do  all  the  other  Correspond- 
ig  salts  of  the  two  adds^  l%e  solutions  of  the  potassium  salts  mixed  with  barium 
iloride  yield  precipitates  of*  the  barium  salts,  which  crystallise  from  boiling  wster, 
le  a  salt  in  thin  laminae,  the  7  salt  in  six-sided  tables,  both  containing  ^C^'H^'SO^VBa 
SHH).  Etbyl-ihymol  dissolves  when  heated  with  ordinary  sulphuric  acid,  ana  by 
mtralising  the  solution  with  barium  carbonate,  two  salts  are  obtained,  the  less 
luble  of  which  is  tJke  a  ethyl-sulphothymolate,  while  the  more  soluble  is  not  isomeric 
ith  it. 

a  ^iny/.stt/pAoaymo/icflct<i,C»»H»*SO*  ==  C«H»|g^2",  iii   obtained    by 

ating  the  potassium  salt  of  a  sulphothymolic  acid  with  potash  and  amyl-iodide. 
le  potassium  saH.  0**H*'SO'K,  ^stallises  in  needles  easily  'soluble  in  water.  The 
Hum  salt,  (C'*H'*SO*yBa  +  3H*0,  forms  flat  needles  sparingly  soluble  in  cold,  more 
sily  in  boiling  water.  By  dissolving  amyl-thymol  in  warm  sulpharic  add,  neutral* 
ng  with  barium  carbonate,  and  eyaporating,  fiat  needles  of  the  same  salt  are  obtainedy 
d  the  mother-liquor  yields  a  more  soluble  salt  having  the  same  composition. 

4a2 
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mmn  nit  of  this  add,  C*«H*'SO^  +  2H«0,  is  obUined  bj  heating  the  •  nlpbcth- 
moUte  to  126^  with  benaoyl  chloride.  It  ia  slightly  solnble  in  cold,  more  solvble  a 
boiling  water,  and  ciystalliBes  on  oooling  in  flat  shining  needles.  The  other  s  beosM- 
sulphothjmolates  are  also  slightly  soluble  in  oold,  more  soluble  in  hot  water,  ud  sn 
prepared  from  the  potassium  salt  by  double  decomposition.  The  barium  sad  lesi  ts^ 
crystalliae  in  flat  needles  containing  6  moL  water;  the  eaieimm  salt  in  small  \a^ 
containing  4  moL  water ;  the  sUver  salt  in  shining  needles. 

The  potassium  salt  of  y  bensoyl-sulphothymolic  acid  is  reiy  much  like  the  s  biI; 
but  contains  3  mol.  water. 

TSV.  Blocks  of  Banka  tin  exposed  to  the  open  air  at  St.  Petersburg  in  tbe  c£>!i 
winter  of  1867-1868  acquired  a  crystalline  structure  and  partly  emmbledtoagnaal''- 
erystalline  powder.  The  internal  cavities  became  lined  with  a  metallically  lustres 
film,  while  the  crystalline  structures  themselves  appeared  doll  (Fzitsache,  P6tf.  M^ 

[4]  xxxviii.  207). 

Oalvert  a  Johnson  {Chem,  8oe.  J.  [2]  ir.  485)  have  examined  the  action  of  sulp^' 
acid  of  different  strengths  upon  tin,  with  the  following  results.  "By  two  boms'  asa& 
of  60  e.  &  acid  on  1  c.  c.  metal,  the  following  quantities  were  diaeolred: 

By  H«80«  at  160®  .  8010 
„  H*SO* .  HK)  at  160«  0*640 
„  H«S0«.2HH)  at  leo®    0470 


ByH»80«.8H«Oatl30<>    0-215 
„  H*S0«.4HH>        ^  0140 


The  action  of  pure  hydrogen  sulphate,  H*SO*,  is  uttended  with  erolntion  of  wal^baii^ 
oxide  and  separation  of  sulphur ;  with  H'SO* .  HK>  sulphurous  oxide  ia  likewise  eroh^  • 
with  H*S0^2H*0  hydrogen  sulphide  goes  off;  tcgether  with  the  aulphnroos  oiKi«; 
and  with  the  two  weaker  hydrates  hydrogen  sulphide  is  the  chief  gaseous  pndncL 

Altojs.  Blche  (Compt,  rmi.  Ixrii.  1188^  has  examined  the  physical  propeitiei^^ 
alloys  of  tin  and  copper  in  various  proportions  from  Sn*Cu  to  SnCn^*  (gun-sMoli- 
With  regard  to  density,  it  appears  that  the  contraction  increases  pretty  legulariyfi^ 
the  alloys  richest  in  tin  to  the  alloy  SnCu*,  but  that  it  then  increases  very  rap^^J* 
attaining  its  maximum  in  the  alloy  SnOu'.  The  density  then  diminishes  down  to  tb< 
aUov  SnCu*,  beyond  which  it  again  regularly  increases,  but  only  so  far  that  tbe  dftos^ 
of  the  alloy  richest  in  copper  still  remains  less  than  that  of  the  alloj  SnCn*.  "^ 
alloy  differs  in  its  properties  from  all  the  rest,  being  so  brittle  that  it  may  be  pslTtf- 
ised  in  a  mortar,  and  forming  bluish  crystalline  grains  not  resembling  either  toi  <? 
copper.  The  solidifjring  point  of  the  alloys  SnCu*  and  SnCu*  is  intermediate  betvoea 
the  melting  point  of  antimony  and  the  boiling  point  of  cadmium. 

OtalorldM.  1.  8tannou$  CkUride,  Sna*  (Gerlach,  Dingl.poLJ.eisxrn.^^^'' 
BulL  8oc,  Ckm,  [2]  ix.  248  ;  Jakresb.  1867,  272).-.Well-defined  crystals  of  this  isit. 
as  well  as  the  needle-shaped  crystals  often  found  in  commerce,  and  the  lamiBO«ilT 
crystals  which  separate  from  solutions  containing  a  considerable  proportion  of  staacic 
oxide,  all  have  the  composition  SnOl'.  2H*0.  Stannous  chloride  likewise  crystallise* 
with  the  same  amount  of  water  from  a  solution  containing  equivalent  quantities  fi 
stannous  and  stannic  chlorides  (contrary  to  former  statements,  v.  807).  The  spttsU 
gravities  of  aqueous  solutions  of  stannous  chloride  are  given  in  the  following  taoIe«i* 
which  p  denotes  the  percentage  of  crystallised  salt,  SnGl'.2HK),  and  d  tbe  speo^ 
gravity  at  16^: 


p 

d 

P 

d 

P 

d 

0 

1-0000 

80 

1*2300  * 

60 

1*5828 

6 

1*0881 

86 

1*2779 

66 

1*6698 

10 

1*0684 

40 

18298 

70 

1-7462 

16  ' 

11060 

46 

1*8860 

76 
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On  the  reaction  of  stannous  chloride  with  arsenious  and  arsenic  acid, 
(pp.    220,  222);   on   its  reaction  with   metallic  solutions   and   sulphurous   acid 
(p.  1066). 
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Stannio  Chloride,  SnCl*  (Gerlach,  Binglpot,  J.  clxxviiL  49;  BvU,  8oe,  Chim. 
[2]  iv.  483 ;  Jahresb.  1865,  p.  237). — The  specific  gravity  of  the  anhydrous  chloride  is 
2-234  at  16^.  When  it  is  rapidly  mixed  with  water,  the  liquid  becomes  heated  t6  the 
boiling  point ;  on  gradual  addition  of  water,  a  point  is  reached  at  which  the  hot 
aqueous  solution  is  denser  than  the  undissolved  aqueous  chloride.  The  dissolution  is 
accompanied  by  a  diminution  of  rolume  greater  than  that  hitherto  observed  in  any 
other  mixture.  In  the  following  table,  P  denotes  the  percentage  of  anhydrous  chloride 
in  the  solution;  I)  the  specific  gravity  of  the  solution  at  15° ;  V  the  volume  of  100  pta: 
by  weight,  that  of  100  parts  by  weight  of  water  being  »  100 ;  V  tiie  volume  which 
100  parts  by  weight  would  occupy  if  no  contraction  took  place ;  Y"  the  volume  of  the 
mixture*  that  of  the  sum  of  the  constituents  being  s  100. 
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Gerlach  has  obtained  the  hydrates  QnCl*,  8fl*0,  SnCl«.6H*0,  and  SnCl«.8HH)  in 
the  crystalline  form.    When  1  moL  stannic  chloride  (269-48  pts.)  is  mixed  with  1  mol. 
water  (18  pts.),  two  thirds  of  the  stannic  chloride  remain  unaltered,  whilst  the  re- 
maining third  forms  the  hydrate  SnCl*.3H'0,  which  sinks  in  the  Bxcess  of  stannic 
chloride.    When  1  mol.  stannic  chloride  is  mixed  with  2  moL  water,  the  whole  solidi- 
fies while  still  hot  to  a  solid  mass  enclosing  ^  of  the  chloride  in  the  anhydrous  state. 
1  mol.  stannic  chloride  dissolves  in  3  moL  water  with  great  evolution  of  heat,  the 
temperature  rising  to  the  boiling  point,  and  forms  a  clear  liquid  which  deposits  the 
hydrate  SnCl^ .  3H*0  at  60°,  and  solidifies  to  a  mass  when  quite  cold.    The  fumes 
which  stannic  chloride  emits  in  moist  air,  and  the  efflorescences  which  form  on  the  edges 
of  vessels  containing  it,  likewise  consist  of  the  trihydrated  salt.    A  mixture  of  stannic 
chloride  with  4  mol.  water  yields  transparent  pointed  crystals  having  the  composition 
SdCI*.  4H'0  ;  these  however  are  regarded  by  Gerlach  as  consisting  of  the  trinydrate 
with   enclosed   solidificl  mother-liquor.    The   pentahydrate,  SnCl*.5H'0,  separates 
gradually  from  dulv  concentrated  solutions  in  white,  turbid,  very  deliquescent  mono- 
clinic  crystals  which  melt  at  a  gentle  heat    Less  concentrated  solutions  yield  at  very 
low  temperatures  large  transparent  crystals  of  the  octohydrate,  SnCl^.  8H'0,*  still  more 
deliquescent  than  the  pentahydrate.    This  latter  is  regarded  by  Gerlach  as  the  best 
adapted  for  industrial  use.  The  following  table  (p.  1094)  exhibits  the  specific  gravities 
(D)  of  aqueous  solutions  containing  the  percentages  (F)  of  crystallised  pentahydrated 
fiitaDnic  chloride,  for  the  temperature  of  16°. 

The  aqueous  solution  of  stannic  chloride  acts  as  an  acid  towards  most  metallic 
oxides  ;  it  takes  up  1  mol.  stannic  hydrate,  forming  a  soluble  oxychloride,  and  reacts 
in  a  similar  manner  with  other  oxides  soluble  in  hydrochloric  add.  Recently  prepared 
solutions  of  stannic  chloride  are  not  cxAoxaed  by  stannous  chlorido,  but  those  which 
have  been  kept  for  some  time  acquire  thereby  a  yellow  colour,  arising,,  according  to 
G^erJach«  from  the  formation  of  stannic  oxychloride.  In  a  concentrated  limpid  solu- 
tion of  stannic  oxychloride,  stannous  chloride  dissolves  with  daik  brown  colour 
Gerlach). 

A  solution  containing  the  chlorides  of  sodium,  potassium,  lithium,  csesium,  and 
ubidiuniy  together  with  free  hydrochloric,  gives  wiUi  stannic  chloride  a  czystalline 
)rocipitate  consisting  of  nearly  pure  casium  stannockhride,  Cs'Sn^Cl*  or  2CsCl.SnCl* 
.Sharpies,  BiU.  Am, «/.  [2]  zlvii.  178 ;  Zeitsokr.f,  Chem,  [2}  v.  406). 

*  Ktfllner  CJSMMkr.  /.  Chenu  [91  L  445)  obtained  from  a  wlutlon  of  stamilb  chloride  prspared  by 
'eating  staniioiis  chloride  with  nltTomariatic  acid  and  expoaed  to  a  winter  temperatoiB,  transpaxont 
jlonrleBB  rbombio  octahedrons  of  the  salt  SuGl* .  9H*0,  which  deUqueaoed  when  heated  above  18^. 
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Staanie  chloride  Added  to  am^  deoM  cocked  by  a  fteceing  miztara.  uitee  with  ii 
firodncing  the  oomponnd  SnC1^.20*H*H),  which  Ibnne  colovrleu  tebulur  deUqeeewst 
cfyetals,  instaotlv  reeotred  by  water  into  etanBoos  chloride,  hjdxviehlarie  mad,  ani 
amyl  aksohal.  The  cfyfltale  heeted  to  100^  are  deeompoeed,  chielly  m  the  naanr 
lepneented  by  the  equation:  2(SaCl«.2G*H*H))  «  SnCl«.8HX)  -i-  anCP.HK)  * 
9C^W+(yWCi*  (Bauer  a.  Klein,  Z«ito0Ar./.  Chem,  [2]  it.  370). 

Io616e.  Crystallieed  stannic  iodide  is  most  easily  obtained  by  gradnally  «i(i>f 
4  pts.  of  iodine  in  small  portions  to  1  pt  of  tin-foil  immersed  in  6  pts.  cerbon  bi^ 
phide  contained  in  a  closed  vessel  and  well  cooled,  decanting  the  solution  aa  aoon  v  ^ 
acquires  a  pure  yellow  colour,  and  leaving  it  to  CTapomte ;  1  pt.  carbon  bisolpl^i*^^ 
dissolves  at  ordinary  temperatures  1*45  pt.  stannic  iodide  (R.  Schneider,  Jakra^- 
1866,  p.  229). 

•tuuila  Oxtd«f  JLekUv  and  aatts.  The  iListingnishing  chanotesistioa  of  staui< 
and  metastannic  acids  have  been  further  examined  by  Barfoed  {J,  jw*.  Ckem,  cL  S^< 
Jakrub,  1867,  p.  267).  Reaction  with  Carntio  fi^— Ordinaiy  or  c-atansie  toi 
disfolyes  easily  in  soda^ley,  and  is  not  precipitated  by  the  ezeees  of  the  alkalL  li«^ 
or  ^-stannic  acid  is  completely  precipitat€Kl  by  soda-ley  ttaak  a  moderatelj  dilate  Msd 
solution,  in  the  form  of  sodium  metastannate.*  The  precipitate  is  easily  scdnble  u 
water,  insoluble  in  dilute  soda-ley  and  in  weak  spirits  When  dried  it  forma  whito« 
gummy  granules,  and  when  pulverised  is  easily  dissolved  by  treatment  with  hyixo- 
diloric  acid  and  subsequent  aadition  of  water.  Sodium  metaatannato  pfiecipitaied  by 
■oda-ley  from  the  hydrochloric  solution  of  metastannic  acid,  washed  with  aJeohol  ta^ 
dried  at  100^,  was  found  to  have  the  oomposition  Na*0 .  98nO*  -i-   8HK). 

SeactioH  with  Hydroeklorw  AekL — ^The  hydrochloride  of  anstannie  add  dissohvi 
easily  in  hydrochloric  acid  of  sp.  gr.  1*1.  When  this  solution,  which  alters  bnt  skmrlj. 
is  distilled,  the  whole  of  the  tin  nassee  over  as  totnchloride.  Tlae  hydrochloride  of 
metastannic  acid  is  insoluble  in  nydrochloric  add  of  sp.  gr»  1*1,  and  is  eadly  parifi«i 
by  washing  with  such  add.  The  recently  prepared  perfectly  pine  oonponnd  forms  s 
colourless  solution  ;  the  vellow  colour  which  it  commonly  exlpbita  arisea  partly  fioa 
residual  nitric  acid  (which  sets  chlorine  free),  partly  fVom  iron  and  other  impurities. 
The  solution  decomposes  rather  quickly,  and  with  greater  facility  as  it  ia  nuna  dilst« 


*  Aeoonlliig  to  TMmy,  sodiam  metsstonnate  diaiolvH  slowly,  bot  oomjikMfy,  In  witor  (v.  891). 
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«nd  ooDtftiDs  leM  acid ;  the  solid  eompoand  likewise  undeignee  a  similar  deoomposi- 
tioo  and  bjDoomes  insoluble.  By  strong  hydrochloric  acid,  recently  prepared  and  still 
moist  metastannic  acid  is  gradually  conyerted  into  stannic  acid ;  after  diyiog  at  100^ 
it  undaigoes  the  same  change,  but  less  easily.*  The  proportion  of  metastannic  acid 
thas  coDTerted  increases  with  the  quantity  of  hydrochloric  acid,  the  time  of  contact^ 
and  the  temperatore.  Consequently  the  h^rochlorie  acid  solution  of  metastannic 
acid  always  contains  more  or  less  stannic  acid,  which  may  be  separated  in  the  manner 
aboye  mentioned ;  and  herein  may  be  found  an  explanation  of  the  fact  that  the  hydro* 
chloric  add  solution  of  metastannic  acid  likewise  yields  by  distillation  a  certain 
quantity  of  stannic  chloride. 

Reaction  mth  Hydrogen  Sul^tkide, — ^The  precipitates  formed  by  hydrogen  sulphide 
in  both  modifications  ox  stannic  acid  are  always  mixtures  of  stannic  sulphide  with 
a  or  6  stannic  hydrate :  they  are  not,  however,  identical.     Heoently  prepared,  con- 
centrated  and  acid  solutions  of  stannic  chloride  form  a  Hght  yellow  precipitate  which 
retains  its  colour  unaltered ;  non-acid  solutions  yield  a  reddish-yellow,  ana  very  dilute 
solutions  a  white  precipitate,  which  tnms  yellow  only  when  washed.    All  these  pre- 
cipitates in  the  moist  state,  after  washing,  contain,  besides  stannic  sulphide,  variable 
quantities  of  o-stannie  add ;  they  dissolve  easily  in  alkaline  leys  and  m  warm  dilute 
hydrochloric  add,  the  solution  exhibiting  all  the  reactions  of  a-stanuic  acid.    During 
diyiog  thev  continually  give  off  hydrogen  sulphide,  assume  a  dark  brown  or  nearly  black 
colour,  and  are  then  no  longer  pofecUy  soluble  in  soda-ley.    Metastannic  acid  is  very 
slowly  attacked  by  hvdrogen  suphide.    Dilute  hydrochloric  acid  solutions  of  it  form, 
with  hydrogen  sulphide,  a  white  precipitate  consisting  essentially  of  metastannic 
hydrate ;  concentrated  solutions,  a  yellow-brown  precipitate ;  both  precipitates,  when 
kept  for  24  hours  in  dosed  vessels,  assume  a  dark  brr>wn  colour,  and  when  dried  turn 
black  and  give  off  hydrogen  sulphide.    Since,  when  metastannic  add  is  dissolved  in 
strong  hydroehknrio  add,  a  certain  portion,  variable  according  to  circumstances,  is 
converted  into  stannic  add,  it  follows  that  these  precipitates  are  mixtures  of  those 
which  would  be  produced  from  pure  stannic  and  pure  metastannic  acid ;  thev  there- 
fore contain  stannic  and  metastannic  add  together  with  stannic  sulphide,  and  are  on 
the  average  less  rich  in  sulphur  than  those  whidh  are  formed  from  stannic  acid.  When 
treated  with  soda-ley,  they  leave  a  white  residue  of  sodium  metastannatoi  and  like- 
wise yield  with  colourless  ammonium  sulphydrate  a  white  predpitate,  which  disappears 
on  heating  the  liquid.      In  warm  potash,  ammonia,  and  hydrochloric  ada  they 
dissolve  with  moderate  facility  with  aid  of  heat. 

From  the  preceding  reactions,  Barfoed  legards  treatment  with  soda-ley  as  the  best 
means  both  for  the  qualitative  detection  and  for  the  separation  of  the  two  stannic 
acids.  For  quantitative  estimation  he  determines  the  total  quantity  of  tin  in  one 
aliquot  part  of  the  solution,  and  the  amount  of  metastannic  acid  in  another  by  pre- 
cipitation with  soda-ley.  In  the  filtrate  and  wash-water  thereby  obtained,  the 
a-stannic  add  may,  for  verification,  be  separated  by  hydrogen  sulphide  from  the  solution 
acidulated  with  hydrochloric  add,  and  estimated  by  known  methods. 

Musoolus  {Compt.  rend,  Ixv.  961)  describes  certain  hydrates  intermediate  between 
ordinary  stannic  nydrate,  (SnO'.HH)),  and  metastannic  hydrate,  (Sn*0**.6HH)),  and 

groduced  from  the  former  by  keeping  under  water.  Beeently  prepared  stannic 
ydrate  (predpitated  ftom  stannic  chloride  by  ammonia)  dissolves  easily  in  strong 
nitric  ana  hydrochloric  acid,  also  in  caustic  potash,  and  is  precipitated  by  a  large 
excess  of  potash  as  a  crystalline  powder.  After  several  hours'  immersion  in  water, 
it  loses  ita  solubility  in  nitric  add,  and  when  treated  in  potassic  solution  with  excess 
of  potash,  yields  an  amoiphous  predpitate  (second  hydrate).  After  several  days  it 
becomes  insoluble  in  hydrochloric  aod,  but  still  remains  soluble  in  potash  (third 
hydrate). 

From  metastannic  acid,  into  which  these  two  hydrates  are  ultimately  converted, 
:hej  are  distinguished  by  the  fact  that  they  still  dissolve  in  strong  hydrochloric  and 
litrio  acid*  in  presence  of  alkaline  chlorides.  Metastannic  acid,  treated  with  boiling 
'oncentrated  potash-ley,  yields  at  first  the  potassium  salts  corresponding  to  the  third 
ind  second  hydrate,  whidi  separate  in  consequence  of  their  sparing  solubility ;  it  is 
nlj  when  iJie  solution  has  become  very  concentrated  that  crystals  of  ordinary  potas- 
ium  stannate  are  formed.  The  potassium  salt  of  the  second  hydrate  contains  2  at. 
in  to  1  at.  potasdum ;  that  of  the  third  hydrate  3  at.  tin  to  1  at.  potassium ;  the 
onpeaponding  adds  are  therefore  represented  by  the  fbrmnln : 

8n'H*0«  for  the  second  hydrate^ 
Sn'H'O*  for  the  third  hydrate. 

*  On  the  oonTcnlon  of  stannic  into  metastannic  add,  see  ▼.  8SQ. 


1096  TIN. 

When  metastanntc  hydrate  is  hoiled  with  eonecntTated  hydrochlorie  acid,  ud  tk 
liquid  separAted  from  the  precipitate  is  saturated  with  hydroehlorie  add  gu,  a  pR> 
cipiUte  is  formed  containing  the  hydrate  Sn'HH)* ;  the  remaining  add  soliitknkiT« 
on  eraporation  a  crystalline,  very  deliquescent  acid,  partly  soluble  in  •ihff.  and 
c«>n8i8ting,  according  to  Musculus,  of  a  mixture  of  cxTstallised  hytlrated  ftaa^ 
chloride,  and  the  hydrochloride  of  the  hydrate  8n«H*0«.  From  these  obserrito-ai 
Mttsculus  infers  the  existence  of  a  series  of  polystannic  acids  analogous  to  iht  pd.v* 
ftilicic  acids. 

Sodium  atannate,  Na«SnK)«or  NaK).8nO».— Of  thia  salt  three  hydrate  b^ 
been  previously  obtained,  containing  3,  8,  and  9  moL  water  (t.  819).  ABfiOsef 
hydrate,  Na»SnO«  +  10H«0,  crystallises  in  Urge  prisma  from  dilute  sohtiao  by 
evaporation  at  a  low  temperature.  These  crystals  form  only  in  pore  ioliitiwaj 
€Hpecially  in  such  as  are  free  from  excess  of  soda ;  they  ans  Tery  eflUnceeent,  and 
decompose  in  aqueous  solution  at  80^,  with  separation  of  stannic  hydrate ;  sddititio  d 
soda  prevents  this  decomposition  (Scheuier-Kestner,  BttU.  Soe.  Ckim.  [2]  Tiii.  389> 

fiespecting  stannates  containing  platinum,  see  p.  1077* 

SateBldea  (Schneider,  Fogg.  Ann,  cxxWL  624;  JML  Soe.  Chtm,  [2]  tl  449; 
Jahresh.  1866,  p.  227).~The  monaselenide  or  9tanmm$  9elemde^  SnSe,  may  be  ofateic^ 
iTystallised  and  quite  pure,  by  heating  finely  pulverised  selenium  wit£  fnsed  uHij-^ 
dious  stannous  chloride  till  tJie  mixture  appears  transparent  in  thin  layes:  2^*^^ 
+  8o  a  SnSo  +  8nCl\  Stannic  chloride  then  volatilises,  and  the  stannous  atk^^ 
which  remains  dissolved  in  the  excess  of  stannous  chloride,  dyatallises  out  oueoolisz. 
The  product  which  Uelmann  obtained  (v.  821)  by  fusing  3  pta.  tin  with  2  pta.  sei«- 
nium  generally  contains  iree  tin ;  it  may  be  converted  into  the  pfore  moooselenide  ^ 
fusion  with  stannous  chloride  as  above. 

Stannous  selenide  crystallises  in  prisms  or  laminfB  resembling  stannous  sn^^km 
and  probably  isomorphous  with  it ;  the  crystals  have  a  sp.  p^.  of  6*24,  a  steel-gi? 
colour  and  metallic  lustre ;  may  be  heated  in  a  close  yesselor  in  a  stream  of  h^dro^ 
without  alteration,  but  are  slowly  converted  into  stannic  oxide  when  heated  is  the 
air,  and  are  scarcely  attacked  by  aqueous  soda  or  ammonia,  even  at  the  boiling  ^ 
iiu  which  respect  they  differ  from  the  moooselenido  prepared  in  the  wet  way),  ^ 
Are  dissolved  with  red  colour  by  the  sulphides  and  selenides  of  the  alkaliHDetai& 
Boiling  hydrochloric  acid  dissolves  them  slowly,  with  solution  of  hydrogen  sekfliu'j 
strong  nitric  add  at  the  boiling  heat  colours  them  brown-red  from  sepsrstKw  « 
selenium,  and  ultimately  oonyeits  thom  into  selenious  and  selenic  acid;  nitioBBriat< 
add  dissolyes  them  with  &cility. 

An  intimate  mixture  of  2  mol.  stannous  selenide  (4  pts.)  and  2  moL  iodine  (5|iti) 
liquefies  at  a  gentle  heat,  and  solidifies  to  a  red-brown  mass,  which  is  dissolred  br 
carbon  bisulphide  to  a  yellowish  liquid,  with  a  residue  of  stannic  selenide  (with  sntfJ 
quantities  of  stannous  selenide  and  free  selenium).  The  solution  when  left  ^ 
evaporate  first  yields  dark  red  crystals  of  selenium ;  Uien,  to  the  last  drops,  di^?f 
red  octahedral  crystals  of  stannic  iodide:  2SnSe  •«-  I*  »  SnI*  «  SnSe*.  ^itt 
twice  the  quantity  of  iodine  the  reaction  takes  place  with  equal  facility,  and  vithM^ 
separation  of  iodine:  SnSe  +  1*  ^  Snl^  +  Be;  on  treating  the  product  with  eax^ 
bisulphide,  the  greater  part  of  the  selenium  remains  nndissolved.  A  solntioB  « 
iodine  in  carbon  bisulphide  acts  on  stannous  selenide  in  the  same  way  at  ordiaaiT 
temperatures,  the  excess  of  iodine  remaining  in  solution  unoombined,  tog^^  ^} 
selenium ;  compounds  of  selenium  and  iodine  cannot  therefore  be  obtained  in  tw 
manner.  Bromine  acts  on  stannous  selenide  in  a  similar  manner  to  iodine,  oombiBinS 
with  it  in  the  cold  with  a  hissing  noise  and  rise  of  temperature ;  more  quietly  v)^ 
added  with  agitation  to  the  selenide  immersed  in  carbon  bisulphide.  The  prodwA 
are  stannic  bromide  and  stannic  selenide,  or  stannic  bromide  and  selenium,  soeoidioi 
to  the  proportions  used:  2SnSe  +  2Br*  «  SnBr*  -i-  SnSe*;  and  SnSe  -t-  ^^ 
B  SnBr^  +  Se.  When  more  than  2  mol.  bromine  are  used  to  1  jqoL  stsBDO"* 
selenide,  selenium  bromides  are  likewise  formed. 

The  biselenide  or  stannic  selenide,  SnSe^  is  very  easily  decomposed  by  best,  v» 
cannot  therefore  be  prepared  either  by  heating  a  mixture  of  its  elements,  or  by  & 
process  similar  to  that  generally  used  for  preparmg  the  bisulphide  (moeaic  gold);  ^ 
compound  described  by  Little  (▼.  882)  as  biselenide  of  tin  was  probably  only  moo^ 
selenide.  The  biselenide  may  however  be  prepared  by  means  of  the  above-mentioDed 
reaction  between  iodine  and  the  monoseleniae.  6  pts.  of  iodine  are  triturated  to  > 
homogeneous  mixture  with  8  to  10  pts.  of  crystallised  stannic  iodide;  this  is 
Ultimately  mixed  by  gentle  trituration  with  4  pts.  of  levigated  stannous  selenide* 
and  carbon  bisulphide  is  added,  with  rapid  stirring,  in  suffident  quantity  to  form  > 
pasty  mass,  which  is  then  treated  with  a  huge  quantity  of  carbon  bisnlphide  to 
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diflsolve  the  rtamuo  iodide.  After  wnsliing  with  carbon  biaulphide,  the  stannio 
Belenide  leounB  as  an  indistinctly  dystalline  powder,  which  when  dried  has  a  spedfie 
gravity  ol  4*86,  and  a  dark  red-brown  oolonr,  becoming  darker  at  100^.  It  is  not 
attacked  by  water  or  dilate  adds,  scarcely  by  strong  boiling  hydrochloric  acid; 
roacts  like  the  monoselenide  with  nitric  and  nitromuriatic  add.  Heated  with  strong 
Bolphario  add,  it  forms  an  oliye-green  solution,  from  which,  when  poured  into  a  laige 
quantity  of  water,  selenium  is  separated  as  a  red  powder,  while  stannic  sulphate 
remaiofl  in  solution.  In  caustic  fixed  alkalis  and  ammonia  the  biselenide  dissolyes  at 
oidinaiy  temperatures,  forming  blood-red  solutions,  from  which  it  is  precipitated  by 
Rcida.  1  mof.  stannic  selenide  eently  heated  with  2  moL  iodine  melts  to  a  daric  red 
liquid,  which,  when  f^irther  headed,  yields  a  sublimate  of  iodine  and  afterwards  of 
stannic  iodide,  and  after  solidification  may  be  resolved  by  carbon  bisulphide  into 
Bolttble  stannio  iodide  and  a  residue  of  selenium :  SnSe'  +  21*  »  SnI*  +  8e.  A 
Bolation  of  iodine  in  carbon  bisulphide  acts  on  stannic  selenide  in  the  same  manner. 
Bromine  also  produces  a  similar  reaction. 

Bvlplildaa.  The  statement  of  Proust  (▼.  828)  that  stannic  sulphide  and  chloride 
are  fonned  by  the  action  of  sulphur  on  fbsed  stannous  chloride  does  not  appear 
to  be  correct.  The  reaction  'is  in  fiict  analogous  to  that  which  takes  place  with 
selenium  (p.  1096),  the  products  being  stannic  chloride,  which  volatilises,  and  stannous 
sulphide,  which  remains  dissolved  in  the  excess  of  stannous  chloride,  and  separates  in 
crystals  on  cooling  (Schneider). 

yiattomn^tlB  CHnupoiinds  (Schndder,  Fo^,  Ann,  cxzxvi.  106;  ZeiUckr.  f, 
Chem,  [2}  v.  613). — ^When  a  solution  of  platinic  chloride  containing  O'Ol  grm. 
platinum  in  a  cubic  centimetre  is  mixed  with  a  moderately  strong  solution  of  stannous 
chloride  in  hydrochloric  add,  the  mixture,  if  kept  in  a  dosed  vessel,  gradually  turns 
dark  brown,  and  yields  a  brown  precipitate  with  ammonia.  To  precipitate  all  th% 
platinum  requires  at  least  8  mol.  stannous  chloride  to  1  mol.  platinic  chloride.  Tho 
xeactaon  may  perhaps  be  supposed  to  take  place  as  npresented  by  the  equation : 

2PtO«  +  eSnO  -  Pt«0  +  8Sn«0«, 

assuming  the  formation  of  a  hypoplatinous  oxide  .containing. only  Jialf  as  mivch  oxygen 
as  platinous  oxide.  The  compound  Pt*0.88nOf  or  pt*0 ,  8SnQ .  8890*  niAy  accord- 
ingly be  demgxiated  as  ^m^aiinoao^tannous  siannaie  (Schneider  caUs  it  finruoMrta 
Flatmoxydid-zinnoxydvl),  The  brown  compound  t/eated  with  soda-ley  does  not, 
however,  yield  the  supposed  oxide  of  pladnum,  but  a  bladk:  substance,  Na'Pt'SnH>*  or 
Ft*O.NaH).2SnO*,  which  may  be  called  Bodio-^^poplafinou^  stanfuUe,  .HvpopUtinoflo- 
stannous  stannat^  fused  with  potasdum  carbonate  and. sulphur,  yielos  potasdo- 

pUtinous  sulphostannate,  K*jh*Sn^^S^  (p.  1077).  '  The  salt  thus  obtained  was  formerly 
supposed  by  Schneider  to  contain  oxygen  as  weU  as  sulphur;  but  more  recent 
experiments  have  shown  that  this  supposition  is  incorrect. 


TUano-phosphono  chloride,  TiPCl»  =  TiCl*.PUl»,  analogous  to 

the  tin   compound,   SnCl^.rCl*,  described  by  Casselmann   (v.   809),  is  produced, 

according  to  Tuttschew  [Ann.  Ck.  Pharm.  cxli.  Ill),  by  heating  an  intimate  mixturo 

of    1    pt%  titanic   oxide,  TiO^    (15  grm.)  and-  3  mol.  phos^faoras-  pentachloride 

(116  grm.)  in  a  retort,  continuing  the  heat  for  a  considerable  time  after  the  reaction 

is  completed,  in  order  to  volatilise  the  phosphorus  oxychloride  whidi  js  likewise 

formed:  TiO«  +  3PC1»  -  TiCl«.PCl»  +  2P0C1*.    It  is  also  formed,  according  to 

Weber  (Pogg.  Ann,  cxxni.  452),  by  the  direct  mixture'  of  the  component  chlorides,  or 

by  passing  their  vapours  together  through  a  red-hot  glass  tube ;  but  the  product  thus 

obtained  is  .contaminated  with  portions  of  the  uncombined  chlorides.    It  may  be 

obtained  puro  b^  passing  chlorine  into  a  mixture  of  phosphorus  trichloride  with  excess 

of  titanic  chlonde,  and  heating  the  product  gendy  tOWardd  the  end  in  a  stream  of 

chlorine. 

Titanophoephoric  chloride  is  a  lemon-yellow,  indistinctly  crystalline  mass,  which 
iissolves  without  decomposition  in  ether,  and  romains  as  a  gummy  mass  on  eva^ora- 
:iug  the  solution ;  it  is  also  dissolved  in  small  quantity  by  phosphorus  oxychloride,  but 
»nnot  easily  be  separated  from,  the  solution.  Water  and  moist  air  decompose  it 
■apidly.  Placed  under  a  receiver  with  water  and  quick  lime,  it  leaves,  after  a  few 
lays,  titanic  hydrate  which  is  quite  free  firom  phosphoric  acid,  and,  after  remaining 
or  some  time,  contains  only  a  trace  of  chlorine  (Tiittschew).  According  to  Weber,  it 
olatiliseB  when  heated,  without  previous  fusion,  and  condenses  to  a  yellow  powder 
n  cooling^.  It  is  very  hygroscopic,  and  dissolves  in  dilute  acids  to  a  yellow  liquid, 
rhich  after  some  time  depodts  a  gelatinous  piedpitate. 
The  compound  TiClSPOCl'  is  foimed  by  dropping  phosphorus  oxychloride  into 


1098  TITANIUM. 

•zcesB  of  titanic  chloride,  and  ia  obtained  pore  by  warming  the  8(didi5ad  mxtuc  till 
it  melts  completely,  and  decanting  the  portion  which  remains  liquid  after  eool^ 
from  the  crystalline  mass  which  constitates  the  compooad  in  question.  It  is  vA-;^ 
less,  easily  fnsible,  and  rery  hygroscopic  (Weber). 

A  mixtnze  of  titanic  chloride  and  sulphur  chloride,  Batnxatad  with  chlorine  ps  i:A 
gently  wanned  in  a  stream  of  chlorine,  yields  Htamo-stdphurous  chloride,  2TiCi*.Si.l\ 
as  a  snlphur-yellow  powder,  which  is  decomposed  at  a  stronger  heat,  is  toj  deli- 
quescent, and  dissolyes  in  dilute  nitric  acid,  with  fonnation  of  sulphuric,  hjdn£bA«n:i 
and  titanic  acids.  The  compound  which  H.  Bose  obtained  (r.  d36)  appsan  to  ban 
been  merely  a  mixture  (Weber). 

TItaaia  ^dvates  (Tuttschew,  lee.  stt.).~The  hydrate  obtained  by  tbeadinrf 
moist  air  on  titanophosphorie  chloride  has,  afler  drying  over  oil  of  ritriol,  the  ere- 
poeition  of  the  normal  hydrate,  or  titanic  add,  TiH«0«.  At  110<»-13a^  it  giree  cff 
16*50  p.  e.  water,  and  is  oonTerted  into  the  first  anhydride,  TiH*0*.  In  af^esaon 
and  properties  Uie  normal  hydrate  resembles  the  hydrate  obtained  by  boilisg  vi'i 
sulphuric  acid,  which  after  drying  orer  oil  of  vitriol  has  the  sains  oompoeitioQ.  Tix 
latter  (6*titanic  acid,  metatitanic  acid,  or  metatitanic  hydrate)  heated  to  120^,1«ti« 
the  hydrate  Ti'HH)'*,  and  at  liO''  tiie  hydrate  Ti'HH)*,  previoasly  obsflcrri  ^ 
Bemoly.  The  hydrate  obtained  by  predpitataon  with  smuoniaa  to  which  De»i? 
assigned  the  formula  3TiO* .  6HH)  or  Ti*H>*0",  was  found  l^  Tottscbew,  alter  dr^n 
in  a  Taeunm,  to  contain  Ti>H*0*.  At  UO**  this  hydrate  is  eonTected  into  Ti'H'O'. 
From  these  results  Tiittschew  infers  the  existence  of  a  series  of  polytitanie  k^ 
analogous  to  the  polysiHde  acids,  and  formed  from  normal  titanic  acid  aoeoriing  w 
the  general  equation : 

fiTiHK}«  -  fliHK)  B  Ti- 


*t 


The  foUowinff  table  exhibits  the  composition  of  the  hydrates  of  titanie  Boi « 
determined  by  the  obeenrations  of  different  chemists,  by  no  means  always  aeecnto- 

a  Tituue  add  (pteeipitated  by  ammonia). 

Aif-dried.       •       .       •       .        •  TiOVSHK)  -  TiH«0»   It^      , 

.  TiO«.2H«0  -  TiHH)*    jJ*^*"* 

.  8TiO«.6HH>  -  Ti'H'W  Bemoly.t 

.  TiO«.  HK)  «  Ti»H«0»    TSttsiew. 

TiO«.  H«0  -  TiH«0«     Men. 

.  4TiO«.8H«0  «  Ti*H«0»  Merx. 

.  8TiO«.  H«0  =  Ti«HK)*   Bemoly,  Me» 

.  2TiO«.  H»0  -  Ti«H«0»    Tiittachew. 

over  sulphuric  acid  in  a  TBcunm.  2TiO'.  HH)  bs  Ti'HK)*    Ilose.| 

at  140°,  or  in  a  vacuum  •        .  8TiO«.2H*0  =  Ti«H*0«    Bemoly. 


M 


Dried  in  a  faeamift    . 

over  snlphnrio  add . 
atao^     . 
„  IW>^  . 
..  140°   . 


b  or  Metatitanic  acid  (predpitated  by  boiling  the  sulphuric  add  sohitwa). 

Dried  over  sulphuric  add  •       .      TiO*. 2HH)  -  TiH'0«  Tuttschew. 

„     atl20« 8TiO«.4HH)  -  Ti»HH)»«  Tiittschew. 

Air-dried TiO«.  HK)  -  TiH»0«  Mar«. 

Dried  over  sulphuric  add,  or  at  60"" .  2TiO<.  H*0  -  Ti«HK)«  Merm. 

„     at  KOO  .....  8TiO«.2H"0  -  Ti«H*0«  Demoly, 

„     at  100<> 8TiO*.  H*0  -  Ti'HH)'  Mers. 

Hydrate  formed  by  moist  air  from  Titanophosphorie  chloride. 

Dried  over  sulphuric  add  .        .        .      TiO«.2H«0  -  TiH«0*     Tuttschew. 
„     at  110*>'-120«  ....      TiO«.  H«0  «  TiH«0«     Tuttschew. 

For  the  preparation  of  tiure  titanic  add,  and  its  separation  from  sireonia  and  ferric 
oxide,  the  following  metnod  is  given  by  Streit  a.  Frans  (X  pr.  Okem.  eriil  66; 
Zeitwkr.f.  Chem,  [2]  vi.  366).  Finely  pulverised  and  levigated  rutile  is  iodmAtf'T 
mixed  with  three  times  its  weight  of  potasdum  carbonate,  and  ftased  in  a  Henitf 
crudble,  and  the  fused  mass  is  mured  m  a  thin  layer  upon  an  iron  plate.  It  is  tbco 
finely  pulverised  and  exhausted  with  cold  water,  whereby  silicate  and  tungrtafe  o^ 
potassium  are  removed,  while  potassium  titanate  and  fcrric  oxide  remain  nndiasol^^ 
Tlie  residue  is  dissolved  in  crude  hydrodilorie  add,  rise  of  temperature  beios 
prevented  as  fbr  as  posdble ;  tbe  resulting  solution  is  generally  somewhat  doe^ 

•  Jahrt$b,  18M,  p.  197.  t  Ibid,  1849,  p.  270.  |  Ann.  Ch,  norm,  UL  SC8. 
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graiOXO   8V&»BnttATa  (chloriiiftted).      ^^;^*|S.    SUicie  Mera^tan,-^ 

This  oompound,  analogoos  to  methyl-mexcaptan,    ^  >S,  Ib  produced  by  passing  a 

mixboie  of  hydrogen  sulphide  and  vapour  of  silicic  chloride  through  a  red-hot  tube : 

Sia*  +  H»S  -  HCl  +  SiCl'HS. 

It  is  a  cdloudess  liquid,  boiling  at  196^,  smelling  of  hydrogen  sulphide  and  silicic 
chloride,  and  decomposed  by  moist  air,  with  formation  of  silica,  hydrochloric  acid, 
KDd  sulphur.  With  absolute  alcohol  it  forms  normal  silicic  ether,  Si(OCH*)*,  the 
compound  Si(OC*H*)*HS  being  apparently  also  formed  as  an  intermediate  product. 
Dry  bromine  decomposes  silicic  mercaptan,  with  rapid  evolution  of  hydrobromic  add 
and  fonnation  (Xf  silicic  chlorobromide,  SiCl'Br : 

2Sia'HS  +  8Br«  -  28iCl'Br  +  Bz^fiP  +  2HBr. 

The  chlorobromide,  separated  by  distillation  from  the  bromine  sulphide,  is  a' 
colourless  liquid,  which  Aimes  in  the  air^  boils-  at  80°,  and  has  a  vapour-density 
—  7*25  (calc.  7*42).  With  water  it  is  resolved  into  idlica,  hydrochloric  add,  and 
hydrobromic  add.  Silicic  chlorobromide  is  likewise  obtained  by  heating  silidc 
chloroform  to  100°  for  some  time  with  bromine,  and  submitting  the  product  to 
Pactional  distillation  (Friedel  a.  Ladenbuig,  Bull,  8oc.  CMm.  [2]  viL  472). 

nurooniVOBIBBS.  The  spedfic  gravity  of  potassium  silicofluoride  is 
2'6649-2-6666  at  17*5°;  of  the  sodium  salt,  2*7547  at  17*5°;  of  the  barium  salt^ 
4'2741  at  21°,  all  referred  to  an  equal  volume  of  water  at  15°  as  unity  (Stolha,  J.  pr, 
Ckem,  zcvii.  503). 

PotaMaium  Silioofluorid^  recently  precipitated  in  the  cold,  collected  on  a 
filter,  and  left  to  itself  Ibr  24  hours,  retains  firom  68  to  65  p.  c  water ;  when  pre^ 
dpitated  ftom  a  hot  solution,  it  retains  45  to  46  p.  c.  The  gelatinous  precipitate 
appears  crystalline  under  the  microscope,  especially  if  moistened  with  a  litue  alooholl 
It  is  less  soluble  in  saline  solutions  than  in  pure  water :  1  pt.  of  the  salt  requires 
for  solution  888  pts.  water  at  17*5°;  24,066  pts.  of  a  solution  of  potasdum  sulphate 
(of  9*92  p.  c.)  at  17° ;  125,000  of  an  18*4  p.  c.  solution  of  potassium  nitrate  at  16° ; 
1735  pts.  of  an  8*8  p.  c  solution  of  the  same  salt  at  100°.  Aoueous  sal-ammoniac 
of  26*8  p.  c  dissolves  it  more  easily  than  a  5  p.  c  solution  of  the  same  salt.  Adds 
dissolve  potasdum  silicofluoride  more  eadly  uian  water,  but  deoompoee  it  at  the 
same  time,  usually  with  emisdon  of  vapours  of  dlioon  fluoride.  In  hydrochloric 
add,  however,  the  salt  dissolves  without  formation  of  visible  decomposition-products^ 
and  more  abundantly  in  proportion  as  the  acid  is  stronger.  When  potassium  silico- 
fluoride is  ignited  with  1  to  2  pts.  of  sal-ammoniac,  ammonium  dlicofluoride  is  given 
off,  and  potasdum  chloride  remains  behind.  When  the  potassium  salt  is  boiled  with 
carbonate  of  magnesium  or  caldum,  in  presence  of  water,  fluoride  of  magnedum  or 
caldum  is  formed,  but  the  decomposition  is  never  complete  (Stolha,  J,  pr,  Chem,  dii. 
306 ;  ZeUsckr,/,  Chem,  [2]  iv.  576). 

Caeaium  Silieofluorids^  2CBF.SiF*,  is  prepared  by  precipitating  cndum 
chloride  with  cnpric  dlicoflumde,  and  washing  the  predpitate  on  a  niter  till  all  the 
copper  salts  are  removed;  it  forms  anhydrous  crystals.  When  precipitated  by 
alcohol  it  is  not  distinctly  crystalline,  but  from  a  hot  solution  it  separatee  in  shining 
octohedrons  truncated  by  cubic  &^.  By  spontaneous  evaporation,  cubes  with 
truncated  summits  are  obtained.  Sp.  gr.  8*8756  at  17^.  One  part  of  the  salt  dis- 
solves in  166  pts.  water  at  17°9  and  in  a  much  smaller  quantity  of  hot  water,  but  it  is 
insoluble  in  alcohol.  Ignited  with  sal-ammoniac  it  leaves  pure  cftdum  chloride.  It 
is  easily  and  completely  decomposed  by  lime-water  (Stolha,  J,  pr.  Chem,  dii.  410). 

Rubidium  Silieo/luoride,  2BbF.SiFS  is  precipitated  from  hot  solutions  as 
a  distinctly  crystalline  j>owder,  appearing  under  the  microscope  to  condst  of  trans- 
pmnt  cubes  modified  with  octohednl  ara  dodecahedral  faces ;  the  precipitate  formed 
in  the  cold  is  less  crystalline.  Sp.  gr.  3*3383  at  20°  referred  to  water  at  the  same 
tem|wrature.  Ipt  of  the  salt  dissolves  in  614  pts.  water  at  20°,  in  73*8  pts.  at  the 
boiling  heat,  liie  aqueous  scdution  has  an  add  taste  and  reaction;  a  solution 
saturated  at  20°  has  a  sp.  gr.  of  1*0013.  The  salt  is  more  soluble  in  adds  than  in 
water ;  insoluble  in  aloonol ;  reacts  with  alkalis  like  the  potasdum  and  sodium  salts 
(Stolba,  J.  pr.  Chem,  di.  1). 

Cuprio  Silicofluoride,  CuF'.SiF*,  may  be  prepared  by  dissolving  cupric  cap- 

'  bonate  in  dilute  silicofluoric  add,  or  by  boiling  barium  silicofluoride  with  the  solution 

of  an  equivalent  quantity  of  cupric  sulphate  (adding  a  small  quantity  of  the  barium 

salt  towards  the  end  of  the  process  till  the  sulphuric  reaction  cusappears),  and 

evaporating  in  a  vacuum  at  10°  to  22°,    It  forms  crystals  bebnging  to  the  hexagonal 
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mnphtliaUe  add.  Henee  it  appeaTB  that  oidiiiaiy  tolnie  acid,  whi^  nudte  aft  ITf^, 
18  paratoluic  acid.  Oithozylene,  obtained  by  distilling  parazylie  add  with  Lir< 
(p.  293),  treated  with  dilate  nitric  acid,  is  slowly  ozidiaed  to  toliiie  add,  vlndi  a 
slightly  solnble  in  cold  water,  moderately  solable  in  boiling  water,  and  erj^euLs^ 
from  a  dilate  eolation  in  splendid,  long,  transparent,  spieiilar  ciTstals  melt:c£  a: 
102O;  this  is  orthotoUic  acid;  ito  caldnm  salt,  (C*H^0')H:«  -t-  tli<K*^i 
barium  salt,  (C*H'0^)*Ba,  are  rery  solable  in  water,  and  ciysttdlise  in  «le!i-.<er 
needles  (Bieber  a.  Fittig,  ZeiUckr.f,  Ckem,  [2]  Ti.  496).  Lastly,  bj  oxidisii^  b>.s- 
bromoxylene  (from  ooal-tar  xylene)  with  chiomie  add,  two  bromotohiic  mt^a. 
C'H'BrO',  are  obtained,  which  form  caldnm  salts  of  difPerent  solubility,  the  .Jti 
solable  crystallising  in  needles  containing  (C*H*BrO')*Ca  +  3HK>,  the  man  biCi:^ 
in  smaller  needles  containing  8HH).  The  add  separated  from  the  fmner  of  \t^ 
salts  melts  at  206^-206^,  that  from  the  latter  at  185^-189° ;  and  by  agitsbn?  tb- 
brominated  add  melting  at  205°-206^  with  sodium-amalgam  for  two  days,  the  sodi^a 
salt  of  a  toluic  add  is  obtained  which,  when  separated  by  hydroehlonc  add,  fors 
slender  needles  melting  at  90^-98°,  or  about  10  degrees  lower  than  oitlMitolBic  moL 
This  toluic  add,  ozidiMd  with  chromic  add,  yields  isophthalie  or  metaphthalk  toL 
and  coneeqaently  consists  of  m  etatolui  c  acid. 

Paratoluic  or  ordinary  toluic  acid  is  also  produced:  ck  B^  distilling  potuKus 
sulphotoluate  with  potassium  cyanide,  whereoy  tolyl  cyanido  is  obUiasd,  scti 
saponifying  this  compound  with  alcoholic  potash : 

C^*(CH»).SOflB:  +  CNK  -  80«K«  +  C«HXCH>).CTr 
and 

C««(CH«).CN  +  2HH)  -  NH»  +   C^XCH") . CO«H. 

The  add  thus  obtained  melta  at  176''-176^  (Men,  ZeUtekr.  /.  Cktm,  [2]  ir.  »\- 
fi.  Together  with  one  of  the  other  modifications,  by  heating  monobromotobfsi? 
(b.  p.  178^-185^)  with  ethyl  chlorocarbonate  and  sodium-amalgam  in  a  flask  Cbad 
with  an  upright  condenser  and  placed  in  a  sand-bath : 

C'^'Iot  ♦   COJO{^  +  »•«  -  Kaa  +  N.Br  +  C^«}<»0^ 

BromoboliieDeb      Bthyl-idiloro-  Bttgrl  totaalak 

carbonoto. 

On  exhausting  the  product  with  ether,  distilling  off  the  portion  which  boQs  b«V:i« 
180^,  decomposing  tne  residue  with  alcoholic  potash,  precipitating  with  hydrochl-rc 
add,  reaystallising  from  water,  and  distilling,  toluic  acid  is  obtained  oontamiuiiiC 
with  a  more  fusible  add,  the  whole  melting  at  163® ;  and  by  repeatedly  treating  it 
with  a  quantity  of  boiling  water  less  than  sufficient  for  complete  aolation,  the  toh-f 
acid  is  at  length  obtained  pure  and  melting  at  176®  (Wurts,  Compt^  rvud,  Ixru:. 
1298). 

Bromotoluie  Acids.'-Metabromotoluie  and,  C*£rBrO',  produced  by  oaddisi^ 
monobiomoxylene  (from  coal-tar  xylene)  with  potassium  chromate  and  dilute  soliduak 
add,  separates  from  alcoholic  solution  as  a  crystalline  powder  melting  at  2O5®-2O0^. 
slightly  soluble  in  boiling  water  and  in  cold  alcohol.  Its  barium  ttdt,  (C*H*BiO')'Bi 
+  4H''0,  and  the  ealeium  9alt,  (C*H*BrO*)*Ca  +  8H*0,  oystallise  in  needles ;  tb» 
Hlver  salt,  C'H'BrO'Ag,  is  a  flocculent  precipitate  which  becomes  oolouivd  on  «xpo> 
sore  to  li^ht ;  the  etkySe  ether  is  a  fragrant  liquid  soluble  in  water,  boiling  withuet 
decomposition  at  270®-276®,  and  solidifying  in  the  crystalline  fonn  at  —  5®.  JSfiin- 
metabromofoluie  acid,  C*H*(NO')BrO*,  separates  on  adding  water  to  the  wamad 
solution  of  metabromotoluic  add  in  fuming  nitric  acid,  in  the  flocculent  state,  aiid 
forms  colourless  cryfitab  melting  at  176°-176®;  the  barium  salt,  r(?HXXO*)BiO']% 
+  8H*0,  crystallises  in  easily  soluble  needles ;  the  caldnm  salt,  |;OHXNO«)BrO'fOi 
+  8HK),  in  warty  aggregates.  Metadibramotoluie  acid,  G*H«Br>0*,  is  prodnnd. 
though  very  slowly,  by  oxidising  dibromoxylene  vith  chromic  add  iniztore.  It  it 
insoluble  in  cold  water,  and  crystallises  from  dilute  alcohol  in  mieroseotHc  needles 
melting  at  186^-186®.  The  eadly  soluble  barium  salt,  (CH*Bi^*)'B^  4-  9HX), 
forms  silky  needles;  the  silver  salt,  C*H*Br^O'Ag,  is  an  amorphons  predpitato 
insoluble  in  water  (Fittig,  Ahrens,  a.  Matthddes,  Ann,  Ch.  Pkarm,  cxlvii.  15 ;  Mka^. 
1867,  p.  696). 

Nitrotoluio  and  Amidotoluie  acids  (Ahrens,  Zeitodlr.  /.  Ckam^  P]  *▼• 
102). — Coal-tar  xylene,  boiling  at  138^-140^,  was  oxidised  with  a  mixtnre  of  1  toL 
nitnc  acid  and  3  toI.  water,  anid  yielded  a  mixture  of  adds  which,  after  distillatioo, 
conyersion  into  caldum  salts,  and  predpitation  with  hydroehlonc  add,  melted  at 
72^-75®.  This  ^noduct  was  gently  warmed  with  strong  nitric  acid,  the  reeulting 
nitro-Bcids  precipitated  by  water,  and,  after  washing,  saturated  with  calcium  caibonata 
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A  miztnre  of  caldum  saltfl  diflbring  in  Mdiibility  ima  thus  obtained,  whieh  were  sepo- 
nted  by  repeated  crystalliaation  from  hot  water. — ^A.  The  nitrotoluie  acid,  C*H'(NO')0'» 
separated  from  the  less  soluble  calcium  salt,  crystallised  in  large  monoclioic  prisms 
melting  at  190^ ;  its  barium  salt  in  needles  oontainiDg  4  mol.  water;  the  calcium  salt 
in  rhombic  prisms  with  3H'0 ;  the  lead  salt,  obtained  as  a  precipitate,  dystallised 
from  hot  water  in  anhydrous  needles.  Amidotoliuc  acid,  OH'^NH*)0*,  formed  from 
the  preceding  nitro-acid  by  reduction  with  tin  and  hydrochloric  acid,  crystallises  in 
long,  yellow,  capillary  needles,  melting  at  164^-165°.  Its  barium  salt, 
[C*H*(:MH*)0*]*Ba  +  8H'0,  is  easily  soluble  in  water ;  the  copper,  lead,  and  silyer 
salts  are  sparingly  soluble,  and  obtained  by  precipitation.  Nitroxytohne  acid, 
G'H'(NO'XOH)0*,  formed  by  treating  the  amido-aoid  with  nitrous  acidf,  forms  very 
long  golden-yellow  needles,  soluble  in  water,  and  melting  at  187°-188°.  Its  barium 
salt,  [C*H*(NO')(OH)0']*Ba  -f  7H*0,  is  easily  soluble  in  water,  turns  led  when 
dried  orer  sulphuric  acid,  and  deliquesces  to  a  lemon-yellow  mass  on  exposure  to 
the  air.  *■ 

B.  The  more  soluble  calcium  salts  separated  from  the  last  mother-liquor  obtained 
as  aboTe  yield  a  mixture  of  two  nitrotoluie  acids,  one  crrstallisiiijg  in  thick  mono- 
cUnic  prisms  melting  at  220^,  the  other  in  capillary  needles  melting  at  217^-218° ; 
the  ccystalline  forms  of  these  two  acids  are  not  altered  by  recrystallisation.  They  are 
both  insoluble  in  water,  easily  soluble  in  alcohol.  The  calcium  salt  of  the  add 
meltiiig  at  220^  fonns  weU-defined  tabular  crystals  very  soluble  in  water. 

Seym* 
Q^^.— This  acid,  first  obtained 

by  C&nnizzaro  by  boiling  benzyl  cyanide  with  potash,  afterwards  by  Moller  a.  Strecker 
from  Tulpic  acid  by  the  action  of  baryta-water  (y.  863),  is  also  produced  by  heating 
mandelio  (phenyl-glyooUic)  add  with  concentrated  hydriodic  acid  and  a  small  quantity 
of  phosphorus  (Cram-Brown,  JfVoo.  Roy,  8oo.  Edinh.  y.  409) : 

The  metkylio  ether  of  alphatoluio  add,  obtained  by  treating  the  add  with  alcohol 
and  hydrochloric  add,  is  a  colourless  liquid  haying  a  faint  odour,  a  sp.  gr.  of  1*044 
at  10^,  and  boiling  without  decomposition  at  220°.  The  ethylio  ether,  obtained  in 
like  manner,  has  an  unpleasant  odour,  a  sp.  gr.  of  1*031,  and  boils  at  226°  (Radzis- 
zewflki,  Zeitsckr,/,  Chem,  [2]  y.  358). 

COOH'  ^  ^0™^  ^7  ^  action 
of  hjdrobromic  add  on  mandelic  add : 

CH(OH)j^  +  HBr  -  HK)  +  CHBrjg^. 

A  flolntion  of  mandelio  add  in  fuming  hydrobromic  add  yields  phen^l-bromacetic 
add,  graduidly  at  ordinaiy  temperatures,  more  quickly  when  heated,  m  oily  dro^ 
whi(^  gradually  crystallise.  By  recrystallisation  from  carbon  bisulphide,  it  is 
obtained  in  yellow  prisms  melting  at  882°.  By  sodium-amalgam  and  water  it  is 
reduced  to  alphatoluic  add.  Potassium  hydrate  added  to  its  alcoholic  solution 
qm'ekly  oonyerts  it  into  phenyl-ethyl-glycollio  acid : 

™^lo^  +  ^0^^'  -  ^KBr   +   CH(OCfl')j^. 

The  resulting  solution  filtered  from  potassium  bromide,  slightly  acidulated  with 
hydrochloric  add,  then  eyaporated  oyer  the  water-bath,  and  mixed  with  lukewarm 
water,  leflyes  a  yellowish  oil,  consisting  of  phenyl-ethyl-glycollio  acid,  which  may  be 


salts  are  also  mostly  amorpnous.  me  oartum  soit  is  yeir  soiuoie  m  water,  ana 
remains  as  a  gummy  mass  on  eyaporation  in  a  yacuum.  The  lead  salt  is  sparingly 
solnble,  and  becomes  crystalline  on  standing.  The  eUver  salt  is  a  white  pulyerulent 
precipitate  (Glaser  a.  Badzissewski,  Zeitachr.  f.  Chem,  [2]  iy.  140). 

J^henylehloraeetie  or  Ohloralphatoluie  acid,  ^^CIJ^q^q,  is   prepared 

by  heatin^^  mandelic  add  with  excess  of  fuming  hydrochloric  acid  to  146^  in  sealed 
tubes  for  two  or  three  hours,  dissolying  the  resulting  oil  in  sodium  carbonate, 
decolorising  with  animal  charcoal,  and  orecipitating  with  hydrochloric  acid.  It  then 
separates  as  a  colourless  oil,  which  graaually  solidifies,  and  the  mother-liquor  yields 
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the  niM  add  in  white  rhombDidal  tablet,  it  n  eoliible  is  «l6ohal,«te.cBte 
bieolphide,  and  chloroform,  slightly  eolnble  in  water,  meki  at  78^t  ^  vM^  is 
pinnatic  needles.  Its  salU  crystallise  with  difficult.  Ib  dilute  akohotie  toicna 
it  is  easily  converted  by  eodinm-amalgam  into  alphatotidc  add.  By  b(i]ia|vit^ 
excess  of  potash  it  is  eonyerted  into  an  acid  soluble  in  water,  the  bszisM  sih  e 
which  has  the  form  and  composition  of  the  mandelate  (Badsiaaewdd,  iM.  t.  SS«V 

PkenyldickUraeetie  aeid,  CC1*|^^,  is  obtained  either  I7  the  adioDofi:? 

chlorine  on  the  monochlorinated  acid  in  snnshine,  or  by  namnf  chlorine  gM  thc^ 
the  same  acid  in  a  U-tnbe  immersed  in  boiling  water,  and  purified  by  eoannci  isc 


sodium  salt  and  precipitation  with  hTdrochlorie  arid.  It  then  seperates  st  en  as>^ 
colonied  oil  which  gradually  soliiufies,  and  the  lemainiag  liquid  beeoeM  f^ 
with  scpaie  tables  united  in  hmrinar  groups.  It  melts  at  68^  and  salidito  a 
erystallme  soales ;  is  slightly  soluUe  in  water,  and  'ciystallises  tiMMfiuA  is  tn» 
parent  square  tables,  from  ether  in  small  oonoentrically  grouped  needles.  Iti  »^ 
crystallise  better  than  those  of  the  monochlorinated  ac&  By  dry  <>ii^'I*^' 
giTee  off  chlorine,  hydrochlorio  add,  and  a  yellow  oil,  learinff  a  cazbonseasnt  Mi» 
By  boiling  with  excess  of  potash,  it  is  conrerted  into  an  add  easily  soliblsian^ 
When  it  is  boUed  with  potash  tall  the  solution  no  lot^sr  gives  a  prMlpittfi  vu 
sulphuric  add,  and  th^  boiled  with  sulphuric  add  and  potaanua  dJchmmsls.  it  P]* 
off  Tapours  jmeUing  like  bitter  almood  oil,  aad  is  finally  cuufested  into  bssaK  » 
(Badsisaewski,  ioc,  dt,),  ^^ 

Pat€br6mopkenyUc€tie  aeid  is  fianed  by  the  aetioB  of  fcfUMMSitwe 
add.  It  crystallises  in  prisms  melting  at  76°;  its  barium  and  ^^^^^J^ 
form  nodulsf  groups  of  crystals  easily  soluble  in  water  and  aloohoL  Bjc^^^ 
with  chromic  acid  mixture,  it  is  converted  into  parabromobenaoic  add  meltiig  1^ 
861^  together  with  another  brominated  acid  which  melts  at  99^.  Nitric  add  cob^ 
it  into  parabromonitrophenyLicetic  add,  which  crystallises  in  prisms.  When  lao^ 
acts  on  a  toluic  acid  at  160^,  the  chief  {nroduct  is  phenylbromaoetic  add,  vbia  n 
boiling  with  soda-ley  U  converted  into  mandeiio  add  (Radaisaewsld). 

Par€nittopk€%y^ae€tie  acid,  CH(NO«)|^^  obtained  by  ih*  «*■  ^^ 

ftuning  nitric  acid  on  a  toluic  acid  at  ordinaiy  temperatures,  crystallises  from  1^ 
in  colourlesi  prisms  melting  at  114°.  Its  sodium  salt,  C^*(NO0O*N»  +Jf;' 
crystallises  from  alcohol  in  square  tables.  The  acid  saturated  with  ^""ll^'^lllJ^^ 
yellowish  precipitate  with  silver  salts,  green  with  copper  salts,  white  withmejc^ 
and  mercnric  salts.  The  eihylie  eihtt  obtained  b^  nitration  of  •^^■T^P^'T^^ 
crystallises  from  alcohol  in  rhombic  tables  melting  at  64^.  The  nitro^pa  a^ 
verted  by  oxidation  with  chromic  add  mixture  into  paranitrobenaoic  add,  9Mm 
at  230°. 

Para-amidopUnfflaeetie  aeid,  CH(NH«)|^^,  is  obtained,  in  eoml«B*^ 

with  stannous  chloride,  by  treating  the  nitro-add  with  tin  and  hydrochloric  acid.^^ 
separated  therefrom  it  ciystallises  in  nacreous  laminae,  easily  decomposed  bj  d^^ 
by  contact  with  moist  air,  insoluble  in  cold  water,  modeiatelv  soluble  in  **"'!^ 
and  in  alcohoL  Its  hydrochloride  forms  long  colourless  neemes,  not  ^^^'^^Ij^^ 
decompoeition ;  the  neutral  andphaie  crystallises  easily  in  six-dded  tables.  ^  f^  ^ 
salt  is  a  white  unstable  preapitate ;  the  copper  salt  is  green,  and  quite  iitfoioiw' 
water. 


When  the  mononittated  acid  is  Vednced  bv  ammonium  sulphydiate,  and  the  ^''^^^ 
acid  is  precipitated  by  acetic  acid,  a  yellowish  liquid  remains,  from  ^^"'^.J?^ 
chloric  add  throws  down  para-asophenylacetic  acid.  This  add  is  i>*^^^ 
cold  water,  and  crystallises  from  hot  water  in  very  long  nacreous  stmv'«**^ 
needles  melting  at  188°.  . 

Dinitropkenylaeetie  aeid  is  fbrmed  by  treating  the  paramtto-acid  ^ 
mixture  of  nitric  and  sulphuric  acid.  It  crystallises  ftx«n  water  in  thin  needl*  "^ 
ing  at  160°,  and  eadly  forms  ethers.  Another  nitro-add  is  formed  at  the  ^s»^^ 
in  small  quantity  (RadrisEewsld).  ^, 

To&uzBnrH  or  AXznoTo&uara.   CH'N  »  C'H'(ina[*)  -  (?H*|i)h^" 

This  base  exhibits  the  three  modifications,  ortho-,  meta-,  and  para%  The  ^9*^|^ 
base  obtained  by  Hoftnann  a.  Muspratt  in  1840,  by  reduction  of  nitrotolnenc!)  f  P^ 
to  be  paratoluidine ;  a  liquid  modification  lately  discovwed  by  Hoeenstichl  ni  ^ 
merciaf  toluidine,  and  named  peeudo-toluidine,  is  most  probably  the  o^^™^;^ 
eation  ,*  and  mctatoluidine  may  also  be  obtained  from  crude  oommemal  tolv^ 
(p.  1108). 
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On  the  action  of  ligHt  on  chloride,  brotnide,  and  iodide  of  silver,  see  Puitcvin,  Btdl, 
Soc.  Ckim,  [21  y.  155;— Kaiser,  Jahresb.  1865,  p.  279; — Caroy  Lea,  Sill.  Am.  J.  [2] 
xxxix.  74  ;  xt  109;  xlii.  198  ;  Jahresb,  1865,  pp.  279,  282;  1866,  p.  262;— H.  Vogel, 
Pogg.  Amn.  czxr.  329 ; — W.  Reissig,  J.  ft,  Chem,  xcv.  405  ;~Schultz-Sellack,  Deut. 
ehem.  Gee.  Ber,  iv.  210 ;  Chem,  Soc.  J.  [2]  iz.  302.  According  to  Lea,  pure  eilver 
iodide  is  not  reduced  by  light,  the  reduction  taking  place  only  in  presence  of  silver 
nitrate  or  organic  bodies. 

SIlTer  Flnoride.  AgF. — This  compound  has  been  carefully  examined  by  Gore 
{Phil.  TVans.  1870,  227  ;  Proc.  Hoy.  Soc.  xix.  235).  It  was  prepared  by  dissolring 
pure  silver  carbonate  in  hydrofluoric  acid  and  evaporating  in  a  platinum  dish,  but, 
unless  peculiar  precautions  are  taken,  it  generally  contains  a  little  metallic  silver  and 
traces  of  water  and  hydrofluoric  acid.  It  is  usually  obtained  in  yellow  earthy  lumps, 
but  when  completely  dehydrated  by  fusion,  it  forms  a  black  homy  mass,  having  a 
silvery  lustre  on  the  surface,  arising  from  minute  particles  of  metallic  silver.  It  is 
extremely  deliquescent ;  1  pt.  of  it  dissolves  in  0*55  pts.  water  at  15*5°,  heat  being 
evolved  in  the  dissolution,  and  a  strongly  alkaline  liquid  being  formed.  The  satu- 
rated solution  has  a  sp.  gr.  of  2*61  at  15*5°,  exhibits  supersaturation  on  cooling, 
and  solidifies,  with  rise  of  temperature,  when  a  platinum  plate  is  dipped  into  it. 
Crystals  of  a  hydrated  salt  may  be  obtained  from  the  solution,  but  the  rest  of  the 
salt  separates  at  the  same  time  in  the  anhydrous  and  amorphous  state.  The  dry 
salt  is  not  decomposed  by  light.  It  melts  below  a  visible  red  heat,  forming  a 
strongly  lustrous,  mobile,  pitch-black  liquid.  It  is  not  decomposed  by  heat  alone, 
but  in  the  fused  or  semifused  state  it  is  quickly  decomposed  by  the  moisture  of 
the  air,  with  separation  of  metallic  silver ;  dry  air  does  not  affect  it.  Brought  in 
contact  in  the  fused  state  with  platinum  poles,  it  conducts  electricity  like  a  metal, 
without  visible  evolution  of  gas  or  corrosion  of  the  positive  pole ;  a  silver  pole  is 
quickly  dissolved,  and  a  carbon  pole  gradually  attacked.  The  aqueous  solution  yields 
by  electrolysis,  silver  crystals  at  the  n^ative,  and  silver  peroxide  at  the  positive  pulo. 
Ilydrogen  docs  not  affect  the  dry  salt  in  sunshine,  but  decomposes  it  gradually  at 
a  commencing  red  heat,  with  separation  of  metallic  silver.  The  dry  salt  and  the 
aqueous  solution  are  not  decomposed  by  oxygen  or  by  nitrogen ;  neither  do  the 
oxides  of  nitrogen  act  on  the  fused  salt.  Ammonia  gas  is  quickly  absorbed  by  the 
dry  and  by  the  iiised  salt,  in  the  latter  case  with  separation  of  metallic  silver ;  the 
concentrated  solution  is  also  decomposed  by  strong  aqueous  ammonia.  When  vapour 
of  hydrofluoric  acid  is  passed  over  the  perfectly  dry  and  previously  fused  salt,  at  a 
temperature  of  13°,  an  acid  fluoride  is  formed,  which  however  decomposes  at  a  slightly 
higher  temperature. 

When  silver  fluoride  is  heated  in  chlorine  gas,  in  vessels  constructed  partly  of  glnss, 
partly  of  platinum,  the  glass  is  more  or  less  attacked,  the  chlorine  unites  with  the 
platinum  and  the  silver  fluoride,  forming  a  double  salt^  4AgCl.PtF^,  and  a  vacuum  is 
produced.  Similar  results  are  obtained  in  vessels  of  platinum  alone  or  of  gold.  In 
vessels  constructed  partly  of  purified  graphite  a  compound  of  fluorine  and  carbon  is 
formed.  Bromine  and  iodine  act  upon  silver  fluoride  in  a  similar  manner ;  iodine 
however  does  not  form  a  double  salt  analogous  to  the  chlorine-compound  above 
mentioned.  An  aqueous  solution  of  silver  fluoride  agitated  with  ddorine  Ijecomes  hot 
and  gives  off  oxygen : 

8AgF  +   Cl«  +  4HK)  -  7AgCl  +  AgQO*  +  8HF  +  O. 

Dry  hydrochloric  acid  gas  completely  decomposes  silver  fluoride  in  the  melted  state, 
but  only  acts  upon  it  superficially  at  60°  F.  A  satomted  aqneous  solution  of  silver 
fluoride  is  not  precipitated  by  chloric  acid. 

SUwer  Ozides.  Argentoua  Oxide,  Ag^O,  is  produced  by  the  action  of  hydrogen 
dioxide  on  metallic  silver  ^and  therefore  also  in  the  decomposition  of  ai^ntic  oxide 
by  excess  of  hydrogen  dioxide).  A  bright  silver  plate  immersed  in  a  perfectly  neutnvl 
solution  of  hydrogen  dioxide  becomes  covered  with  bubbles  of  oxvgen  and  coated  with 
a  greyish- white  film,  while  part  of  the  silver  is  converted  by  addition  into  hydmted 
aigentous  oxide,  according  to  the  equation  2Ag*  +  H*0'  «»  2HAg*0,  and  dissolves  in 
the  liquid ;  a  small  quantity  of  a  grey-black  precipitate  is  likewise  deposited.  The 
solution  of  argentous  hydrate  when  exposed  to  the  air  acquires  the  colour  of  cobaltous 
salts,  and  b^omes  slightly  clouded  by  separation  of  flnely  divided  silver.  Witu 
potash  it  forms  a  brown-black  precipitate ;  with  hydrochloric  acid  a  precipitate  of 
silver  chloride  and  metallic  silver:  2FfAg«0  +  2Ha  -^  2H*0  +  2AgCl  +  Ag«.  When 
evaporated  it  leaves  a  residue  which  appears  crystalline  under  the  microscope,  and 
when  treated  with  water  g^vesup  argentic  hydrate  and  deposits  metallic  silver  in  trans- 
parent, red,  microscopic  crystals,  according  to  the  equation  2HAg*0  »  2HAgO  -f  Ag*; 

3  u  2 
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Wioblcfvaky  {iHi,  tL  165)  haa  obtained  two  isomeric  bromonitiqfraliiwiii,  Hi 
Oozresponding  modifloatioiia  of  biomotoliiidine.  Czystallifled  (psra-)  bromotrineai 
was  nitrated,  the  eolation  precipitated  by  watnr ;  the  oilj  product^  after  vuhiag  ud 
dfying,  waa  expoeed  to  a  fteesing  miztore ;  and  the  eolidified  maaa  salMefaBd  te 
strong  pressore  at  a  winter  temperature.  The  solid  prodnet  which  remained  did  ikA 
melt  at  the  ordinary  temperature  of  a  room.  On  boiling  the  prfwe  tuVw  vith  witec. 
an  oilj  prodnct  passed  over,  which  did  not  solidify  at  —20^.  The  soUd  (a)  hnen^ 
nitrotolnene  reoystallised  from  alcohol  forma  long  needles,  melta  at  43^,  ud  boui 
without  decomposition  at  266^-257^  The  Uqnid  (0)  biomoiiitzt)tolnene  icnaiai 
Uquid  at  -20<'»  has  a  ep.  gr.  of  1*631  at  18^  and  boils  at  2»o-25<r>.  In  the  sobd 
modification  the  nitro-group  appears  to  ooenpy  the  meta-  place. 

a  Bromotoltridine  prepared  horn  the  solid  nitro-eomponnd  bj  the  action  of  tin  tad 
hydrochloric  add  is  liqmdt  and  solidifies  at  —2°.  fi  Bromotolitidime  prepmd  ia 
li&B  manner  from  the  liquid  nitro-compound  is  $oUd,  ciystallisee  in  prisma,  aad  ntl'J 
at  67^.  The  nitrate  of  the  a  base  forms  beautiful  nacreous  caryatala,  sohblfe  ii 
120*9  pts.  water  at  11*6^;  the  $  nitrate  forms  prismatic  ciystalsy  aolnble  in  217*4  pa. 
water  at  11*6^. 

2.  From  aeetoluide,  C*H^.NH(CHK))  (t.  871).  This  eompoond  treated  udcr 
water  with  2  at^  bromine,  and  gently  wanned,  is  conyeited  into  bramaeetolmik 
C'H*Br.NH(C*HH)),  which  ayBtallises  in  needles  melting  at  117^,  and  when  bofW 
with  alcoholic  potasn  is  resoWed  into  acetic  acid  and  bzomotolaidine.  The  basi  tbs 
obtained  boils  at  220^,  is  insoluble  in  water,  easily  soluble  in  alcohol,  and  bu  t 
specific  gravity  of  1*510  at  20^.  The  nitrate  crystallises  in  Tory  fine  laige  jt^ 
lamins,  the  hydrochloride  in  white  nacreoua  prisms,  the  acid  oxalate  and  add  sBlpiB:> 
in  needles  f WrobleTsky,  ibid,  ▼.  279). 

8.  Togetner  with  dibromotoluidine,  by  the  direct  action  of  bromine  on  tc^ddioe. 
When  1  moL  bromine  is  passed,  by  means  of  a  current  of  air,  into  aqneoua  tddtlis* 
hTdiochloride,  or  into  the  alcoholic  solution  of  free  toluidine,  a  oopions  predpitate  d 
dibromotoluidine  is  obtained,  together  with  a  small  quantity  of  monobromotolddiiM> 
The  alooholio  solution  is  mixed  with  water,  the  predpitated  dibromotolmdinesepanted 
by  filtzation,  the  add  filtrate  CTaporated  to  dryness  over  the  water-bath  as  kng  « 
acid  Tapouis  continue  to  escape,  the  residue  then  dissolved  in  cold,  water,  sod  the 
filtered  solution  mixed  with  ammonia,  which  throws  down  only  monohromotolskliae. 
To  purify  this  base  it  is  oonverted  into  a  crystallised  salt,  and  this  nalt  is  deoomposed 
by  aisUliation  with  potash.  The  bromotoluidine  thus  obtained  forms  a  hydroehknde 
and  nitrate  agreeing  exactly  with  those  of  the  bromotoluidine  propsred  from  aeetobv^ 
The  nitrate  is  conyerted  by  nitrous  acid  into  a  diaaobromotoluene,  the  sulphsK  ^' 
which  decomposed  by  alcohol  yields  orthobromotoluene,  CH'Br,  eonveztible  br 
oxidation  with  chromic  acid  into  orthobromobensoic  acid  (WtohLernkj,  wbid.  t.  460). 

Dibromotoluidine,  CR*Bi^im*),CR\erjBtaniaM  in  long  white  silky  need^ 
melting  at  78®,  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  It  does  nol  vsitf 
with  aods,  is  scarcely  acted  upon  by  bromide,  but  Ib  strongly  atta^ed  by  fuming  dnie 
add,  apparontly  yielding  products  of  oxidation  (Wroblevsky). 

On  bromotoluidines,  see  fiirther  Wroblevsky  {ZmUokr.  /.  Ckmm,  [21  viL  185,  S4^; 
Ckem.  aoe.J,  [2]  ix.  664,  718). 

cmiorotolvidUie.    G^*C1N  -  C^*C1 1  ^^' .-^This  base  has  been  obtuasd  it 

three  modifications,  two  liquid  at  ordinazy  temperatures,  the  third  solid. 

1.  Acetoluide  suspended  in  water  and  treated  with  chlorine  gas  till  the  vesad  i^ut** 
an  increase  of  weight  corresponding  to  2  at  chlorine,  is  converted  into  chloncetoldcifi> 
C'H«C1.NH(CH'0\  which  crystallises  in  large  red  laminar  crystals,  melting  at  99^t 
and  resolved  by  boiling  with  alcoholic  potash  into  acetic  add  and  chlorotolnidine.  "^k 
chlorinated  base  thus  obtained  is  a  colourless  liquid  smdling  like  toluidine;  it  hoSi 
without  decomposition  at  222^,  has  a  sp.  gr.  of  1*161  at  20^,  dissolves  easily  in  akuboL 
but  is  nearly  insoluble  in  water.  Its  salts  crystallise  very  beautiiully,  the  nitrate  nod 
hydrochloride  in  prisms,  the  latter  subliming  at  100°,  the  add  sulphate  in  prisM 
the  add  oxalate  in  long  white  needles  (Wroblevsl^,  ZeiUekr,  /.  Ckem.  [2]  v.  832). 

2.  Plarachloronitrotoluene,  C'H'CICNO*),  obtained  by  direct  nitration  of  paiaeUonito- 
luene,  is  converted  by  tin  and  hydrochloric  acid  into  a  double  salt  2(C'H*&NH*.H0)- 
SnCl*,  from  which  the  tin  m^  be  separated  by  hydrogen  sulphide,  leaving  parachloi^ 
toluidine  hydrochloride,  C'H«ClNH*.Ha,  and  from  this  salt  the  (para*)  chloio- 
toluidine  may  be  separated  by  distillation  with  caustic  soda.  The  chhirinated  las* 
thus  obtainea  is  a  colourless,  oily,  strongly  rofracting  liquid,  smelling  like  ordinuT 
toluidine,  having  a  sp.  gr.  of  1*176  at  18^  and  boiling  at  286<>  (if.  14^  hi^  tbtf 
the  preceding) ;  it  becomes  coloured  in  contact  with  the  air.  Its  hydrochloride  foims 
very  light  nacreous  laminae,  which  may  be  purified  by  sublimation;  the  dtxtl* 
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eiyBtallises  in  thin  translncent  perfectly  white  laminse;  the  solphate  is  vezy  soluble  in 
water  (Heniy  a.  BadzisEewski,  ihid.  642). 

According  to  a  later  statement  by  the  same  anthors  (ibid,  yi,  167)»  the  chlorotoluidino 
obtained  as  above  ciystaUises  in  needles,  melts  at  86^,  and  boils  at  243^. 

Wrobleysky  (Und.  683),  by  treating  pnre  chlorotoluene  with  nitric  add  of  sp.  gr. 
1*475,  and  subjecting  the  product  to  fractional  distillation,  obtained  two  nitrochloro- 
tolaenes,  one  (a)  bouing  at  248^,  the  other  (0)  at  253^,  both  of  which  remained  per- 
fectly fluid  at  — 13^.  ^Doth  of  these  were  oonyerted  into  chlorotoluidines  by  reduction- 
with  tin  and  hydrochloric  acid. 

a  Chiarotoluidine  from  a  nitrochlorotoluene  is  a  liquid  not  solidifying  at  ^  14^.  It 
is  colourless,  but  turns  brown  on  exposure  to  the  air,  and  has  a  faint  odour  like  that  of 
toluidine.  Sp.  gr.  1-1865  at  20^.  Boiling  point  238°.  Insoluble  in  water,  easily 
soluble  in  alcohol.  Its  nitrate  and  hydrochloride  crystallise  in  prisms,  the  latter 
subliming  like  sal-ammoniac 

$  Ckl&rotohidine  is  a  liquid  when  first  separated,  but  solidifies  on  standing,  or 
more  quickly  when  cooled.  When  freed  from  the  adhering  liquid  modification  by 
pressure,  distillation,  and  crystallisation  from  alcohol,  it  forms  laige  colourless 
nacreous  laminss  melting  at  83°  and  boiling  at  241^.  It  is  nearly  insoluble  in 
water,  easily  soluble  in  alcohol,  and  has  a  faint  odour.  Its  salts  aystallise  remark- 
ably well,  the  hydrochloride  in  colourless  nacreous  laminae  with  pointed  ends, 
subliming  like  sal-ammoniac,  but  much  less  soluble  in  water  than  the  a  salt;  the 
nitrate  in  large  shining  tables  melting  with  decomposition  at  169°. 
•  The  two  chlorotoluidines  obtained  by  Wroblevsky  are  probably  identical  with  those 
described  by  Henry  a.  Badzissewski ;  the  second  has  also  been  obtained  by  Beilstein 
a.  Kuhlbeig  (tW.  281). 

HttrotolnldlBe,  C'H*(NO«)(NH«)  »  C«H^NO»)|^',  obtained   by  reduction  of 

dinitrotoluene,  forms  broad  yellow  shining  needlea  melting  at  77*6^,  easily  soluble  in 
hot  water,  very  slightly  in  cold  water.  The  nitrate  forms  small  yellow  anhydrous 
laminse  melting  with  decomposition  at  186°.  The  hydroehloride  forms  tufts  of  yellow 
needles,  or,  slowly  crystallised,  long  yellow  slender  needles ;  melts  with  decomposition 
at  220°  ;  is  moderately  soluble  in  water,  especially  at  the  boiling  heat.  The  sulphate, 
[(7H"(N0«)(NH«)]«.H*S0*  +  2H*0,  pale  rose-coloured  needles  arranged  in  stellate 
groups.  The  nitrate  is  converted  by  nitrous  acid  into  nitrate  of  diaeonitrotoluene 
C'H«(NO«)N».NO«  (Beilstein  a.  Kuhlberg,  Zeitechr,/,  Chem,  [2]  v.  280). 

▼iBsrl-'toliildliie,  C«H"N  «  C^«(C*H«).NH«  (Wurtas,  Qympt  rend,  Ixviii. 
1504 ;  Zeiteehr.  f.  Chem,  [2]  v.  482),  is  produced  by  heating  1  moL  toluidine  with 
3  mol.  glycolic  chlorhydrin  to  220°-226°  for  several  hours.  A  thick  brown  liquid  is 
then  formed,  which  dissolves  only  partially  in  water,  with  separation  of  a  black  fioccu- 
lent  or  resinous  mass.  On  agitating  the  whole  with  ether,  a  considerable  quantity 
of  vinyl-toluidine  is  dissolved,  part  of  which  sometimes  separates  in  the  form  of  a 
powder  which  may  be  dissolved  in  ether,  or  better  in  benzol.  The  ethereal  solution 
when  left  to  evaporate  yields  coloured  crystals  of  the  same  base,  which  may  be 
purified  by  washing  with  a  little  ether,  and  recrystallisation  from  benzol.  It  then 
forms  perfectly  colourless  prisms  melting  at  189°-19l^  and  resolidifying  at  183^; 
is  quite  insoluble  in  water;  dissolves  in  moderately  concentrated  sulphuric  and 
hydrochloric  acid,  but  is  reprecipitated  from  these  solutions  by  water  in  its  original 
state.  It  is  therefore  a  very  weak  base,  but  nevertheless  forms  a  yellow  platinochlorid&, 
2(C^"N.HCl).PtCl\  when  platinic  chloride  is  added  to  its  solution  in  hydrochloric 
acid.  Vinyl-toluidine  is  likewise  formed  when  toluidine  is  heated  to  195°-206°  with 
an  equal  weight  of  ethylene  bromide,  the  brominated  base  C^*.  NH(C*H^Br),  which  is 
the  normal  product  of  the  reaction,  being  resolved  into  hydrobromic  acid  and  vinyl- 
toluidine. 

The  coloured  aqueous  mother-liquor,  from  which  the  vinyl-toluidine  has  been 
extracted  by  ether  or  benzol,  contains  the  hydrochlorides  of  two  bases,  C'H*rC'H")^N 
and  C'H'(C'H*OH){C*H*)N,  in  variable  proportion ;  the  latter  when  mredominant 
imparts  to  the  liquid  a  deep  colour  and  very  distinct  green  fluorescence.  These  bases 
may  be  separated  by  fractional  precipitation  with  platinic  chloride,  the  platinochloride 
of  the  di-vinyl  base  separating  out  first.  The  hjfdrochhride  of  this  base,  C"H"N .  HCl, 
separated  from  the  platinochloride  by  hydrogen  sulphide,  crystallises  with  1  mol.  water, 
which  is  given  off  at  100°.  Ammonia  added  to  the  solution  throws  down  colourless 
oily  drops.  In  an  atmosphere  of  bromine  the  solution  of  the  h;jrdrochloride  takes  up 
6  at.  bromine,  forming  a  red  liquid,  which  evaporates  over  quick  Ume  to  a  ruby-coloured 
crystalline  mass. 

Sup.  4  B 
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Th»  platiuockioHde  at  the  other  base,  dooompoBed  with  kjdrqgen  iBilphiila»  yields  » 
yellow  solution  with  splendid  green  fluoreacenoe^  which  when  eT&poimted  ib  s  tmeidi 
leares  a  eoloored  crystbllL^ed  mass.  These  crystals  dissolTe  in  alcohol,  and  th*  tots^^^ 
covered  with  a  layer  of  ether  yields  the  i^roehlond^  C"H»NO.HCl,  ia  bfov:i:k^- 
yellow  nodoles.  The  concentrated  aqueous  8(^uti<m  of  this  mlfe  ia  hrowiiish-y&i^iv. 
and  possesses  great  colouring  power;  when  diluted  it  tonis  jeUov ;  and  whei  raj 
gieatly  dilated  reflects  light  with  a  beantiM  ^;reen  odkmr.  The  dry  i^^itodU-rCi 
ezpoeed  to  an  atmosphere  saturated  with  bromine  deUqneaeea  to  a  rod  bqaJd,  viki 
solidifies  over  quick  lime  to  an  orange-red  crystalline  maaa  oootauuBg  aboat  4  il 
bromine  to  1  nM>l.  of  the  hydrochloride.  The  solutioa  of  the  hydrochknde  tnaL^i 
with  a  large  excess  of  hydriodic  acid  and  left  to  eTBporata,  yielcia  crystals  of  ^ 
hfdriodide,  C"H''NO.HX,  which  when  reci^tallised  from  water  fonna  goUeB-yeB^ 
laminsB ;  iU  solution  is  not  fluorescent.  With  qilTec  nitrate,  tiiia  a^  yieUs  a  aol^^ 
strongly  fluorescent  nitrate. 

The  two  bases  C»H"N  and  C"H>*NO  are  not  tree  derivatlvea  of  toloiduM.  iav- 
much  as  they  contain,  not  the  radicle  tolyl«  CH',  but  tolaen jl,  C<^\  The  group  CW 
in  fiict  gires  up  H*,  and  this  hydrogen  oonyerts  part  of  the  gljoolie  chlorliydria  is.^ 
ethyl  chloride  and  water:  C*H*C10  +  H*  «  C*H*C1  +  H*0.  The  cmds  eok«mi 
product  of  the  reaction  contains  indeed  ethyl  chloride,  together  with  ethj^ene  chkrc^ 
the  latter  funned  according  to  the  equation,  CH*C10  •¥  HCl  »»  HK>  -i-  OBX.', 
The  hydrochh»ic  acid  required  for  this  last  reaction  is  supped  bj  the  xsactka  d 
8  moL  glycolic  chlorhydrin  on  a  single  molecule  <^  tduidine  (  Wnrta). 

«0&VqimnMnHI  ((Haebe  a.  Borgmann,  ZeUaekr.  /.  CAeai.  [2]  ir.  US;- 
Boi^gmann,  ibieL  irL  122). — ^The  di-  and  tri-ehlorinated  deriTstivee  of  the  qmame  ^ 
toluene  are  obtained  by  the  action  of  potassium  chlorate  on  craaol,  jnait  aa  the  ehkri> 
ated  quinones  of  the  bensene  series  are  produced  irom  phenoL  These  oompooads  azi 
represented  by  the  formuhe : 


c« 


H  I  Cl« 


Dichlorotolo-  Trichlorotblup 

qoioona^  quinona. 

The  dichlorinated  compound  has  not  been  obtained  pure.  TVieUcrotohtqttmome,  pen- 
fled  by  repeated  dystaUisation  from  alcohol,  forms  yeUaw  laminar  eryatala  qianar> 
soluble  in  cold,  more  easily  in  boiling  alcohol,  easily  soluble  ia  ether  and  ia  cUcrc- 
form,  almost  insoluble  in  boiling  water.  It  sublimes  with  aqueous  Tapooxa,  deeompoBct 
before  it  melts,  and  forma  with  soda-ley  a  red-brown  solution  which  aitsr  a 
deposits  red  crystals. 

Ttichloroioluj^roqmtume,  0'H>a*0*  -  C<[CH>(0H)«C1*],  is  obtained  by 
tritoluchloroquinone  with  aqueous  sulphurous  acid,  and  reerystaHiaing  the  reaalfisg 
crystals  from  large  quantities  of  boiling  water  or  dilute  alcohol*  with  addition  of  i 
little  sulphurous  acid.  It  forms  colomiess  inodorous  needles,  diasolvea  eaaOy  is 
alcohol,  very  sparingly  in  water,  melts  at  212°,  sublimes  without  deoonpositaas. 
dissoWes  with  red  cou)ur  in  ammonia  or  caustic  soda,  and  in  aijueous  solntioa  foam 
with  lead  salts  a  precipitate  soluble  in  acetic  acid.  When  moist  it  tania  gresa  oa 
exposure  to  the  air.    Oxidising  agents  oonrert  it  into  triehlorotoluquinoDe. 

Diaeetyl'tricJUorotoluhydroquinone,  C*H'(C*H*0)*C1*0*,  is  formed  when  tricblorat&le- 
hydroquinone  is  heated  to  100°  for  some  time  with  excess  of  ace^l  diloridBL  Tb» 
resulting  crystals  may  be  purified  by  washing  with  water  and  dilute  soda-ley  sad 
sublimation.  It  melts  at  114°,  sublimes  in  pnsmatio  needles,  dissolres  spari^j  ia 
water,  easily  in  alcohol  and  ether,  is  not  attacked  by  soda-ley  even  when  ^*^tir*.  but 
fuming  nitric  acid  at  the  boiling  heat  slowly  converts  it  into  trichlorotQlaqainoae. 

methifUrichlorotoluhydroquinone,  C'H*(C>H*m'0>,  is  produced  by  heathy  tzi- 
chloTotoluhydroquinone  (1  mol.)  to  1<40°-160°  lot  four  hours  with  potaasinai  hydnta 
(2  mol.),  ethyl  iodide  (rather  more  than  2  moL),  and  a  little  alcohol,  and  purified  W 
digesting  the  resulting  crystals  on  the  water-bath  with  stroag  soda-ley,  washii^  with 
water,  and  sublimation.  It  melts  at  107°f  sublimes  in  slender  needles,  diasolTOS 
qxuringly  in  water,  easily  in  alcohol  and  ether,  is  not  attacked  by  potash-ley. 

MontKkhrotoluhj^ro^uipkoqumimio  AM, — ^The  potassium  salt  of  thia  aeidL 
C'H'C10'(80'K)',  is  formed  by  dissolving  trichlorotoluquinone  at  a  gentle  heat  in 
concentrated  aoueous  potassium  bisulphite,  and  separates  after  some  time  as  a 
granular  precipitate,  wnich  by  recrystallisation   from  hot  water  is   coavetted  into 
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white  shining  laminaB.  It  is  insolablo  in  alcohol,  slightly  soluble  in  cold,  mode^ 
rately  solnMe  in  hot  water,  not  precipitated  by  barium  chloride.  With  nentral  lead 
acetate  it  forms  a  white,  with  the  basic  acetate  a  yellow  precipitate,  both  soluble 
in  acetic  acid.    It  dissolves  in  soda-ley,  forming  a  yellow  solution  (Boxgmann). 

TO&mtZO  JkOIB.  Ci*H"NO'.— According  to  Schultsen  a.  Naunyn  (ZeiUohr.  /. 
Chem.  [2)  iv.  29),  this  acid  is  found  in  the  urine  after  xylene  has  been  swallowed ;  the 
acid  whiidi  they  obtained  did  not  however  agree  in  its  properties  with  that  described 
by  £jaut  (v.  868)»  the  add  itself  and  the  barium  salt  being  uncrystallisable.  The 
zinc  «ai^,  (C**H'*NO*)'Zn  4-  4H*0,  crystidlised  in  white  silvery  lamins ;  the  copper 
salt,  (Ci"a**NO*)'Cu  •(•  6H*0,  in  groups  of  blue-gieen  needles. 

TO&VTUnrH   or   WTOMmmmm    Ci^H".— This  hydrocarbon,  diseovezed   by 

Laurent  (v.  431),  is  produced,  together  with  tolallyl  sulphide  and  tfaionessal,  by  the 

'  dry  distillation  of  beniyl  sulphide,  bensyldisulphide,  and  sulphobenside  (v.  869,  and 

Suvfiemmit,  p.  1087X~-*2.  Together  with  toluene,    by  heating  bromott^uene  with 

sodium: 

iC'H'Br  +  2Na«  -  O^H"  +  2CrH»  +   iNaBr 

(Fittig,  Ann.  Ck,  Pkarm,  czzxiz.  178). 

8.  Bj  the  action  of  sodium  on  benzylene  chloride  at  the  boUing  heat:  2C'H'C1'  -l- 
2Na*  »  4NaCl  -f  C>^H"  (Limpricht,  ibid.  803).— 4.  By  heating  bitter  ahnond  oil 
with  sodium: 

2C»H«0  +  2Ka«  «  2Ka»0  4-  C"H«. 

On  distilling  the  product,  the  portion  which  goes  over  at  266®  eonsists  almost  wholly 
of  toluylene  (C.  Gr.  Williams,  Chem,  News,  xv.  244). 

Tolnylene  czystallises  in  nacreous  plates,  as  observed  by  Laurent  (v.  431).  It  melts 
at  119*6°  (Limpricht),atl20®(Fittig;  Williams).  Vapour-density » 6*024  (Williams); 
calc.  for  C"H"  -  6-228. 

Toluylene  heated  for  eight  hours  to  140^-1 60®,  with  concentrated  hydriodic  acid,  is 
converted,  by  addition  of  hydrogen,  into  di benzyl,  G*'H^^  which  separates  from 
alcohol  in  crystals  melting  at  48^^60®.  By  similar  treatment  with  hydrobromic  acid, 
toluylene  suffers  no  alteration.  In  fvming  etdpkuric  acid  it  dissolves,  with  formation 
of  a  non-crystalliaable  sulpho-acid,  whose  barium  salt,  C'^H'^BaS'O',  is  separated 
from  aqueous  solution  by  alcohol,  as  a  yellowish  amorphous  precipitate. 

With  nitric  acid  toluylene  forms  resinous,  difficultly  ciystallisable  nitro-products, 
one  of  which  separated  from  the  ethereal  solution,  on  addition  of  alcohol,  in  yellow 
nodules  melting  at  180®,  and  having  approximately  the  composition  C**H**(MO*)*. 
This  compound  was  reduced  by  tin  and  hydrochloric  acid  to  an  unstable,  insoluble  base 
crystallising  in  needles  and  represented  approximately  by  the  fozmula  C*'H>*(NH*)* 
(Marcker,  Ann.  Ch,  Phartn,  cxl.  86). 

Toluylene  Bromidev*  C'^H'^Br*,  separates  almost  completely  on  mixing  a 
solution  of  toluylene  in  ether  or  carbon  bisulphide  with  bromine,  whilst  substitution- 
products  (e,g,  C**H"Br)  remain  in  solution.  The  bromide,  after  washing  with  ether, 
and  boiling  with  strong  alcohol,  consists  of  small  silky  needles,  slightly  soluble  in 
boiling  absolute  alcohol,  rather  more  soluble  in  ether  and  carbon  bisulphide,  mode- 
rately  soluble  in  hot  xylene,  melting  at  230®~236®,  and  resolved  by  distillation  at  a 
higher  temperature  into  bromine,  hydrobromic  acid,  toluylene,  and  monobromotoluylene, 
C'^H"Br.  Heated  to  130®  for  some  hours  with  akohdio  potash,  it  is  converted,  into 
monobromotoluylene,  which  latter  is  further  partially  converted  at  the  same  time,  or 
completely  by  10  to  12  hours' heating  to  130®  into  tolane,  Ci«H**(p.  1099).  Toluylene 
bromide  heated  with  antmonia  to  160®  for  eight  hours,  or  with  aniline  to  130®  for 
twelve  hours,  is  reconverted  into  toluylene.  Heated  with  water  to  160^,  it  yields, 
besides  hydrobromic  acid  and  toluylene,  a  body,  C'*H**0'  (probably  benrale)»  which 
crystallises  in  four-sided  needles*  melts  at  96®,  and  volatilises  without  deoomposition, 
Toluylene  bromide  heated  with  dry  silver  oxide  and  xylene  to  140®,  or  with  aloohol  to 
150®,  yields,  together  with  toluylene,  an  oily  body  having  the  composition  C^H'^0*. 
By  hydriodic  acid  toluylene  bromide  is  converted  into  dibensyl,  by  aloohol  and  sodium- 
Bmalgam  into  toluylene  and  dibenzyl  (Limpricht  a.  Sehwanert,  Ann,  CK  Pharm^  exlv* 
330). 

■KonotooBiMotasrleiiei  C*^H*'Br,  is  a  light  yellow  oily  liquid,  soluble  in  alcohol 
and  ether,  and  partially  decomposed  by  distillation.  Bromotoluylene  bromide,  C'*H"Br* 
»  C'^H"Br.  Br*,  formed  on  mixing  the  ethereal  solution  of  bromotoluene  wiUi  bromine, 

•  This  oompofond  was  likewise  obtained  by  Httroker  {Jakrtt^,  l^M,  p.  fiOO)»  who  bowerer  regarded 
It  •■  C'*H»»r:tV 

4b2 
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oystallisM  in  white  needles,  slightly  soluble  in  cold,  easily  in  hot  aloohol  ind iniditf, 
moltiDg  at  100^,  and  zesolved  by  distilUition  into  bromine,  hjdxobiomie  sdd,  tolue, 
Ci«H>*,  and  tolane  bzomide,  C«*H>*Bz*: 

C"H"Br»  =  C*«H>*Bi*  +  HBr 

and  

C"H»Br»  -  C»*H>*  +  HBr  +  Br«. 

The  alcoholic  solution  of  bromotolnene  bromide  mixed  with  silTer  nitnte  inmMdi&t^T 
yields  silver  bromide ;  heated  with  aleoholie  soda^eolntion,  it  yields  tolaiM,  ud  with 
water  at  140°,  tolane  bromide. 

Toliiytoii«  Ao«tat««  C"H>*(0*H*0*)*,  is  formed  by  heating  I  moL  toliijrla^ 
bromide  and  2  moL  siWer  acetate  for  four  hours  to  180^  with  glacial  aeetie  add, »  u 
oil  precipitable  by  water,  and  solidifying  to  a  ciystalline  mass.  ¥eom  zjlese  vixai 
with  a  little  alcohol,  it  crystallises  in  irarty  crusts  melting  at  120^.  The  osdeu  » 
formed  as  a  resinous  uncrystallisable  mass  by  heating  toluylene  bromide  diisoltei  is 
xylene  with  silver  oxalate. 

Tolnylrae  Aleobol,  Ci«H*H)«  «  C*«H»(HO)*,  identical  with  hydrobeuca 
(p.  332),  is  obtained  by  heating  toluylene  acetate  with  alcoholic  potash  or  the  onl«ie 
with  alcoholic  ammonia.  It  separates  from  alcohol  or  ether  by  spontaneoos  erftpna- 
tion  in  rather  lazge  solid  crystals,  which  loften  at  112^,  and  melt  completely  st  IS*.^- 
Nitric  acid  oonverts  it  into  bensoin,  C>«H>^>. 

TolajrtoBto  BtlMr  or  Tolvytoae  Osldo.  C>«H«*0,  probably  identieil  ^-^ 
deoxybenso'in  {p,  832),  was  once  obtained  by  heating  toluylene  acetate  to  120°  vi-'n 
alcoholic  potash,  and  crystallised  firom  aloohol  in  large  very  flat  needles  meltaug  >t  ^ 
(Limpricht  a.  Schwanert). 

TO&Tab.  C'C  -  C^*(CH«).— A  radicle  isomeric  with  benayl,  Cff(C"H»).  ^ 
former  being  methylated  phenyl,  the  latter  phenylated  methyL  The  dif^n^ 
of  structure  of  these  radicles  in  the  ftee  state  may  be  represented  by  the  follovuf 
formula:  ^^ 

^^*  1  C«H*(CH«)  ^^*  1  CH«(C«H») 

DttolyL  Dibeuqrl. 

TO&fX  AOSTATB  appears  to  be  formed,  as  a  liouid  having  an  agreeable  odoer, 
by  heating  monochloroxylene  with  silver  acetate  (lauth  a.  Grimanz,  Au,  Soc  Ckm^ 
[2]vii.288). 

TO&TZi  AlASBVOa,  C«HH)   -   C'H'.CHO    »  C*H«|^^,isprodaeed,l7 

CH'Cl*  with  i  moL  lead  nitrate  and  6  or  7  !<>>  ^ 

water,  as  a  liquid  smelline  like  bitter  almond  oil  and  cinnamon  oil,  boiling  st  SOi^- 
and  capable  ox  uniting  with  acid  sodium  sulphite. 

TOftTK-romXAHZBa.  Pteudotolyl  fmnamide,  N(CHO .  CW .  H),  obtaiaed 
by  dry  distillation  of  pseudotoluidine  formate,  drstalliscs  in  nacreous  lamine,8lig^^J 
soluble  in  water,  easily  in  a  solution  of  pseudotoluidine  formate.  It  mdte  at  ^0% 
solidifies  again  at  80^,  and  is  resolved  by  dry  distillation,  or  by  heating  with  pho- 
phorie  anhydride,  Aised  calcium  chloride,  or  fuming  hydriodic  acid,  into  ctf^ 
monoxide  and  pseudotoluidine  (Bosenstiehl,  Zeitsekr,/.  CkinL  [2]  v.  189). 

TOVAS.  Analyses  of  this  mineral  from  various  localities,  by  Bammels***^  (^ 
Akad.  Ber.  1805.  p.  264  ;  J.  wr,  Chem.  xcvi.  7 ;  Jakresb.  1866,  p.  894),  ccmilm  tk 
formula  Al*F«.SiF«  +  6(Al*0«.SiO<)  previously  assigned  to  it  by  the  same  chesiiat 
(v.  875).    See  also  Stiideler  (J.  pr,  Ckem,  xcix.  65 ;  Jakntb.  1866,  p.  942). 

TOmiUUiVI&  (Rembold,  Jbm.  Ch,  Pkarm.  cxlv.  5).— The  root  of  iVecs^' 
JbrmmHUa  contains,  together  with  a  little  ellagic  acid,  a  laxge  quantity  of  qoinOTic 
add,  and  a  tannin  which  is  resolved  by  acids  into  tormentil-red  and  sugar,  ^^i^ 
the  aqueous  decoction  of  the  root  is  precipitated  with  neutral  lead  acetate,  the  vaslx^ 
precipitate  decomposed  under  warm  water  with  hydrogen  sulphide,  and  the  some*^^ 
concentrated  liquid  mixed  with  neutral  and  basic  lead  acetate  successively,  two  p^^ 
eipitates  are  obtained,  the  first  of  which,  a,  is  pale  red,  the  second,  h,  neariy 
white.  These  precipitates,  when  well  washed  and  again  diecomposed,  yield  eon*' 
sponding  liquids,  A  and  B.  The  red-brown  liquid,  A  (which  does  not  give  up  to  ct^ 
either  gallic  acid  or  any  other  crystalline  body),  deposits,  when  boiled  for  serenl 
hours  with  dilute  sulphuric  add,  red-brown,  amorphous  tormentil-red,  togeOvt 
with  a  little  ouinovic  acid.  The  liquid  filtered  therefrom  contains  a  sugar  wfaiciit 
after  purification,  fanns  a  honey-yellow  ^yrup  having  the  composition  O^^'O'. 
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When  the  extnet-like  evaporatioii-residtte  of  the  liquid  A  ielwiled  for  lome  hocm 
vith  strong  potash-ley,  and  the  resulting  mass  is  snpersatniated  with  sulphuric  acid, 
ether  extracts  from  itellagicacid  (slightly  soluble  in  water),  and  a  crystalline  body 
precipitable  by  neutral  lead  acetate  (perhaps  impure  protocatechuic  acid),  turned  blue 
and  afterwards  green  by  ferric  chloride. 

The  tormen til-red  obtained  as  above  is  separated  tnm  the  quinovic  acid  by  treat* 
ment  with  baryta- water ;  the  brown  insoluble  compound  separated  by  filtration  firom 
the  dissolved  barium  quinovate  is  decomposed  while  yet  moist  by  hydrochloric  acid ; 
and  the  washed  residue  is  dissolved  in  dilute  ammonia  and  again  decomposed  with 
hydrochloric  acid.  Tormentil-red  ^s  thus  obtained  as  a  red-brown,  amorphous  pre- 
cipitate resembling  phlobaphene  in  its  chemical  relations.  It  has  the  same  composi- 
tion as  ratanhia-red  or  chestnut-red,  and  is  probably  identical  therewith,  inasmuch 
as  it  is  resolved  by  oxidation  with  potassium  hydrate  into  protocatechuic  acid  and 
phloroglucin. 

The  liquid  B,  obtained  from  the  lead-precipitate  b,  is  nearly  colourless,  and  when 
carefully  evaporated  leaves  yellow-reddish  amorphous  tormentil  tannin,  hating, 
when  dried  at  120°,  the  composition  C^H^O".  When  boiled  with  dilute  sulphuric 
acid,  it  is  converted,  like  chestnut-tannin,  without  sensible  formation  of  sugar,  into 
tormentil-red,  which  has  nearly  the  same  composition.  Tormentil-tannin  precipitates 
solution  of  gelatin,  and  gives  with  ferric  chlonde  a  blue-green  coloration,  changing  to 
tiolet-rod  on  addition  of  sodium  carbonate.  The  sugar  formed  by  boiling  the  liquid 
A  with  sulphuric  acid  appears  to  be  produced  chiefly  from  the  quinovin,  which  is 
resolvable  into  sugar  and  quinovic  acid. 

Thequinovic  acid,  C'*H**0\  is  obtained  in  rather  laige  ouantily,  bjjr  twiee 
boiling  the  tormentil  root  with  thin  milk  of  lime,  acidulating  the  filtrate,  boifing  the 
washed  precipitate  with  baiyta-water,  and  again  precipitating  the  filtmed  solution 
with  byarochloric  acid.  The  washed  precipitate  is  dissolved  in  a  large  quantity  of 
hot  alcohol,  the  reddish  solution  decolorised  with  animal  charcoal,  and  part  of  the 
alcohol  is  distilled  off;  the  pure  quinovic  acid  then  separates  as  a  colourless,  sandy, 
crystalline  powder. 

TOVmiCA&XVa  (Bammelsbog,  Beut.  chetn,  Oea.  1869,  p.  849 ;  ZeiUchr.  /. 
Chem.  [2]  v.  568). — ^The  tourmalines  form  an  isomorphouB  group  containing  the 
following  elements : 

Univalent :  H,  E,  Na,  Li  -  F 

Bivalent :  Mg,  Oa,  Mn,  Fe  -  O 

Quadrivalent:  81 

Tri-  and  Sexvalent :  B  and  AIL* 

Each  individual  tourmaline  is  a  molecularly  isomorphous  mixture  of  analogonsly  con- 
stituted primary  compounds.  Then  are  tourmalines  not  containing  Li  or  Fe,  Mn, 
Ca.  The  colourless  or  pale  red  variety  from  Elba  contains  0'2  p.  c. ;  Uie  brown  variety 
from  Windisch-Kappel  contains  11 '8  p.  c.  MgO.  Black  tourmaline  from  Andreasberg 
contains  17'4  p.  c  ^eO.  These  qualitative  and  quantitative  differences  show  them- 
selves in  the  colour  of  the  mineral :  magnesium  tourmalines  are  yellow  or  brown ; 
magnesium-iron  tourmalines  dark  brown  to  black;  iron  tourmalines  black;  man- 
ganese tourmalines  free  from  iron  are  red,  reddish,  or  colourless,  &c  But,  notwith- 
standing the  very  great  variety  in  the  individual  constituents,  the  constitution  of  the 
tourmalines,  viewed  as  a  group,  is  governed  by  a  very  simple  law.  This  law,  deduced 
from  the  examination  of  32  varieties,  is  as  follows :  TmLrmalines  are  (ribanc  Hlicatea 
{DritteUilieate),  The  primary  compounds  may  always  be  reduced  to  the  following 
silicates : 

frSiO*  4"SiO*  BSiO» 

or 

8fcH).SiO«        8ftO.SiO»  B'»0«SiO«. 

The  toormaline  group  reeolVes  itself  into  two  great  divisions.    In  the  first  divisioB 
the  atomic  ratio  All :  Si  »  1  :  2 ;  in  the  second  —  2:8. 

Tourmalines  of  the  first  division  consist  of  tribasie  silicates  represented  by  the 

formuln  il*Al]BSi*0>'  and  £>All*B*Si«0<*.  This  is  the  most  numerous  division,  and 
to  it  belong  25  of  the  tourmalines  examined  by  Bnmmelsberg.  They  yield  30-32.p.  ow 
alumina.  Their  structure  is  deteomined  by  the  proportion  of  the  two  silicate  molecules 
aboTe  mentioned,  and  it  is  found  that  the  simplw  ratio  1 : 1,  in  which  B" :  All  ■>  1 : 1 

•  AU  ■  Al*  B  64-8. 
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gyeatlh^  predonunfttes,  liavfiig  l)een  o1»enred  in  21  repreaentatiTei ;  and,  beridea  Umb, 
the  relations:  2,  Uiat  is  B'' :  All  »  2  :  3,  has  been  found  in  oo^y  four  oUm  (£ioa 
Saar,  Elba,  SampnUk,  Goshen). 
.  TouzmaUnes  of  the    second  division  oonsist  of  tha  tribaoie   ailieata^nolMiks 

ll*AU«B«Si*0^  and  fi*All*B«Si*0^.  These  tonrmalines,  even  in  entize  OTitalf  an 
t^nmspareut,  colourless,  or  slightlj  srpenish  or  reddish,  or  red  (precions  toimDalioesV 
They  yield  42-44  p.  c  almnina,  and  are  nearly  or  qnite  fiee  frcaa  iron ;  and,  inasmo^ 
as  they  contain  but  little  manganese  or  magnesium,  the  Rilicate  oontainipg  B^  pn- 
dominates  in  this  case  also  over  that  which  contains  B".  The  atomic  ratio  B* :  All 
=>  1  :  6  (Elba,  pale  green ;  Schaitansk,  red) ;  orl  :  12  (Bosena,  Faris,  red) ;  or  1 :  24 
(Elba,  pale  red  and  colourless)  indicates  in  these  fire  Tarieties  a  Tariable  propcstiaD 
between  the  two  silicate-molecules,  viz.  (2:1;  5:1;  and  11:1).^  ^ 

Between  these  two  divisions,  that  is  to  say,  witJi  an  intermediate  propoatioD  of 
Al :  Si,  lies  the  dad:  green  tourmaline  from  Brazil,  and  the  similar  one  from  Qiffito- 
field.  In  other  respects,  these  varieties  containing  6  p.  c.  FeO  conform  to  the  ff^^ 
law ;  they  may  be  regarded  as  forming  a  third  division,  or  as  being  made  np  of 
isomorphous  mixtures  of  the  other  two.  The  latter  view  is  that  which  Bammelfil^ 
prefers ;  for  it  not  unfrequentl^r  happens  that  the  colours  exhibited  by  an  indifidBal 
tourmaline  crystal  show  that  it  is  formed  above  and  below,  or  externally  azid  inteniaDj> 
of  constituents  which  are  chemically  dissimilar,  although  analogons  and  isooKvplMnii 

VBIBVMOnraL  A  crystallised  variety  of  siliea  ooconing  in  eleftfl  and  Gavitiei<]f 
a  trachytic  porphyry  near  Pachuca  in  Mexico.  It  forms  hexagonal  crystala^  ofta  n 
twins,  and  having  a  sp.  gr.  of  2-826  to  2*296  at  IS''  to  16^  which  ts  that  waRj 
assigned  to  amorphous  silica.  The  crystals  are  eolouxless,  s^  have  a  vitieoos  to 
nacreous  lustre,  which,  however,  they  lese  by  contact  with  the  air  (C^.  van  Baih, 
ZeiUekr,  /.  CJktM.  [2]  v.  410). 

nunmnrunjpHzn  otavibb,  s>*|(^T  is  produced  by  dig«^ 

the  corresponding  iodide  (v.  611)  at  100°  with  potassium  cyanide.  It  teiuuB^  <n 
evaporating  the  idcohoUc  solution,  as  a  thick  syrup,  which  by  slow  evapozatioo  ore 
oil  of  vitnol  yields  colourless,  veiy  deUquescent  needles.  Heated  with  atidsot 
alkaKs  it  is  resolved,  with  addition  of  the  elements  of  water,  into  ethyl  sulphi^ 
propionic  add,  and  ammonia ;  also  when  heated  vith  water -or  alcohol  to  120°  (Otm 
ZiiUckr.f.  Ckmn,  [2]  iv.  622). 

TSIO&TOO&&AaKZO  ACIB.    See  Glxoouakio  Acids  (p.  646). 

[O  Aom.  I     ^^  Mbllxtic  Acid  (pp.  81Iy  818), 

See  ATBonc  Acid  (p.  249). 

The  following  observations  on  the  hydrates  of  tungstic acjd 

have  been  made  by  Zettnow  (IWy.  Ann,  cxxx.  16,  240;  Bull.  6oe,  Chm.[i]'^ 
37,  174;  Jakreab,  1867,  223).  Tungstic  acid  sepamted  from  sodium  tang^ate  ^ 
mineral  acids  at  ordinary  temperatures  is  soluble  in  ammonia.  A  hydnte  omj 
slightly  soluble  in  ammonia,  but  easily  soluble  in  sodium  carbonate,  is  obtained  of 
boiling  1}  pt  neutral  or  3  pts.  of  the  acid  sodium  tungstate  with  1  pt.  of  stnx^ 
sulphuric  mixed  with  a  little  nitric  acid,  till  the  sulphuric  acid  begins  to  evapon^* 
then  diluting  with  water ;  washing  with  water,  mixed  towards  the  end  of  the  ope^ 
tion  with  a  little  sulphuric  acid  (to  prevent  the  tnngstio  acid  from  nuuu^ 
through  the  filter) ;  and  again  heating  the  residue  with  strong  sulphuric  acid  tiU^ 
latter  evaporates.  The  washed  and  air-dried  tungsttc  acid  has  a  light  lemon-yB^ 
colour  witn  a  tinge  of  green : 

After  dnring  at  50^  l20^-lZ(fi  •  200<> 

It  contains    .3*7.  2-5  17  p.  c.**^ 

mt  2W0».H«O  8W0*.HH>  4W0».H«a 

When  ignited,  it  acquires  a  lighter  colour. 

The  solution  of  sodium  monotungstate  is  not  precipitated  by  sulphurous,  bydii^'^'^ 
hydrocyanic,  oxalie,  or  tartaric  acid ;  but  these  acids  do  not  hinder  the  pre<»]pitat^ 
b^  mineral  adds.  When  the  solution  of  a  tungstate  is  heated  with  aeebc  *^ 
mineral  acids  (as  in  presence  of  phosphorie  acid^  do  not  produce  a  preeipitato,  snktf 
the  solution,  has  been  previously  neutralised  with  ammonia.  SoluUona  oontaiBinC 
1  pt  tungstic  anhvdride  in  10,000  pts.  still  give  a  trace  of  blue  colour  with  »j^ 
and  sulphuric  acid,  but  are  not  precipitated  or  clouded  by  potassium  ferrocTSDio^ 
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lend  acetate,  or  stannous  chloride.  Solutions  oontaining  0*005  p.  c.  tungstio  anhy^' 
dride  also  give  with  these  last-mentioned  reagents  only  a  slight  reaction,  and  at 
twice  that  degree  of  dilution  no  visible  reaction  occurs  (lead  acetate  alone  still 
produces  opalescence). 

For  the  estimation  of  tnngstie  acid  in  soluble  neutral  tunntates,Zettnow  acidulates 
the  solution  with  acetic  acid;  and  precipitates  it  at  the  boiling  heat  with  a  one-tenth 
normal  solution  of  lead  acetate.  The  precipitate  of  neutral  lead  tungstate,  FbWO^, 
eepaiates  quickly  towards  the  end  of  the  precipitation  and  becomes  heavy  and 
crystalline ;  the  end  of  the  experiment  may  therefore  be  recognised  with  certainty  by 
testing  a  filtwed  sample.  Soluble  acid  salts  must  be  preriously  conyeited  into  neutral 
mlts  bjr  addition  of  sodium  carbonate,  and  then  slightly  supersaturated  with  acetic 
acid ;  insoluble  salts  must  be  decomposed  by  fusion  with  sodium  carbonate. 

Zettnow  has  also  made  observations  on  Uie  oomTOsition  and  properties  of  several 
metallic  tungstates,  and  on  the  properties  of  metallic  tungsten  prepared  b;^  various 
proeessesk  Observations  on  the  tungstatea  have  also  been  published  by  Ullik  {J.  fr^ 
Chm.  diL  147  ;  Jakreab.  1867,  p.  221). 

TinUiOnr.  A  red  pigment  found  in  the  wing-feathers  of  four  species  of  IStraeo, 
It  is  extracted  by  dilute  alkalis,  and  may  be  precipitated  from  the  solution  by  adds 
without  alteration.  It  differs  from  all  other  known  animal  pigments,  in  the  circam- 
stanoe  that  it  contains  5*9  p.  c  copper,  which  cannot  be  separated  without  destruction 
of  the  pigment.  The  spectrum  of  this  pigment  exhibits  two  black  absorption-bands. 
It  is  constant  in  oxnposition,  even  when  obtained  ttom  birds  of  different  genus  and 
spedes,  as,  for  example,  from  MutopAaga  triolaeea,  Carythaix  aUxhcrUtata,  and  C,  par* 
pkfreciopka  (Church,  Chem,  News,  xix.  266 ;  QmeUm^B  Handbook^  xviii.  420). 


■•  C'*H*'. — ^Vapour  of  turpentine-oil  passed  through  a  red* 
hot  iron  tube  filled  with  f^ragments  of  porcelain,  is  resolved  into  a  laz]^  number  of 
hydrocarbons,  very  difficult  to  separate,  some  of  which  are  isomeric  with  it  (Hlasiwets 
a.  Hinterberger,  ZetUehr.  f,  Chem.  \2]  iv.  880). 

Turpentine-oil  is  easily  oxidised  by  potassium  permanganate.  10  pts.  freshly 
rectified  turpentine-oil  agitated  with  600  pts.  water  reduce  in  a  few  liours  28  parts  of 
the  permanganate  (corresponding  with  the  proportion  G**H>* :  O^^,  if  the  latter  be 
gradually  added  ana  rise  of  temperature  avoid»i ;  the  farther  oxidation  takes  place 
slowly  at  the  boiling  heat.  The  products  are:  1.  An  add  separated  from  the 
concentrated  aqueous  solution  by  mineral  acids  as  a  resinous  body  easily  soluble 
in  hot  water. — 2.  A  small  quantity  of  a  ncatral  volatile  substance  which,  when  the 
aqueous  mixture  is  distilled,  sublimes  in  short  needles  having  the  odour  of  camphor, 
and  appearing  to  be  either  camphor,  0**H'*0,  or  a  body  isomeric  With  it  (Berthelot, 
Sua.  8oe.  Ckim,  [2]  vii.  186). 

When  turpentine-oil  is  gradually  added  to  a  dilute  solution  of  hypoehlorous  acid,  a 
yellow  visda  liquid  is  deposited  (probably  a  mixture  of  di-  and  tri •chlorinated  turpen- 
tine-oil), whilst  the  aqueous  solution  agitated  with  ether  gives  up  to  that  liquid  a 
neutral  syrupy  substance,  having  the  composition  of  the  dichlorhydrin  of  turpentine-oil» 
C>*H**C1K)'.  This  compound  dissolves  slightly  in  water,  easily  in  alcohol  and  ether ; 
is  partly  decomposed  by  distillation ;  is  not  resinised  by  nitric  acid ;  and  is  converted 
by  the  action  oi  sodium  on  its  etheieal  solution  into  an  acid  which  appears  to  have 
the  composition  C"H»H)»  (C.  G.  Wheeler,  Bull.  8oe.  Ckim.  [2]  x.  288). 

Turpentine-oil  heated  with  hydriodie  acid  yioldB:  1.  Uamphene  hydride, 
C'*H**.H*,  analogous  to  the  hydrochloride,  C"H*.HC1,  a  liquid  which  boils  at  about 
166^,  is  not  attacked  by  ordinary  sulphuric  in  the  cold,  and  dissolves  in  fuming 
nitric  add  without  oxidation,  yielding  a  nitro-compound,  also  in  lukewarm  fuming 
sulphuric  acid,  fbrming  a  sulpho-acid  soluble  in  water ;  it  forms  a  crystalline  derivative 
witli  bromine. — 2.  Terpilene  hydride,  C'*H*.H»H», corresponding  to  the  dihydro- 
chloride,  C"H»«.2HC1,  a  liquid  boiling  at  170«>-176°,  difficult  to  separate  from  the 
preceding,  not  completely  soluble  in  fWing  sulphuric  acid.  On  adding  water  to  the 
mixture^  a  viscid  product  (perhaps  a  polymende)  separates,  having  the  odour  of 
camphor. — 3.  A  saturated  hydrocarbon,  C'*!!**,  which  boils  between  166^  and  160®; 
withstands  the  action  of  bromine,  sulphuric  acid,  nitric  acid,  &c. — 4.  Amyl- 
hydride  or  quintane,  C*H*'  (Berthelot,  Compt.  rend.  Ixvii.  827). 

A  hydrocaroon  isomeric  with  turpentine-ofl  is  formed  by  the  decomposition  of 
rutylene  bromide  (produced  from  diamylene,  iv.  141)  with  alcoholic  potash.  It  is  a 
transparent  colourless  liquid,  agreeing  nearly  in  composition  with  the  formula  C**H'*, 
and  having  a  vapour^deasity  «  4'32  (calc.  4*70) ;  but  it  is  extremelv  difficult  to 
purify.  It  has  a  strong  odour  of  turpentine,  ei^)edally  when  exposed  to  the  air ; 
bums,  when  set  on  fire,  with  a  luminous  but  smoky  flame.  When  bromine  is  dropped 
into  it  at  —  17°i  the  first  drops  unite  without  evolution  of  hydrobromic  acid ;  but  on 
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adding  a  larger  quantity,  a  violent  action  takes  plaee^  and  hydzobroinie  idd  ii 
evolyed.  Iodine  acta  in  a  Birailar  manner,  bnt  lesa  atronglj.  Kitrie  add  exeitt  % 
riolent  oxidising  action,  and  sulphuric  acid  diasolTes  the  substance  with  deep  brofwii 
colour.  Hydrochloric  acid  in  the  gaseoue  state  or  in  aqueous  solution  unitee  vith  it 
at  ordinaiT  temperatures.  When  the  gas  was  passed  through  it  for  sereial  hous  at 
10^  and  the  liquid  was  afterwards  washed,  dried,  and  fractionally  distilled,  the  poition 
distilling  between  180^  and  200®  decomposed  with  blackening  and  ooi»ons  erototiuo 
of  hydroehloric  acid ;  and  at  about  1 1 0°  a  nearly  colourless  liquid  distilled  over,  RDfUiog 
of  hydrochloric  acid,  and  having  nearly  the  composition  2C'*H'* .  HCL  The  foimaaoD 
of  this  hydrocarbon  from  amylene  may  be  represented  by  the  fbUowing  eqaadoDa: 

0»H>»        +  C»H"   -  C"H« 

C'»H»Br«  +  2KH0  «  2KBr  +  2HK)  +  C«»H'» 

C»»H««Br«  +  2KH0  -  2KBr  +  2H*0  +  C"H»«. 

The  hydrocarbon,  C**H**,  thus  obtained,  is  probably  terebene  (Bauer  a.VfinaB, 
Ann.  Ch.  Pkarm.  cli.  62). 

Tawildarow  (Zeiiickr,  /  Ckem,  [2]  iy.  278)  has  found,  in  the  portion  of  eoal-taroil 
boilinff  between  172®  and  190®,  a'^drocarbon  having  nearly  the  eomposition  of  • 
lower  nomologue  of  turpentine-oil,  C^W*{n<mone  according  to  Hofman's  nomendatan, 
p.  794),  which  is  acted  upon  by  bromine,  with  evolution  of  hydzobromie  add,  •ad. 
formation  of  the  compound  CH**Br*  or  C'H'^Br.Br*. 

TTSOSnnL  C<H"NO*  (Thudichum  a.  Wanklyn,  Ckem.  8oe.  J.  [2]  vii.  277).- 
When  tyrosine  is  treated  with  potassium  dichrtmiate  and  dilute  suphurie  add 
(2  grros.  tyrosine,  less  than  10  grms.  sulphuric  aeid^  100  c  c.  water  and  8  grw. 
aichromate^,  carbon  dioxide  is  evolved,  together  with  an  odour  of  fonnie  acid, 
and  an  insoluble  yellow-green  chrome-compound  is  fonned«  eonsistiBg  of 
C*H"N0».Cr>0V8H*0.  This  compound  is  nearly  insoluble  in  water,  but  dxmAm 
slowly  and  without  evolution  of  gas  in  hydrochloric  acid.  When  heated,  ii  svells 
up,  gives  off  carbon  dioxide  and  water,  ana  leaves  a  mixture  of  chzomie  oxide  sod 
finely  divided  charcoal  This  compound  is  formed  only  when  a  small  quantity  of 
sulphuric  acid  is  used.  With  excess  of  sulphuric  add,  tlie  only  products  are  earbos 
dioxide  and  water,  with  a  little  formic  add. 

Tyrosine  boiled  with  a  mixture  of  fnmvurie  and  mtrcnrfma  mitraUi  (ooatsiiuag 
some  mercurous  nitrite)  forms  a  deep  red  predpitate  having  the  composition 
C*H*(NO=')<KO>Hct>.  The  mercurous  salt  doesnot  take  part  direcdy  in  the  foimstios 
of  this  precinitate ;  the  entire  quantity  of  the  mereuzy  belonging  to  it  remains  is  the 
solution,  ana  the  function  of  this  salt  is  merely  to  supply  nitrons  add,  or  jperiiapf 
nitrogen  dioxide.  If  the  quantity  of  mercurous  salt  adaed  is  ineuffident  tx  thii 
purpose,  only  a  light  flesh-coloured  precipitate  is  formed;  and  when  ^7*^^'^^ 
C)oiied  with  mercuric  nitrate  free  from  mercurous  salt,  and  nitrogen  dioxide  is  Jf^ 
into  the  boiling  liquid,  the  deep  red  predpitate  is  instantly  formed  (compare  v.  93i; 
also  L.  Meyer,  Ann.  Ch.  Pharm,  cxxxii.  166).  This  compound  is  very  enezgetiafly 
attacked  by  alkalis,  potash  and  ammonia  forming  with  it  a  deep  red  solution  whioi 
deposits  a  precipitate  resembling  sepia.  Nitric  acid  dissolves  the  zed  oompoond, 
forming  a  red  solution. 

Stiideler  found  that  nitrotyronne  treated  with  nitric  acid  is  converted  into  dinitr^ 
tyrosine  (v.  934).  Thudichum  a.  Wanklyn,  however,  find  that  this  dinitro-compoimd 
is  not  produced,  but  that  a  nitrotyrosic  acid,  C*H'«(NO')NO<,  is  obtained,  whidt 
when  dissolved  in  water  and  neutralised  with  caldum  carbonate^  forms  a  deep  rod 
EK>lution  yielding  orange-red  tabular  crystals,  which  have  nearly  the  campoeitioB 
C*H"Ca'XNO«)Na«  +  .8H*0.  If  the  aeUon  of  the  nitric  add  be  carried  fiaither, 
oxalic  acid  is  produced. 

According  to  Stadeler,  also,  dinitrotyrosine  is  formed  by  the  action  of  nitrous  add 
upon  tyrosine.  Thudichum  and  Wanklyn*s  experiments  do  not  confiim  this  resdt. 
when  nitrous  acid  (from  nitric  add  and  arsenious  oxide)  is  passed  into  water  is 
which  tyrosine  is  suspended,  the  tyrosine  gradually  dissolves,  witn  yellow  colour  sod 
slight  evolution  of  gas;  and  on  neutralising  this  solution  with  ^l^lfi^Tn  csrbonste, 
evaporating  over  oil  of  vitriol,  filtering  to  remove  a  brown  scum,  and  mixing  tlie 
filtrate  with  lead  acetate,  a  chocolate-coloured  predpitate  is  formed  having  (at  110^) 
nearly  the  composition  C"H'Pb"NO*. 

I^rosine  is  not  acted  upon  by  excess  of  ethyl  iodide  at  100^ ;  ndthar  is  it  rsdneed 
by  hydriodic  acid  at  130®. 

ConstUution  of  T^nostns. — ^The  nitrogen  in  tyrosine  may  be  estimated  by  'Will  s. 
Varrentrapp's  process  ;  consequently  tyrosine  does  not  contain  any  nitrogen  in  thefbns 
of  nitjyl ;  neiuier  is  the  nitrogen  in  the  foim  of  amidogen  or  imidogen,  ainee  etb/1 
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iodide  effects  no  sabstitation.  The  nitro^n  magt  therefore  be  altogether  in  direct 
union  with  the  carbon.  Moreorer  there  ib  no  hydrozyl;  otherwise  hydriodic  acid 
would  effect  a  reduction ;  therefore  the  oxygen  muitt  be  in  direct  and  complete  union 
with  the  carbon.  Tyrosine  appears  to  be  derived  from  nonane,  G'H'*,  by  substitution 
to  a  considerable  extent,  8  at.  hydrogen  haying  been  replaced  by  N'*,  and  6  at. 
hydrqgen  by  8  at  oxygen.    Its  constitutional  formula  is  most  probably 

irC.CH«.CH*.CH«.CH«.CH«.CO.CO.c|^. 

Its  great  stability  shows  that  the  grouping  of  the  oxygen-atoms  is  regular.  The 
fact  that  tyrosine  giyes  no  acetic  acid  by  oxidation,  shows  that  it  does  not  contain 
ethyl  in  union  with  part  of  the  nitrogen  or  with  oxygen.  The  easy  formation  of 
carbonic  acid  is  in  harmony  with  the  supposition  that  the  molecule  of  tyrosine 
contains  8  moL  carbon  monoxide  (Thudichum  a.  Wanklyn ;  see  also  Hufner,  ieiUchr, 
f.  Chem,  [2]  iy.  891). 

Tyrosine  heated  with  fuming  hydriodic  acid  takes  u^  1  moL  hydrogen,  and  is 
resolyed  into  ammonia,  which  appears  as  ammonium  iodide  and 'phloretic  acid: 
C*H"NO*  -I-  H*  -  NH*  +  C*H*«0^ :  hence  Hiifner  (Znisehr,  iy.  891)  regards  it  a^ 

I  OH 
amidophloretio  acid,  C«HVNH«)0»  -  C«H»]  NH«     .    Barth,  who  formerly  regaided 

lc»H»0« 
tyrosine  as  ethyl-amidopuaoxybensoic  acid  (y.  982),  now  regards  it  as  ozyphenyl- 

(C»H*OH 
amidopropionic  add,  C*H*  {  NH*        (ZeiUehr,  yi.  1 18). 

I COOH 

Tyrotine  Piatmcchhrids,  2(C*H"K0'.HCl).Pta«,  is  obtained  in  small  granular 
crystals,  by  adding  the  hydirochloride  to  a  slightly  acid  solution  of  platinic  chloride, 
and  leaying  the  solution  to  eyaporate  in  a  yacuum  oyer  quick  lime  and  fragments  of 
caldum  chloride  (Gintl,  ibid,  y.  70^. 


u 

On  the  constitution  of  Ultramarine  see  W.  Stein  (J,  ^, 
Chem.  [21  iii.  89 ;  Chem,  8oc.  J'J^]  iz.  166) ;  on  the  preparation  of  ultramarine 
paper,  and  its  uses  as  a  reagent,  W.  Stein  (J>pr,  Chem.  ciii.  172  ;  Zeitechr,/.  Chem, 
[2]  iy.  699). 

VXAJriUM.  The  following  method  of  preparing  fhsed  metallic  uranium,  deyised 
by  Valenciennes,  is  described  by  Peligot  {Compt,  rend,  Ixyii.  607).  A  mixture  of  76 
grams  uranous  chloride,  160  grams  dry  potassium  chloride,  and  60  grams  sodium  cut 
into  pieces,  is  placed  in  a  crucible  and  ooyered  with  potassium  (£loride ;  and  this 
cradble  is  enclosed  in  a  larger  one,  the  space  between  them  being  packed  with  char- 
coal powder.  The  whole  is  heated  in  an  air-fiimace,  and  when  the  reaction  has 
taken  place  at  a  ?ed  heat,  the  fire  is  strongly  urged,  so  as  to  melt  the  metal  but 
without  yolatilising  the  flux.  The  reduced  uranium  is  found  within  the  black  yery 
dense  slag,  and  may  be  separated  by  lixiyiation.  For  the  success  of  the  preparation, 
it  is  essential  to  exclude  the  moisture  of  the  air,  which  would  convert  the  uranous 
chloride  into  irreducible  uranic  oxide ;  also  to  protect  the  metal  from  access  of  air 
dnring  cooling.    Uranium  thus  prepared  has  a  sp.  gr.  of  18*88. 

According  to  Souchay  (Zeitechr,  anal,  Chem,  yL  400)  the  predpitate  formed  by 
boiling  solutions  of  uranic  salts  supersaturated  with  ammonium  carbonate,  contains  in 

100  pts.: 

TJ^y  CX)»  HB»  HK) 

88-81  2-66  2-66  11*67 


CH^K'O.    The  constitution  of  this  body  has  lately  been  the  subject  of 
considerable  discussion. 

Baaazow  (Chem,  8oe,  J,  [2]  yi.  194)  finds  that  urea  is  produced  when  diy  ammonium 
carbamate,  CO'N'H*  (prepared  by  passing  dry  carbon  dioxide  and  ammonia  gases 
into  absolute  alcohol)  is  heated  to  130^-140^  in  sealed  tubes;  also  by  heating  the 
commercial  carix>nate  of  ammonia  (which  appears  therefore  to  contain  carbamate)  to 
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the  ame  tempcntaro.  ConTenel^,  Bnnte,  has  lately  showB  (JaM.  Ck  Pkra.  di. 
181)  that  urea  mar  be  oonTerted  into  anunoniiiai  earbamate  (aiediaiie)  by  baling 
nitzate  of  una  with  alcohol : 

CON«H«  +  ORHOB)  m  KH»  +  CO(NH«XOCW*). 
JJtm.  AJoobol.  ITrethaoB. 

Theoe  reaetioBfl  ahoir  tbat  iix«a  is  the  amide  of  earbamie  add,  a  riev  adroated  bj 
Kolbe  (Zeitsekr.  /.  Ckem,  [2]  iii.  60),  and  formerly  by  Heintx  (Ann,  Ck  Pkarm.  oL 
276).  If,  however,  earbamie  add  be  lepreflonted  by  die  formula  H'N— 00— OH,  its 
amide  mnat  be  the  flame  as  the  diamide  of  carbonic  acid,  that  is  to  say,  una  regiinifld 
as  the  amide  of  earbamie  add  most  be  identical  with  carbamide : 

im*  ITH«  OH 

00  00  GO 

6H  NH*  OH 

OartMunlo  Uzem 


But  if  earbamie  add  has  the  eonstitntion  zepreeented  by  the  formula 

cno 


N'Jh« 

1 01 


(CO)'  n 

~  at  11h« 


^H 

in  which  the  nitrogen  is  qninquiTalent,  then  its  amide,  area,  will  have  a  ftzodn* 
difTerent  ftom  that  of  carbamide,  vis.  CO=:NH* — ^NH'. 
With  neiard  to  this  questioD,  Heintx  observes  (Ann,  Ck  JPkarm.  cL  73)  that  tlu 

representation  of  earbamie  add  by  the  formula  i  GO  *,  and  of  aniie  adds  io  gsnenlby 

OH 
(NH«  ((NH«)--» 

•I  R"    ,  or  fltiU  more  generally  by  \  BS^         ,  is  in  accordance  with  the  fict  tbt 
lOH  l(OH)p 

such  adds  are  never  formed  from  monatomic,  but  only  from  polyatomic  adds,  wMnti 
if  the  molecule  were  held  together,  not  by  the  add  radicle,  but  by  the  DitiogM 

as  represented  by  the  formula,  \  NH*,  the  ezistenoe  of  compounds  like    NH^    tf 

loH  (OH 

\  NH',  would  also  be  possible.    Moreover  the  representatioD  of  urea  as  eazbsDu^  « 

(oh 

in  aooordanee  with  all  its  synthetical  modes  of  formation,  excepting  those  is  vm^ 
a  txanspodtion  of  the  atoms  must  be  supposed  to  take  place-HRich  as  its  ^'"^^"'t 
from  ammonium  ornate— which  throw  no  light  on  its  stmotora.  The  coayenioo  « 
earbonyl  chloride  into  urea  by  the  action  of  ammonia  is  easily  intelligible  if  u*^  ^ 
regarded  as  carbamide ;  toot 

a  NH« 

0=0     +     4NH«     -    2»H«C1     +     CziO; 

CI  KB* 

whereas  if  urea  has  the  construction  represented  by  the  formula  CO — VW—f^'  ^' 
formation  in  the  manner  just  mentioned  involves  a  transposition  of  the  sUmm?  y 
it  is  not  etJty  to  see  why  suioh  a  transposition  should  take  place,  inasmuch  as  nitr^eo 
is  less  inclined  to  form  compounds  in  which  it  is  quinquivalent  than  those  is  vhicb  it 
,  is  trivalent.  Similar  remaru  apply  to  the  formation  of  urea  from  ethyl  chlonxwr- 
bonate,  ethyl  carbonate,  and  the  urethanes.  Its  formation  from  cyamide,  CN•^^<^' 
is  also  very  easily  explained  if  it  be  supposed  to  oonsist  of  carbamide,  beix^i  io  ^ 
analogous  to  a  laige  number  of  the  transformations  which  cjanogen-oompoiuiQi 
undergo  under  the  influence  of  water  (Heintz). 

On  the  other  hand,  the  identity  of  urea  and  carbamide,  which  seems  to  icXlo^  oom 
the  preceding  considerations,  is  in  disoordanoe  with  the  fact  established  l^  Waiulj^ 
a.  Oamgee,  uiat  urea  differs  f^m  amides  in  general  in  its  behaviour  with  alkali^ 
permanganates,  inasmuch  as  when  oxidised  by  excess  of  potassium  permai^iuuten 
alkaline  solution,  it  gives  off  all  its  nitrogen  in  the  free  state,  whercas  when  boio* 
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are  thiu  treated,  the  nitrogen  Ib  wholly  oonyeited  into  nitric  acid.    Wanklyn  a. 

((NHr 

Oamgee  represent  nrea  by  the  formula  C  \  NH*  ,  but  do  not  gire  any  speeiflc  reasons 

(oh 

for  the  adoption  of  this  particnlar  formula. 

Bante  (Ann,  Ch,  J^ktrm.  di.  184)  points  out  that  the  question  about  the  relation  of 
urea  to  carbamide  might  be  elucidated  by  ascertaining  the  greatest  number  of  isomeric 
substitution-products  that  can  be  formed  by  the  substitution  of  any  particular  radicle; 
edifl,  for  example,  in  its  molecule.  For  in  carbamide,  H'N — CO — ^NH*,  in  which 
both  stoma  of  nitrogen  are  trivalent,  and  aU  the  nitrogen-  and  hydrogen-atoms  are 
symmetrically  disposed,  the  number  of  such  possible  isomeric  derivatives  must  be  less 
than  in.  urea  regarded  as  CO=KH' — NH',  in  which  one  atom  of  nitroeen  is  quin- 
quivalent, and  the  arrangement  is  not  symmetrical.  For  example,  carbamide  can 
yield  but  one  monoethylated  derivative ;  whereas  nrea,  if  it  oonsists  of  CO=NH* — NH't 
may  yield  the  two  isomeric  ethyl-ureas : 

CO  CO 


JnH(C«H»)  and  KH« 

I  I 

KH»  NH(C»H») 

The  former  of  these,  by  partial  reduction  to  carbamic  acid,  would  yield  ethyl-carbamie 
acid  and  ammonia,  whereas  the  latter  would  yield  carbamic  acid  and  ethyhunine. 

PitparaHtm  qf  Urea, — According  to  J.  Williams  (Chem,  8oc,  J,  [2]  yi.  63)  lead 
cyanate  is  much  better  adapted  fbr  the  preparation  of  urea  than  the  potassium 
salt  It  is  merely  necessary  to  digest  equivalent  quantities  of  this  lead  salt  and 
ammonium  sulphate  at  a  moderate  heat,  with  a  sufficient  quantity  of  water,  then 
filter  and  evaporate.  Compound  ureas  majr  be  prepared  in  like  manner  by  digesting 
the  sulphates  of  the  corresponding  amines  with  cyanate  of  lead. 

'    RmctiUms. — 1.  Urea  heated  with  carhtm  hUulpkide  to  100^  in  a  sealed  tube,  yields 
carbon  oigmulphide  and  ammonium  eulphocyanate:    . 

CON*H«  +  Ca«  =  COS  +  CSN.NH*. 

With  alcohol  %nd  carbon  bisulphide  the  products  are  mereaptan,  carbon  dioxide,  and 
ammonium  eulphocyanate  t 

COHPR*  +  CSS  +  C«H«OH  «  C«H»8H  +  C0«  +  CSN.KH* 

(Ladenbuig,  ZeUscAr,  f,  Chan  [2]  v.  253). — 2.  Urea  heated  with  aidehifde-ammmia 
and  ammonuMfi  acetate  yields  aldehydine,  NC*H"  (p.  82) : 

4(C*H*0.NH«)  =  NC»H»  +   8NH»  +  4H«0 

(Ador  a.  Baeyer,  ibid,  it.  724). — 8.  With  glycocine  urea  yields  hydantoicacid 
(p.  702). — 4.  Bespecting  the  reaction  of  urea  with  amidthbenzaic  acid,  see  page  318. 

Compounds  qf  Urea  with  Fhoephorie  Acid. — ^Lehmann  (Buchn.  Sepert.  xxi,  224) 
described  a  crystalline  compound  of  phosphoric  acid  and  urea,  which  he  obtained  from 
pig^  urine  after  the  animals  had  been  fed  upon  pure  clover.  To  this  compound  he 
assigned  the  improbable  formula  C0K'H*.2H>0.P'0*  +  aq.  Schmeltzer  a.  Birn- 
baum  {Zeiteekr.  f.  Ckem.  [2]  y.  206)  have  obtained  the  same  compound,  together 
with  ammonium  phosphate,  (NH^)H'PO*,  by  dissolving  urea  in  a  concentrated  solu- 
tion of  orthophoephoric  acid,  evaporating  -in  a  vacuum  over  oil  of  vitriol,  and 
recryatallising  the  residual  mass  from  water.  The  nrea  phosphate  forms  large 
rhombic  crystals,  having  the  composition  CON'H^.H^O^  The  crystals  are  permanent 
in  dry  air,  dissolve  easily  in  water  and  aJcohol,  sparingly  in  ether ;  heated  above 
lOO*'  they  decompose,  with  brisk  efferyesoence,  into  ammonia*  carbon  dioxide,  and 
xnetaphosphoric  acid : 

CON«H«.H»PO*  «-  2NH«  +  C0«  +  HPO«. 

The  phosphoric  acid  in  this  compound  is  not  neutralised  by  the  urea,  inasmuch  as  the 
solution  does  not  precipitate  magnesium  sulphate  or  silver  nitrate  except  on  addition 
of  ammonia.  When  evaporated  with  potassium  or  sodium  carbonate,  it  is  resolved 
into  urea  and  phosphoric  add,  which  unites  with  the  alkali. 

Another  phosphate,  containing  3CON*H^.2H*PO*,  was  once  obtained  by  evaporating 
a  mixture  of  phosphoric  acid  with  excess  of  urea  without  the  aid  of  heat.  Its  aqueous 
flolation  when  heated  yielded  a  crystalline  precipitate  of  cyanuric  aCid,  formed 
according  to  the  equation  8C0N'H«  »  8NH«  +  CH*N*0>.  A  similar  decomposi- 
tion of  urea  takes  place  on  heating  it  with  phosphoric  anhydride  (y.  950),  as  observed 
hy  Weltaen  {Ann.  Ck.  Pharm,  cyu.  219). 


Hid  UKEA, 


SubHUuHom-derivaUvea  of  Una, 

CON*H^G*H*0),  i«  formed  when  1  pi.  of  nma  »  heated  vith  2  pli. 
of  acetic  anhydride  till  tne  latter  boils,  the   aoetjl-nrea   then  aeparating  oat  m 

cooling.  

ChhraeetyUurea,  C0N^"(C^KJ10),  is  formed  by  the  action  of  chlorMetjl  diloridi 
on  urea;  it  appears  to  be  acted  upon  by  potasainm  cyanide  (Jaxukowitseh,  i6ii 
234). 

Amjl-«r«MU  (Wnits,  BM,  8oe,  Ckim.  [2]  Tii.  Ul).— Prtmarjf  Amfl-MreM, 
G*Hi*N'0  a  C0N*H*(OH").  formed  by  the  action  of  ammonia  on  amyl  cpaaiM 
(i.  764),  crystalliBes  in  glistening  needles  which  melt  at  120°»  and  diawlve  inS8'l  pU. 
of  water  at  27®. 

Secondartf  Amyl'Urea  or  P99udO'amylen9''Urein,  CX)N'H'(C*H**H)  « 
CON'H*(CH"XC*fi*),  is  produced  by  the  action  of  ammonia  on  amylene  ejuito 
(p.  114),  and  may  be  prepared  b^  mixing  amylene  hydriodide  with  silrer  cyuate  it 
a  Tery  low  temperature,  then  distilling,  and  agitating  the  strong-smelling  diitiDBta 
with  excess  of  aqueous  ammonia.  Seoondaiy  amyl-urea  then  separates  in  tht  eoone 
of  24  hours,  as  a  crystalline  mass,  which  may  be  purified  by  reajstallisation  from  bx 
water.  It  forms  beautiful  needles,  which  melt  at  161®,  and  then  snblime  partislhr.  vitk 
erolution  of  ammonia ;  dissolves  in  79*8  pts.  of  water  at  27®,  easily  in  alrohol.  Hcstad 
with  strong  potash-ley  to  140®-!  60®,  it  is  resolved  into  carbon  dioixide,  anmoBia,  ivl 
isoamylamine  (p.  116).  In  contact  with  nitric  acid  dilated  with  an  equal  Tohnn  of 
water,  it  is  conrerted  into  an  oily  nitrate,  which  in  oontaet  with  dir  air  giTM  off 
nitric  acid  and  becomes  covered  with  crystals ;  the  mother-liqnor  yields  czystsls  of 
pidinaxy  nitrate  of  urea. 

Secondary  Diamyl'Urea  or  P«s«iIo-4tafliW«»#-tir«a,  C"H*'N^  » 
CON«H(CH»)rC*H»XC»H")-  C0N»H«(OH»«.H)«,  is  formed,  together  with  potsMioi 
carbonate,  by  neating  amylene  cyanate  with  caustic  potash  in  a  closed  flask: 

20»H»|cJq  +  2KH0  «  ^|0«  ♦  N«|(C»H".H)». 

It  sublimes  in  ths  flask  in  ooloorless  needles,  which  ma^  be  purified  by  disniTisi 
them  in  alcohol  and  mixing  the  solution  with  water  till  it  begins  to  show  tuiHdi^. 
It  is  very  volatile,  sublimes  without  melting,  is  nearly  insoluble  in  water,  sod  ii 
predpitated  by  water  from  its  solution  in  nitric  add.  It  is  not  attacked  by  poUsh  at 
the  temperature  of  boiling  oil. 

Amylene  cyanate  is  liluwise  resolved  into  carbonic  anhydride  and  seoondaiy  sbJ^ 
urea,  by  prolonged  contact  with  water. 

Banaojl-iureA,  CON*H*(C'HK)),  is  obtained  by  healing  equal  parts  of  bemoie 
anhydride  and  urea  to  140^-160®.  The  whole  mass  crystallises  on  cooling,  and  <* 
treating  it  with  alcohol,  bensamide  and  the  excess  of  bensoic  anhvdride  are  ditfolvBd, 
while  cyanuric  acid  and  benzo^l-urea  remain  behind.  By  repeated  crystallisatioii  fron 
ammoniacal  water,  the  cjranunc  acid  may  be  removed  and  the  benaoyl-urea  obtsinedu 
colourless  needle-shaped  crystals ;  the  quantity  is,  however,  but  small  (Geuther,  Seberti 
a.  Maish,  ZeiUckr.f,  Chem,  [2]  iv.  299). 

romiyl^iirem  C*H«N«0*  »  CON*H*(CHO),  isomeric  with  oxamide,  is  prodneed 
by  heating  equivalent  quantities  of  urea  and  formic  add,  first  in  the  water-bath,  sfttf' 
wards  over  the  open  fiie  till  gas  begins  to  escape.  The  liquid  on  cooling  solidito  to 
a  pulp  of  small  white  crystals  of  formyl-urea,  easily  soluble  in  water,  slightly  toliible 
in  cold,  more  easily  in  hot  absolute  aloohoL  Fhnn  the  alcoholic  solution  it  cfyBtsUiffi 
out  unaltered  on  evaporation,  but  not  from,  the  aqueous  solution,  being  resolved  by  t^ 
water  into  formic  acid  and  urea.  When  boiled  with  potash,  it  gives  off  ammonia  aod 
yields  formic  acid,  but  not  in  the  cold.  Formyl-urea  mdts  at  169'  and  deoomposca  at 
a  higher  temperature,  giving  off  ammonia  and  hydrocyanic  add,  and  leaving  cpsoric 
acid  mixed  with  porous  charooaL  At  190®  an  oily  compound  is  also  formed,  probsUj 
formamide.  At  200°  the  still  viscid  residue  swells  up,  blackens,  and  leaves  pcffoaa 
charcoal.  Formyl-urea  is  not  obtained  by  the  action  of  cyanic  add  vapour  on  fonoa- 
mide,  the  products  being  cyamelide  and  hydrocyanic  add  (Oettther«  Schaits  fc 
Maish). 

a;jdro^l.area,  C014'H*(0H).  -Abready  described  (p.  726). 
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OiybeBsojl-VMlp  C*H<KK)*  «  CON>H«(C'H«0)',  is  formed  by  heating 
ozybenzuramic  acid  (p.  818)  to  180^-190*^.  The  boiling  anunoniacal  solution  gires 
with  hydrochloric  add  a  precipitate  insoluble  in  water,  alcohol,  and  ether,  crystalline 
'  when  formed  in  small  quantities,  amorphous  in  large  quantities.  The  barium  salt  of 
oxjbenjEoyl  urea  (C'H^N'0')'Ba  +  SH'O  is  easily  decomposed  by  the  weakest  acids 
and  by  ammonia.  The  silver  salt,  0'H*N*0'Ag,  is  anhydrous  (Menschutkin,  Zeitackr. 
/.  Chan,  [2]  ▼.  63).  The  same  compound  appears  to  have  been  obtained  by  Oriess 
{m.  iv.  389). 

Pseiido-lMsjIene-arM,  (7H>«N*0*  »  CON*H*(G*Hi<H),  is  obUined  by  heatine 
a  mixture  of  sUver  cyanate  and  hexylene  hydriodide  (from  mannite)  to  50^-60®,  and 
agitating  the  unpleasant-smelling  liquid  which  then  passes  oyer  with  aqueous  ammonia. 
Fmudohexylene-urea  then  remains  as  a  solid  mass,  and  after  repeat^  crystallisation 
from  water,  forms  slender  needles,  which  dissolve  easily  in  boiling  water,  in  alcohol 
and  in  ether,  melt  at  127*^,  and  boil  with  partial  decomposition  at  about  220^.  Heated 
with  strong  potash-ley  to  230^-250^,  it  decomposes,  with  evolution  of  ammonia  and 
formation  of  an  oily  uquid,  probably  isohezylamine  (Chydenius,  Bull,  Soc,  Chim,  [2] 
vii.  481). 

Toljlene-^nreaB.  (Strauss,  Arm.  Ck,  Pharm,  cxlviii.  167). — ToiyUne^iurea, 
C»H'«N*0»  -  (CON«H«WC'H-y',  is  formed  when  1  mol.  dissolved  tolylenediamine 
sulphate  is  gradually  added  to  a  solution  of  2  mol.  potassium  cyanate  cooled  with  ice. 
A  small  quantity  of  carbon-dioxide  is  evolved,  ana  a  white  powder  separates.  On 
evaporating  to  dryness  and  exhausting  the  residue  with  alcohol,  the  tolylene-urea 
remains  together  with  potassium  cyanate,  and  may  be  obtained  pure  by  crystallisation 
from  boiling  water.  It  forms  micaceous  ciystalline  scales  melting  at  220^.  It  is 
nearly  insoluble  in  alcohol,  and  vezy  sparingly  soluble  in  water,  even  at  the  boiling 
heat,  soluble  in  hydrochloric  and  in  nitric  acid.  When  dry  hydrochloric  acid  gas  is 
passed  over  this  body,  2  moL  HCl  are  taken  up,  and  on  dissolving  the  product  in 
alcohol,  the  solution  yields  a  crystalline  body,  which  appears  to  be  a  tolylene-urea 
isomeric  with  monocnranate  of  tolylene-diamine.  These  two  tolylene-ureas  may  be 
represented  by  the  following  constitutional  formula : 

Co.^NH« 


CSN«H*  (J.  E.  Eeynolds,  Chem.  8oe.  J.  [2]  vii.  1). 
— ^This  ccmipound,  the  sulphur-analoguie  of  urea,  is  produced  from  ammonium  sulpho- 
cyanate  in  tne  same  manner  as  urea  from  ammonium  cyanate.  About  600  grams  of 
well-dried  ammonium  sulphocyanate  are  heated  to  about  170^  for  about  two  hours  iii 
a  flask  placed  in  an  oil-bath ;  the  flask  is  then  left  to  cool,  and  as  soon  as  the  tempera- 
ture of  the  fused  mass  has  sunk  to  100^,  it  is  mixed  with  an  equal  weight  of  water  at 
80®,  and  the  solution  is  quickly  flltered  through  a  small  plug  of  cotton,  to  remove  & 
small  quantity  of  a  black  substance  which  always  forms  in  the  procAss.  The  solution, 
after  a  few  hours,  deposits  silky  needles  of  the  sulphuretted  urea,  which  by  recrystalli- 
sstion  f^m  the  smallest  possible  quantity  of  water  may  be  obtained  in  long  slender 
needles  or  in  very  short  thick  prisms  belonging  to  the  rhombic  system.  It  melts  at 
149^ ;  does  not  deliquesce  in  moderately  warm  air ;  dissolves  easily  in  water  and 
Alcohol,  sparingly  in  ether.  The  solutions  froth  slightly  on  agitation,  have  a  neutral 
reaction  and  somewhat  bitter  taste,  are  not  coloured  by  ferric  chloride.  By  heating 
with  water  to  140®  for  several  hours,  the  urea  is  reconverted  into  ammonium  sulpho- 
cyanate, and  by  prolonged  heating  to  100®  in  a  sealed  tube  with  potamum  hydrttU,  it 
yields  ammonia,  together  with  potassium  sulphydrate,  carbonate,  and  a  small  quantity 
of  sulphocyanate: 

CSN«H«  +   2H«0  -  2NH*  +   C0»  +  H'S. 

It  is  decomposed  in  the  same  manner  by  sulphuric  and  hydrocUorio  acids.  By  boiling 
with  dilute  mtric  aoid,  the  sulphur  is  oxidised  to  sulphuric  acid.  With  nitrous  acid 
and  kypoeUorites  it  gives  off  nitrogen,  also  when  treated  with  a  large  excess  of 
potassium  permanganate^  the  sulp^hur  being  in  that  case  oxidised  to  sulphuric  acid; 
Heated  on  platinum  foil  it  volatilises  without  residue;  when  heated  in  a  tube,  it  melts, 
boils  up,  giving  off  ammonium  sulphide,  carbon  bisulphide  and  ammonia  (?),  then 
blackens,  and  on  continued  heating  yields  a  yellow  oily  distillate,  while  a  white  mass 
resembling  hydromellone  remains  behind. 

ThefM^m^,  CSN'H^.HNO",  is  obtained  as  a  ciystalline  precipitate  on  mixing  a 
nearly  saturated  solution  of  the  sulphurea  with  nitric  acid  of  sp.  g^.  1*26,  keeptng  tbft 
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liquid  oool.  On  gndo^Uy  adding  a  nearly  neutral  sohition  of  amie  cUotidB  to  tba 
oatniated  aqneona  loluUon  till  the  resulting  red  predpitste  begins  to  be  poiunent. 
and  learing  the  aolntion  to  eraponte^  the  goid-sait,  QGSK^Hf.AnCP,  is  ebtuDed  u 
naereoua  monodinic  erjatals.  With  ezeees  c^  the  gold  aolntion  a  reij  wiitable  red- 
dish-yellow predpitate  is  obtained.  A  nearly  nentfal  aolntion  ofpiatinieeiknie»MeA 
to  a  slij^ht  excess  of  the  solution  of  the  solphnrea  prodnces  a  ved  cr^ratalline  pnopitAie, 
appearing  under  the  mieroaoope  as  an  aggregate  of  long  prismatic  ftatheiy  ayOaii, 

Beynolds  assigns  to  this  precipitaU  the  formnla  (^^^^^^|^^PtHCL     When  on  the 

other  hand  the  solution  of  the  urea  is  added  to  an  acid  solution  of  platinic  chlonde,  t 
brown  precipitate  is  formed,  reguded  by  Reynolds  as  CSH'lT'CI'Pt.*  When  a  solaiiua 
of  the  Bulphurea  is  heated  with  Hiffer  nitrate,  the  resulting  predpitata  rediadtrei,  a&d 
if  the  hot  solution  containing  free  nitric  acid  be  left  to  cool,  a  crystalline  nufl  n 
deposited,  consisting  of  the  unstable  silrer-compound  (CS2C^H^\'Ag'0  +  4H^.  A 
neutral  solution  of  nureurie  nitrate  added  to  a  rather  dilute  solution  of  the  snl^oiM, 
produces,  after  some  time,  a  ciystalline  predpitate,  apparently  eonsistuig  d 
(C8N»H*)«.8HgO  +  8H»0. 

Sulphurea  heated  with  silver  cMe  and  water,  is  couTected  into  ordinny  m 
(Reynolds).  According  to  Hoftnann,  on  the  other  hand,  it  is  eonTwted,  by  dif^itioo, 
with  oodds  of  silTer,  lead,  or  merenxy,  into  dieyaBodiamide  <7H*N*: 

Di^anodiamide  meks  at  20^,  and  fbrms  with  silrer  nitxats  tte  eompcawl 
C*H^^.  AgNO*.  Its  solution  in  hydrochloric  acid  yields  on  evaporation  laige  tabl» 
of  the  hyYUodiloride  of  dioyanodiamidme,  which,  on  addition  of  platinic  ehJondf. 
deposits  a  platinum  salt  crystallising  from  boiling  water  in  tufts  of  needles  faariagtha 
composition  2(C^*N«0 .  HCl)PtCl«.  Dicyanodiamidine  is  likewise  ibrmed  vbeo 
snlphnrea  is  desulphurised  in  presence  of  ammonia  (Hoftnann,  2}eut.  ekenu  Qtt,  S^* 
1869,  600 ;  Zeiteekr,  /.  Chem,  [S]  vi.  168). 

Jmmn^wm  or  OOVnavSaB  nuus  (Sdiiir,  Qmua.  rmtd.  Ixr.  801,  Ixro. 
464;  BnU.  8oe.  Chim.  [21  ix.  8^3 ;  xi.  812  ;  Zeitsckr,  /.  CAem,  [2]  iv.  186, 6M;  >a 
detail:  Jnn,  Ch.  Pkarm.  cli.  186). — ^These  names  are  applied  to  a  series  of  componodi 
resulting  ftom  the  combination  of  aoTeral  molseulea  (rf  una  with  aldehyde-nsidaet» 
according  to  the  ganeral  Icxnnnla, 

*CH«N«0  +  yCH-0  -  yH«0. 

2><«rs«  Jtfs,  COnS*!^^"'  '^  prodnced  by  the  action  of  aldehydes  on  aqosom  or 

alcoholic  solutions  of  urea.  They  are  well  crystallised  compounds  insoluble  in  wittf 
and  ether,  slightly  soluble  in  alcohol.  They  begin  to  decompose  at  their  mcltiflg 
points,  generally  yielding  ammonia,  cyanurio  add,  and  the  oQrre^oDdiiig 
hydramide: 

8((X)N«H»)H>H-  -  4NH«  +  2C»H«NH)»  +  N«(C*fi")». 

7ri«r«t({<j,C0N*H>{X.^.>  an  formed  by  the  direct  action  of  alddiydfls  m 

pnlTsrised  urea.  They  are  distinctly  crystallised  componnds  resembling  the  divrddei, 
and  decompose  at  high  temperatures,  aeourding  to  the  equation : 


'SII^h:) 


6NH«  +  8C«Hn?«0»  +  2NXOH-)». 


In  particular  cases,  e.g,  in  the  formation  of  dibenmtriureide^  a  higher  tempentnn 
(100*^-120^)  must  b^  applied ;  in  this  case  also  a  slight  excess  of  urea  is  mceenrx. 
The  product  must  always  be  treated  with  water  and  with  ether,  to  ine  it  tnm  adknog 
urea  or  aldehyde. 

By  the  action  of  aldehydes  in  excess  at  120^-140''  on  the  di-  and  triHueidei,  the 
more  condensed  combinations  are  obtained,  e.^. : 

Totrureides;  4CH<N«0  +  8OH-0  -  8H«0. 
Hexureides ;  6CH^N»0  +  6OH-0  -  6HK). 

These  compounds  are  gelatinous  in  the  moist  state,  and  shrink  together  ;n  dning; 
"  Impcobsbto  on  seooant  of  the  oncTcn  ninnber.  of  the  atoms  of  H,  K  ami  C?l  taken  togeth?* 
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thflj  aie  somew^t  lohible  in  alcohol  and  etber,  but  lose  this  solnbility  when  dry.  By 
means  of  CBoanthol  it  is  possible  to  bind  together  12  moleenles  of  urea ;  thns : 

0»H»"N«*Ow  -  12CHW0  +   llCrH>*0  -  11H*0. 

In  the  preparation  of  the  niore  highly  condensed  nreas,  it  is  possible  to  use  aldehydes 
different  from  those  which  hare  been  employed  for  the  preparation  of  the  di-  or  tri- 
uxeides;  in  this  manner  are  formed 


CON»H»\ 
CX)N*H»\  emu  CON«H» 

'CON^H^  p^,  ^.  CON'H- 

CON«H«/  V^  *°^  CON»H» 

eON«H»)  C^"  CON»H» 

C0N«H«1 


tetta-QreklQ.  keuireklo. 

Sabstitntion-prodnets  of  aldehydes  also  yield  condensed  nreas ;  nitrobenzoie  alde- 
hyde, for  example,  yields  the  corresponding  diureide  and  tetmreide  in  the  crystalline 
state.  Condensed  ureas  are  likewise  formed  tnm  nnsaturated  aldehydes,  eur,  aayl- 
diureide,  (CON«H«)*(C»H*f ,  from  acrolein. 

By  prolonged  contact  with  boiling  water  or  dilute  acids,  the  polTureides  are 
resolred  into  urea  and  aldehydes.  Aldehydes  containing  hydzozyl,  snen  as  salicylic 
aldehyde,  yield  polyureides  possessing  alcoholic  properties. 

For  the  detailed  description  of  tho  eondsBsed  ureas^  see  Ann,  Ch,  Pkarm.  cli.  186. 

VXIO  AOIB.  C*H*N*0'. — ^For  the  purification  of  uric  add  prepared  irom 
guano,  W.  Gibbs  {8iU,  Am,  J,  [2]  xlyiii.  215)  dissolves  the  cruda  acia  in  potash, 
a^^ng  a  large  excess  of  the  alxali ;  adds  potassium  diehTomate  (about  5  p.  c.  of 
the  uric  acid^ ;  boils  for  a  short  time ;  then  dilutes  the  liquid  with  an  equal  volume 
of  water,  agitates  it  briskly  with  animal  charcoal,  and  filt^ars.  On  adding  hydro- 
chloric acid«  the  uric  acid  is  stUl  jKrecipitated  with  a  slight  yellow  colour.  It  is  .left 
to  settle,  separated  from  the  liquid  by  decantation,  and  finally  boiled  several  times 
with  strong  hydrochloric  acid  till  it  becomes  perfectly  white,  and  dissolves  without 
colour  in  potash.  By  this  method,  a  kilogram  of  unc  acid  having  a  deep  yeUow 
colour,  may  be  rendered  perfectly  white  in  the  course  of  an  hour. 

When  uric  acid  is  heated  with  a  solution  of  potassium  or  sodium  niirUs  in  presencs 
of  sulphuric  add,  brisk  efKnrvescence  takes  place ;  the  uric  add  is  completely  dis- 
solTed ;  the  liquid  contains  alloxan  and  alloxantin,  and  when  eva}>oi!atea  over  the 
water-bath,  yields  a  considerable  quantity  of  crystalline  paiabanic  acid,  together  with 
a  small  quantity  of  a  red  floccnlent  substance,  and  a  still  smaller  quantity  of  a 
substance  which  dissolves  in  water  with  bright  blue  fluorescenee.  With  acetic  in 
place  of  sulphuric  add,  the  reaction  is  very  different;  the  uric  add  still  dissolves 
with  effervescence  as  before,  but  the  filtered  solution  deposits  a  very  bulky  salt, 
which— when  potassium  nitrite  h  used — ^has  the  composition  C^H*KN*0'.  The 
corresponding  add,  OH'N*0',  called  stryphnic  acid  (from  ovpv^yor),  on  account 
of  ite  oitter  astringent  taste,  may  be  separated  from  the  purified  potassium  salt  hf  a 
miuoral  add,  in  small  yellow  granular  crystals  soluble  in  hot  water,  and  separating 
almoet  com]pletely  on  oooliuff.  It  is  monobasic,  and  its  salts,  excepting  the  lead  salt, 
are  soluble  m  hot  water  and  crystallise  in  needles.  Its  formation  frran  urio  add  is 
repireeented  by  the  equation : 

0»H*N«O»  +  HNO»  «  C^H»NK)«  +  CO*  +  WO, 

The  quantity  of  stryphnic  acid  obtained,  was,  however,  much  less  than  this  equation 
requires.  The  mother-liquors  from  which  it  was  deposited  contained  allanto'in, 
formed  according  to  the  equation : 

C»H«K<0»  +  2HN0«  -  OH«NH>«  +  C0«  +  N«0«. 

No  other  fixed  products  wero  observed ;  the  evolved  gas  contained  nitrogen  as  well  as 
carbon  dioxide  and  nitrogen  dioxide  (Gibbe,  loe.  cit), 

Socoloff  (ZeiUchr.  /.  Ckem,  [2]  v.  78)  gives  a  different  account  of  the  action  of 
nitrous  acia  upon  uric  acid.  According  to  his  experiments,  the  first  products  of  the 
Action  of  potassium  nitrite  and  acetic  acid  upon  uric  acid,  are  urinilic  acid 
C'i^'S^O*  (p.  1120),  and  glycoUic  acid,  C^H*0*,  together  with  nitrogen  tetroxide  and 
froo  nitrogen : 

3C»H<N*0»  +  8HN0«  +  N»0»  -  C^WO*  +  C«H*0«  +  8N0«  +  8N. 
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Bat  the  nitrogen  tatrozide  is  immediately  decompoeed  by  thtf  water,  foimijig  nitric 
and  nitrons  adds,  by  which  the  glycollio  add  is  further  oxidised  to  ozalie  idd,  so 
that  the  final  products  are  those  represented  by  the  equation  : 

8C»H«N«0"  +  6HN0«  +  HNO«  -  C»H'N'0«  +  2C«HK)«  +   3CO«  +  6in  +  4ffO. 

The  quantity  of  urinilie  acid  obtained  is,  howerer,  less  than  that  which  eorrespoDds  to 
these  equations,  the  deficiency  being  due  to  the  fonnatioii  of  aeeondsiy  prodnda 
(perhaps  to  the  reaction  described  by  Gibbs). 

Uric  acid  heated  in  a  sealed  tube  to  160^-170®  with  a  cold  satnnted  solution  of 
kjfdriodio  aeid,  is  deeompoeed,  with  formation  of  ammonium  iodide,  carbon  dioxida 
and  glyoodne : 

C»H^«0»  +  6HK)  »  8NH»  +  SCO*  +  (?H»NO«. 

The  portion  of  the  uric  add  which  appears  in  the  form- of  carbon  dionde  and  amBioiin» 
may  be  regarded  as  deriTed  trcm.  8  moL  cyanic  add  or  1  moL  cyannric  add,  and  in 
this  sense  uric  add  may  be  regarded  as  built  up  from  residues  of  glycoeine  sad 
cyanurio  add,  just  as  hippuric  add  is  made  up  of  residues  of  glyoodne  and  bemoie 
acid.  Uric  acid  may  aoonidingly  be  represented  by  dther  of  the  folloviqg  eoor 
■titotidnal  fbzmule: 

or 

(Strecker,  ZdUekr,  f.  Chem,  [21  iy.  216).  On  the  stmctonl  fbrmation  of  mk  add 
and  its  deriTatlTes,  see  fiirther  (Strecker,  ibid,  862). 


U  C"H^'0*.— A  tribasic  add,  produced,  acooiding  to  Soeol<€ 
{foe,  eU,\  by  the  action  of  nitrous  acid  (potassium  nitrite  and  acetic  add)  on  viie 
add.  It  is  slightly  soluble  in  water,  easily  soluble  in  alkalis  and  alkaline  caurbonstaa^ 
and  is  predpitated  there^m  by  hydrochloric  acid,  as  a  heayy  yellow  ciystdlioe 

Sawder ;  fieom  a  boiling  aqueous  solution  it  separates  in  short  thidc  eolourlees  prisma. 
eated  with  nitno  add  of  sp.  gr.  1*30  to  r35,  it  dissolyee  without  evolntion  of  ps, 
and  the  solntion  on  cooling  deposits  small  greenish,  fiat  ciystalline  needles  of  a  o«v 
add.  On  Anther  heating  the  nitric  add  solution,  red  fumes  are  erolred,  and  the 
new  add  no  longer  separates.  Urinilio  add  does  not  dissolve  in  strong  sulphsiie 
add  at  ordinary  temperatures. 

The  uzinilates  of  the  alkali-metaU  crystallise  well,  are  rery  soluble  in  vatv, 
nearly  insoluble  in  alcohol.  Those  of  the  earth-meiah  are  white  crystalline  pn- 
dpitates,  insoluble  in  water  and  in  acetic  acid.  Some  of  the  salts,  the  copper  salt  ffx 
examine,  after  drying,  absorb  water  with  great  rapidity.  The  potassium,  bsriiuii, 
strontium,  and  calcium  salts  are  tiimetallic  and  anhydrous.  •  Thn  di-argemiie  istt. 
CH^N'O'Ag*,  is  a  white  polyerulent  predpitate,  whicn  turns  brown  when  exposed  to 
light  or  boiled  with  water.  The  M-aargenHo  aaU,  G*H«ir0*Ag*,  is  predpitated  f^m 
a  slightly  alkaline  solution  of  the  potassium  salt,  as  a  white  gelatinous  mass  w^oA 
blackens  quickly,  espedally  when  heated  or  exposed  to  light.  The  eadmmm  wU  is  « 
white  crystalline  jowder  containing  C*H*N*0*Cd  +  8HK).  The  cvtprie  •dt, 
G*H*N^O*Cu  -I-  4H*0,  is  precipitated,  on  mixing  cold  dilute  solutions  of  thfl 
potassium  salt  and  eunrio  sulphate,  in  short  slender  needles,  baring  exactly  the 
colour  of  cuprous  oxide ;  from  hot  solutions,  in  greenish-brown  flalus,  whidi  are 
gradually  converted  into  the  red  needles  (Socoloil). 


C«^«N'0»*  (Thudichum,  J.  or.  CUm,  dr.  267;  Ze&seir.f. 
Ckem,  [2]  ▼.  81). — A  colouring  matter  of  urine,  whicn  separates,  on  treating  erine 
with  sulpnurie  acid,  as  a  hard,  brittle,  shining  blade  mass  (Frenss's  peculiar  bisck 
matter),  insoluble  in  water,  slightly  soluble  in  alcohol,  yery  soluble  in.  the  fixed 
alkalis  and  in  ammonia,  fh>m  which  solutions  it  is  precipitated  by  aeids.  From 
solution  in  a  small  quantity  of  ammonia  it  is  predpitatea  by  most  soluble  salts  of 
the  earth-metals  and  heavy  metals.  Silver  nitrate  predpitates  it,  after  addition  of 
acetic  add.  By  dry  distillation  it  giyes  off  white  vapours  condensing  to  a  neutral  oil, 
in  which  mercuric  nitrate  forms  a  rod  predpitate.  Nitric  acid  dissolves  nromelanist 
forming  a  dark  red  solution,  from  which  water  throws  down  an  orange-red  nias». 
Fuming  sulphuiic  acid  dissolves  uromelanin  with  purple-red  colour,  and  water  repre- 
dpitates  it  nom  the  recently  preptOed  solution,  but  only  partially,  after  long  staadii^ 
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By  the  action  of  chloriDe,  a  brown  subetance  soluble  in  alcohol  is  produced,  to  which 
Thudichum  assigns  the  formula  C»«H"CI*N'0". 

Uromelanin  forms  with  barium,  calcium,  zinc,  lead,  and  silver,  a  number  of  salt* 
containing  very  yariable  quantities  of  metal ;  thus  the  baiium  salts  contain  from 
7-2  to  13-76  p.  c.  barium,  the  silver  salts  from  13  4  to  1977  p.  c.  silver.  They  ara 
blMck,  amorphous,  partly  gelatinous  precipitates.  Mercuric  nitrate  added  to  the- 
acetic  acid  solution  of  uromelanin  forms  a  i«d  precipitate. 

For  details  respecting  the  origin  and  the  physiological  and  pathological  significance 
of  uromelanin,  see  the  original  paper. 

On  the  colouring  matters  of  urine,  see  further,  GmeUfCs  Handhook,  xviii.  407-413. 

0*H'0\    Syn.  with  Mbsidio  Acid  (p.  821). 


▼AIABZO  or  VAUOUIAVIO  AOD.    OH>«0*  =-  OH'.COOH.— This  acid 
admits  of  four  modifications,  represented  by  the  following  formulse : 

I.         n.         nt.  17. 

CH» 

CH»       H«C   CH»     H»C   CH»         CH« 

CH«  CH  CH       H*C— C— CH» 

CH«  CH»  COOH         COOH 


CH»  COOH 

COOH 


The  third  of  these  is  not  yet  known.  The  first  is  produced  by  oxidation  of  the 
recently  discovered  normal  amylic  alcohol  (Lieben  a.  Rossi,  p.  106) ;  also  by  the  action 
of  ethyl  iodide  and  metallic  silver  on  /3  indopropionic  acid  (p.  961) : 

CH«I  CH« 

CH«         +1  +    Ag«    -    2Ag«I    +   (CH«)« 

I  CH«I  I 

COOH  COOH 

(W.  ▼.  &k;hneider,  Zeiiackr.f,  Chem,  [2]  v.  843).  It  smells  like  butyric  add  and  boils 
at  185^  (Lieben  a.  Bossi). 

The  second  modification  is  the  ordinary  valeric  acid  produced  by  oxidation  of  the. 
Amyl  alcohol  of  fermentation ;  and  of  this  there  are  two  subordinate  modifications, 
one  active  to  polarised  light,  the  other  inactive,  pmdficed  respectively  from  the  active 
and  inactive  modifications  of  amylic  alcohol.  The  active  acid  boils  at  170^,  and 
turns  the  plane  of  polarisation  43^  to  the  right  in  a  column  60  centimetres  long ;  the 
inactive  acid  boils  at  1 75°  (Pedler,  Chem,  8oc,  J,  [2]  vi.  74).  These  modifications 
probably  depend  upon  physical  isomerism  rather  than  on  metamerism — in  other 
words,  they  are  due  to  difference  of  arrangement  in  the  molecules  of  the  acid,  rather 
than  in  the  arrangement  of  the  atoms  within  the  molecules. 

Ozdinary  valeric  acid  is  produced  by  reduction  of  angelic  acid  with  hydriodic  acid 
and  red  phosphorus  (Ascher,  p.  157). 

The  fourth  modification,  C(CH*)' .  CO'H,  has  been  quite  recently  obtained  from 
tertiary  but^flie  alcohol  or  trimethyl-carbinol  (Butlerow,  Zeiteckr.f.  Chem  [2]  vi.  243). 
By  oxidising  valeric  add  (the  nrdinarf  active  acid)  with  manganese  dioxide  and 
dilute  sulphuric  acid,  Veiel  (Ann.  Ch.  Pharm,  cxlviii.  160)  obtained  a  small  quantity 
of  methyl  valerate.  Veiel  also  states,  in  direct  oontiadiction  to  Liebig  (i.  260),  that 
when  a  mixture  of  butyric  and  valeric  acids  partly  saturated  with  an  alkali  is 
distilled,  the  valeric  acid  passes  over,  and  the  butyric  acid  remains  behind. 

Sodium  valerate  in  aqueous  solution  is  slowly  attacked  by  bromine  at  ordinary 
temperatures,  more  quickly  when  heated,  very  quickly  in  sunshine,  forming  carbonic 
Sup.  4  0 
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add,  a  small  quantitj  of  butyl  bromide,  and  a  oonsiderable  qiiantity  of  sabetitntioD- 

froducta  of  tbe  latter.    Nearly  a  third  of  the  liquid  product  oonsiats  of  bntyleoe 
romide  (Chapman  a.  Smith,  Chem,  Soe.  J.  [2]  yii.  185). 

Ethyl  valerate  ia  attacked  by  sodium  with  but  alight  evolution  of  gas,  jieldicj;, 
according  to  Greiner  {ZHttchr.f.  Chem.  [2]  ii.  460;  Jakredb.  1866,  p.  320)  a  oystiilliiR 
acid.  C»H"0>  -  C»H'(C»H»)*(C»H»0)O*,  called  divalerylene-vaUrie  acid,  together 
with  aodinm  ethylate  and  alcohol : 

4(C*H»0«.C«H»)  +    6Na  -  C~H"K)»Na  +  8C«HH)Na  +   C«H«0  +  NaK)  +  H>. 
Btiiyl  Takrate.  Sodium  diTftterylene*       Sodium  Aloohcd. 

THlerate.  ethylate. 

According  to  Wanklyn  (p.  690),  ethyl  valerate  ia  decomposed  by  sodium  in  the  mm 
manner  as  ethyl  acetate,  yielding  sodium  trivaleryl  and  sodium  ethjlate ;  thus 

S^^gljO  +  4Na  -  Na(C«H«0)"  +  «^^^|o. 

Oreiner^s  divalerylene-valerie  acid  is  probably  the  same  as  hydrogen-trivaleiyL 
Itopropyl  FaleraU,  OH*.C0*CH(CH')*.— See  Pboftl-compounds  (p.  966). 
On  the  estimation  of  valeric  acid,  see  Zavatto  a.  Seetini  {Zeiisckr.  and,  Ckm, 

1869,  p.  389). 

AmidOTtttorle  Aeid.  OH*(NH*)0*.  Butt^-cjUmim.^ThiB  comnonnd,  bono- 
logOus  with  leucine  (amidocaproic  acid),  ia  formed,  as  observed  by  Gahoors  (t.  978\ 
by  the  action  of  ammonia  on  Dromovaleric  acid.  The  brominated  acid  is  heated  vith 
strong  aqueous  ammonia  to  100°  for  24  hours ;  the  liquid,  freed  from  exteai  of 
ammonia,  is  treated  with  hydrated  lead  oxide ;  the  filtrate,  freed  from  lead  bj 
hydrogen  sulphide,  is  evaporated  to  a  syrup;  and  the  crystaUine  man  vh'ch 
separates  is  washed  with  a  mixture  of  alcohol  and  ether,  and  recrystallised  inn 
alcohol.  It  forms  colourless  lamine  resembling  leucine,  nearly  opaque  when  diy. 
appearing  under  the  microscope  as  very  flat  monoclinic  prisms,  easily  soluble  ia 
water,  nearly  insoluble  in  cold  alcohol  or  ether,  sparingly  soluble  in  boUing  akuboL 
The  aqueous  solution  is  neutral  to  litmus.  The  add  sublimes  without  fosioD  to 
snowy  masses ;  when  it  is  quickly  heated,  alkaline  oil-drops  (butylamine)  ooll^ 
above  the  sublimate.  It  is  not  decompneed  b^  cold  canstic  soda.  The  k^drieMorici 
C*H"N0*.HC1  crystaUises  over  oil  of  vitriol  in  tables  permanent  in  the  air,  insoloble 
in  ether,  but  easily  soluble  in  water  and  in  alcohol ;  the  concentrated  solution  \m  wA 
precipitated  by  pUtinic  chloride.  The  mUrate  OH"N0>.HN0>  is  a  ndio-ci7stiIli» 
mass,  very  soluble  in  water  and  alcohol,  insoluble  in  ether,  melting  when  hested  aad 
then  detonating  with  evolution  of  red  fumes.  Cujnie  amidavalerate,  (G^H^'NO')^ 
separates  from  a  solution  of  the  acid  mixed  with  cupric  acetate,  on  heating,  in  trao^ 
parent  scales  slightly  soluble  in  hot  water.  The  iUver  salt,  (>H**NO'Ag,  sepantcs 
on  adding  ammonia  to  a  hot  solution  of  the  acid  mixed  with  ailver  nitrate,  io 
spherical  groups  of  crystals,  nearly  insoluble  in  cold,  sparingly  soluble  in  hot  vater, 
and  gradually  turning  grey  on  exposure  to  light  (Fittig  a.  Clark,  A»n.  Ck  Pkem. 
cxxxix.  190). 

aromovalerto  Acta.  OH*BrO*.^Fittig  a.  Clark  (Ann.  Ck,  Pkarm.  cxxzrx. 
199)  have  confirmed  the  observation  of  Borodine  (v.  978),  that  this  acid  caoDot  be 
distilled  without  decomposition.  The  acid  prepared  by  heating  dehydrated  Taleric 
acid  with  bromine  to  120^-130^,  and  purified  by  parsing  dry.  air  through  it,  decan- 
poses  at  each  distillation,  even  below  100^,  yielding  hydrobromic  and  valeric  acids, 
together  with  a  carbonaceous  mass.  According  to  Borodine  {Zeitackr.  f,  Chem,  [2]  t. 
342),  silver  valerate  treated  with  bromine,  yields  Schutaenberger's  valeiat«  of 
bromine  or  bromovalerio  anhydride. 

'  cnilorowaleiie  acidv  C*H*C10,  is  formed  when  1  mol.  sodium  valerate  and  I  ^b^ 
hypochlorous  acid  (obtained  by  passing  chlorine  through  water  in  which  lerigat^ 
mercuric  oxide  is  suspended),  are  brought  together  in  a  cooled  vessel  placed  in  tb« 
dark: 

C*H»*0«  +  CIHO  -  H«0  +  C*H»C10«. 

It  cannot,  however,  be  separated  by  distillation  from  unaltered  valeric  add,  inasnnc^ 
as  it  is  decomposed  by  heat  When  a  solution  of  sodium  valerate  and  sodium  hrpo^ 
dilorite  is  len  to  itself  for  some  weeks,  then  acidulated  with  hydrochloric  add  tad 
treated  with  ether,  the  ether  dissolves  out  chlorovalerio  acid  (Schlebuach,  JiM>  ^^ 
Pharm,  cxli.  322). 

▼A&SBXO  JL&BBBma.  C*H>*0.— This  compound  heated  for  some  time  to 
240<'  in  sealed  tubes,  yields  wfiter,  a  lif^uid  boiling  between  190^  and  195°,  >» 
several  condensation-products  boiling  at  higher  temperatures.    The  compound  boiliV 
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at  190^-196°  has  the  composition  C'*H"0,  and  oxidises  very  readily  on  exposure  to 
the  air  (J.  Riban,  BuU.  Soe.  Ckim,  xiii.  24). 

▼A&MRIO  OBXiOSZBB*  OH*OC1. — This  compound  does  not  act  in  the  cold, 
either  on  dry  oxalic  acid,  or  on  sodinm-amalgam ;  but  when  a  pasty  amalgam 
containing  2  p.  c  sodium  is  brought  in  contact  with  a  mixture  of  the  chloride  and 
dry  oxalic  acid,  a  reaction  ta.kes  place,  attended  with  a  slight  rise  of  temperature ;  and 
if  fresh  amalgam  be  gradually  added,  with  continual  agitation,  taking  care  that  the 
temperature  does  not  rise  too  high,  till  the  mass  is  converted  into  a  dry  powder  no 
longer  smelling  of  valeric  chloride — water  then  added,  and  the  mixture  distilled,  after 
neutralisation  with  sodium  carbonate — an  oil  passes  over,  containing  valeric  aldehyde, 
amyl  alcohol,  amyl  valerate,  and  its  products  of  oxidation,  viz.  valeric  aldehyde  and 
amyl  valerate,  together  with  a  peculiar  oil  of  higher  boiling  point  (Baeyer,  Zeitachr. 
/.  Chem,  [2]  v.  899). 


▼AXAHO&AOTZO  or  OJCTVAUOfclC  AOIB.  C«H>*0'  »  OH"(0H) .  COOH. 
— Ethyl4aetie  acid  (iii.  463).  Produced  by  heating  bromovaleric  acid  with  silver 
oxide  and  water.  The  solution  filtered  from  silver  bromide  and  freed  from  dissolved 
silver  by  hydrogen  sulphide,  is  filtered  and  concentrated ;  the  calcium  salt  which 
oystallises  out  is  converted  into  a  zinc  salt ;  and  the  latter  is  decomposed  by  hydrogen 
sulphide  (Fittig.  a.  Clark).  It  may  also  be  prepared  by  digesting  a  mixture  of 
ehlorovaleric  and  valeric  acid  with  excess  of  caustic  baryta ;  on  removing  the  baryta 
with  sulphuric  acid,  and  evaporating  the  filtrate,  the  oxyvalerio  acid  remains  as  a 
brownish  syrnp,  which  may  be  purified  with  animal  charcoal  (Sehlebusch,  Ann,  Ch, 
Pharm.  cxb.  322). 

Oxyvaleric  acid  crystallises  f^m  a  solution  evaporated  to  a  syrup  over  oil  of  vitriol 
in  large  rectangular  tables,  not  deliquescent,  easily  soluble  in  water,  alcohol,  and 
ether ;  it  melts  at  SO'',  and  volatilises  with  vapour  of  water,  slowly  also  at  100^  in 
the  air-bath  (Fittig  a.  Clark). 

Most  of  the  oxyvalerates  are  soluble  in  water.  The  aodium  salt,  C*H'0'Na,  forms 
warty  crusts,  easilv  soluble  in  water  and  in  alcohoL  The  barium  salt,  (C*H*0')"Ba,  is 
an  amorphous  light  yellowish  mass.  The  calcium  salt,  2(C*H'0')'Ca  +  3H*0  (or 
perhaps  (C*H*0')'Ca  +  2H*0),  forms  crystalline  crusts  more  soluble  in  hot  than  in 
cold  water.  The  copfcr  salt,  (C*H*0")'Ca  +  H'O,  is  deposited  from  a  solution  of 
the  calcium  salt  mixed  with  cuprie  acetate,  in  light  green  prisms,  which  give  off  their 
water  at  170^.  The  eino-saltj  (C*H*0*)*Zn,  separates  from  a  concentrate  solution  of 
the  calcium  salt  mixed  with  zinc  chloride,  in  bulky  crystalline  masses,  slightly  soluble 
in  water,  insoluble  in  alcohol.  The  &Uver  salt,  C*H'0'Ag,  is  a  bulky  precipitate, 
which  separates  from  hot  water  in  feathery  ciystals. 


C*H*.  Quiniine  (Reboul,  Oompt,  rend.  Ixiv.  284  ;  Bull.  8oc, 
Ckim.  [2]  viii.  190). — ^This  quadrivalent  hydrocarbon  and  its  bromine-compounds 
have  been  already  described  (v.  981).  It  unites  slowly  in  the  cold,  easily  at  100°  in 
sealed  tubes  with  fuming  hydrochloric  acid,  and  the  product  washed  with  alkaline 
water  and  submitted  to  fractional  distillation,  yielrls  the  mono-  and  dihydrochloride 
of  valerylene,  together  with  unaltered  valerylene  and  a  small  quantity  of  a  polymeric 
hydrocarbon.  The  manohydrocMoridc,  C^B* .'SCI,  \b  a  very  mobile  liquid  insoluble 
in  water,  lighter  than  that  liquid,  and  having  an  odour  like  that  of  amyl  chloride,  but 
stronger  and  more  unpleasant;  it  boils  at  about  100^,  that  is  to  say,  10°  higher  than 
amylene  hydrochloride.  The  dihydrochloride,  C*H'.H*C1',  is  a  liquid  boiling  at 
150°-152°,  heavier  than  water  and  insoluble  therein. 

Valerylene  Monohydrobrondde  (v.  982)  boils  at  116°;  the  dihydxobromide  at  180°, 
with  slight  loss  of  hydrobromio  acid. 

Fuming  hydriodic  acid  unites  directly  with  valeiylene  on  agitation,  forming  two 
oompoiandB,  of  which  only  the  monohydriodide,  C*H*.HI,  has  b«en  isolated.  It  is  a 
mobile  liquid,  sinking  in  water,  and  boiling  at  140°-142°. 

Aeetates, — ^When  the  dihydrobromide  is  heated  to  100°  for  eight  hours  with  silver 
acetate  suspended  in  ether,  a  product  is  obtained,  which,  when  freed  from  silver 
bromide,  silver  acetate,  and  ether,  contains  mono-  and  di-acetate  of  valerylene : 

C»H«.H*Br*  +  2C«H»0«Ag  =  2AgBr  +  C*H«|^g,Q,v, 

Dihydrobromide.  Diacetate. 

and 

Diacetate.  Monacetate.  Acetlo  add. 

4c2 
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Valerylene  monoaeetate  is  obtained  by  satarating  the  portion  of  tliiB  liquid  viiich 
diBtila  between  120°  and  145°  with  eodinm  can>onate  and  distilling  that  which 
remains  nndissol^ed.  It  floats  on  water ;  is  insoluble  therein ;  has  a  fragrant  odoor 
like  that  of  essence  of  pears,  but  mere  pungent ;  boils  at  about  153° ;  and  is  decomposed 
by  pulyerised  potassium  acetate,  with  formation  ofyalerylene  hydrate  (corre- 
sponding to  amylene  monohydrate  or  secondary  amyl  alcohol).  This  latter  is  »o 
aromatic  liquid  lighter  than  water,  insoluble  therein,  boiling  at  115°-120°.  Sodiam 
dissolves  in  it,  with  evolution  of  hydrogen,  forming  a  solid  compound,  which  is  decern- 

Sosed  by  water,  with  reproduction  of  the  monohydrate.  VaUrgUne  ^aeetati, 
*H*.H*.(CH'0*)',  is  a  somewhat  thickish  liquid,  insoluble  in  water,  boiling  at 
abont  205°.  It  is  decomposed  by  potash,  yielding  acetic  acid  and  probably  valeiyleQe- 
dihydrate. 

Polymeridst  of  VdieryUne  are  formed  by  the  action  of  sulphuric  add  on  valeijlene. 
When  the  hydrocarbon  is  gradually  mixed  with  strong  sulphuric  acid  in  a  cooled 
vessel,  a  dark  violet-red  layer  separates,  which,  by  washing  with  water  and  alkali,  is 
converted  into  a  rather  viscid  yellow  oiL  The  acid  separated  therefrom  and  nentialised 
with  barium  carbonate,  yields  only  a  small  quantity  of  a  hygroscopic  salt  Thi 
yellow  oil  yields  by  fractional  distillation : — 1.  IHwdinflmu  k^raie,  2G'H*.HK),  a 
mobile  liquid  lighter  than  water,  insoluble  therein,  boiling  at  175°-177°>  and  having 
a  strong  odour  like  that  of  peppermint  oil  and  of  turpentine  oil.  This  eompoond  ii 
perhaps  the  ether  of  the  above-mentioned  valerylene  monohydrate. — 2,  TriftderyUM^ 
C>*H'S  a  yellow  oily  liquid  distilling  between  265°  and  275°,  having  a  sp.  p.  of 
0-862  at  15°,  smelling  lUce  tozpentine  oil,  with  which  indeed  (like  vakrylena  itnlQ 
it  is  polymeric 

Still  higher  polymerides  of  valerylene  are  contained  in  the  increasingly  visdd  poitxA 
of  the  product  of  uie  action  of  sulphuric  acid  on  valerylene,  which  boils  above  280°  and 
towaros  350°,  and  in  the  brown-yellow  mass  which  separates  on  cooling,  dalpbone 
acid  diluted  with  one-third  of  its  volume  of  water,  acts  on  valerylene  in  the  nine 
manner  as  the  concentrated  acid,  but  less  energetically ;  if  the  acid  is  diluted  vith 
half  its  weight,  or  nearly  an  equal  volume,  of  water,  the  entire  quantity  of  valeiyleiM 
may  be  treated  with  it  at  once,  since  the  mixture  does  not  become  hot  till  after 
frequent  agitation.  In  proportion  as  the  acid  is  more  dilute,  the  product  beeomee 
richer  in  the  ether,  2G*ii".HK),  and  in  trivalerylene.  Zinc  chloride  at  ISO'^-ISO^ 
produces  on  valerylene  the  same  transformations  as  sulphuric  acid  (Bebool,  Onq*^ 
mk^.  Ixiv.  419;  BuU.  8oe.  Ckim.  [2]  viii.  190). 


Atomie  Weight,  51*8  (Boscoe,  PAtf.  Trans.  1869,  p.  679;  1870, 
p.  317 ;  Proe,  Boy,  Soo.  zviii.  37,  316 ;  Chem,  8oc.  J,  [2]  viii.  344 ;  ix.  23). 


ICetallle  Vanafltmn.  The  only  method  by  which  this  metal  can  be  obtained 
in  the  pure  state  is  by  the  reduction  of  a  vanadium  chloride  (free  from  oxTgea)  io 
hydrogen  gas.  Boscoe  has  obtained  it  by  heating  the  puro  dichloride  to  rsdneBS  fot 
40  to  80  hours  in  a  stream  of  ^rfectly  pure  and  dry  hydrogen.  Theprooassis 
extremelv  diflScult,  owin^  to  the  avidity  with  which  the  reduo(Bd  metal  absorbs  exygea 
at  a  red  heat,  rendering  it  necessary  to  exclude  every  trace  of  air  and  moisture  daiing 
the  reduction.  The  chloride  to  be  reduced  is  placed  in  a  platinum  boat  within  a 
porcelain  tube,  as  the  metal  acts  violently  on  glass  and  porcelain,  and  tubes  of  ptatanaia 
are  porous  at  a  red  heat.* 

Metallic  vanadium  thus  prepared  appears  under  the  microscope  as  a  shining 
crystalline  mass,  having  a  strong  silver-white  lustre.  It  does  not  oxidise  or  even 
tarnish  in  the  air  at  ordinaxy  temperatures,  or  even  at  100° ;  does  not  deoompoee 
water  at  100° ;  and  may  be  moistened  with  water  and  dried  in  a  vacuum  without 
gaining  weight.  It  does  not  melt  or  volatilise  at  a  bri^t  red  heat  in  hydxogea. 
The  powdered  metal  thrown  into  a  flame  bums  with  the  most  brilliant  seintillatioiit. 
Heated  quickly  in  oxygen,  it  bums  vividly,  forming  the  pentoxide ;  but  when  slovly 
ignited  in  air,  it  first  glows  and  forms  a  brown  oxide  (possibly  VM>),  then  again 
absorbs  oxygen  and  is  converted  into  black  trioxide  and  blue  tetroxide,  till  at  last  it 
attains  its  maximum  degree  of  oxidation.  It  is  not  soluble  in  Mlrocklorie  mU* 
either  hot  or  cold ;  strong  sfdpkurie  acid  dissolves  it  on  heating,  rorming  a  yellow 
solution ;  hydrofiuoriii  and  dissolves  it  slowly  with  evolution  of  hydrogen ;  niine  aeid 
of  all  strengths  acts  violently  on  it,  evolving  red  fumes  and  forming  a  blue  solution. 
Fused  with  sodium  hydrate,  the  metal  dissolves,  with  evi>lution  of  hydrogen  and 
formation  of  a  sodium  vanadate.    In  a  current  of  ehhrinet  the  metal  takes  fire,  and 

*  For  sdoeorlption  and  flgure  of  the  vppKflBas  used,  see  the  lH4>er  above  dtad  in  the  /Waiff*'*' 
flVoMMoli^fM  or  the  JounuU  ^  the  CHemkal  Socielp, 
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In  the  deoompomtion  of  carbothialdine,  aldehyde  is  always  reproduced.  The  homo- 
logous cumpoundy  diamylidenaminonium  sidphoearbamate,  CS  ]  o«7/rt»n*«'^  ^'  obtained 

by  agitating  ammonium  snlphocarbamate  with  Taleral  in  alcoholic  solution,  and 
pouring  the  filtered  liquid  into  water,  as  a  colourless  flocculent  precipitate,  which 
after  washing  with  water,  pressing  between  paper,  and  drying  in  a  vacuum,  forms  a 
shining  crystalline  mass.    Heatra  with  feme  chloride  it  gives  the  sulphoeyanogen 

Q\i((y^i\t>  obtained  by  agita- 
ting acrolein  with  ammonium  snlphocarbamate  in  aqueous  solution  in  a  cooled  vessel, 
is  colourless,  apparently  amorphous,  insoluble  in  water  and  alcohol ;  gives  the  sulpho- 
eyanogen reaction  when  heatea  with  ferric  chloride  (Mulder  a.  Bettinck). 

Etkyl  wlpkoearhamate,  ^^arnmf  ^  formed  by  the  action  of  hydrogen  sulphide  on 

ethyl  sniphoeyanate.  It  is  converted  by  the  fixed  alkalis  into  ethyl  sulphide  and 
metallic  sulphocyanate ;  by  ammonia  into  ethyl  sulphide  and  sulphocarbamide,  isomeric 
with  ammonium  sulphocyanate.  A  mixture  of  ethyl  sulphocarbamate  and  ethyl 
iodide  solidifies  to  a  crystalline  mass,  apparently  consisting  of  a  compound  of  the  two 
in  equivalent  proportions.  The  iodides  of  methyl  and  amyl,  as  well  as  the  bromides 
of  the  same  radicles,  react  in  the  same  manner  with  the  sulphocarbamates  of  ethyl 
and  itB  homolpgues  (Jeanjean,  Jakreab.  1866,  p.  601). 

Etkffl-sulpkoearbamic   Acid,    C«H'NS«   -   Cs|^(^^*\  — An  alcoholic 

solution  of  ethylamine  mixed  with  carbon  bisulphide  becomes  hot,  loses  its  alkaline 
reaction,  and,  if  sufficiently  concentrated,  deposits  six-sided  tables  of  ethylsulpho- 
carbamate  of  ethyl-ammonium : 

2N(C«*)H.  +  CS.  -  CSJ^<^;^, 

This  salt  melts  at  103°,  and  partly  sublimes  without  decomposition  when  gently 
heated.  It  is  soluble  in  water  and  easily  soluble  in  alcohol.  With  caustic  soda  it 
gives  off  ethylamine,  and  is  converted  into  sodium  ethylsulphocarbamate,  which,  on 
addition  of  hydrochloric  acid,  yields  ethylsulphocarbamie  acid  in  oily  drops  floating 
on  the  surface,  and  solidifying  after  a  while  to  fatty  eiystals,  On  adding  more 
hydxoehlorie  acid,  the  oily  drops  dissolve,  with  evolution  of  carbon  bisulphide,  and 
nothing  but  ethylamine  hydrochloride  remains  in  solution.  Ethyl-ammonium  ethyl- 
sulphocarbamate is  decomposed  when  heated  to  100^,  and  more  easily  when  its 
alcoholic  solution  is  heated  under  pressure  to  110^-120°,  giving  off  hydrogen  sulphide, 
ftnd  leaving  diethylsulphocarbinude,  in  the  form  of  an  oily  liquid,  which  soon 
solidifies  to  crystals : 

Ethylsulphocarbamie  acid  in  the  free  state  resolves  itself  into  its  components, 
•thylamine  and  carbon  bisulphide ;  but  its  metallio  salts,  especially  in  presence  of 
excess  of  another  metallic  salt  (e.ff.  silver  nitrate  or  mercuric  chloride),  are  easily 
xesolved  into  ethyl-sulphocarbamide  and  a  metallic  sulphydrate  (p.  1050) : 


CS!^(^*>  =  Nj^.  .  HMS. 


The  corresponding  melh^'  and  amyf-oompounds  are  obtained  by  similar  processes, 
and  exhibit  similar  reactions  (Hofinann,  ZeiUehr,  f,  Ckem,  [2]  iv.  686;  Jakreab, 
1868,  p.  663). 

Etkjflie   Etkyl-oxysulphooarbamate,    Ethyl-xanthamide,    or    Semi* 

sulphuretted  Etkyl-urethanet  CSJ  qqsus  i  i>  produced  by  direct  com- 
bination of  ethyl-sulphocarbimide,  N(CS)(C*H*X  and  ethyl-alcohol,  HO(C*H*),  when 
the  two  are  heated  together  to  110^  in  a  sealed  tube  for  several  hours,  and  is  pre- 
cipitated on  mixing  the  resulting  liquid  with  water,  as  an  oil  having  a  somewhat 
nopleasant  alliaceous  odour,  and  Iwiling,  after  purification,  at  204*^-208°.  Under  the 
influence  of  water,  and  especially  in  presence  of  acids  or  alkalis,  it  is  resolved  into 
alcohol,  carbon  dioxide,  hydrog<<n  sulphide,  and  ethylamine.  With  strong  sulphurio 
aeid,  carbon  oxysulphide  is  formed  instead  of  carbon  dioxide  and  hydrogen  sulphide, 
Tlie  above-described  compound  is  likewise  produced  by  the  action  of  alcoholic  soda- 
Bolotion  on  ethyl-sulphocarbimide;  but  the  corresponding  sodium  salt  is  always 
pfodnoed  at  the  same  time  by  the  action  of  the  sodium  hydrate,  and  ultimately  pari 
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the  Taponr  of  the  ozytiichloride  (r.  992),  mixed  with  ezoen  d  chloiine,  ii  pUMd 
BeTerat  times  oyer  a  column  of  red-not  chaiooal ;  the  whole  of  the  oxjgeii  may  thus 
be  removed  and  ultimately  perfectly  pure  tetrachloride  obtained.  The  tetiachlohda 
prepared  by  the  first  method  may  be  purified  by  distillation  in  a  current  of  chloiine, 
and  afterwards  in  a  current  of  carbon  dioxide.  The  pure  tetrachloride  is  a  dark 
brown  liquid  baring  a  sp.  gr.  of  1-8584  at  0°,  boiling  at  154^,  and  not  eolidifying  st 
— 18^.  Neither  at  this  nor  at  any  higher  temperature  is  it  alte(red  in  its  propeitia 
by  treatment  with  chlorine.  It  is  resolved  quickly  on  boiling,  slowly  at  oidinaiy 
temperatures,  into  the  trichloride  and  firee  chlorine.  When  thrown  into  water,  it 
immediately  decomposes,  forming  a  blue  solution,  iden^cal  in  colour  with  that  which 
is  obtained  by  the  reducing  action  (^  sulphurous  or  sulphydric  acid  on  a  solution  of 
vanadic  acid,  and  containing  a  vanadous  salt  derived  ftom  tbe  tetroxide,  VH)\  Tbe 
solution  treated  with  permanganate  is  oxidised  according  to  the  equation : 

2VCI*  +  0  +  4H»0  «  8Ha  +  VK)». 

The  aqueous  solution  of  the  tetrachloride  does  not  bleach ;  but  if  the  Tsponr  be 
passed  into  water,  a  liquid  is  obtained  which  bleaches  litmna.  Yanadium  tstn^ 
chloride  acts  violently  on  alcohol  and  ether,  fonning  deep-coloured  liquids. 

When  bromine  and  vanadium  tetrachloride  are  heated  together  in  a  sealed  tube,  no 
combination  takes  place,  but  trichloride  is  deposited :  hence  it  appears  that  Tanadiim 
does  not  readily  form  pentad  compounds  with  the  chlorous  dements. 

Iodine  does  not  attack  either  trioxide  or  nitride  of  vanadium  at  a  red  heat. 

▼•aadinm  Moaonltrtdev  VN,  has  been  already  described  (v.  987)  as  obtMDed 
by  the  action  of  ammonia  on  vanadyl  trichloride.  A  more  economical  method  is  to 
subject  ammonium  metavanadate,  KH^VO*,  at  a  white  heat  to  a  current  of  dij 
ammonia ;  the  pure  mononitride  then  remains  behind.  It  may  also  be  prepazed  bj 
heating  the  trioxide  or  the  dichloride  to  whiteness  in  a  platinum  tube  through  which 
dry  ammonia  gas  is  passed. 

MtttalUo  VAiiadates.  The  analogy  between  the  vanadates  and  phosphates  hu 
Wn  already  pointed  out  (v.  989).  The  vanadates  examined  by  Beizeliiu  and 
V.  Hauer,  were  chiefly  metavanadate s,  MTO',  or  MTH)*,  and  anhydrotanadAteet 
2MV0».V«0»,  or  MTH)«,V«0*.  Soscoe  has  lately  obtained  several  ortho- 
Vanadates,  WYO\  and  tetrabasic  vanadates,  or  pyrovanadates,  H'FO^ 

The  soluble  vanadates  of  these  three  classes  exhibit,  at  ordinary  temperatons,  an 
order  of  stability  which  is  the  reverse  of  that  of  the  corresponding  phosphatea,  the 
metavanadates  being  the  most  and  the  orthovanadates  the  least  stable.  Thns  sodiom 
orthovanadate,  Ka'VO^  splits  up  in  solution  into  caustic  soda  and  the  pvrovsnadate; 
and  the  soluble  pyrovanaaates  in  aqueous  solution  are  easily  decomposed  by  carbooie 
acid  into  an  alkaline  carbonate  and  a  monobasic  or  metavanadate.  At  high  tem* 
peratures,  on  the  other  hand,  the  tribasio  salts  are  the  most  stable ;  thus  vanadium 
pentoxide,  when  fused  with  sodium  carbonate,  eliminates  3  moL  COS  ad^  fonns  an 
orthovanadate,  but  when  boiled  with  a  solution  of  sodium  carbonate  it  forma  a 
metavanadate.  Hence,  as  most  of  the  native  vanadates  are  tribasic,  we  may  aasam 
that  they  have  been  formed  at  high  temperatures. 

The  soluble  orthovanadates  form  with  ferric  eaUe  a  light  browniah-Tellov 
gelatinous  precipitate,  soluble  in  hydrochloric,  insoluble  in  acetic  acid ;  with  jtrrotu 
salts,  a  dark  grey  precipitate;  with  manganous  salts,  brownish-yellow  ciystallipe; 
with  rino  salts,  white  gelatinous;  with  cobalt  salts,  brown-grey  gelatinous;  with 
nickel  salts,  canary-yellow  crystalline ;  with  copper  salts,  apple-green  ;  with  fli«r«»rif 
salts,  orange-yellow ;  and  with  alumimum  salts,  a  bright  yellow  gelatinous  precipitate, 
soluble  in  excess  of  either  reagent^  the  solution  thns  formed  yielding  a  white 
precipitate  on  boiling. 

Sodium  Salts.—The  iri-^odio  salt  or  sodium  ortkovanadaie,  Na'VO*  +  16H^. 
remains  as  a  white  crystalline  mass  when  a  mixture  of  3  mol.  sodium  carbonate  and 
1  mol.  vanadium  pentoxide  is  fused  till  no  more  carbon  dioxide  is  evolved.  Thii 
mass  dissolves  easily  in  water,  and  on  addition  of  absolute  alcohol  two  lajen  of 
liquid  are  formed,  the  lower  of  which  solidifies  after  a  wiiile  to  a  mass  of  needle- 
shaped  crystals  having  the  composition  above  given.  In  analysing  this  and  the 
following  salt,  the  vanadic  acid  was  precipitated  in  the  form  of  the  peifectly  insoluble 
orthovanadate  of  lead  (p.  1 127) ;  this  was  dried  at  100<>  and  weighed,  then  dissolved  in 
nitric  acid  and  decomposed  by  sulphuric  acid,  and  the  solution  of  vanadium  pentoxide  in 
excess  of  this  acid  gave  on  evaporation  a  finely  aystalline  mass.  The  filtnte  fron 
the  leaii  precipitate  yielded  sodium  sulphate  on  evaporation. 
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Tdnuodie  Vanadate  or  Sodium  Purovanadate.  Na«VK)^  +  18H*0.~The  trisodic 
•alt,  when  repeatedly  czystallised,  spliU  up  into  the  tetraaodic  salt  and  oanatic  eoda: 

2Na»V0*  +  H*0  -  Na«V«0'  +  2NaH0. 

The  tetraaodic  salt  ciyBtallises  in  beantifol  six-sided  tables,  easily  soluble  in  wnttr, 
insoluble  in  alcohol,  and  is  precipitated  by  the  latter  liquid  from  aqueous  solution  in 
white  scales  haying  a  silky  lustre.  As  long  as  it  contains  free  alkali  or  trisodic  salt, 
it  forms,  on  precipitation  with  alcohol,  oily  drops  which  gradually  solidify. 

The  tetrasodic  salt  is  always  formed  in  the  first  instance  when  vanadium  pentoxide 
is  fused  with  excess  of  sodium  carbonate,  and  can  be  easily  obtained  in  the  pure  state 
by  reciystallisation. 

The  corresponding  calcium  and  barium  vanadates,  Ca'V^O',  and  Ba^VO^,  are  white 

precipitates  obtained  by  adding  the  chlorides  to  a  solution  of  tetrasodic  vanadate. 

The  calcium  salt  contains  2^  mol.  water;  the  barium  salt  is  anhydrous.    When 

calcium  chloride  is  added  to  a  solution  of  the  trisodic  salt,  dicalcic  vanadate  is 

.precipitated,  and  the  solution  contains  calcic  hydrate. 

Lead  Salts. — The  triplumlfie  vanadate^  or  Orihavanadate,  Pb*(yO^^',  is  obtained  as 
a  light  yellow  insoluble  powder  on  precipitating  trisodic  vanadate  witn  a  soluble  lead 
salt  The  orthovanadato-ehloride,  8R)'(yO*)'.I^Cl^  which  occurs  native  as  vanadinite, 
may  be  artificially  prepared  by  melting  for  five  hours  a  mixture  of  vanadium 
pentoxide,  lead  oxide,  and  lead  chloride  in  the  required  proportions,  with  an  excess 
of  sodium  chloride.  After  cooling,  a  greyish  crystalline  mass  is  left,  containing 
cavities  filled  with  long  crystals  having  the  same  colour  as  the  mass,  and  distin- 
guishable under  the  microscope  as  six-sided  prisms.  The  ciystalline  powder,  after 
being  freed  by  boiling  from  soluble  chloride,  exhibits  the  composition  of  native 
van^inite ;  its  sp.  gr.  at  12^  is  6'707>  that  of  the  natural  mineral  6*886.  Basic 
diflumbie  Vanadate,  2Fb*VH)'.PbO,  is  precipitated  as  a  pale  yellow  powder  when 
lead  acetate  is  added  to  a  solution  of  tetiHSodic  vanadate,  the  liquid  acquiring  an 
acid  reaction.  It  is  quite  insoluble  in  water  and  in  dilute  acetic  acid,  but  dissolves 
readily  in  nitric  acid. 

Silver  Vanadates.— Tho  orthovanadate,  Ag^O\  is  obtained  as  an  orange- 
coloured  precipitate  on  adding  silver  nitrate  to  a  recently  prepared  and  perfectly 
nautral  solution  of  trisodic  vanadate.  It  is  insoluble  in  water,  but  dissolves  readily 
in  ammonia  and  in  nitric  add.  The  pifrowtnadaie,  Ag^PH>',  separates  on  adding  a 
neutral  solution  of  silver  nitrate  to  the  corresponding  sodium-salt,  as  a  vellow,  dense, 
ciystalline  precipitate,  resembling  in  colour  the  ordinary  phosphate  of  silver. 


A  new  method  of  determining  vapour-densities,  founded 
on  the  well-known  method  of  G-ay-Lussac,  is  described  by  A.  W.  Hofmann  (Deut. 
chem.  Gee.  Ber.  1868,  i.  198).    A  graduated  glass  tube  about  a  metre  long  and  15  to 
20  mm.  wide,  is  filled  with  mercuiy  and  inverted  in  a  mercury  trough,  whereby  a 
barometric  vacuum,  20  to  30  mm.  high,  is  formed  at  the  top.    This  part  of  the  tube  is 
enclosed  in  another  tube  30  to  40  mm.  wide  and  80  to  90  mm.  long,  drawn  out  at  the 
top  to  a  conducting  tube  of  moderate  width,  which  is  bent  at  right  angles,  and 
connected  with  a  gliMS  or  copper  Tessel  in  which  water,  aniline,  or  other  liquid  can  be 
boiled.    The  outer  tube  is  closed  at  bottom  with  a  cork  having  two  apertures,  one  to 
admit  the  barometer-tube,  the  other  for  an  escape-tube.  By  this  arrangement,  a  stream 
of  vapour  of  water,  aniline,  or  other  volatile  liquid  can  be  made  to  pass  through  the 
space  between  the  two  tubes,  so  as  to  keep  the  upper  part  of  the  barometer-tube  at  the 
temperature  required  for  the  determination.    The  substance  whose  vapourdensity  is 
to  be  determined,  is  introduced  into  the  barometric  vacuum  in  small  glass  tubes  fitted 
with  ground  stoppers,  which  are  forced  out  by  the  tension  of  the  vapour.    The  great 
advantage  of  this  method  is  that,  under  the  very  small  pressure  to  wnich  the  enclosed 
vapour  is  subjected — ^which  may  be  reduced  to  20  or  even  10  millimetres  of  mercury — 
the  determinations  may  be  made  at  comparatively  low  temperatures.    Thus,  in  the 
case  of  liquids  boiling  under  the  ordinary  pressure  at  120®  or  even  150^,  the  vapour- 
density  may  be  accurately  determined  at  the  temperature  of  boiling  water.    For  the 
working  details  and  a  figure  of  the  apparatus,  we  must  refer  to  the  original  paper. 


»SO  AOZB.  This  add,  obtained  by  Hochleder  from  cafifetannie  acid,  may 
also  be  prepared  directly  from  coffee-berries,  by  boiling  them  with  ether-alcohol,  to 
remove  the  fat,  and  exposing  them  in  the  form  of  moist  powder  to  the  air.  The 
powder  turns  green  in  a  few  days,  and  if  then  exhausted  with  acetic  acid  and  alcohol, 
yields  Tiridio  add  as  a  brown  amorphous  mass  (C.  O.  Cech,  Ann.  Ch,  Pharm, 
czliiL  366). 
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▼OXVAIVB.  This  mineml  has  been  found,  in  non-dmTable  oetohedroaj  witb 
ciibifl  «nd  dodecahedial  faces,  mixed  with  ferronB  8iilphate»  in  an  iron  mine  ac 
KiemnitSi  Colour,  black  to  yiolet ;  hardness,  3 ;  sp.  gr.  2*79.  Analysis  gave  46*0  p.  c 
80>,  61  Al^O*,  12*9  FeK>*,  16'«  FeO,  8^6  EK>.  and  16*8  HH)  (Taehennak,  Witm. 
Aiad.  Ber.  Iri.  [1]  824), 


W 

I    See  JuGLANS  (p.  768). 

On  the  electrolysis  of  water  in  contact  witb  silTer,  aee  Bimdspadsa, 
{Ann,  Ch.  Pharm.  cU.  806 ;  Zeitsehr.  /.  Ckem.  [2]  ti.  49). 

On  the  influence  of  water  on  double  decompositions,  and  on  the  aeoompanyinf 
thermic  effects,  see  Marignac  (Compi,  rmd,  Ixix.  1180 ;  Zeitsckr.  /.  Chem.  [2]  ti. 
69). 

y/FAJL  from  ■TBA'W.  The  straw  of  cereals  yields  a  white  wax,  grcaay  to  the 
touch,  insoluble  in  water  and  in  caustic  alkalis,  soluble  in  alcohol,  espedallj  wh» 
warm,  also  in  ether  and  in  carbon  bisulphide,  and  crystallising  from  alcohnlic  salutios 
by  slow  cooling  in  small  tables  or  shining  nacreous  scales.  At  42^  it  melta  to  a 
colourless  oil,  which  makes  grease  spots  on  paper,  and  solidifies  on  oooliag  to  a  haid 
brittle  mass.  It  boils  at  al^ut  800^,  almost  without  residue;  the  portion  distiUin? 
over  between  800^  and  ZOB^  melts  as  before  at  42°.  The  wax  is  easily  attacked 
by  bromine  at  a  gentle  heat.  Nitric  acid,  eren  when  hot  and  concentrated,  attacks  it 
with  difficulty,  forming  a  compound  soluble  in  caustic  alkalis.  Strong  sulphuric 
acid  attacks  the  wax  when  heated,  forming  a  solution  from  wMch  water  throws  dova 
a  flocculent  precipitate  probably  consisting  of  the  original  compound  (RadiiMSwiki, 
Deut.  ehem,  Gt8.  Ber,  ii.  207). 

^ITOOXte  On  the  composition  of  raw  sheep's  wool,  see  Mareker  a.  8chwl»  (/.  jr. 
Chtm.  cviii.  193 ;  ZeiUokr.  f.  Chem.  [2]  tiS.  281). 


C*H*NH)*.  Neubauer's  method  of  estimating  zaatltine  and 
separating  it  from  sarcine  in  muscular  flesh,  is  giren  under  SaBOtm  (pi  1018);  ws 
further  Zeitsckr.  /.  Chem,  [2]  v.  81. 

aUDTOZto    Syst.  with  XTuoroi* 

ZOWAXiTZTa.  A  hydrated  calcium  silicate,  found  at  Tetela  de  Xonatla  is 
Mexico.  It  occurs  intergrown  with  apophyllite  and  bustamite,  farming  white  or 
bluish-grey  concentzic  layers.  Fine-grained  or  compact ;  Tery  hard  and  tough ;  n>.  gr. 
2*716  to  2*718.  Analysis  gaye  for  the  white  variety,  A,  and  the  grey  variety,  d,  the 
following  numbers : 

BIO*  CaO  MgO  UnO         PbO  HK) 

49-68        48*66  —  1*79        1*81        8*70  -     99*94 


60*26        43*92        019  2*28  4*07  -   100*71 

agreeing  nearly  with  the  formula  4CaSiO*  -h  H*0  (Rammelsberg,  Jakrh,  Mm,  1866. 
p.  718). 


Syn.  with  Xtltlbnediaxinb  (p.  1132). 

ro&.  C«H»«0  «  C«H«(CH»)«0H.— JWwrA»;-«A«io/,  Xmol,  Xyf^k 
ithmol  (Wrobleysky,  ZeUechr,  f,  Chem,  [2]  iv.  282;  BnU.  Soe,  Chim,  [2]  x.  ^; 
Wurts,  Jahreeb.  1868,  p.  459). — Prepiwed  by  fusing  the  potassium   salt  of  i^lyl* 
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gnlphnroas  add,  CH'SO'K,  with  twice  ita  weight  of  potastiniii  hydzate,  deoomtxwiiig 
the  resulting  mass  with  hydrochloric  acid,  and  distiUing  in  a  current  of  iiteam,  or 
digesting  with  ether,  which  diseolTea  out  the  zylenol.  According  to  Wroblerakj,  it 
is  a  liquid  boiling  at  214*2^  (corr.),  having  a  ep.  gr.  of  1*0238  at  22^,  and  smelling 
like  phenol ;  slightly  solnble  in  water ;  colonred  faintly  greenish  by  ferric  chloride. 
By  treatment  with  sodium  and  carbon  dioxide,  it  is  oonrerted  into  zy let ie  acid, 
C»H'«0»  (Wroblevsky). 

Wurts,  by  decomposing  the  fiised  alkaline  mass  obtained,  as  abore,  with  hydro- 
chloric acid,  digesting  it  with  ether,  and  distilling,  obtained  a  liquid  which  passed 
over  at  210°,  and  when  exposed  to  a  winter  temperature,  separated  into  two  isomeric 
modifications,  one  crystalline,  the  other  li<}uid. — a.  Solid  xylenol  dissolves  abundantly 
in  alcohol  and  ether ;  melts  at  76°  to  a  bquid  which  has  a  sp.  gr.  of  0*709  at  81°, 
and  contracts  considerably  in  solidifying ;  it  boils  at  218*5°,  and  when  heated  above 
its  melting  point  gives  off  copious  fiunes  which  condense  on  the  cooler  parts  of  the 
vessel. — fi,  LAqmd  xylenol  is  colourless  and  strongly  refractive ;  haa  a  sp.  gr.  of  1*086 
At  0^  and  0*9760  at  81°  (expansion-coefficient  0000868);  boils  at 211*5^  (bar.  at 
759*7  mm.) ;  mixes  in  all  proportions  with  alcohol  and  eUier ;  is  slightly  soluble  in 
water,  and  itself  dissolves  small  quantities  of  that  liquid. 

Solid  xylenol  is  also  produced  by  heating  the  neutral  potassium  salt  of  oxvmesity- 
lenie  acid  with  excess  of  potash,  just  as  phenol  is  obtainea  from  potassium  siJicylate : 

'OK 
C«H»  (CH>)«   +  H»0    -    K«CO«     +     CmU^^W^' 
CO'»K  V  "^ 

The  xylenol  thus  prepared  agrees  almost  exactly  in  its  physical  properties  with  that 
obtained  bv  Wurtas  (melta  at  73°  and  boils  at  216°^.  Now  as  mesitvlenic  acid,  when 
heated  with  lime,  yields  metaxylene  (p.  293),  in  wnich  the  two  methyl-atoms  occupy 
the  places  1,  3,  it  follows  that  in  the  phenol  obtained  from  oxymesitylenic  acid,  the 
two  methvl-atoms  will  also  occupy  a  similar  position,  having  the  hydrogen-atom 
between  them.  The  isomerism  of  solid  (a)  and  liquid  (/3)  xylenol  may  accordingly  be 
represented  as  follows : 

(mt  f^^"  f^' 

l^^  lCH«  (oh 

Xylene  (1, 8).  a-ZylenoL  ^ZylonoL 

Bromine  converts  xylenol  into  tribromoxylenol,  f^H'Br'O,  which  forms 
golden-yellow  shining  crystals,  melting  at  141°  (Wroblevsky). 

When  »>xylenol  suspended  in  water  and  cooled  is  treated  with  bromine,  and  the 
excess  of  bromine  evaporated,  dibromoxylenol  ,CH"Br*0,  remains  as  a  laminar 
mass,  which  crystallises  from  alcohol  in  l^e  golden-yellow  plates,  melting  at  176°, 
and  subliming  at  higher  temperatures  in  delicate  golden-yellow  spangles.  It  is  easily 
cioluble  in  hot,  less  easily  in  cold  alcohol,  insoluble  in  water  and  in  sodium  carbonate; 
dissolves  in  alkalis,  especially  when  warmed,  but  apparently  not  without  deoomposi' 
tion  (Fittig  a.  Hoogewerf,  Zeittchr.  /.  Chem,  [2]  v.  170). 

Xylenol  is  isomeric  with  Miiller^s  xylylic  phenol,  with  phlorol,  and  with  the  so-called 

toluylic  alcohol,  OHM^g^Qg,  better  called  xylylic  alcohol  (v.  1062). 


CO  ACIB,  0>H>*0'  -  C*H*O.CO*H,  isomeric  with  phloretic,  tropic, 
and  melilotic  acids,  is  produced  by  treating  xylenol  with  sodium  and  carbon  dioxide. 
When  separated  from  the  resulting  sodium  salt  by  hydrochloric  acid,  and  freed  from 
admixed  xylenol  by  a  current  of  steam,  it  forms  white  crystals,  melting  at  166°,  and 
sublimable.  It  is  more  soluble  in  hot  than  in  cold  water ;  colours  ferric  chloride 
violet.  Tho  barium  soli,  ((yB*(yYB&  i-  H«0,  and  the  ca/cwwi  «a//,  (C»H»0«)«Ca  + 
2H'0,  form  needle-shaped  crystals,  which  give  ofif  their  water  at  160°  (Wroblevsky, 
Ice.  eit,). 

JKmaa  or  irrvrutO  AOIB.  C*H<«0*  -  C«H"(CH*)*.CO'H.  Two  modifica- 
tions of  this  acid,  distinguished  as  xylio  and  paraxyHc^  are  formed,  together  with 
zylidic  acid,  C'H*(CH*).(CO^H)*,  by  oxidising  pseudocumene  (prepared  by  methylisa- 
tion  of  metaxylene,  p.  296)  with  dilute  nitric  acid  (1  vol.  acid  of  sp.  gr.  1*4  and 
2  vol.  water)  at  the  boiling  heat.  At  the  end  of  the  reaction,  a  crystalline  mass 
separates ;  and  on  repeato£y  boiling  this  mass  with  water,  xylic  and  paraxylie  acids 
pass  OTer,  while  xybdic  acid  and  nitro-acids  remain  behind.  The  distillateM  are 
supersaturated  with  sodium  carbonate  and  boiled  down  (whereupon  admixed  nitro- 
pseudocumene  passes  over)  and  the  concentrated  solution  is  supersaturated  with 
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hydrochloric  acid.  The  mixture  of  acids  thereby  separated  is  finally -treated  with  tin 
and  hydrochloric  acid,  to  remove  the  nitro-oompounds,  and  converted  into  calcium  salts, 
which  may  be  separated  by  their  different  solubility  in  water,  the  zyUte  being  mat 
soluble  than  the  paraxylate. 

Xylic  acid  crystallises  from  alcohol  in  colourless  monoclinic  prisms,  melting  at  120°. 
It  also  melts  in  boiling  water,  then  dissolves,  and  crystallises  for  the  most  part  in 
needles  on  cooling.     In  alcohol  it  is  much  more  soluble,  especially  at  the  boiliog  heit 

Calcium  xylate,  (C*H*0*)K!a  •¥  2H'0,  crystallises  in  hozd,  transparent,  eolooilees, 
monoclinic  prisms,  which  dissolve  abundantly,  though  slowlv,  in  water.  The  banuwk 
stdtf  (C*H*0')^Ba  +  8H'0(?),  is  very  soluble  in  water,  and  remains  on  eyapo»tii4 
as  a  radio-crystalline  mass. 

By  potassium  chromate  and  dilute  sulphuric  add,  it  is  easily  and  eompletelj 
oxidised  to  carbonic  and  acetic  acids,  a  small  quantity  of  xylidic  add  being  sametimes 
also  formed  as  a  secondary  product. 

Paraxylic  acid  crystallises  from  alcohol  in  rather  large  concentrically  grouped, 
colourless,  pointed  prisms,  melting  at  163^.  It  is  nearly  insoluble  in  odd,  run 
sparingly  in  boiling  water,  does  not  melt  when  boiled  with  water,  dissolves  reit 
easily  m  alcohoL  VHien  oxidised  with  nitric  add,  it  yields  xylidic  acid  identicsl  vitk 
that  which  is  obtained  by  oxidation  of  xylic  acid.  Calcium  paTaxytate^  (C*H*0')^a 
+  3(HH),  OTstallises  in  soft  white  spicuiie,  often  grouped  in  tofts,  dissolving  qnicklj 
when  warmed  with  water.  The  barium  salt,  (C*H*0')*Ba  +  4HK),  cryBtsUises  in 
tufts  or  stellate  groups  of  hard  colourless  needles.  It  is  more  soluble  in  water  (ton 
the  calcium  salt,  but  less  soluble  than  barium  xylate  (Fittig  a.  Laubinger,  Zeiiickr.  f. 
Chem.  [2]  iv.  697). 

In  pseudocumene,  CH'(CH*)'  (p.  296),  as  shown  by  Bieber  a.  Fittig  (AH.  r. 
434),  the  three  methyl-atoms  occupy  the  relative  positions  denoted  by  1,  3,  4.  Xov, 
as  this  hydrocarbon,  when  oxidised  with  nitric  acid,  yields  simultaneously  the  tvo 
isomeric  adds  xylic  and  paraxylic,  it  follows  that  two  of  its  methyl-atoms  are  oxidi^ 
with  equal  facility  to  CO'H.  The  positions  of  these  two  equally  oxidable  methjl- 
atoms  may  be  determined  by  removing  the  carboxyl-groups  from  the  two  scid&,  and 
observing  what  modifications  of  xylene  or  dimethyl-benzene.  CH^CH')',  are  therebr 
produced.  Now  it  is  found  that  xylic  acid,  when  heated  witii  lime,  yields  metaxrlec^ 
or  isoxylene  (1,  8),  and  paraxylic  add  similarly  treated  yields  orthoxylene  (3,4); 
hence  it  appears  that  in  the  formation  of  xylic  acid  from  pseudocumene,  the  methji* 
atom  occupying  the  position  '4,  is  oxidised  to  carboi^l,  and  in  the  formation  of  pv** 
zylie  add,  the  methyl-atom  occupying  the  position  1,  undergoes  that  change:  thu; 

19           8            4  6  6 

Benzene.        .        .        C*        H        H        H        H  H  H 

Pseudocumene        .        C«    (CH«)     H  (CH«)  (CH»)  H  H 

Xylic  add      .        .        C«    (CH»)     H  (CH»)  (CO'H  H  H 

Paraxylic  acid        .        C«    (CO«H)  H  (CH»)  (CH»)  H  H 

Identical  with  the  xylic  add  above  described  is  that  which  Schaper  obtained  bj 
oxidising  cumene  (prepared  by  dry  distillation  of  calcium  cumene-sulphate)  with  dilate 
nitric  acid  :  melting  point  125°  {Zeitschr/,  Chem.  [2]  v.  546) ;  and  probably  also  the 
acid  melting  at  122°,  which  Eekul^  obtained  by  t^e  action  of  carbon  dioxide  lod 
sodium  on  bromoxylene.  The  xylic  acid  described  by  Hirsel  a.  Beilstein,  as  meltiDg 
at  204°,  and  as  yielding  insolinic  acid  by  further  oxidation,  and  the  liquid  xylic  acid 
described  by  Eiigler  a.  Beilstein,  both  produced  by  oxidation  of  cumene  (v.  1063) 
aeem  to  require  further  investigation. 

OH* 
XTUBXO  AOZB.    C»H»0«  «  C«H» J  CO'H.— This  bibasie  add,  isomericiridi 

lCO«H 
nyitic  or  mesidic  add,  is  formed,  as  above  stated,  by  the  oxidation  of  xylic  or  paiaxrlie 
add,  or  directly  from  pseudo-cumene,  by  simultaneous  oxidation  of  the  methyl-stonu 
1  and  4,  in  the  same  molecule  of  the  hydrocarbon.  It  is  a  white,  amorphons,  bulky 
mass,  nearly  insoluble  in  cold  water,  very  slightly  soluble  in  boiling  water,  eaelj  ia 
alcohol,  especially  when  warm,  and  crystallises  therefrom,  by  spontaneous  evapoiatioo, 


-^.  .     .  xt^lidate,  C»H«0*Ca,  forms  indistinct  white  scales,  very  sui-^.^  - 

water,  and  containing  water  of  crystallisation,  which  they  give  off  over  oil  of  ritrioL 
The  harittm  talt,  OH'O^Ba,  remains  on  eva^ration  as  a  radio-crystalline  mass,  matt 
soluble  in  water  than  the  calcium  salt,  precipitated  from  the  concentrated  soIotioD  hj 
alcohol,  in  colourless  flocks.    The  silver  salt  is  obtained  as  a  white  flocculent  prt* 
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The  phenyl-compound  was  obtsined  some  years  ago  by  Hofmann,  and  the  naphthyl- 
compound  by  Hall  (t.  521);  and  Hofmann  has  recently,  by  the  reaction  above 
mentioned,  obtained  other  eidpfaocarbimides  belonging  to  the  fatty  as  well  as  to  the. 
aromatic  gronp.  The  eulphocarbimides  are  distinguished  from  the  normal  sulpho* 
cyanic  ethers  by  their  intensely  pungent  odour,  and  by  their  capability  of  uniting 
directly  with  ammonia  and  with  monamines,  giving  rise  to  alcoholic  derivatives  of 
sulphocarbamide.  In  these  respects  they  resemble  volatile  oil  of  mustard,  which  is 
in  fact  allylic  sulphocarbimide,  N(CS)(C*H'),  and  may  be  regarded  as  the  type  of  the 
gronp.  Hofmann,  indeed,  designates  these  bodies  by  the  generic  name  of  Mustard- 
oils  {Senfole).  It  is  remarkable,  however,  that  allylic  sulphocarbimide,  and  not 
normal  allylic  sulphocyanate  (which  is  not  known),  is  produced  by  distilling  potas- 
sium flulphocyanate  with  allyl  iodide. 

atbjrl-snlpliooarbimide  or  atHyllo  ZMsnlpbooyanate,  N(CS)(C<H*),  is 
produced  by  distilling  diethyl-sulphocarbamide  with  phosphoric  anhydride  or  anhydrous 
hydrochloric  acid,  but  is  more  easily  prepared  by  the  following  process,  depending  on 
the  decomposition  of  metallic  ethyl-sulphocarbamates  ;  thus  : 

-^(N(C«H»)H     _     ^(CS  .        ojH 

Bthyl-sulpho-  Bthyl-sulpho-         Sulphydrate. 

CArbamatfl*  csrbimide. 

When  a  solntion  of  ethyl-snlphocarbamate  of  ethylamine  (produced  by  direct  combina- 
tion of  ethylamine  with  carbon  bisulphide,  p.  1049),  is  mixed  with  silver  nitrate,  a 
white  precipitate  of  silver  ethyUsulphocarbamate  is  produced,  which  blackens  even  at 
ordinary  temperatures,  and  more  quickly  when  heated,  with  formation  of  silver  sulphy-, 
drate  and  ethyl-sulphocarbimide,  which  latter  passes  over  abundantly  with  the 
-raponr  of  water  on  boiling,  hydrogen  sulphide  being  at  the  same  time  evolved,  in 
consequence  of  the  decomposition  of  the  silver  sulphydrate.  An  excess  of  silver 
nitrate  must  be  avoided,  as  this  salt,  when  boiled  for  some  time  with  ethyl-sulpho- 
carbimide, converts  it  into  ethyl-cyanate  (by  substitution  of  O  for  S),  which  is 
idtimately  resolved  into  carbon  dioxide  and  ethylamine.  Most  other  metallic  salts- 
react  with  ethyl-sulphocarbamic  acid  in  the  same  manner  as  silver  nitrate. 
Mereoric  chloride  is  found  to  be  convenient,  as  it  does  not  attack  the  ethyl-sulpho- 
carbimide nearly  so  fiist  as  the  silver  nitrate ;  nevertheless  a  lai^  excess  of  it  should  be 
avoided.  In  the  process  just  described  it  is  by  no  means  necessary  to  start  with  pure 
ethylamine ;  the  crude  mixture  of  tertiary,  primaiy,  and  secondary  bases  and  ammonia* 
obtained  by  treating  alcoholic  ammonia  with  ethyl  iodide  and  distilling  with  an 
alkali,  answers  the  purpose  quite  as  well.  Diethylamine,  in  fact,  is  converted  into 
ethyl-sulphocarbimide  quite  as  easily  as  ethylamine ;  it  unites  with  carbon  bisul- 
phide, especially  in  alcoholic  solutions,  forming  diethyl-sulphocarbamate  of  diethyl- 
ammonium,  which  when  decomposed  with  a  metallic  salt  yields  a  salt  of  diethyl- 
snlphocarbamic  acid,  together  with  a  diethylamine  salt,  and  the  former  resolves  itself 
into  ethyl-sulphocarbimide  and  a  meccaptide  : 

pojJr(c»H*)«   „    n5^      4.     sJC'H* 

Methyl-  and  amyl-sulphocarbimide  may  be  prepared  in  a  similar  manner. 

Ethyl-sulphocarbimide,  when  purified  by  rectification,  is  a  colourless  liquid  having 
a  inuigent  and  tear-exciting  odour,  and  producing  a  burning  pain  when  placed  on  the 
skin.  It  boils  at  134^,  has  a  vapour-density  of  3-03  (cal.  3'02),  and  in  the  liquid 
state  nearly  the  same  specific  gravity  as  wat«r  (Hofmann).  According  to  Buff 
{ZeUsehr./.Ckem.  [2]  iv.  780)  it  boils  at  133•2^  and  has  a  sp.  gr.  of  101913-1-019375 
atO«;  0  997525  at  21-4°;  0-997236  at  22®;  0-87909-0-873513  at  1332^  Ethyl- 
snlphocyanate,  according  to  the  same  authority,  boils  at  146°,  and  has  a  specific 
gravity  of  103300  at  O"*;  101261  at  19^';  100238  at  23"^;  0*870136-0-869367  at 
146« 

Ethyl-sulphocarbimide  unites  directly  with  amnumiaj  ethylamine,  methylamins,  and 
amilinet  forming  ethyl-,  diethyl-,  methyl-ethyl-,  and  ethyl-phenyl-sulphocarbamide 
(p.  1060). 

Ethyl-tnlphoearbimide  digested  for  some  hours  at  110°  with' ^My/  alooholf  nnitea 
with   it,    forming    etbylic    ethyl-oxysulphocarbamate,    ethyl- xanthamide,    or    semi- 

mlphuretted  ethyl-orethane,  CS  <  ooh*  '  ^°^'  ^'^  ^^^  manner,  when  digested' 
with  meret^tan  at  120°,  it  forms  ethylic  ethysulphocarbamate,  diethyi-xanthamide,  or- 
stilphnxetted  ethyl-urethane,  CSJ      gc^H*    (^o^<^°i^  P*  1060). 


llf^2  XYLINIC  ACID— XYLYLAMEBTBS. 

bnri.  108)  from  the  groenish-blae  dee&yed  wood  from  which  Fordos  pnfued  hif 
zylochloeric  acid  (▼.  1060).  To  prepare  it^  the  dried  and  pulverised  wood  n  exb&iistdi 
with  1  p.  c  potaah  or  aoda-ley ;  the  filtered  and  expressed  extracts  are  pncipiutid 
with  hydrochloric  acid;  the  bulky  precipitate  is  washed  with  slightly  addoUutl 
water,  then  redissolyed  in  dilute  potash-ley,  and  reprecipitated  with  skohol  >i 
85  p.  c,  and  a  saturated  solution  of  common  salt  fne  from  lime  and  msgaesU. 
Xylindein  is  thereby  precipitated,  while  humous  substances  remain  in  solntio. 
This  treatment  is  sevend  times  repeated,  and  the  mass  is  finally  washed  with  aleoH 
dissolved  in  water,  reprecipitated  with  hydrochlckric  acid,  and  dried  under  the  ai^ 
pump.  Xylindein  thus  prepared  contains  HO'ZZ  p.  c.  carbon,  6*33  hydrogeo,  f^ 
nitrogen,  4181  oxygen,  and  traces  of  iron  and  calcium.  It  is  amorphoos,  and  of 
dark  green  colour.  Water  dissolves  it  easily  (in  the  hydrated  state^,  with  s^toiii 
green-blue  colour ;  sodium  chloride  and  acids,  excepting  acetic  acid,  precipitate  it 
from  this  solution  with  green  colour.  In  alkalis  and  alkaline  carbonates,  it  ais»ih^ 
Very  easily  with  green  colour,  or  greenish-yellow  if  the  alkali  is  in  excess,  viuraa 
sylochloeric  acid  is  insoluble  in  alkalis.  Strong  sulphuric,  nitric,  and  hjdrochloRe 
acid  dissolve  it,  with  rapid  decomposition.  With  lime  and  magnesia  it  form  U^ 
insoluble  in  water,  alcohol,  &c.  It  is  insoluble  in  strong  alcohol,  ether,  vood-Rjint, 
carbon  bisulphide  and  benzol ;  chloroform  in  contact  with  hydrated  xylindeiB  aqnirM 
a  faint  blue  colour.  It  is  reduced  like  indigo  by  alcoholic  potash  and  giucoK,  ^ 
solution  turning  brown.  It  dyes  silk  and  wool  blue-green,  without  the  ud  cf 
mordants. 


An  acid  existing,  according,  to  Lefbit  (Cbswrf.  fWM[.  hit. 

1235),  together  with  unaltered  cellulose,  resins,  humous  substances  ana  nits,  in  d» 
wood  of  old  oak,  elm,  and  willow  st«ms.  It  is  prepared,  like  Bommier*t  xyhodciB, 
by  extraction  with  weak  alkaline-ley,  precipitation  with  hydrochloric  add,  and  tns^- 
ment  of  the  washed  precipitate  with  alcohol  and  ether.  The  add  thus  obt&i«d  a 
described  as  a  hard,  black,  tasteless  and  scentless  mass,  slightly  soluble  in  nt'* 
insoluble  in  alcohol  and  ether,  easily  soluble  in  alkalis.  WiUi  the  alkalis  it  fcros 
amorphous  brown  or  reddish  salts  ;  its  other  salts  are  insoluble.  Lefoft  u^p>^  ^^ 
the  acid  the  formula  2C^*H'*0*  +  HH);  the  barium  uid  calcium  nits  exltib-t 
corresponding  composition. 

BSATBp  &c  See  the  compounds  called  ToLvn^  Tolxttuc  AuooaffL,  &&«  v* 
869,  870. 

aCT&T&AMZVas  (Pieper,  Ann,  Ch,  Pharm.  di.  129).— Basel  homologoofi  «it!t 
the  benzylamines,  produced  by  the  action  of  ammonia  on  zylyl  chloride,  CH^  * 

CH*  ]  CH'Cl*     ^^*^  chloride,  prepared  by  passing,  chlorine  into  xylene  at  the  boilisg 

point,  is  heated  in  sealed  tubes  to  1 16°  with  strong  alcoholic  ammonia ;  the  oonteDt^.^ 
the  tubes  are  thrown  on  a  filter ;  and  the  ciystalhne  mass,  containing  a  laig«  qiAD^7 
of  sal-ammoniac,  is  washed  several  times  with  alcohol.  The  filtrate  fireed  bj  di$t'.'>^- 
tion  from  the  anunonia  and  the  greater  part  of  the  alcohol,  is  then  mixed  with  vater, 
which  throws  down  impure  oily  trixylylamine  (C*H*)'N ;  and  the  cryitaUine  ■•« 
remaining  on  the  filter  is  drenched  with  water,  which  dissolves  the  hydrochlondct « 
xylylamine  and  dixylylamine,  leaving  trixylylamine  undissolved.  The  solutioo  ofuie 
mixed  hydrochlorides  when  concentrated,  first  deposits  the  dixylylamine  salt,  vbi» 
may  be  purified  by  recrystallisation  ;  the  mother-liquor,  evaporated  to  a  small  hnlt^^^T 
mixed  with  strong  potash-ley,  yields  an  oil  consisting  of  xylylamine  salt  mixed  na 
dixylylamine ;  and  on  drying  this  oil  over  sticks  of  potash  and  distilling  st  21(^« 
xylylamine  passes  over,  while  the  dixylylamine  remains  behind. 

Xylylamine,  CIT'N  «  NJ^^*'  >«>raerio  with  xylidine,  is  a  oolouri*^  «^' 

strongly  alkaline  liquid,  smelling  like  herring-pickle,  fioating  on  water,  and  boiliog  >| 
196®.  It  is  soluble  in  alcohol  and  ether,  insoluble  in  water.  When  exposed  to  ^ 
air,  it  rapidly  absorbs  carbonic  acid  and  becomes  solid.  Its  solution  in  dilute  al^>^^ 
precipitates  the  hvdrates  from  many  metallic  salts.  The  kydrockloride,  (^H"N.BU 
crystallises  in  white  needles,  easily  soluble  in  water  and  alcohol,  and  melting  it  Ip^  • 
The  pfatmochUmde,  2(G"H"N.HCl).RCl\  forms  golden-yeUow  shining  lasHi* 
With  mercurio  ehioride  also  xylylamine  hydrochloride  forms  a  double  salt  ^^^ 
separates  in  white  crystals.  , . 

The  isomerism  between  xylylamine  and  xylidine  or  amidoxylene  is  rspresents^  vj 
the  following  fonnul» : 
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or  VoUaOeoa  of  Mustard,  "^l^f-^^^  '^  remark- 

abl«  that  this  oompoond,  which  exhibits  all  the  eBsential  ehanoten  of  the  sulpho- 
eaibimides  above  described,  has  not  hitherto  been  produced  artifieiallj  by  analogouB 
prooeosee,  but  is  obtained  hj  a  reaction  which  mig^t  rather  be  expected  to  yield  allyl 

n$-mt  ^^  Vy  distilling  potassium  sniphocyanate  with  allyl  iodide- 
fir.  516),  or  with  allyl  bromide,  or  with  the  potassium  salt  of  allyl-sulphuric  acid. 
The  product  obtained  by  either  of  these  processes  is  identical  in  ereiy  respect  with 
natuial  oil  of  mustard  (Tollens,  ZeiUchr,/.  Chem,  [2]  y.  90). 

Mustard-oil  heated  with  aloohot  a  little  abore  101)^  unites  with  it,  forming  semi- 
sulphuretted   allyl-urethane,  CS  j      oqs^i)  (Hofmann,  p.  1050).    According  to  L. 

fieniy  (^Jakretb,  1867»  p.  870),  it  unites  directly  with  dry  hydirobrome  aeid,  forming  a 
oystalline  compound,  nom  which  it  is  separated  by  water.  With  dry  hydriodie  tuid 
it  forms  a  pitchy  mass.  Heated  in  alcohcuic  solution  with  time  and  hydrookUnio  oM, 
it  is  couTBrted  into  allylamine,  hydrpgen  sulphide,  and  carbon  dioxide : 

NJ^g,     +     2H«0     -     Np'^l     +     H«S     +     C0« 

(Oeser,  Ann.  Ch,  Pharm,  cxxxiy.  7)« 

The  following  normal  sulphocyanic  ethers  have  been  prepared  by  h.  Henry 
IJkui.  ekem,  Gea.  Ber.  ii.  207 ;  Zeitsekr,/.  Chem,  [2]  ▼.  206). 

Beng^  SulphocyanaU,  C*B.\CSS  OT  8<Qi^„    is    produced   by   heating   benzyl^ 

chloride  with  potassium  cyanate  in  a  water-bath,  and  dystallises  ftom  alcohol  in 
large  transparent  prisms,  insoluble  in  water,  slightly  soluble  in  cold  alcohol,  easily  in 
hot  alcohol,  also  in  ether  and  in  carbon  bisulphide.  It  has  a  sharp  smell  and  taste, 
melts  at  Z6*^^ZS^,  and  boils  with  partial  decomposition  at  256".  It  unites  readily 
with  dry  gaseous  hydrogen  bromide,  forming  a  crystallised  compound,  insoluble  in 
ether,  immediately  decomposed  by  water.  Fuming  nitric  add  converts  it  into  nitro- 
hensyl  tul^^mcyanate,  C'H*(NO') .  CNS,  which  is  also  produced  from,  nitrobensyl 
chloride,  C'H^N0')C1,  and  potassium  sniphocyanate,  and  crystallises  from  alcoholic 
solution  in  small  brittle  needles,  volatilising  at  about  70",  and  decomposing  before  it 
distils. 

Glyceryl  Sulphoeyanate,  C^*(CNS)',  is  prepared  by  the  action  of  potassium  snipho- 
cyanate in  aloonolic  solution  at  100"  on  isotnbromhydrin  (produced  by  the  action  of 
bromine  on  allyl  iodide) ;  ordinarr  trichlorhydrin  does  not  yield  it.  The  compound 
separates  ftom  the  alcoholic  liquid  in  the  crystalline  form,  and  when  recrystallised 
from  alcohol  forms  small,  white,  shining,  hard,  brittle  needles,  having  neither  taste 
Dor  smelL  It  melts  at  126",  and  soon  afterwards  decomposes,  giving  off  hydrogen 
^anide  and  leaving  a  carbonaceous  residue.  It  is  quite  insoluble  in  water,  very 
slightly  soluble  in  cold  alcohol,  much  more  soluble  in  boiling  alcohol  (Henry). 

Gmeral  BeaotionB  (if  the  Sulphoearbimides  and  Stdpkocyanie  Ethers, — The  bodies 
of  both  these  groups  (taking  tne  methyl-compounds  for  example)  are  ultimately 
produced  from  methyl-alcohol,  carbon  bisulphide,  and  ammonia,  with  elimination  of 
1  mol.  water  and  1  moL  hydrogen  sulphide : 

CH*0  +  CS»  +  NH»  -  H«0  +  H«S  +  C*H"N8. 

the  nature  of  the  resulting  compound  depending  onl^  on  the  order  in  which  the 
rcnctions  take  place.    In  the  case  of  methyl-sulphocarbimida  we  have : 

(1)    .    .    CH'O     +     NH»     -    H»0     +     n|^^ 

CH«      .      .^  ,r^     .      «(CS 


CH« 


(2)    .    .  NJ^    +     CS«      -     H«8    +     n| 

•od  in  that  of  methyl-sulphocyanate  (see  v.  604) : 

(1)  .    .   NH«        +     C!S«     -    H«8     +     SJ^ 

(2)  ,    .  SJ^       +  CH-0  -    HH)     +    SJ^ 

These  considerations  are  supported  by  the  following  reactions :  When  an  alooholie 
solution  of  ethyl-sulphocarbimide  is  mixed  with  fine  and  kydrockUme  acid,  hydrogen 
sulphide  is  nven  oil  for  several  days  in  oontinually  decreasing  quantity,  but  no  carbon 
dioxide,  whilst  the  liquid  becomes  filled  with  white  needles  of  formic  sulphaldehyde, 
Bwp.  3Y 


1134  ZINC. 

Fore  sine  with  metallic  sorfiice  is  scarcely  attacked  by  dilute  sulphuric  arid  90*.  9H^; 
much  more  easily  after  its  surface  has  become  covered  by  etrposure  with  a  thin  film  \A 
oxide.  The  action  of  the  strong  acid  (SO'.HH)  and  SO*.  2H*0)  takes  place  at  high  tem- 
pemtuKs,  with  eTolution  of  sulphurous  oxide ;  that  of  the  weaker  acid  (SO'.SH'-O  u< 
S0*.6H'0)  with  continuous  evolution  of  hy<irogen  sulphide  and  a  small  qjsuttitjd 
sulphurous  oxide ;  and  that  of  still  weaker  acid,  with  erolution  of  pure  h^rdkgeo. 

In  a  solution  of  todiufn  chloride  sine  dissolves  with  evolution  of  hydrogen,  fanMtioo 
of  cine-sodium  chloride,  and  separation  of  sine  oxide.  The  oxide  dissolves  in  Bolntioo 
of  sodium  chloride^  slowly  in  the  oold,  more  quickly  and  abundantly  when  heatad,  th« 
liquid  acquiring  an  alkaline  reaction  (Siersch,  Jakrub.  1867i  p.  267). 

On  the  volumetric  estimation  of  sine  by  means  of  potassium  ferrocyanide,  see  Beiani 
(Compt.  rend,  Uvu.  460 ;  Jakrtsb.  1868,  p.  874 ;  BuU.  8oe.  Ckitm.  [2]  xL  47S ;  ZaUck. 
f.  Chem.  [2]  v.  662). 

For  the  separation  of  sine  fnm  copper  (in  brass).  Chancel  mixes  the  loliitioo  d 
the  two  metals  with  sodmm  tkiotulpkaie  till  it  is  completely  decolorised.  Sodim 
carbonate  then  precipitates  the  sine,  while  the  copper  remains  in  solution.  A  small 
quantity  of  copper  still  remaining  in  the  sine  carbonate  may  be  removed  by  precipita- 
tion with  hydrogen  sulphide  in  acid  solution  {JakrtA.  1866,  p.  803). 

According  to  Schweikert  {Jahrtsh,  1867,  p.  847)  zinc  cannot  be  completely eepented 
from  phosphoric  acid  by  fusion  with  sodium  carbonate  and  lixiviation  of  the  fosnd 
mass  with  water,  inasmuch  as  part  of  the  phosphoric  acid  remains  combined  with  wa 
oxide,  and  part  of  the  latter  passes  into  solution  as  sodium  xincate.  Moreover  ldc 
oxide  is  not  quite  insoluble  in  sodium  carbonate,  and  is  not  precipitated  fiom  the  idc- 
tion  even  by  prolonged  boiling.  In  precipitating  zinc  as  carbonate,  it  is  therefon 
necessary  to  avoid  a  laige  excess  of  sooium  carbonate,  or  to  neutralise  it  befcn 
heating. 

An  alloy  of  zinc  and  calcium  containing  95*18  p.  c.  zinc,  and  4*87  calcium,  or  Zn'^ 
crystallises  in  obtuse  quadratic  octohedrons  having  a  sp.  gr.  of  6*369  to  6*3726  (d^t^^ 
mined  under  rock-oil) ;  it  is  decomposed  by  water  (O.  vom  Rath,  ZaUckr.  /.  C^ 
[2]  v.  666). 

Commercial  zinc-dust  firom  the  Bostberg  works,  was  found  by  Aldendoif  (7siff*^ 
1866,  p.  219)  to  consist  of 

Zn  Pb  Od  bO         ZdCO*     Inaolotle 


89*99        2*47        4*09        49*76        8*29         0*39 

In  consequence  of  the  fine  division  of  the  zinc,  this  dust  slowly  d<>composss  vaterit 
ordinary  temperatures,  eliminating  in  24  hours  about  its  own  volume  of  bjdnfrsL 
On  leaving  it  in  contact  with  dilute  hydrochloric  or  sulphuric  add  till  bydiuc^o 
begins  to  escape,  the  greater  part  of  the  zinc  oxide  and  carlx>nate  are  dissolved,  vh  ie 
the  mebal  remains  as  a  fine  grey  powder,  which  when  washed  is  well  adapted  for  t 
reducing  agent. 

A  compound  of  gfne  chloride  with  amaumia,  ZnCl'.6NH"  +  H*0,  is  formed  when 
solid  zinc  chloride  is  gradually  added  to  strong  well-oooled  aqueous  ammonia,  gi«M^ 
ammonia  being  passed  into  the  liquid  towards  the  end  of  the  process.  As  soon  m  > 
considerable  precipitate  has  formed,  the  vessel  is  to  be  closed,  gently  warmed  till  the 
whole  is  dissolved,  and  left  to  cool.  The  ammonio-chloride  then  separates  in  regaUr 
octohedrons,  with  step-like  cavities  in  their  faces.  The  crystals  when  exposed  to  th« 
air,  immediately  give  off  ammonia,  become  moist,  and  ultimately  appear  coirodM 
and  deliquesced.  They  dissolve  easily  in  water,  sUU  more  easily,  with  deeompoeititA 
in  aqueous  zinc  chloride  (£.  Divers,  Chem.  ^eiM,  zviii.  18) ;  compare  v.  1069. 

Zinc  Pho»phide»,^B,  Renault  (Ann,  Ch,  Phys.  [4]  ix.  162),  by  hestiog  to 
whiteness  a  mixture  of  1  moL  magnesium  phosphate,  (Id^H'P'O'),  2  moL  o* 
sulphide,  and  7  Bt.  carbon,  in  a  coated  retort  connected  with  a  rad-hot  eurthso  ncanr, 
has  obtained  the  following  compounde  of  zinc  and  phosphorus :  I.  A  massiTe  phoi' 
phide  Zn"P*  of  leaden  cotour  and  sp.  gr.  1  *21  at  14^.  It  is  moderately  pennaaent  a 
the  air,  less  Auible  than  zinc,  and  volatilises  slightly  above  its  melting  point ;  hest<d 
with  leafl  sulphide,  it  is  converted  into  zinc  sulphide,  with  separation  of  lead  end 
phosphorus ;  it  is  also  converted  into  sulphide  by  digestion  with  carbon  bisulphide.'' 
2.  The  same  compound  is  obtained  crystallised  in  interlaced  needles  having  s  hi^ 
metallic  lustre,  when  the  vapours  are  condensed  in  a  larger  and  more  stroQgly  bested 
receiver.  This  aystallised  phosphide  is  more  easily  alterable  than  the  wa^ 
variety ;  gives  off  hydrogen  phosphide  in  contact  with  the  air ;  and  is  violeotij 
attacked  by  adds. — 3.  In  certain  preparations  the  needles  were  mixed  with  noK 
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brilliant  and  permanent  ciystals  having  the  eompoeition  ZnT*. — 1.  In  capaciona 
nceiren  theie  were  also  formed  oranee-coloured  to  cinnabar>red  or  metallically 
lustrous  interlaced  needles,  which,  when  heated  in  the  air,  burned  with  a  phosphorus 
flame,  leaving  zinc  phosphate.  The  red  compound  was  likewise  obtained,  together 
with  metallically  lustrous  needles,  when  phosphorus  Tapour,  mixed  with  not  perfectly 
dry  hydrogen,  was  passed  over  red-hot  zinc,  or  phosphorus  vapour  over  red-hot  zinc 
oxide:  it  appears  to  be  an  oxyphoephide  varying  m  composition  from  ZnP'O  to 
Zu*P"0^;  tne  metallically  lustrous  needles  exhibit^  the  composition  Zn'P'^0*.  The 
red  compound  is  dissolved  by  hot  hydrochloric  and  sulphuric  acids,  with  formation  of 
phosphorous  acid. — 5.  A  red  phosphide,  Zn*P^,  was  obtained  by  treating  a  mixture 
of  the  crystalline  oxyphosphides  with  hydrochloric  acid. — 6.  On  dissolving  a  large 
quantity  of  the  compound  Zn'P*  in  dilute  hydrochloric,  sulphuric,  or  nitric  acid, 
another  phosphide.  ZnF*,  remained  behind,  as  a  yellow,  amorphous,  very  inflammable 
powder,  whicn  detonated  with  the  greatest  violence,  both  when  brought  in  contact  with 
nitric  acid  and  when  mixed  with  potassium  chlorate  and  lightly  struck.  The  com- 
poflitioQ  of  all  these  zinc  phosphides  must  be  regarded  as  doubtful. 


and  sarC-WaTBYX.  Zn((?K*y,  For  the  preparation  of 
zinc-ethyl,  Wichelhaus  heats  zinc  filings  with  iodide  or  bromide  of  ethyl  in  the 
water-bath  in  a  retort  with  upright  condenser,  the  pressure  being  increased  by  a 
column  of  mercaiy.  The  reaction  is  said  to  be  finished  in  two  or  three  hours,  and  to 
yield  from  80  to  90  p.  c.  of  the  theoretical  quantity  (Jahresb,  1868,  p.  428). 

A  mixture  of  zinc-ethyl  with  about  twice  its  volume  of  carbon  btaulphidet  in  a  tube 

filled  with  carbon  dioxide,  begins  to  boil  spontaneously,  passing  through  all  shades  of 

red-brown  till  it  becomes  quite  opaque,  giving  off  at  the  same  time  a  combustible  gas 

consisting  of  hydrogen  sulphide,  vapour  of  carbon  bisulphide,  and  ethylene.    On  the 

completion  of  the  reaction,  first  at  60^-60^,  afterwards  at  100°  in  a  sealed  tube,  the 

contents  of  the  tube,  freed  from  excess  of  carbon  bisulphide,  consist  of  a  brown 

shining  mass,  which,  according  to  its  weight  and  composition  (somewhat  variable 

indeed  in  different  preparations),  appears  to  consist  of  C*H>«S%n  »  OS*  +  Zn(C'H*)'. 

This  compound  is  insoluble  in  water,  alcohol,  and  ether,  but  dissolves  in  acids  with 

evolution  of  hydrogen  sulphide.    When  subjected  to  dry  distillation,  or  heated  with 

hydrochloric  acid,  it  gives  off  an  oil  having  a  pungent  alliaceous  odour,  and  boiling 

between  80°  and  180°,  the  principal  portion,  which  passes  over  between  130°  and 

150°,  having  the  composition  of  amylene  sulphide,  C*H'*S.    When  the  purified  oil  is 

mixed  in  warm  alcoholic  solution  with  mercuric  chloride,  a  white  floecnlent  precipitate 

is  formed,  and  the  quickly  filtered  liquid  deposits  when  heated  iridescent  laminae 

having  the  composition  C*H'*S.HgCl'.HgS.    The  amorphous  substance  separated  by 

filtration  appears  to  have  the  same  composition  as  the  crystals.    With  silver  nitrate, 

in  like  manner,  yellow  microscopic  needles  are  obtained,  having  the  composition 

C*H>»O.Ag^0.Ag50».    From  the  composition  of  the  principal  product,  C*II«»S  - 

CS(G'H*)',  it  may  be  inferred  that  the  action  of  zinc  ethyl  on  carlx)n  bisulphide  takes 

place  according  to  the  equation : 

CS»  +  Zn(C»H*)«  -  C»H>»S.Zna 

Zinc-methyl  unites  with  carbon  bisulphide  in  a  similar  manner.  Zinc-ethyl  and 
ntustard  oU  likewise  form  a  brown  amorphous  zinc-compound  difficult  to  isolate 
(Grabowski,  Ann.  Ch.  Pharm.  cxxxviii.  165). 

According  to  Butlerow  (ibid,  cxliv.  39)  the  vapours  of  dno-methyl,  though  Uiey 
have  a  disagreeable  odour  and  excite  coughing,  are  not  poisonous. 


>COV.    Certain  zircons,  of  the  variety  called  jargon,  exhibit,  both  in  their 
natural  state  and  when  fused  with  borax,  very  remarkable  spectra,  which  were  first 
described  by  Sorby  (Proe.  Boy,  Soc,  xvii.  511 ;  Chem,  News,  xix.  122),  and  were 
supposed  to  indicate  the  presence  of  a  new  element,  which  was  called  Jargonium. 
iVf  ethods  of  obtaining  jargonia,  the  oxide  of  this  metal,  and  separating  it  from  zirconia, 
and  descriptions  of  its  properties,  were  given  by  Sorby  {loe,  cit.)  also  by  Church 
(Ohem,.  lietDS,  xix.  121,  and  Loew,  ibid,  xx.  9).    More  recently,  however,  Sk)rby  has 
shown  that  the  peculiar  spectra  in  question  are  due  to  the  presence  of  certain  com- 
pounds of  uranic  oxide  with  zirconia,  these  compounds  giving  spectra  containing  dark 
l>ands  not  exhibited  either  by  uranic  oxide  or  by  zirconia  alone.    Artificially  prepared 
compounds  of  uranic  oxide  with  pure  zirconia  exhibit  exactly  the  same  spectra  as  those 
of  the  natural  mineral.    Hence  Sorby  concludes  that  the  supposed  jargonium  has  no 
existence  {Chem.  Nstos,  xxi.  73). 

R.  Hermann  {J.  pr.  Chem.  xcvii.  321 ;  Jahretb.  1866,  p.  191)  has  confirmed  the 
results  obtained  by  Berlin,  respecting  the  earth  called  noria,  found  by  Svanberg  in 
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the  ziroons  of  Norway  and  other  localities.  Hermann's  experiments  show  that  nreonia, 
when  contaminated  with  small  quantities  of  alumina,  exhibits  pioperties  exactly  lika 
those  of  the  supposed  noria. 

Zirconia  has  lately  been  brought  into  use  in  the  oxyhydiogen  blowpipe  in  pUce  of 
lime  or  magnesia.  It  possesses  great  radiating  power  and  is  veiy  refractory,  remsin- 
ing  quite  unaltered  after  a  month  s  use.  To  economise  the  costly  material,  only  the 
outer  portion  of  the  cylinder  is  made  of  adroonia,  the  interior  being  composed  of 
magnesia  or  fire'day,  the  two  substances  being  firmly  pressed  together.  (See  CompL 
rend.  Ixvi.  1040:  Jmh,  Ch.  Pkjfs.  [4]  xiv.  11 ;  Din^  pol.  J,  fJTrw-ri^  nfi;  exd. 
262;  ZeUiohr.  /.  Ckem.  1868,  p.  636;  Ckem.  Newi,  zrui.  276). 


ADDENDA. 


AccoTding  to  a  recent  determination  by  Bunsen  {Pogg,  Ann.  cxli.  1 ; 
Ckem,  800,  J,  [2]  iz.  182),  the  specific  heat  of  this  metal  is  0-57.  This  number 
m«ltiplied  by  75-63,  the  hitherto  received  atomic  weight  of  indium  (p.  729),  gives  for 
the  atomic  heat,  the  number  4*3,  which  does  not  agree  with  the  law  of  Dulong  and 
Petit  But  if  the  atomic  weight  be  taken  as  1^  times  75-6,  or  113*4,  the  atomic  heat 
becomes  6*5,  which  agrees  nearly  with  the  general  law. 

On  this  view,  indium  must  be  regarded  as  triatomic,  and  the  formulsB  of  its  prin- 
cipal  compoundis  will  be  as  follows : 


Chloride 

Indium  and  ammonium  chloride 

Yellow  oxide 

Normal  hydrate 

Nitrate 

Sulphate In»(SO«)*  +   9H*0 

Black  oxide InO' 

Green  oxide 2ln0.In*O* 

Grey  oxide 3In0.2In«0» 


lnCl« 

2NH«Cl.InCl«   +  H«0 

ln«0« 

InH»0» 

In(NO')« 


jBwj*—— —  n  WM  »  ^a-vwa^j-w w — *y  The  specific  gravities  and  boiling  points 
of  some  of  these  compounds,  as  determined  by  Lieben  a.  Bossi  (Crozzetia  ehimica 
italiana,  i.  314),  are  as  follows : 


Boiling  point 

Specific  gravity  at 
00                 w>                40° 

Alcohol .    . 
Chloride     . 
Bromide     . 
Iodide    .    . 
Acetate .    . 

137°      (bar.  at  0-740  met.) 
106°            „        0-7398    „ 
128-7°         „        0*7394   „ 
155-4°         „        0-7393    „ 
148-4°         ,.        0*737      „ 

0*8296         0-8168         08065 
0-9013        0-8834         0*868 
1*246           1-2234         1*2044 
1-5435         1*5174         1*4961 
0*8963         0-8792         0*8645 

The  boiling  points  of  the  five  known  amyl  alcohols  go  on  increasing  from  the 
tertiary  to  the  normal  primary,  as  will  be  seen  from  the  following  comparison : 


Pi 

imary 
H«0      CH« 

Secondary 

Tertiary 

CH» 

CH« 

H«C       CH« 

H»C      CH«CH« 

CH» 

\/ 

CH« 

\/ 

\/ 

CH« 

CH 

CH« 

CH 

COH 

CH« 

CH« 

CHOH 

CHOH 

CH« 

CH«OH 

CH'OH 

CH« 

CH» 

Normal  amyl 

Iso-amyl 

Propyl-methyl 

Isopropyl- 

Ethyl-dimethyl 

alcohol. 

alcohol. 

corbinol 

methyl  carbinol 

carbinol 

B.  P.  187° 

128°-132° 

120°-123° 

1040-108° 

98'5°-100<» 

VOBMAZi  OAPSOZC  ACZB,  CH>CH»CH«CH>CH< .  COOH,  is  prepared  by 
heating  normal  amyl  bromide  or  iodide  to  105°  in  a  sealed  tube  witn  pulverised 
potassium  cyanide  dissolved  in  alcohol  of  85°  p.  c,  and  heating  the  resulting  normal 
amyl  cyanide  with  alcoholic  potash  in  an  apparatus  with  reversed  condenser.  On 
distilling  the  resulting  potassium  salt  with  dilute  sulphuric  acid,  and  purifying  the 
oily  layer  which  separates  by  washing  and  distillation,  normal  caproic  acid  is  obtained 
as  a  colourless  liquid,  which  does  not  mix  with  water,  has  an  odour  fainter  and 
somewhat  less  disagreeable  than  that  of  ordinary  caproic  acid,  and  a  strongly  acid 
taste.  It  boils  at  204*5°  (bar.  at  0-7385  met) ;  the  caproic  acid  prepared  from  ordinary 
amyl  cyanide  boils  at  198°  (Wurtz),  at  199*7  (Lieben  a.  Rossi).  The  normal  acid  has 
a  specific  gravity  of  0*9449  at  0°,  0  9294  at  20°,  0*9172  at  40°,  and  0*8947  at  99*1° 
(Lfieben  a.  Bossi,  loc.  cit.). 

Sup.  4  D 
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bzTeBN-COKPOUNDS  OF  SuiPHUB. 

1.  fl^jpomil^iirmu  Aeld.  H^SO*   »   ^IsO^.'-B^rontipkuraiu  Aeid  (Schut- 

senbeiger,  ZriUehr.  /.  Chem,  [21t.  646). — ^ThiB  add  iBprodiioed  by  the  action  of  doe 
on  aqneoofl  iqlphnzoiis  add.  The  metal  diasolves  without  erolution  of  hydrogen, 
forming  a  yellow  solution  which  poopeBeca  a  deooknidn^  power  mnch  greater  than 
that  of  siilphnronB  add  itself,  throws  down  ftom  cnpic  milphate  a  precipitate  of 
copper  hydride,  Cn'H',  mixed,  if  the  copper  solution  ia  in  excess,  with  metallic  copper, 
and  immediately  reduces  the  metals  from  silrer  and  mereuiy  salts.  The  solution  tnus 
obtained  is,  however,  yeiy  unstable ;  its  deoolcnsinpf  power  attains  a  maximum  in  a 
few  minutes,  then  dimimshes,  while  at  the  same  tune  it  loses  its  yeUow  colour  and 
becomes  milky  from  separation  of  sulphur ;  it  then  contains  thiosulphuric  add,  H^SH)*. 

A  more  definite  product  is  obtained  by  iknmersing  dippings  of  zinc  in  a  concentrated 
aolution  of  add  aooium  sulphite  contained  in  a  dosed  reeseL  The  nnc  then  dissolyes 
aa  before  without  etdution  of  hydrogpen,  the  reaction  being  completed  in  about  half  an 
hour,  and  an  abundant  ciystallisation  of  sine-sodium  sulphite  is  produced.  The 
decanted  liquid,  which  jpossessee  veiy  great  decolorising  power,  becomes  very  hot  on 
taposure  to  the  air,  losing  at  the  same  time  its  characteristic  properties,  and  after- 
wards containing  nothing  but  the  double  salt  lust  mentioned,  together  with  acid 
sodium  sulphite.  To  isolate  a  definite  compound,  the  solution  (about  half  a  litre)  is 
poured  into  a  flask  holding  about  two  litres,  and  three-fourths  filled  with  strong  alcohol, 
and  the  fiask  is  hermetically  sealed.  A  crystalline  precipitate  is  then  immediately 
formed,  conmsting  for  the  most  part  of  dnc-sodium  sulmiite,  while  nearly  all  the 
bleaching  compound  remains  dissoWed  in  the  alcohol.  This  solution  decanted  into  a 
flask  quite  filled  with  it,  well  dosed,  and  left  to  stand  in  a  cool  place,  solidifies 
in  a  few  houn  to  a  mass  of  slender  colourless  needles,  which  must  be  pressed  as 
quickly  as  possible  between  folds  of  linen,  and  dried  in  a  vacuum,  as  it  becomes  very 
hot  if  exposed  to  the  air  in  the  moist  state ;  when  dry,  however,  it  is  not  affected  by 
oxygen.  This  salt  contains  but  a  small  quantitr  of  zinc,  from  which  it  nuqr  be  freed 
by  solution  in  water  and  reprecipitation  with  alcohol.  It  Uien  consists  of  $oa%um  hmo- 
aulpkUe,  NaHSO*.  It  is  yer^  soluble  in  water,  soluble  also  in  dilute  alcohol,  insoluble 
in  strong  alcohol.  Its  solution  possesses  all  the  decoloridng  and  reducing  powers 
above  mentioned.  The  crystals  when  exposed  to  the  air  are  completdyconverted  into 
add  sodium  sulphite,  NaHSO*,  without  formation  of  other  products,  when  heated  in 
a  tube,  they  give  off  sulphur  and  sulphurous  acid,  tqgether  with  a  little  water,  and 
leave  a  residue  of  sodium  sulphate  and  sulphide. 

Hyposulphurous  add,  whicn  is  much  more  unstable  than  its  sodium  salt,  may  bo 
separated  therefrom  by  treating  the  crystals  with  oxalic  acid.  A  deej)  orange-yellow 
-solution  is  then  formed,  possessing  great  decolorising  power,  and  quickly  becoming 
colourless,  with  deposition  of  sulphur.  The  formation  of  the  add  by  the  action  of 
aine  on  sulphurous  add  is  represented  by  the  equation : 

H«SO»  +  Zn  -  ZnO  +  H*SO«. 

The  same  reaction  takes  place  with  other  metals,  as  iron  or  manganese.  The  forma- 
tion of  thiosulphates  in  all  these  cases  is  only  a  secondary  reaction  due  to  the  slow  and 
spontaneous  decompodtion  of  the  hyposulphite. 

When  a  porous  earthenware  cell  filled  with  add  sodium  sulphite  is  immersed  in 
weak  sulphuric  add,  and  the  liquid  subjected  to  electrolysis,  the  negative  pole  dipping 
into  the  add  sulphite,  oxygen  is  evolved  at  the  positiye  pole,  while  at  the  negative 
pole  no  gas  is  evYklyed,  but  the  sulphite  is  eonverted  into  hyposulphite.  By  xepladnff 
the.  nitric  add  in  a  Bunsen's  cell  with  add  sodium  sulphite,  a  combination  is  obtained, 
which  is  yevy  little  inferior  in  intensity  to  the  ordinary  Bunsen's  lAttaiy,  and  remains 
constant  for  a  considerable  time  (Schutsenberger). 

&ihyl'hypo9ulphurou$  Acid.    C«H«SO«  -  ^*^*[S0■    (Wischin^  Ann.  Ch. 

Pharm.  exxxix.  864).— This  add,  called  by  iU  disooyerer  eth^l^viphmfmi^  add,  is 
produced  as  a  dnc-salt  by  the  action  of  nnc-ethyl  on  sulphuno  anl^rdride,  280*  -¥ 
Zn(C«H»)«  «  S0«  +  ZnSO*  +  C*H" ;  and  2S0»  +  Zn(C«H»)«  «  Zn(0«H»SO»)«. 
When  dnc-ethyl  is  careftilly  mixed  with  an  equivalent  quantity  of  sulphuric  anhydride 
in  a  strong  tube  sealed  and  filled  with  dry  carbon  dioxide,  a  violent  leaetion  takes 
place,  yery  apt  to  giye  rise  to  explosion,  and  nnc  ethyl-hyposulphite  is  formed, 
together  with  combustible  gases,  sulphurous  anhydride,  nnc  sulphate,  nnc  sulphide, 
And  metallic  nnc     £thyl-hyposulphu?ous   add  is  alK»  formed  (contiaiy  to  Um 
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By  Charles  H.  Moore,  F.R.C.S.,  Vice-President  of  the  Royal  Med. 
and  Chir.  Soc.  of  Lond.,  Surgeon  to  the  Middlesex  Hospital  and  to  St. 
Luke's  Hospital  for  Lunatics.     Post  8vo.    dr. 
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QN  THE  MILK  TREATMENT  OF  DIABETES 

AND  BRIGHTS   DISEASE. 

By  Arthur  Scott  Donkin,  M.D.,  Lecturer  on  Medical  Jurisprudence, 
Durham  University.     Post  8vo.  [/«  the  Press, 


/\/^  '■\'V/\y\y\/Ay-v/\^\y%-rwx/v/^vvA\*"^  /x/v^n/n/- 


£)ISEASES  OF  THE  KIDNEY,  HAEMATURIA, 

AND  DIABETES. 

By  W.  HowsHip  Dickinson,  M.D.  Cantab.,  Fellow  of  the  College  of 
Physicians,  Physician  to  the  Hospital  for  Sick  Children,  Assistant-Physician 
to  St.  George's  Hospital.     8vo,  with  Illustrations.  \In  the  Press, 

\*  This  work  is  the  Second  Edition  of  the  Author's  Volume  intitled 
^^  Albuminuria^^  partly  re-written,  and  with  such  additions  as  are  suffi- 
cient to  render  it  a  comprehensive  treatise  on  Renal  Disease. 


INJURIES  OF  THE  EYE,  ORBIT,  AND  EYE- 
LIDS; 

Their  Immediate  and  Remote  Effects.  By  George  Lawson,  F.R.C.S., 
Surgeon  to  the  Royal  London  Ophthalmic  Hospital,  Moorfields,  and 
Assistant-Surgeon  to  the  Middlesex  Hospital.  8vo,  with  93  Woodcuts, 
price  X2J.  dd. 


i  f*  ^\  r\.  r\  f  \  f^  r\  0\     ■•«»«'>■        «/-.^«#v,*k.#^ 


QN  SPINAL  WEAKNESS  AND  SPINAL  CUR- 

VAT U  RES  ;  their  Early  Recognition  and  Treatment 

By  W.  J.  Little,  M.D.,  &c.,  Founder  and  formerly  Senior  Medical 
Officer  of  the  Royal  Orthopoedic  Hospital.    8vo,  with  10  Woodcuts,  51. 


v^\>  K^\.»  \.9\  t\  i\^\  t  ^j\^  -J  \.  ^\_       \y^^'\  /\  *  •  /%^«  ^  ./x. 


fJYSTERIA ; 


Remote  Causes  of  Disease  in  General ;  Treatment  of  Disease  by  Tonic 
Agency ;  Local  or  Surgical  Forms  of  Hysteria,  &c.  Six  Lectures  delivered 
to  the  Students  of  St.  Bartholomew's  Hospital  By  F.  C.  Skey,  F.R.S. 
&C.  Consulting  Surgeon  to  St  Bartholomew's  Hospital.  Third  Edition. 
Crown  8vo,  5^. 


3T.  BARTHOLOMEW'S  HOSPITAL  REPORTS, 

With  Illustrations  in  Lithography  and  Woodcuts.     Vols.  L  to  VII.    8vo, 
price  is,  dd,  each  volume. 
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"J^HE    DIAGNOSIS    AND    TREATMENT    OF 

DISEASES  OF  WOMEN,  INCLUDING  THE  DIAGNOSIS 
OF  PREGNANCY. 

By  Graily  Hewitt,  M.D.,  Professor  of  Midwifery  and  Diseases  of 
Women,  University  College,  and  Obstetric  Physician  to  the  Hospital, 
President  of  the  Obstetrical  Society  of  London.  Second  Edition,  revised, 
and  for  the  most  part  re* written;  with  Ii6  Illustrations  engraved  on 
Wood.     8vo,  24f. 


VZ-v/V/X^X  r\.  / 


THE  DUBLIN   PRACTICE   OF  MIDWIFERY. 

By  Henry  Maunsell,  M.D.,  formerly  Professor  of  Midwifery  in  the 
Royal  College  of  Sui^eons  in  Ireland.  New  Edition,  enlai^ed  and  revised. 
Edited  by  T.  M.  Madden,  M.R.I. A.,  &c,  Senior  Assistant-Physidan  to 
the  Dublin  Lying-in-Hospital.     Fcp.  8vo,  5j. 


"^    'V^W^ '^^V'Vj^^ 


POINTS  TO  MOTHERS  FOR  THE  MANAGE- 
MENT OF  THEIR  HEALTH  DURING  PREGNANCY 
AND   IN   THE   LYING-IN    ROOM: 

With  Hints  on  Nursing,  &c.     By  Thomas  Bull,  M.D.     New  Edition, 
revised  and  enlarged.     Fcap.  5j. 

THE  MATERNAL  MANAGEMENT  OF  CHILDREN 

IN   HEALTH  AND   DISEASE. 

By  the  same  Author.    New  Edition,  revised  and  enlarged.     Fcap.  5j^. 


*^v>  \^\y  v^v/v/V^v/r  r^r\r\j-^r\i  \xv/mn  /x/x  f\y\j^. 


QN     THE     SURGICAL     TREATMENT     OF 

CHILDREN'S  DISEASES. 

By  T.  Holmes,  Surgeon  and  Lecturer  on  Surgery,  St.  George's  Hospital, 
and  Surgeon-in-Chief  to  the  Metropolitan  Police.  Second  Edition, 
thoroughly  revised ;  with  Additional  Chapters  on  Orthopaedic  Suiigery 
and  Paracentesis  Thoracis.  With  9  Chromolithographic  Plates  and  112 
Woodcut  Illustrations  from  Original  Drawings.     8vo,  2IJ. 


"*  y^r^  r       -     •«     *.**v#\yw*#*>     f\     \i      •     *v/V/\>  V/-W 


LECTURES  ON  THE  DISEASES  OF  INFANCY 

AND   CHILDHOOD. 

By  Charles  West,   M.D.,    &c.,    Physician  to  the  Hospital  for  Sick 
Children.     Fifth  Edition,  revised  and  enlarged.    8vo,  idr. 


PUBUSHED  BY  MESSRS.  LOlfGMAlfS,  GREEfT,  &•  CO. 


IJOW  TO  NURSE  SICK  CHILDREN; 

Codtainizig  Directions  which  may  be  found  of  service  to  all  who  have 
the  Charge  of  the  Young.  By  Charles  West,  M.D.,  &&,  Physician 
to  the  Hospital  fof  Sick  Children.     Third  Edition.     Fcap.  8vo,  is,  6d. 


^\r\  '^    *  '\»\  »-*  /^  'Vv  '^  ^x^VAV"^  ^\  "y  -^ '■\  ^  ^  f^ 


QN   SOME    DISORDERS  OF    THE   NERVOUS 

SYSTEM   IN   CHILDHOOD. 

Being  the  Lumleian  Lectures  delivered  before  the  Royal  College  of  Physi- 
cians in  March  1871.  By  Charles  West,  M.D.,  &c..  Fellow  and  Senior 
Censor  of  the  College ;  Physician  to  the  Hospital  for  Sick  Children.  Crown 
8vo,  price  5/. 


-o^v/x/v^v.-x^  >M»  \  /v/\yvr\/x/  > 


J^OTES  on  lying-in  INSTITUTIONS; 

With  a  Proposal  for  Organising  an  Institution  for  Training  Midwives  and 
Midwifery  Nurses.  By  Florence  Nightingale.  With  Illustrations. 
8vo,  price  ^s,  6d. 

]Sjotes  on  hospitals. 

By  th^  same  Author.     Third  Edition,  enlarged,  and  for  the  most  part  re- 
written.   Post  4to,  with  13  Plans,  i8f. 


Paierb  W^lmn  antr  ^itUim. 


'THOMSON'S  CONSPECTUS  OF  THE  BRITISH 

PHARMACOPOEIA. 

Twenty-fifth  Edition,  corrected.  By  Edmund  Lloyd  Birkett,  M.D., 
&C.,  Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest 
i8mo,  6s, 

]^ANUAL     OF     MATERIA     MEDICA     AND 

THERAPEUTICS : 

Being  an  Abridgment  of  the  late  Dr.  Pereira's  Elements  of  Materia 
Medica,  arranged  in  conformity  with  the  British  Pharmacopoeia,  and 
adapted  to  the  use  of  Medical  Practitioners,  Chemists  and  Druggists, 
Medical  and  Pharmaceutical  Students,  &c.  By  F.  J.  Farre,  M.D.  &c.  ; 
assisted  by  R.  Bentley,  M.R.C.S.,  and  R.  Warington,  F.R.S. 
8vo,  with  90  Woodcuts,  2ix. 


10 


IVORKS  ON  MEDICINE,   SURGERY,    <&v. 


DICTIONARY    OF    CHEMISTRY    AND    THE 

ALLIED  BRANCHES   OF   OTHER  SCIENCES. 

By  Henry  Watts,  F.R.S.,  Editorof  the  Toumalof  the  Chemical  Society, 
assisted  by  eminent  Scientific  and  Practical  Chemists.     5  vols.  8vo,  £y  3/. 

Two  years  have  now  elapsed  since  this  Dic- 
tionary was  completed,  and  nine  yeark  since  the 
first  volume  was  printed ;  and  during  these  years 
large  and  important  addition:*  have  been  made 
both  to  the  facts  and  to  the  theories  of  Chemical 
Science.  To  present  these  additions  in  a  com- 
pendious form,  it  has  been  thought  desirable  to 
publish  a  Supplkmbnt  to  the  Dictionary,  bring- 


'  ing  the  record  of  Qiemical  discovery  down  to 
the  end  of  the  year  1869.  The  Supflkmekt 
will  fonn  a  volume  of  about  900  pages,  and  is 
expected  to  be  ready  in  the  course  of  the  present 
year.  The  Author  has  been  foruuuMe  in  se- 
curing the  co-<q>eration  of  several  of  his  former 
CoNTBiBUTORS,  who  havt  kindly  con^ntfd  to 
furnish  additions  to  their  articles. 


£LEMENTS  OF  CHEMISTRY, 

Theoretical  and  Practical  By  William  Allen  Miller,  M.D.,  LI^D., 
F.R.S.,  hite  Professor  of  Chemistry,  King's  Coll^;e,  London.  Fourth  Edi- 
tion, thoroughly  revised.    3  vols.  8vo,  price  3/.    May  be  had  separately  : — 

Part  I.— CHEMICAL  PHYSICS,  price  151. 
„    IL— INORGANIC  CHEMISTRY,  price  2Ij. 
„  IIL— ORGANIC  CHEMISTRY,  price  24J. 


\^^^\^\^^  ■-*'%»\*H''*«^#*r»/N.' 


INTRODUCTION    TO    THE  STUDY    OF    IN- 

ORGANIC  CHEMISTRY. 

By  the  same  Author.    (Being  the  Third  Work  of  the  New  Series  of 
Text-Books  of  Science,   in  course  of  publication.   Edited  by  Professor 
T.  M.  Goodbye,  M.A.)    With  71  Figures  on  Wood.    Small  8vo^  price 
3/.  6tL 


J^  MANUAL  OF  CHEMISTRY, 

Descriptive  and  Theoretical.  By  William  Odling,  M.B.,  F.R.S., 
Fellow  of  the  Royal  College  of  Physicians,  Secretary  to  the  Chemical 
Society,  and  Lecturer  on  Chemistry  at  St  Bartholomew's  Hospital. 
Part  L  8vo,  ^j.  sewed. 


Works  by  the  same  Author. 

OUTLINES  OF  CHEMISTRY ;  OR,  BRIEF  NOTES 

OF  CHEMICAL  FACTS.    Crown  8vo,  price  7x.  6</. 

A  COURSE  OF  PRACTICAL  CHEMISTRY, 

Arranged  for  the  use  of  Medical  Students.    Fourth  Edition.    Crown  8vo, 
with  71  Woodcuts,  price  7X.  6<^  . 
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SIX      LECTURES      ON      THE      CHEMICAL 

CHANGES  OF  CARBON,  delivered  before  a  Juvenile  Auditory  at  the 
Royal  Institution  of  Great  Britain.  By  William  Odling,  M.B.,  F.R.S., 
with  Notes  by  W.  Crookbs,  F.R.S.    Crovra  8vo,  4r.  6d. 

LECTURES  ON  ANIMAL  CHEMISTRY, 

Delivered  at  the  Royal  College  of  Physicians.     By  the  same  Author.  Crown 
8vo.     Price  4r.  6d. 


j\  MANUAL  OF   MEDICAL   AND  PHARMA- 
CEUTICAL CHEMISTRY. 

By  Alfred  Riche,  Repetiteur  k  Tficole  Imperiale  Polytechnique ;  Pro- 
fesseur  agrege  k  r£coIe  Superieure  de  Pharmacie  de  Paris  ;  Essayeur  des 
Monnaies  de  France.  Translated  and  Edited  by  Richard  V.  TusoN, 
F.C.S.,  Professor  of  Chemistry  at  the  Royal  Veterinary  College  ;  formerly 
Lecturer  on  Chemistry  at  the  Charing  Cross  Hospital.  {In  the  press. 


QHEMICAL    NOTES     FOR    THE     LECTURE 

ROOM— ON  HEAT,  LAWS  OF  CHEMICAL  COMBINATION, 
AND  CHEMISTRY  OF  THE  NON-METALLIC  ELEMENTS. 
By  Thomas  Wood,  Ph.D.,  F.C.S.     Second  Edition.     Crown  8vo,  3J.  bd, 

MOTES     ON    THE    METALS  ;     a    Second     Series    of 

"  CHEMICAL  NOTES  FOR  THE  LECTURE  ROOM."  By  the 
same  Author.    Crown  8vo,  5j. 

CHEMICAL  NOTES  FOR  THE  LECTURE  ROOM, 

Two  Series  as  above^  In  i  voL,  &r. 

SELECT    METHODS    IN    CHEMICAL    ANA- 
LYSIS,  CHIEFLY   INORGANIC. 

By  William  Crookes,  F.R.S.  Editor  of  "The  Chemical  News"  and 
of  "  The  Quarterly  Journal  of  Science."  With  22  Woodcuts.  Crown  8vo, 
price  \2s,  6</.,  doth. 

QN   THE   MANUFACTURE  OF  BEET-ROOT 

SUGAR  IN  ENGLAND  AND  IRELAND.  By  the  same  Author. 
With  Eleven  Illustrations  engraved  on  Wood.     Crown  8vo,  price  &r.  6</. 


•-»-**-*^*  •.^^.^%^w^*^^"*.^'*.  ■^  •^.■x  ^/^^  *  ^  ^>s» 


QN  ANILINE   AND    ITS    DERIVATIVES:    A 

Treatise  on  the  Manufacture  of  Aniline  and  Aniline  Colours.  By  M. 
Reimann,  Ph.D.  Edited  by  William  Crookes,  F.R.S.  8vo,  with 
5  Woodcuts,  price  lor.  61/. 


I  a  WORKS  ON  MED  I  CI NE^    SURGERY^  ^rv. 


£RANDE'S  DICTIONARY  OF  SCIENCE,  UTE- 

RATURE  AND  ART; 

Comprising  the  Definitions  and  Derivations  of  the  Scientific  Terms  in 
general  use,  together  with  the  History  and  Descriptions  of  the  Scientific 
Principles  of  nearly  every  branch  of  Human  Knowledge.  Fourth  Edition, 
reconstructed  and  extended  under  the  Joint-Editorship  of  the  late  Author 
and  the  Rev.  George  W.  Cox,  M.A.  ;  assisted  by  Contributors  of  eminent 
Scientific  and  Literary  Acquirements.    3  vols,  medium  8vo,  63/. 

(JRE'S  DICTIONARY  OF  ARTS,   MANUFAC- 
TURES, AND  MINES; 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  Sixth 
Edition,  re-written  and  enlarged  by  Robert  Hunt,  F.R.S.,  Keeper  of 
Mining  Records,  assisted  by  numerous  Contributors.  With  above 
Woodcuts.     3  vols,  medium  8vo,  4/.  I4r.  6d, 


X'N.^'^"         ^W  %^^      'V'^  r\./^  ^y  *^     X,^H  ■ 


Elementary  treatise  on  physics. 

Experimental  and  Applied,  for  the  use  of  Colleges  and  Schools.  Trans- 
lated and  edited  from  Ganot's  EUments  dt  Physique  {yMa.  the  Author's 
sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S.,  Professor  of  Experimental 
Science,  Royal  Military  College,  Sandhurst.  New  Edition,  vrith  a  Plate 
and  620  Woodcuts.     Post  8vo,  15J. 


^•>       x\^  »>x/-v/X^v*     '  \j\0-\r»  y-*  • 


^RNOTT'S     ELEMENTS     OF     PHYSICS    OR 

NATURAL    PHILOSOPHY. 

Written  for  General  Use  in  Plain  or  Non-technical  Language.  Sixth 
Edition,  thoroughly  revised  by  the  Author ;  and  containing  in  the  Second 
Part  the  new  completing  chapters  on  Electricity  and  Astronomy,  with  an 
Outline  of  Popukr  Mathematics.  8vo,  in  Two  Parts,  which  may  be  had 
separately,  pnce  lor.  6</.  each. 

The  CORRELATION  OF  PHYSICAL  FORCES. 

By  W.  R.  Grove,  Q.C,  M.A,  V.P.RS.  New  Edition,  being  the 
Fifth,  followed  by  a  Discourse  on  Continuity.  8vo,  loj*.  6(/.  The  Dis- 
course on  Continuity  may  be  had  separately,  price  2j.  ttL 


•  0^f>^  #***  t*^^^  •*  **^    *^ 


yHE 


BEGINNING:   its  WHEN  and  its  HOW. 


By  MuNGO  Ponton,  F.R.S.E.    With  16  Steel  Plates,  containing  very 
numerous  Figures.     Post  8vo,  price  i&r. 

Illustrations  :— 


Sponge  Spicules  (47  Figures) 
Foraminifera  (60  Figures) 
Polvcystina,  &c.  (125  Figures) 
Spilces  of  Polycystina  (3  Figures) 
Diatomaceae  (117  Figures) 


Diatoms  (6  Figures) 

Euplectella  Spedosa  (half  natural  size) 

Pollen  (46  Figures) 

Aphis  Aceris 

Trichina  Spiralis. 
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fJEAT  A  MODE  OF  MOTION. 

By  John  Tyndall,  LL.D.,  F.R.S.,  Professor  of  Natural  Philosophy  in 
the  Royal  Institution  of  Great  Britain.  Fourth  Edition,  with  Additions 
and  Illustrations.     Crown  8vo,  with  Plate  and  io8  Woodcuts,  lOif.  6^. 

COUND ;  A  COURSE  OF  EIGHT  LECTURES 

Delivered  at  the  Royal  Institution.  By  the  same  Author.  Second  Edition. 
With  a  Portrait  of  M.  Chladni,  and  169  Woodcuts.     Crown  8vo,  9^. 

J^ESEARCHES  on  DIAMAGNETISM  AND  MAGNE- 

CRYSTALLIC  ACTION ;  including  the  Question  of  Diamagnetic  Polarity. 
By  the  same  Author.     With  6  Plates  and  many  Woodcuts.   8vo,  price  14J. 

MOTES   OF  A   COURSE  OF   SEVEN   LECTURES 

ON  ELECTRICAL  PHENOMENA  AND  THEORIES.  DeUvered  at 
the  Royal  Institution  A.D.  187a  By  the  same  Author.  Crown  8vo, 
price  IS,  sewed,  or  u.  dd,  doth. 

Ji^OTES  OF  A  COURSE  OF  NINE  LECTURES  ON 

LIGHT.  Delivered  at  the  Royal  Institution,  A.D.  1869.  By  the  same 
Author.     Crown  8vo,  ix.  sewed,  or  is.  td,  cloth. 

pRAGMENTS    OF  SCIENCE  FOR  UNSCIENTIFIC 

PEOPLE ;  a  Series  of  detached  Essays,  Lectures,  and  Reviews.  By  the 
same  Author.     Second  Edition.     8vo,  price  I4r. 

T  IGHT;    ITS    INFLUENCE    ON    LIFE    AND 

HEALTH. 

By  Forbes  Winslow,  M.D.,  D.C.L.  Oxon.  (Hon.)  Fcp.  8vo,  dr. 


'V<\/\y  v<\/\ »■>'>/»» v/^»v<  \j\.t-<tj\j\^-\y\y\^\^^y\^'. 


QUTLINES  OF  ASTRONOMY. 

By  Sir  John  F.  W.  Herschel,  Bart,  KH.,  &c.,  Member  of  the  Insti- 
tute of  France.     Eleventh  Edition.     Square  crown  8vo,  with  9  Plates,  12s, 


(^ELESTIAL    OBJECTS    FOR    COMMON    TE- 

LESCOPES. 

By  the  Rev.  T.  W.  Webb,  M.A.,  F.R.A.S.,  Incumbent  of  Hardwick, 
Herefordshire.     Revised  Edition,  with  Illustrations.     i6mo,  *]s»  6d, 


^HE  SUN;   RULER,  LIGHT,  FIRE,  and  LIFE 

OF  THE  PLANETARY  SYSTEM. 

By  Richard  A.  Proctor,  B.  A.,  F.R.A.S.  With  10  Plates  (7  coloured) 
and  X07  Figures  engraved  on  Wood.     Crown  8vo,  price  I4r. 

QTHER    WORLDS    THAN    OURS; 

The  Plurality  of  Worlds  Studied  under  the  Light  of  Recent  Scientific 
Researches.  By  the  same  Author.  Second  Edition,  revised  and  enlarged ; 
with  Fourteen  Illustrations  (Six  coloured).     Crown  8vo,  price  los,  td. 
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LIGHT  SCIENCE  FOR  LEISURE  HOURS; 

A  Series  of  Familiar  Essays  on  Scientific  Subjects,  Natural  Phencmiena,  &c 
By  R.  A.  Proctor,  B.A.,  F.R.A.S.     Crown  8vo,  price  7^.  6</. 


^\^  \y  \/  n.^  S/  V>  \y\^  Kj\^\J\^\^\/  '^X^  %J  \^  \J  ^J  \^  %^  y 


A 


HANDBOOK     OF     PRACTICAL      TELE- 
GRAPHY. 

By  R.  S.  CuLLEY,  Member  Inst  C.E.  Engineer-in-chief  of  Tel^rapbs  to 
the  Post  Office.  The  Fifth  Edition,  revised  and  enlaiged  ;  with  ii8  Wood- 
cnts  and  9  Lithographic  Plates  of  Apparatus.     8vo,  price  14^. 


^    TREATISE  ON  ELECTRICITY, 

In  Theory  and  Practice.  By  A.  Db  LA  Rive,  late  Professor  in  the 
Academy  of  Geneva.  Translated  for  the  Author  by  C.  V.  Walker, 
F.R.S.    3  vols.  8vo,  with  numerous  Woodcuts,  3/.  13^. 

J^ANUAL  OF  GEOLOGY. 

By  Samuel  Haughton,  M.D.,  F.R.S.,  Fellow  of  Trin.  CoIL,  and 
Professor  of  Geology  in  the  Univ.  of  Dublin.  Second  Edition,  with  66 
Figures  engraved  on  Wood.     Fcap.  8vo,  *js,  6ti, 


^-^^^Sf^^^^r^*^  ^vwv^^^w>^ 


^HE 


THE 


ORIGIN   OF    CIVILISATION  AND   THE 

PRIMITIVE   CONDITION    OF   MAN; 

Mental  and  Social  Condition  of  Savages.  By  Sir  John  Lubbock,  Bart., 
M.P.,  F.R.S.  Second  Edition,  with  25  Figures  Engraved  on  Wood.  8vo, 
price  i6s, 

PRIMITIVE    INHABITANTS  OF  SCAN- 

DINAVIA : 

Containing  a  description  of  the  Implements,  Dwellings,  Tombs,  and  Mode 
of  Living  of  the  Savages  in  the  North  of  Europe  during  the  Stone  Age. 
By  SvEN  NiLssoN.  Third  Edition,  with  an  Introduction  by  Sir  John 
Lubbock,  Bart,  M.P.,  F.R.S.    8vo,  with  16  Plates  of  Figures,  i8x. 

J^ETALS,  THEIR  PROPERTIES  and  TREAT- 
MENT. 

By  Charles  Loudon  Bloxam,  Professor  of  Chemistry  in  King's  Collie, 
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